QUALCONVW

Qualcomm Technologies, Inc.

Qualcomm® Hexagon™ V62

Programmer's Reference Manual

80-N2040-36 C
July 12, 2017

Qualcomm Hexagon is a product of Qualcomm Technologies, Inc. Other Qualcomm products referenced herein are products of Qualcomm
Technologies, Inc. or its subsidiaries.

Qualcomm and Hexagon are trademarks of Qualcomm Incorporated, registered in the United States and other countries. Other product and
brand names may be trademarks or registered trademarks of their respective owners.

This technical data may be subject to U.S. and international export, re-export, or transfer ("export") laws. Diversion contrary to U.S. and
international law is strictly prohibited.

Qualcomm Technologies, Inc.
5775 Morehouse Drive
San Diego, CA 92121

U.S.A.

© 2016 - 2017 Qualcomm Technologies, Inc. All rights reserved.



Contents

FAGUIES ..ottt ettt et et e et e e bt e e eabe e s sbeetbeeenbeesebeeeteennreann 14
10 (USROS 15
1 INtroduction........cccoeiiii e ————— 17
O T 2 PSS UURTRURTRPSR 17
1.2 FUNCLIONAL TUNILS ...eeetiieiiieiiieciieeiie et ettt et e e site et e e eevteseseessteessseeeseeessseensseessseensseenns 19
R B (53010 ) USRS 20
1.2.2 REEISTEIS ..viieuiieieiieeiie ettt ettt eete e et e et e e s ibeeeabee e taeesbaeesaeessaeesseesseeseseennnes 20
1.2.3 S@QUEIICET .....tieitieeiee ettt ettt ettt ettt e et e et e et e et eesteesnseesnseeenseesnneeenseeennns 20
1.2.4 EX@CULION UNIES....cuvieierieeieeerieeieeeieeeteeesreestreesaeessseeessessnsseassesensseansseessseessnens 20
1.2.5 L0ad/StOT€ UNILS......ecuveriiiieieiiieiiesiesiesiiesterieesaestaeseaeseessaessaessaesssesaesssessaensnens 20

1.3 INSEIUCTION S ...uviiiiiiieiiiietieeeiteete e et e et e eete e et e etaeesebeesebeeesbeeessaeessaeesseensseesnssesnseaans 21
1.3.1 AddressSing MOAES......ccuivierieiiienieeieieriereesaestteseeseesseeseaessaessaesaessnesseesseens 21
1.3.2 Scalar OPEIatioNS ........c.ecevieeeiuieeiieeiieeieeeereeeireeeteeereeeereeetaeebeeeseseesseessseesnseas 22
1.3.3 VECLOT OPETALIONS .....vveuevevieiieeieeiieseieieesereteestaesseesaessseseessaesseesseeseesseesseessenns 22
1.3.4 Floating-point OPEIAtIONS ........cccvieerurieriireereeereeesteeeteeeteeesreessreeeseesnsseessseessnes 23
1.3.5 Program flOW .......coccuieiuiiiiiiiieie ettt ettt enseenreas 24
1.3.6 INStrUCtiON PACKELS ...ovviieiiieiiiciie ettt et e e e e e e 24
1.3.7 DOt-NEW INSIIUCHIONS ....vviivveeireeiieeieeiesereeteeteereeresreeseesseessessseesseesseenseessesnses 25
1.3.8 Compound INSIIUCLIONS ......ccvvierieeririetieeeiteeeteeesteeeereesereeereessreeeeeessseessseessnes 25
1.3.9 DUPIEX INSIIUCLIONS ...eevvviiieiieiieiieseieieesiteteesiaesteessaeseesseesssesseesssesseesseesseesseens 25
1.3.10 INStIrUCHION CLASSES -..eeuvietietieiieiieitietee sttt et 25
1.3.11 INStrucCtion INEIINSICS ..uviivierireeiesieriereeeteeeesaeeeesreeseereesessseesseenseesseesseeses 26

1.4 PrOCESSOT VEISIONS ..eoutieiiitieiiistie ettt etesiteete sttt et st e sateeet e et etessteentesaaeenbeenbeenbeenteennean 27
1.5 INOTATIOM 1.ttt ettt ettt et et e et eetesabeesteesbeesseessessseassesssesssessaesssensaesssesseensaens 27
1.5.1 INSHUCLION SYNEAX ....eeiuiieetieeiireiieesteesereeeteesreeesteeesreeseeessseessseessseessseesseeensnes 27
1.5.2 RegIStEr OPETANAS......eiivieiieiiieieeie ettt ettt et ereebeesae et eteebeesaenseessaenseenseas 28
1.5.3 NUMETIC OPETANGS ...ccvvvieeeiieeiiieeiie ettt e et et e et e et e ebeesbeessbaeeseeeeseseeseseennns 30

1.6 TeIMINOLOZY ...veevvieeieeeieeiieie et ete et eteeteetesbe st e esaestbeetaessaesseesssesssessaesssasaessnesseensnens 31
1.7 Technical aSSIStANCE.......c.evtieiieiiiit ettt e e 31
2 5= =3 = 32
2.1 GENETAL TEZISLEIS ..eevreuvieiieiieiieiiesitesteesttestesseeseaeteessaesseesseesseessaesseesseesssesseenssenseessns 33
2.2 CONLIOL TEZISTETS ..veevveeeeiiierieeeieeeiteeeiteeeteeeeteeeseseestbeessaeeseseeesseeesseessseessseesssesasessnseeas 35
2.2.1 PrOGram COUNLET .......cceiuiieiuieeriieitieeiee ettt e eteeestteesiteeesaeeaeeesneeeseeessaeesnseesnseeenes 37
80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 2



Hexagon V62 Programmer’s Reference Manual Contents

2.2.2 LOOP TOEISTOTS. ...uveieirieeeriieiieeeiieeteeeeiteeetreeetaeesseesebeeessseessseessseesssesssseeesseesseenes 38
2.2.3 USET StAtUS T@EISTET ..vveeuvierieiieieeteeieereeteeseeseesseesseesseesseessessseesseesseessenssennses 38
2.2.4 MOAIICT T@ZISTETS .. .veeeuviieiiieeiiesiteeeiteeetteeeteeesteesebeeestaeestseesseessseessseaesseensseanns 41
2.2.5 PrediCate TEZISIEIS ...evuieriiiirieriertieiiesieeteesteeteesteesbeesseesseesseesseasseesseesseenseessesnsens 42
2.2.6 Circular Start TEZISTETS ....eevurrerurieriieerieeerieeiteeeieeereeesaeestreesbeessseeessesensseenseeenens 43
2.2.7 User general POINLET T@ZISIET ......cvuviiruerrerririeereereereesseeseesieesseessaeseesssesseessnes 43
2.2.8 GLODAL POINLET ....evvieiiiieiiieciie ettt ettt e et ste e sbeeebeeeabeeesbeeesseesseees 43
2.2.9 Cycle COUNE TEZISIEIS...c.vviiieriierrieiierieeiierieeteesteereeseesseesseesteanseesseenseenseesseensens 44
2.2.10 Frame [mit TEEISTEI......cccuveeiuiieirireeieeeiee et e ereeereeeereeieeesreeseaeeeseeenseeenseeenns 44
2.2.11 Frame KEY T@ZISIEI ...eeuiiiieriiesiieiiesieeitesiteieesttesteesiaesseeseesaeessaeseaensaesssenseennnes 45
2.2.12 Packet COUNE TEGISTEIS ..ocuvrerriiiriieriieeeieeesteeeieeeieeesreesreeesseeessseessseessseeasseeenes 45
2.2.13 QUIMET TEZISIOIS c.vveuvreeritieriiesteesieesteteessaeseesseeseesseesseesseesseasseeseenseesessensses 46

3 INStrUCtIONS ......uieeeereer e ————————————— 47
3.1 INSEIUCHION SYNEAX ...viiiiiiiiiieeieiieieteeeieeeieeeseeesireeeereeesbeessseseseseessseessseessseeassesensseensseens 47
3.2 INSUCHON CIASSES...cuvivieuieiiitieieie ettt ettt ettt ettt s s bbbt b et e e e enee 49
3.3 INSIUCHION PACKELS .. .ccuviiiitiieiiieiiieeiie et et e et ettt e et e eeebeestaeessaeessseessbeeensseessaeenes 50
3.3.1 Packet eXeCution SEMANLICS. ........eeoueruerueeierienieeeeienteeteeente et eiee et enee st seeeaeens 51
3.3.2 SeqUEeNCING SCIMANTICS ....cveerrirerreeiiieiieeereesreeeseeeteeeseeessseessseesseesseeessesensees 51
3.3.3 RESOUICE CONMSLTAINES ...c.veeveeneiiiriieieiiestiete st steet ettt ettt et et sbe bt e e seeeneens 52
3.3.4 Grouping CONSLIAINTS .....ccceeerrireiieeiiieiieeereeeteeesteeesieeesereesaeessseeesseeensseesssessanes 53
3.3.5 Dependency CONSLIAINES ......c..cceecuieriieriieriierieesiesteessrestessaesaessressressnessseessessens 54
3.3.6 Ordering CONSIIAINES .......cccueerviiireeeiieeteeesteesteeesteeesreesereeesaeessseeesseeesseessseesanes 54
3.3.7 AligNMENt CONSLIAINES ....ccveeriierrieiieiieriesiierteesieesteesteesseeseessaesseesseeseeseesseenseens 55

3.4 INStrUCTION INEIINSICS .veeutitieiiieetieeiie ettt ettt ettt ettt et e st e eabe st e et eeeemeeeneeeneean 55
3.5 ComPOUN INSIIUCTIONS. ...euvveeririiesiieeiesireetertteereetresseereaseeseesseessessseesseesseassessseesses 56
3.6 DUPIEX INSIIUCTIONS. ...c.uvieieiieeiiiieiieeieeieeeeteesiteeeveesteesbeeetteestaeessaeessseessseessseessseaanes 56
4 Data ProCeSSiNg ......cccouiirirrimmimemmmssnssssssssssssssssssssssssssssssssssssssssssssnssnnns 57
L B D 1 72T 0 o1 SRUSRPPI 58
4.1.1 FiX@d-POINt data .....cccueeieiiiieiieeiieiieceeiterieeie ettt ettt sae e et enseenseenseenneas 58
4.1.2 Floating-point data..........cccueeeiierireriieniieeireeeieeereeeereesveesreessbeeevesenneeenseeenens 58
4.1.3 ComPIEX dAtA ..ccuvieiiiiieiieie ettt st 58
41,4 VECLOT dAtA ..oueiiiieiiecee ettt et ettt et 58

4.2 INSTIUCTION OPLIONS ...vvieerieiiieetieeiieesiteesereeetteeeteeesseeestaeesseeesseessseeesseeesseesseessseessseens 60
4.2.1 Fractional SCAlING ........ccceevierieriieiieiieiieriee ettt re e enseeneees 60
4.2.2 SATUTATION ..ottt ettt ettt ettt et at e et e e e e st e entesaeeeabeeneeeanes 60
4.2.3 Arithmetic TOUNAING........cccviiiiieieeieeierie ettt e e ee et eseaeseae s eseesenes 61
4.2.4 Convergent TOUNAING .......cc.cecvvierireeiieeitieeerieesreeseeeestaeesteeesseessseesssessssseessseenes 61
4.2.5 Scaling for divide and SQUATE-TOOL.........cccuerueerririerieiierieerie e ereereereeaeenneas 61

4.3 XTYPE OPCIAtIONS.....cccviieiiiieiieiiieeieeeiteeeteeeereesiaeesaeesveeeteeessaeesseeessseasseessseessseeans 62
B30T ALU ottt ettt bttt eae s 62
80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 3



Hexagon V62 Programmer’s Reference Manual Contents

4.3.2 Bit ManiPUlation......c.ccocuiiiiiieeiiieeiie ettt ettt e e reesare e staeeereeenbeeenes 63
4.3.3 COMPLEX .uiiuiiiiiiiiieiieieeieit ettt ettt et e bestaessb e taessaesseesseesseessaesssenseensaenseensens 63
4.3.4 FIOAtING POINE ...c.vviiieiieiiiieiieeitieeiteeeteeeitee ettt e ebeesbeeesaaeesaeessseesssesssseesssseassseanes 64
4.3.5 MUIIPLY .vieiiicie ettt ettt e et nbe e e b e enneennas 65
4.3.6 PEITULE ....eeiiiiieiiie ettt ettt et ettt 67
4.3.7 PrediCate....coueeieiiieieiieie ettt ettt 67
A.3.8 SHITt.. ettt ettt ettt sttt et eae s 68
4.4 ALU32 OPETALIONS ...eeuvveeieeieseiinieesiresteesitestesseesssesaessaeseesseesseessaesseasseesssesseessessseenses 69
4.5 VECTOT OPCIATIONS .....vviieeeeieetieeeiteeeitee et eeteeeteeestseeteeessaeessseeeseesssseesseeessseessseensseesssenas 70
4.6 CR OPETALIONS .....vveevieiieeiieiieeeiesteesiresteesttesetesseesesessaessaesseesseesseessaesseesseesssenseenseessennses 72
4.7 ComPOUNd OPETALIONS. .. .eevrreerieirieeriieestreeestresreesseeessaeesseeessseessseessseessssssssssessseesseens 72
4.8 SPECIAl OPETALIONS.....ecuvieieieiieiieie ettt ete s te et be et e ssbeesaessbeensessseessesssesnsesssennnes 72
4.8.1 H.264 CABAC PrOCESSING.....ciuetieuiereiatieneeiestieteneeseeeteieeseeseensesseeseenseseesseennas 73
4.8.1.1 CABAC implementation ............cceeveerreerieeerienieenieesieesieesreesseeseeseeseesens 74
4.8.1.2 Code eXAMPIE......eeviieiiiiiiieeiie ettt ettt e ettt e e sbe e re e eae e esbeeenreeenees 75

4.8.2 1P internet CheCKSUML........ccoviieiieiierieiieriteie ettt eees 76
4.8.2.1 Code eXAMPIE.....oocviieiiieiiieeiie ettt ettt e ettt e st e re e eae e e enree e 77

4.8.3 Software-defined radio..........coceriiriiriniiiicieeee e 78
4.8.3.1 Rake despreading .......c.cccvieeviiiiieeiieeiie ettt ere e 78

4.8.3.2 Polynomial OPerations...........ccceeeveerieeireenieereeiiesieeieeieeneeseeseenseessesnnens 79

£ T 11 (= 0 Lo 81
5.1 MemOTY MOAEC] ...ooiiiiiiiiiiciie ettt ettt e e ebe b e e sbeesebeessbeeensaeensaeenes 82
5101 AdAIESS SPACE.....ecvieiieeiiieeteereerie et eteeteeteeaeesbeesteeebeeseesseesesnseasseenseenseesseensens 82
5.1.2 BYLE OFACT.c..uviiiiie ettt ettt et et e et e et eesta e e nbeenbeeeaseennaeas 82
S.1.3 ALLZNIMENL ..eevviiiiieiiieie ettt e ettt et esaeesbeessessseesseesseessessseassessseenseessennsens 82
5.2 MeEMOTY LOAAS ... .oiiiiiiiiiiciie ettt ettt et eeteeetaeesbe e e sbeesseesnsaesnseaans 83
5.3 MEMOTY SEOTES ...uvveeueieeutieeiieeeiteeeiteeeteesteeesseesseeenseeessseeseeesnseesnseeaseesnseeenseesanseesnseenns 84
5.4 DUAL STOTES ...ttt ettt ettt et bttt e ae e st e et e eab e en e sae e et e eateeabeeaeeeneen 84
5.5 INEW-VAIUE STOTES ....euvieuieieiieiierieste ettt tete ettt ettt ettt se ettt et e teesteneesaeebesseensesaesneenes 85
I R\ (<10 ET o) o 1RSSR 85
5.7 Addressing MOAES .......cccvivveeerieieiiieie et eie et et eaeereereebeeseesbeessessseesseesseenseesseenses 86
571 ADSOIULE ...ttt ettt eeeene e 86
5.7.2 ADSOIULE-SEL ...ttt ettt 86
5.7.3 Absolute with 1egiSter OfFSEt........ccvviiriiiiiieciie e 87
5.7.4 Global POINLET TEIALIVE ....c.eevveeieeie ettt re e enseensees 87
5.7.5 TNAITECL «.uitieie ettt ettt sttt et e b et e e aeebeeneeneenne s 88
5.7.6 Indirect With OffSEt.......cc.eoiiiiiiiiiieee e 88
5.7.7 Indirect with re@ister OffSEt.......cccvviiiiiiiiiiiieeiie e e 89
5.7.8 Indirect with auto-increment IMmMediate............cccververeeerreereeieeieie e 89
5.7.9 Indirect with auto-inCremMent reZISTET ... ..ccuvierureerieeeiieeiieeeieeeiee e eeereeeeree e 89
5.7.10 Circular with auto-increment immediate ...........ccccveveeereeriiercreereereeieereenee 90
5.7.11 Circular with auto-inCrement reZISTEr .......eevuveerieeeiieeiieeeieeeree e eereeeevee s 92

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 4



Hexagon V62 Programmer’s Reference Manual Contents

5.7.12 Bit-reversed with auto-increment re@iSter ...........cevuvreeveeriieriiieereeerreeevee e 93

5.8 Conditional 10ad/StOTES ........eeviriiriieiiiierieeiietee ettt 94
5.9 CaChE MEIMOTY .. .viiiiiieiie et e ettt ettt e et e et eete e e st e e eaeesabeessseeeseesssaeessesesseesseenes 95
5.9.1 UNcached MEMOTY .....cc.eevvieriieiieiieniieiteriteieestee st eieeseesaestaeseessaesseessaesseenseens 96
5.9.2 Tightly coupled MEMOTY ........ccccviieiiiiiiieeieeetee ettt e esaeeeeaee e e 96
5.9.3 Cache maintenance OPETALtIONS. ..........erveerrrerreerreseerrearerreesaesreessessseesseeseenses 97
5.9.4 L2 CaChe OPETAIONS .....eeevuiieieiiiiiiieeiieeieeeeteesiteeeteeeereeebeeesaaeebaeesareesebeeeaseeennes 98
5.9.5 CaChe [INE ZETO......eoueuieiieiiiiieiieiee ettt sttt 98
5.9.6 Cache PrefetCh ... 99
S5.10 MEMOTY OTACTING ... eeivveriieiieerieiiereesieestteteesseesseeseesseasseessesnseessessseessesssesssesssessns 102
5.11 AtOMIC OPETALIONS. ...cuvvreiurreeetieirieetieeteeeseeesereesereessseessseeeseessseeesseeessseessseesssessseens 103
6 Conditional EXecution..........cccccovciimmmesiinnnsirss e 105
6.1 SCAlAr PIEAICALES .. ..veevvieerieiieeie ettt eteeteete e et e etaesreetaessaessaesssesssessaesssesseesssesseenses 105
6.1.1 Generating scalar PrediCates .....uuiiuiiiiiieiieeeieeeie ettt e e ere e eas 106
6.1.2 Consuming scalar prediCates..........ocvrviriierierrieeniesereeseereeeeeieesreereesaesseees 108
6.1.3 AUtO-AND PIediCates .....c.ccevviiriieeiiieeiie et e et e et e ereeeeaeeeeeeesreesereeenreeens 109
6.1.4 DOt-NEW PIEAICALES ....evvevieeierieeiieriieieeitereeteesteereesteeereenbeesaeenseeseessseesnensnes 110
6.1.5 Dependency CONSLIAINTS .......c.ecccvireriiieriieeiiescrieeeteeesreesreeeseaeeteeeesreessreeaseeens 111

6.2 VECLOT PIEAICALES ...uvevveierieiieeiieetiesiiestesieesiteteestaesseeseesseesseesseenseensesssesssesssesssesssessnes 111
6.2.1 VECIOT COMPATE ...eeeeueviieeeiiieeeeieeeeeiieeeeiteeeeitteeeeteeeeenteeeennseeeeensseeesnsseeeennseens 111
6.2.2 Vector MUX INSIUCTION ....c.eeutiitiriieteriesteete sttt ettt ettt see e seneenees 113
6.2.3 Using vector CONAItIONALS ........ccviervieriieeiie et e ettt e e see e e 114

6.3 Predicate OPETAtiONS.........ccverierieriieeteriiestestesrereeesreeteessaessaessresasessseensesseesnsessnennns 115
7 Program FIOW.........emeiiieesne s 116
7.1 Conditional INSIUCTHONS. ...c..eiueeieieieietieie sttt ettt ettt eeeeneeae s 116
7.2 HardWare 10ODS.....cccueeiiuiieiieeciieecie ettt e et e ettt e s b e esiaeeebeesaseeebeeessseensaeessseensneas 117
7.2.1 LLOOD SCTUP .cutieeiiieeiieeiiee ettt e et ettt e et te et eeesteestteeseeeeeseeesteesnseesnseesnbeesnseeenseeanns 118
7.2.2 L0OP ©NA ..ottt et et e s baeeteeeabeeereaanns 119
7.2.3 LOOP CXECULION. .. .ueeuvieetiereerieieeeteeieeeteeseesaessreeaessseassessseessesssesssesssesssesssessns 120
7.2.4 Pipelined hardWare I0OPS........covieiiieiiiieie et eree et svee v 121
7.2.5 LOOP TESLIICTIONS ..vveuvieiieiieiiesieeieesitetiesiresteesiaesseessaesssessaesssessaesssessasssnesseensns 124

7.3 Software Branches ..........cooieiiiiiiiiiiiee e e 124
731 JUIMIPS ottt ettt eae et e ettt enae e e ene et eneeens 125
7.3.2 CallS ettt 125
7.3.3 RETUITIS ..ottt ettt et eae e e st et e e sseeseeneesenseens 126
7.3.4 Extended Branches ..........cccoooiiiieiiiiiieee e 127
7.3.5 Branches to and from packets .........c.cccveeeciieiciiienieeiieceie e 127

7.4 SPECULALIVE JUIMPS....ecuvieiiieiieeieeieeieetesiteetesaeeresseessaesteessaesseesssesssenseessseseesseesseenses 128
7.5 COMPAIE JUINIPS....eeeuvieeirieeerieeitteesteeestteestseeaseesseeaseeassssasseeessseessseessssesssessssessssseessees 129
7.5.1 New-value COMPATE JUIMIPS ...ecceerrieriierieiiereeieenieesseesieeseesseesseeseesesseessessnes 130
80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 5



Hexagon V62 Programmer’s Reference Manual Contents

7.6 Register transSfer JUMPS....c..ccciieeiieeiieciie ettt ettt beeeaee et eesteeeseveeseneeas 131
7.7 DUAL JUMPS...ecuiiirieieeiie ettt ettt st e st ssaestbesteessaesseesssesssesseessseseenseesseenses 132
7.8 Hint indirect JUMP taArZELt .....cccviiiiiiiiieeiieecieeeiee ettt eeee et e e e e beeeebeeeaeeennee s 133
7.9 PAUSES ..ottt ettt ettt et et ettt et e et e e te e e bt e entteeenbeenneeas 134
710 EXCEPLIONS ...veeivieeiiieeiiieeetie ettt eieeesiteeteeeseteesebeeeabeessbeassseeessaesssaeessseasseessseensseennseens 134
8 Software Stack.......ccccccmimiiiiiii———————— 138
8.1 StACK SLIUCLUIE ....veviiniieciieiieiieeteee ettt et e st este b e e e etaessseesnesssesnnensnes 138
8.2 StACK fTAIMES ..eovviiiiiiiiiieciie et ettt e e e e e e e sbe e ssbeeebeeestaeerreean 140
LI BN P2 Te] (g o (01 1< 15 10 4 U USRP 140
8.3.1 Stack bounds cheCKing...........cccveviiiiiiiiiiiieie e 140
8.3.2 Stack SMAashing ProteCtion .........c.ecceevieeriierieerieeseerieseereesreereereesreeseesseeneees 141

R ¥ 16) G (14 T 1<) £ RSSO PRSPPI 141
8.5 StaCk INSIIUCHIONS. ...ecuvieiieiierieie et eie e eteeresreeteesresaesstesssessaesssessaessaessaesssesseensens 142
e I 1T L Y= 143
9.1 V62 processor eVent SYMDOLS........c.cccveeiieriiriieiiieteeieesiesreeiesreereeaesseessesseessessnes 144
10 Instruction Encoding........cccoviiiiiiiiiinssesessn s 151
TO.T INSTIUCIONS ..vieuerieiiiieeitieeteeeiteeteeeeite et e e e teeeebeeeeseeebeesssesesbeesseessseessseessseessssensseeas 152
10.2 SUD-INSIIUCLIONS ....vevieeiviiieeiieeeie st etesreetesreebesseeeebeetaessaesstesssesssesssessseessesssesseennns 153
1O.3 DUPLIEXES ..eeevieieiieeiieeiieeiee ettt e ete et e e e te e ebeeeebeeeteeesseeesbeessseessseesseessseesnsaensseens 156
10.4 INSLIUCLION ClASSES..cuvveeuiiriieeiieeiieiieetesteeie e st erteesebeeraestaesstessaesasesssessseeseesssessnenens 158
10.5 INStIUCHION PACKELS.....viiiiiiieiiiieiiieeiieeiteeeee et et e et e e e e taeetteesseessbeeesseeeneseenseeas 159
10.6 LOOP PACKELS.....eieiieiieiieiieiteit ettt ettt ettt ettt e st e esbaesteessa e saenseesaenseenns 160
10.7 IMMEdIate VAIUES......ccviiiiiieiiieiie ettt ettt e sre e e ebeesebeesebeeenneas 161
10.8 Scaled IMMEAIALES ......ccveecveeiieiieiieie e eie ettt et eae e erte s e ebessaesraeesaesseeseeenens 161
10.9 ConStant EXEENACTS. ......eeevieeiiierieeiieeie e erreeeereeeteesaeeeeaeeaaeesseeesseesseeessseensseens 162
10.10 NeW-value OPEIands .........cceevverieeiierieiienieeieeie e eeaesreaaessreeseseseessesssesssesssennns 165
10.11 INStruction MAPPING .....ccveeeeuiierireiieeitieeeteesreeeveeeteesseeesaeesreesseeessseessseessseessseens 166
11 Instruction Set..........ooii————— 167
11.0.1 INStruCtiON CALEZOTIES ..vevveeeeerrrereeriietieiterieesiresseessresseeseesssesseesseesseesseesseensns 168
LT ALUB2 ettt ettt et e sa ettt eneebe st sseeneenseseeneeneennens 171
T1.1.1 ALUSB2/ALU ittt ettt sttt snsennaesnaesneennes 171
A ettt ettt ees 171

LOZICAl OPETALIONS .....vvieiveiiieeiiiie ettt sttt tte et sreestaeste e saessaenseens 173

INEEALE ..ottt ettt ettt ettt e ettt e ettt e e et e e e etteeeentaeeestaeeentaeeeebaeeseanteeeanns 175

N D ettt ettt ettt ettt et e ettt et e ettt et e e ente e nteeeteeeneeenreeens 176

SUDLIACE ... tee ettt e ettt e e stbe e tr e e s beessbeeeebeeenreesaseeas 177

N e 1S €511 L« SRR 179

Transtfer IMMEdIate.........ccoeecvirieiiieiiieie et 180

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 6



Hexagon V62 Programmer’s Reference Manual Contents

TranSTEr TEZISTET ..vviiviieiiieciee ettt ettt eeeeaeeaeeessee e 182

Vector add halfWwords ........cvvevieiieiieiicieee e 183

Vector average halfwords.........cc.oovviiiiiiiiiicieec e 184

Vector subtract halfwords .........ccoccveiiiiiiiiieiiecieiecee e 185

ZTO EXLEIA ...ttt sttt 187

11.1.2 ALU32/PERM ..ottt 188
Combine words into doubleword ..............coceiiiiiiiiiiniiiieeee e 188

1Y 10D QUSSR 191

Shift WOIrd DY 16 ...iciiiiiieiii ettt 193

Pack high and 1ow halfWords ...........cceoieiiirieniieieciee e 195

T1.1.3 ALUS32/PRED ..ottt 196
Conditional add ........c.cccviviiiiiiiieieree e 196
Conditional shift halfword...........ccooiiiiiiii e 198
Conditional COMDINE ......ccvevieriieiieiieiieriee et eae e eene e 200
Conditional logical Operations............c.cccueevuiieriierieeeiiee e 201
Conditional SUDIIACE ......eccvveriieriieiieieeie ettt ettt e e enee e 203
Conditional sign eXteNd.........cccveeriiieiieiiiiieiie et 204
Conditional traNSTET ......c.eevieiieii ettt nse e 206
Conditional Zero eXtend..........cceeruierieiienieieieie et 207

L0707001 o 1 (USSP 209

Compare to general TEISTET ......cevuvieriieiiiieiie e eee et e e e et eve e 211

L1.2 CR ettt h ettt sttt ettt sh et 212
End 100D INSTIUCHIONS ...eeviiiiiieeiiieciiieiie ettt ettt e eaeesreeesree e 212

Corner detection acCeleration ...........c.evverierierierieiie e eie et see e sne e ns 214

Logical reductions on prediCates .......uuiirieriieeiieeieeeieesieeeieeesveesveeesveeenns 215

LOOPING INSIUCLIONS ...eeuvieutieiieiiesiieeteesiiestesieesaesteesaeseessaesseessaesseessnesssesseens 216

AAA O PC et 218

Pipelined 100p INSIIUCHIONS ......evieriieriieiiesieriiesieieeseeeee e sreesereseeessaeseneneaens 219

Logical operations on PrediCates ......couiiiieiiieerieerieeeieesieeereeesveeseveeesseeenns 221

User control register transfer.........c.occvvveeereeeiieseeie e 223

8 T 1 TSRS 225
Call SUbrouting from TEZISIET......cvieriieiieiietieiieieerieesteeite st eseesaeseeeseaeseee e 225

Hint an indirect jump address........c.eeovieeiieiiiiieiie ettt esree e 227

Jump to address from TEGISLET .......eevverrieieiieeiieie et 228

8 TSRS 229
Call SUDTOULINEG ...c.vvenvieiieiiesiie ettt ettt ettt esaeesteebeenbeenreenaeenseenneeens 229

CompPAare and JUMP .....eeeveeiiieiieeeiee et et et esteeereeeteeeteeesseeesaeenseeessseesnens 231

JUMP 10 AAATESS ..vevieeiieeiecie et st e st e e e e saens 236

Jump to address conditioned on new predicate.........occeeeevieeriieriieiiieeeieeens 238

Jump to address condition on re@ister Value ...........cceeeevviereenienienieeieniens 239

Transter and JUMP .......oooeviiiiiiiiie et e saee e 241

LLLS LD ettt h b et ae sttt ae s 242
Load doubleWord.........c..oiiiiiiiiiiie e 242
80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 7



Hexagon V62 Programmer’s Reference Manual Contents

Load doubleword conditionally..........ccccceeieriiieniieeiiieiie et 244

| 7 Ta N o) OO PTRURRTRP 246

Load byte conditionally...........ccceeeiiiiiiiiiieiiecie et 248

Load byte into Shifted VECIOT.......ccuveriiiiieiisieeiicee e 250

Load half into shifted VECtOr ..........cooiiiieiiiiieeeee e 253

Load halfword .......o.ooieiiieee e 256

Load halfword conditionally ............cccceeiviieiiiieiieeiiecie e 258

L0ad unsigned DYLE .....ccveeiieriiiieriierieeriee sttt sttt se s ens 260

Load unsigned byte conditionally ..........cccceeeviiiviieriieniie e 262

Load unsigned halfword...........ccocieriiiiiieniieieiceeecee e 264

Load unsigned halfword conditionally...........ccccceeeiiiiniiiniieiiicciieciie e, 266

L0ad WOT. ..ttt 268

Load word conditionally ..........c.cccccuiiiiiiiiieiiiiecee e 270
Deallocate Stack frame ...........cccvevieriieiienieeiieriec e 272
Deallocate frame and return ...........coceviiiieiiiiiiniceeee e 274

Load and unpack bytes to halfwords..........cccceevivciieciieiiiiniere e 276

L1.6 MEMOP ...ttt ettt ettt et tesaeeseenaeneeeneas 285
Operation 0N MEMOTY DYLC.....cc.iervierieeriieriieieeiieteetiesteesee e eseesseesseesseenseenns 286
Operation on memory halfword ............cccoeeiiiiiieiiiiciiece e 287
Operation 0N MEMOTY WOTA ......eevierieeiieiieieeieete et erte e eieereeseenseesseesneenns 288

L1 7 NV ettt ettt et s et et b et e s e et neene et e sttt et e teteeneeneeneens 289
LL701 NV et ettt ettt ene s 289
Jump to address condition on new register value............cccueeeuvieeceeenieennenns 289
L1.7.2 INV/ST ettt ettt ettt 293
Store NEW-ValUE DYLE .....eiiiiiiiiiiiii et 293

Store new-value byte conditionally...........ccceeevievieriiiiriniiieieeeeeee e 295

Store new-value halfword ............ooceiiiiiiiiiieee e 298

Store new-value halfword conditionally ............ccoocveveiriiiiiniieieeeeee 300

Store NeW-value WOTd........cceeiiiiiiiiiiiieieees e 303

Store new-value word conditionally...........ccceeverveciienieiiieieieeeee e 305

T 1 TSRS 308
Store doUblEWOTd .....cc.ooiiiiiiiiieiee e 308

Store doubleword conditionally ...........ccceeviiieciiiiiiiiiiieeeeee e 310

N0 (S o) 1SRRI 312

Store byte conditionally.........c..ccevveeeiieeiiiiiiieeiicecee e 314

StOre halfWord ....co.eeiiiieieee e 317

Store halfword conditionally ..........ccccoevviiieiiiiiriieiiece e 320

STOTE WOTA ...ttt 324

Store word conditionally ..........cccveeeviiieiiiiiiiiiice e 326
Allocate Stack frAME .......ccevveerieriierieiierie sttt 329

L1.9 SYSTEM ettt ettt et ettt e teeaesaeenaeseeeneas 331
11.9.1 SYSTEM/GUEST ..ottt 331
Guest control register transter...........cceevcvieriiiiiieiiie e 331

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 8



Hexagon V62 Programmer’s Reference Manual Contents

11.9.2 SYSTEM/MONITOR ...coiiiiieiiieeeee et 333
Clear interrupt auto diSable .........ceevieriierieiierieeere et 333
Swap SGP CONLIOl TEGISLET ...uvveiuiiieiieeiiieeiii ettt ettt e 334
Cancel pending INTETTUPLS.......cccvervierierreeriesieeieereeseereeseesreesseesseessaesssensaens 335
Data cache Kill .....cccooiiiiiiiiie e 336
Data cache maintenance monitor INStrUCtIONS ........ccvevvvereverierierierieeienenenns 337
Read the interrupt mask for a thread ............cccoooeiiiiiiiiiiiiiiie e, 339
Acquire hardware 10CK ..........cvecuieiieiiieiienie et 340
Release hardware 10CK.........ccoiiiiiiiiiiiiei e 341
Interrupt to thread assignment read ............cccceevverienienienienienie e 342
Interrupt to thread assigNMENt WITte........ceevvueeerieerieeeieeeiieeieeeeveesreeeree s 344
Instruction cache maintenance SUpPErvisor OPErations .............cvevveerveerverenenns 346
Instruction cache maintenance operations (single-thread) ............ccccveeeeennnn. 347
L2 cache operations by INAEX .......c..ccvevierieeriieriieiieieieeniee e siee e eee e e 348
L2 cache global Operations...........ccueeeveeeiieiiiieenieeeiee e eee e e sveesveeevee e 349
L2 cache operations by address.........ccccueeeerevieriinieeniieieeiee e esieese e seeninens 351
L2 tag 1€ad/WIILE ..veeviieiieeiiie ettt ettt e e san e 353
Load from physical address..........ccvevveiiereeriierieiieieieesiee e esie e seeieens 355
Raise NMI 0N threads ..........oouiiieiiiiiiiieieie et 356
Resume from wWait MOde........ccueoveiiiiiieiiii e 357
Return from eXCePLiON.......cccviiiiiieiiiiiieerie ettt e e 358
Return from exception and unlock TLB..........cccocvieiieiiiinienierie e 359
Set the interrupt mask for a thread ...........ccoeviiiiiiiicieee e, 360
Set interrupt auto diSADIE ........ccvevviiiieiieeieece e 361
Start threads .......ooverieeie e e 362
N (0) o1 1116 USSR 363
SOTtWAre INLETTUPL ....veieiiieiiieeie et ettt ettt e e e e saeestbeestbeeesreesesee s 364
TLB read/write/probe OPETations ............cccerveeiireesiveeiieereereesreeeesnesvesnenes 365
System control register transfer........c.ovvveeeiiiiiiieie e 368
Transition threads to Wait MOAE ..........ccverieriierieiieieiieee e 370

11.9.3 SYSTEM/USER ..ottt 371
L0ad 10CKEA ...t 371
Store CONditional.........c.eeiiiiiiiiii e 372
Zer0 @ CaAChE 1INE...ceoiiiiiiiiiiie e 374
IMEIMOTY DAITICT ... vieirieeiieeiieeiee ettt e e ste et eete e veeeebeesbeessbeeessaeensaeesseeenens 375
BIreakpOint .......ccviiiiiieiieieeieieeese ettt es 376
Data cache prefetCh ......oovviciiiciiccce e 377
Data cache maintenance USer OPErations............ccuverveerreererereereesueseesiveneens 378
Instruction cache maintenance USer OPErations ..........cceeeeeveervreerveerveeenseeenns 379
Instruction SYNCATONIZAtION ........couveeieriieeiesiieeieeiee e eee e et sre e saeebe e e 380
L2 cache prefetCh ..ot 381
PAUSE....ciiiiice e 384
Memory thread Synchronization............cceeeveeeceeecieenieesieeree e 385

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 9



Hexagon V62 Programmer’s Reference Manual Contents

Send value to ETIM traCe ......ccuveeviieiiieciie ettt et 386
2 o PSPPSRt 387
LL1O XTYPE oottt ettt ettt s et e teeaeeneenseeaeeneas 388
T1.10.1 XTYPE/ALU oottt 388
Absolute value doubleWord...........c.coccviiiiiiiiiieiii e 388
ADSOIULE VAIUE WOT.....cvieiieiieiiieiieie ettt sre e seaensae 389
Add and acCuUMUIALE .........coovviiiiiieiiiciee e e 390
Add dOUDIEWOTAS ....ocvvieiieeiiieiiiiiecieeee ettt sttt seense e 392
Add halfWOord.......ccooiiiiiiiiccie e e e 394
Add or subtract doublewords With Carry ..........cccoevveviieciierienienierieee e 397
Logical dOUDIEWOIS .......cceouviiiiiieeiiieiii ettt eeeree e 398
Logical-logical doubleWords...........cccveevierieeriieriieiieiieieeee e 400
Logical-1ogical WOrdS........cccueiiiiieiiiiiiieiie ettt 401
MaXIMUIM WOTAS.....eeiieeieriieeiiriieereettesreseesieesaeseesseesseesseesseessaesseasseesseesenns 403
Maximum dOUDIEWOIdS..........ccviiiiiiiiieeiieciee ettt 404
MINIMUM WOTAS ..eevvieiiieieeieeiieite e ete e steseesaesseeseesseessaesreessaesseanseensensseans 405
Minimum doubleWords ...........ccveeeiiiiiiieiieeie e 406
IMOAUIO WIAD ..eevviiiieiieeiieiie sttt e site sttt et e bt et esb e e seesseesseeseanseensessseensennsenns 407
INEEALC ..ottt ettt ettt ettt e ettt e e et e e e e tteeesnteeeestteeestaeeeebaeeeennteaeenns 408
ROUNG ..ottt s sae 409
Subtract dOUDIEWOTIAS ......c.eeiiiieiiieeiie et 411
Subtract and accumulate WOTrdS ..........cceeecvirieriiiiieiiieie e 412
Subtract halfword ........c.coocviiiiieiii e 413
Sign extend word to doubleWOrd...........ccevvieviiiiieniieieeie e 416
Vector absolute value halfwords ...........ccccveviiieciiiciiiciceee e 417
Vector absolute value WOTdS ........cceeeierieiiieniesieiesieeeree e 418
Vector absolute difference DYtes ........ceevvieeiiiiiiiiieiiieciie e 419
Vector absolute difference halfwords...........ccocvviviiiieiiinieniecieeeeeeee 420
Vector absolute difference Words...........occveevivieiiieriie it 421
Vector add compare and select maximum bYtes .........cccecvereeereerienvenivennens 422
Vector add compare and select maximum halfwords ............cccoeevveeeieeiniennn. 423
Vector add halfwords .........oocverierienieieceeee e 425
Vector add halfwords with saturate and pack to unsigned bytes ................... 427
Vector reduce add unsigned DYLES.......c.eevverieriiniesie et cee e 428
Vector reduce add unsigned halfwords ...........cccoeeveiiiiniiiiiicniiceiecece e, 430
VeCtor add DYLES ...cuveeiieieeiieiieiie ettt st e s sneesae s 432
Vector add WOTdS......c.veiiiiiiiie ettt beeeseeeenes 433
Vector average halfwords.........ceovieiiiiieiieieieeeee e 434
Vector average unsigned DYLES........iccviiiiieriieeiie e 436
VECtOr AVETage WOTIAS .....veuvieiieiieiieieeiiesie et esieete e ieesbeeteesreebeesteenseenseenseens 437
Vector conditional NEGALE.........c.eeevuvieiiieiiiieciieeeiee ettt e eveeeeaeeens 439
Vector MaXiMUM DYLES ...cc.eerviriierieeiieriiesiesiiesiesieeseeeeeseeesreesseesseesseesseenseens 441
Vector maximum halfwords..........ccoouiiiiieiiiieiecieee e 442

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 10



Hexagon V62 Programmer’s Reference Manual Contents

Vector reduce maximum halfwords ...........ccccooviiiiiiiiiiniie e 443
Vector reduce Mmaximum WOTAS ........c.eeeveerierieaienienieneesreeeesresnessnesnensnens 445
Vector Maximum WOTAS ......cceereeiierieniiereenie e niieseet e see e e seeesieebeesbeeeeens 447
Vector MINIMUIM DYLES ....covvvirieiieiieiieiienieeieesie e eresaesaessaessnesenesseesseenseens 448
Vector minimum halfwords.........c.ccooiiiiiiiniiieee e 450
Vector reduce minimum halfwords ..........cccoceveiniiiiiieiiencieecie e 451
Vector reduce minimum WOTAS .......ccccerierieniienieiienieeieenee et 453
Vector MINTMUM WOTAS ...c..eevirieeiieeiesiesteseesaesieesveseesseesreesseesseesseesseesseens 455
Vector sum of absolute differences unsigned bytes ...........ccccvvvevveerrieeneenne. 456
Vector subtract halfwords ..........ccccvevieriiiiieniecieeeeeeee e 458
Vector SUDLIACT DYLES ...eeviiiiiieceiieciieeiee ettt e 460
VECtor SUDLIACT WOTAS ... .eevieiieiieiieiieieesie ettt esreeteesaeebeeteenseeseenseens 461
T1.10.2 XTYPE/BIT ..ottt et 462
CoUNE 1EAAING ..ovvvevieiieeiieciieciee ettt e et e e s be e e enbeenseense e 462
Count POPULIATION ..euvveeieiieiiii et eeite ettt ettt e et e et eesbeeesereeeseesbeeeaneas 465
COUNE TAIIING...c.vieiieiieiieie ettt e st s steestaesteensaessaenseesaenseenns 466
EXtract Bitfield .......cooiiiiii e 467
INSErt DItFICLA ...ovvieeieiieeiieciie e e 470
Interleave/deinterleave ...........coooiiiiiiiiiiine e 472
Linear feedback-shift iteration .........cc.cceeeerieiciinienie e 473
MASKEA PATILY ...vvieiiieciiie ettt ettt e et e e ereeetbee e taesabeeesaeeeaseessaeenes 474
Bt TEVETSC. ..ttt sttt ettt ettt e 475
Set/Clear/togEle Dit.......cuiicviiiiieeiie et 476
SPIit DILFICLIA ... 478
TADLE TNAEK ..ttt st 480
11.10.3 XTYPE/COMPLEX ..ottt 483
Complex add/sub halfwords ..........cccccveviiieiiiiiiieieccee e 483
Complex add/SUb WOTdS ........eevviiiiiieiieeiieii et 486
CoMPIEX MUILIPLY .veevvieiiieciie ettt ettt e e eeseae s 488
Complex multiply real or imaginary ........cccoceeevereerveeiienreeieseeeieseeevennens 491
Complex multiply with round and pack.........cccceeviieriiiiiiiiiiecieee e, 493
CompleX MUIIPLY 32X 10 .cceieiieiierieiieeiesieeeeie ettt es 495
Vector complex multiply real or imaginary ..........cccceeeeeeeeieeriiieesiieesieeeieeenns 497
Vector COMPIEX CONJUZALE ......eevierierieeiieieereeiiereereeaeereeeeseseenseseaeensesneenns 500
Vector COMPIEX TOLALE ......eecviieiieeiiieiieecie ettt et e eiaeeeaeesaee e 501
Vector reduce complex multiply real or imaginary............cccceeeververeervenenenn 503
Vector reduce complex multiply by scalar.........cccccceeevieiiiiiiiiiienieeciee e 506
Vector reduce complex multiply by scalar with round and pack................... 509
Vector reduce COMPIEX TFOTALE.......ccuvieiuiieriieiiieeieeeieeeieeesveeiaeeeaeesreeenree e 512
L1.10.4 XTYPE/EP .ottt 515
Floating point addition ...........ccceeeeviiiiiiiiieiiie et e 516
Classify floating-point VAlUE ...........cceevveeriieciieniieieeiteie e 517
Compare floating-point ValUe..........ccceereviiriiieiiieeiie e 519

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 11



Hexagon V62 Programmer’s Reference Manual Contents

Convert floating-point value to other format .............ccccocovveviiiiiciieiieieieee, 521
Convert integer to floating-point Value ..........ccceevvereeriieniieirieeireie e 522
Convert floating-point value to INtEZET ......c..cevvreriieeeiieiiie e 524
Floating point extreme value assiStance...........ceeevvereerieereverieereesvennessvennenns 527
Floating point fused multiply-add ..........ccceeviiiriiiiniiiiiiie e 528
Floating point fused multiply-add with scaling...........ccceevuerenirieneninnene 529
Floating point reciprocal square root approxXimation ............c.ceceeeeevveeeveenne. 530
Floating point fused multiply-add for library routines.............ccccceceeeenennenne 531
Create floating-point CONSTANT .........cceieriieriieeiieeiie et ereeeaeeereeeebe e 533
Floating point MaXimUmM ...........c.ccverrieriiereerieesienieesreseesseesreessaesaesseessnensaens 534
Floating point MinimuUIM ..........ccueeeeuiiiiieeiieeiie e eeeeeeeee e e saeeereeeseeeseee e 535
Floating point MUltiply .........cceeiieriieiienieiierie e 536
Floating point reciprocal approXimation ...........ccccceueeerieeriviesiueeesieesreeesieeenns 537
Floating point SUDLIACHION. .......cceeriiriieiieieeriesieitereeiee e seeesere e eseeseaeneeens 538
T1.10.5 XTYPE/MPY oottt 539
Multiply and uSe IOWET TESULL......ccveriieriieiieiierieieeeieeee e 539
Vector multiply word by signed half (32X16) .......cccceevviieviieiiiiiieieeeee e, 542
Vector multiply word by unsigned half (32X16) ......ccccceevevviviencireriiiiieiieieene 546
Multiply signed halfwords...........cccveriiiiiieiiie e 550
Multiply unsigned halfwords............ccevcveriierieniienieeeee e 558
Polynomial multiply WOrds .........cccviiiiiiiieiiiiecie e 563
Vector reduce multiply word by signed half (32X16) ......cceoeivivieneniiienee. 565
Multiply and use Upper reSUIt..........ocoiiiiiiieiiieeiece e 567
Multiply and use full TESULL ......c.cccvieriiiiieieee e 570
Vector dual Multiply......cccoeeeviiieiiiiieii e 572
Vector dual multiply with round and pack..........cccoecvevveriinciniinceiie e, 575
Vector reduce multiply DYLES ......cccvviviiiiiiiiiiiecie e 577
Vector dual multiply signed by unsigned bytes .........cccceevverierienieciierieinnns 580
Vector multiply even halfwords .........c.coceveeeiiiiiciiiciiiciecee e 582
Vector multiply halfwords..........cocveriiriiiiiiniecieieeee e 584
Vector multiply halfwords with round and pacK..........c.ccccvevvievciienciieeeenne, 586
Vector multiply halfwords, signed by unsigned...........ccccoceevvercrreniencieenieninnns 588
Vector reduce multiply halfwords..........cccveeviieeiieciiiiiieciiee e 590
Vector MUILIPLY DYLES ..ooveiiiiiiiie e 592
Vector polynomial multiply halfwords ............ccoeveiiiniiiiiiiiiccieceeee 594
11.10.6 XTYPE/PERM .....ooiiiiiiiiiiiieeeeeee e 597
CABAC decode DiN....cccueeiiiiieiieiieie et 597
SATULALE ...ttt ettt ettt et ettt et et ee e 599
SWIZZIE DYLES ..eevviieiiiieiiieiie ettt ettt e e ae et e e a e e stbeestaeeesbeeseseeas 601
VECLOT AIIZIN 1.ttt ettt st eraestaesneesaessaeseens 602
Vector round and Pack ..........coovieeiiiiiiiiiiecie e 604
Vector saturate and Pack .........cccoevieviieriieriieiiesieee e 606
Vector saturate Without Pack..........c.cccviiiiiieiiiiiciiieiicce e 609

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 12



Hexagon V62 Programmer’s Reference Manual Contents

Vector SHUTTIE ......eeiiiiiie e 611
VECtOr SPlAt DYLES .vveevieiieiieiiiesiie ettt et etaeseaesreessaessnesaens 613
Vector splat halfwords.........c..occiieiiiiiiiee e 614
VECLOT SPLICE ...uviiuiieiieeiieiiecitecie st ettt ettt et e e steebe et e et e e bt esaessbeesaesssesnsensnens 615
Vector SIZN €XIENA.......eciiiiiiieeiieeiieeieeeeieeieeesee e e ere e reesaeesreesebeeeseeenns 616
VECTOT tIUNCALE ...ttt ettt et 618
VECtOr ZETO EXLENA. ....eeiuietieiiiiiie ittt st 621
11.10.7 XTYPE/PRED ..ottt 623
Bounds check ..o 623
COMPATE DYLE .eovvieiieiieiieiieciieieerite sttt e se ettt et esseesteessesnseenseesseensennseans 625
Compare half ..........oooiiiiiiiie e 627
Compare dOUDIEWOTIdS........cc.veriiiiieieeie ettt eene 629
Compare DIt MASK........cceuiiiiiiiiieciie ettt eeeetee et e e veeeaeesereesaneas 630
Mask generate from PrediCate .........ooveeviereerieerieriieieieesee e esre e ieeseeeeens 632
Check for TLB matCh.....cc.coiiiiiiiiiieeieeeee e 633
Predicate transter.........oouiviiieieeeee e 634
TSt DIttt ettt sttt neee 635
Vector compare halfwords ..........ccvevveciieiiicieiicie e 636
Vector compare bytes for any match..........cccceeveeieiiiiiiiiiiiieiece e 638
VECtOr COMPATE DYLES ..uvveuvieiiiiieriieeiieiientesieeseesteessreseessaessaessaessaesssesssensaens 639
Vector COMPATE WOTAS.......ccviieieeeiiiiiieesiieeiteeeeeesreeeereeereessseeeeaeeneeesseeennns 641
Viterbi pack even and odd predicate Dits .........ccoevevciieiiieriieneenieeeeeesieiene 643
VECEOT IMIUX ..ttt ettt ettt ettt ettt ettt sabae s e ebee e 644
T1.10.8 XTYPE/SHIFT ..ottt 645
Shift by IMMEAIALE .....cvvieiiieiieeiiiecie et 645
Shift by immediate and accumulate ...........ccoeevevierienieniienieee e 647
Shift by immediate and add............cccceeeiiiiiiiiiiiiiiiie e 650
Shift by immediate and 10gical...........ccoecirviierieniieiieieeee e 651
Shift right by immediate with rounding .............cccoeevviieiiiienieeieeeee e, 655
Shift left by immediate with saturation ............cceceveeieeienennienceceeceeeenen 657
Shift DY FEGISTEI ..veieviiieiiieiiieeie ettt e sbe et e e sebeestaeeesreeeesee s 658
Shift by register and acCUMUIALE ............ceeveerierieriierieieeeee e 661
Shift by register and 10gical............cccveeeiiiiiiiiiiiiiieceee e 664
Shift by register With SAtUTATION ........ccveervieiiieriieieerie e 668
Vector shift halfwords by immediate ...........cccceeveiiiiiiiiiiiicieeiee e 670
Vector arithmetic shift halfwords with round ............ccccoevieviinienciiieiee 672
Vector arithmetic shift halfwords with saturate and pack...........ccccccvveenneennee. 674
Vector shift halfwords by re@iSter........c.oevvriieiiiniiiiiieieeie e 676
Vector shift words by immediate ...........occeevvieiciieriieeiie e 678
Vector shift Words DY re@IStEr ........vevvieiierieiieriieiieeeeeee e 680
Vector shift words with truncate and pack..........cccceeviiiniiiniiecciecieceee, 682
INSTUCHION INAEX ..ottt ettt 684
INEEINSICS INACXK ..eiviiiiiiieiie ettt ettt et 699

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 13



Hexagon V62 Programmer’s Reference Manual Figures

Figures

Figure 1-1
Figure 1-2
Figure 1-3
Figure 1-4
Figure 2-1
Figure 2-2
Figure 3-1
Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5
Figure 5-1
Figure 5-2
Figure 6-1
Figure 6-2
Figure 6-3
Figure 8-1
Figure 10-1

Hexagon V62 processor architeCture ...........cvevverveereesiveereenieesnenenenens 19
Vector inStruction eXample .........ccueeeveeeiiieeiiieeiie e e esreeeevee e 23
Instruction classes and combinations...........c.eccveveveereeerieereerieerveneeenens 26
Register field Symbols.........c.ccovviieeiiiiiiiiiiecieeec e 29
GENETAl TEGISIETS ..eevvveeieiiieeierieeeteete e eeteereetesbeetesaeessaenseesseenseensees 33
CONLIOL TEZISTEIS ..eeeuvviieeiieeiiieiie et eete e et e et et e e s e e seb e e e teeeeeeesreeennnas 35
Packet grouping combiNatioNnS ..........c.cccverveerieecieesiienieeriieseesiaeseeseneeens 52
Vector DYte OPEration.......ccueecviieecuieriieeiiieeeiieeiee e et ereeesieeeeeeeseree e 59
Vector halfword operation ...........cceevevcverieeciieieeiiee e 59
Vector WOrd OPETratioN .........cccveeerveerreeeireeeiieerieeereesreeeaeesreeeeseeenenes 60
64-bit shift and add/sub/logical...........cccccvevieriieriiiiieeie e, 68
Vector halfword shift right..........cccooeiiiiiiiii e, 71
Hexagon processor byte Order ........c.vecvvecveerveniienieeie e e 82
L2FETCH INStIUCHION «..eeviiiiieiieeieiie ettt 100
VeCtor DYLE COMPATE ......ccvverieeieeiieiieeirenieesreeieesreeeeseresnsessnesnsesenenes 112
Vector halfword COmMPare ..........ccceeeviiiiiieiiie e 112
Vector MUX INSEIUCLION ..vevvverieeiierieiieeieseeereeee e eneereeeeeseeeeeneees 113
Stack SEIUCUTE......eouvieiiiiieiiee e e 139
Instruction packet encoding ........c.cccvveviveviierienierieeieeie e 159

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 14



Hexagon V62 Programmer’s Reference Manual Tables

Tables

Table 1-1 RegiSter SYMDOIS .....cc.veiiiiiieiieiectetetee e 28
Table 1-2 Register bit field SYMDbOIS ......c.eeeevieiiiiiiiieiececceee e 29
Table 1-3 INStrUCtion OPEIANAS ......ccvvieerereieeiieie et eete et etesreebe e eere e eeneennees 30
Table 1-4 Data SYMDOLS.....ccviiiiiiiiieeiiece e e 31
Table 2-1 General re@ister allaSeS ......oovvervierierieeierie et 34
Table 2-2 General TEISTEr PAITS ....eeeviieiiiieeiieeiie et ere e e e e saeesreeesreeeenes 34
Table 2-3 Aliased cONtrol TEZISIETS .....cverevreieiiieiieieeieeie et seeeeeeseae e ene 36
Table 2-4 COoNtrol TEISTET PAITS....uvieeviieriieeiieiieeeteeeiee e ereesereeeaeeereeeereeeeenes 37
Table 2-5 | 0100 IR S 4 T 1<) ¢ USSR 38
Table 2-6 USET STATUS TEEISOT ..vvieuviieerieiiieeieeeieeesteeeseveesereeeseaeeteeeseaeeseseeesseeenens 39
Table 2-7 Modifier registers (indirect auto-increment addressing)...................... 41
Table 2-8 Modifier registers (circular addressing)..........ccceeeeveeeerieeeiieenereeenneeennne 41
Table 2-9 Modifier registers (bit-reversed addressing)..........coceveveeevercreenvenneennn 42
Table 2-10  Predicate TEZISTETS ...euuiirireriieerieeerieeiie et eereeereeeseeeetaeesreeeesseeesseeenes 42
Table 2-11  Circular Start TEZISTETS ....ccvverveerrieriieieerieetieieesreeseeeseessaesaesseeseseseenenes 43
Table 2-12  User general pointer reZiStEr ........ccvevvireviieeriierieeeieeieeeereeeereeeneeenes 43
Table 2-13  Global pOINter FEISLET ......eevveereeiieieeiierieieeste et e e e eeenseeeees 43
Table 2-14  Cycle COUNt TEZISTEIS ...eouviieiiieirieeriieeriie ettt e eieeeteeeeeeesaaeeeereeeeeeeneeeees 44
Table 2-15  Frame Hmit r@@ISTET ....ccvveveeiieiieiieieeieereeieeste et sie e enseeeees 44
Table 2-16  Frame KeY r@ZISTOT...cuuiiuiieiiieeiiieeiee et erite e et eiee e e eevee e veeena e 45
Table 2-17  Packet COUNt TEZISLETS ....vvevieriieeiiriieeieeeie et eeeeee e enne s 45
Table 2-18  QUMET TEZISTETS ..cuvviecurieirieeiieeitieeetieeeireesveeestaeesteeesreessseessseeesseesseens 46
Table 3-1 INStruction SYMDOIS .......ccviiiiiiieiieie et 47
Table 3-2 INSTrUCTION CLASSES ....veeuiiiiiieii e 49
Table 4-1 Single-precision Multiply OPtiONS ........cccvevieerieriieriiirierre e e e 66
Table 4-2 Double precision multiply Options.........cccccveeeeiieeeiienieeeieeeee e 66
Table 4-3 Control register transfer iINStruCtions ...........cceceeeereeeerienineeneneseenne. 72
Table 5-1 Memory alignment reStriCtIONS .......ccuveeerveeeerieeerieeerieeieeereeeesereeeevee e 83
Table 5-2 Load INSIUCHIONS .....e.vievieiieiiieeiieeieete ettt 83
Table 5-3 StOTe INSTIUCTIONS. ... eeuteeiteeiieeie ettt ettt st et 84
Table 5-4 IMEIM=0PS 1.evvevvieeiieniieiieieestaeste e tee st esseesssesseesseesseassaesseensaenseensaenssenseenses 85
Table 5-5 Addressing MOAES .......ccvieeiiiiiieeie ettt 86
Table 5-6 Offset ranges (Global pointer relative) ..........ccceeveereierieeciinieeieeie e 88
Table 5-7 Offset ranges (Indirect with offset) ........ccccocvveeiiiiiiiiiieecee e, 88
Table 5-8 Increment ranges (Indirect with auto-inc immediate).............cccce...... 89
Table 5-9 Increment ranges (Circular with auto-inc immediate)......................... 91
Table 5-10  Increment ranges (Circular with auto-inc register) .........ccocvevveeveennen. 92
Table 5-11  Addressing modes (Conditional 10ad/store)...........ccceevevveeniieerviennennns 94
Table 5-12  Conditional offset ranges (Indirect with offset)..........cccccvvevvevivrnennen. 95
Table 5-13  Hexagon processor CaChe SIZ€ .........ccvveevireriiiieciieeiiieeieeesieeeeveeevee s 96
Table 5-14  Cache instructions (User-1evel).........ccoooviiiiiieiiiiiiiiicie e, 97

80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 15



Hexagon V62 Programmer’s Reference Manual Tables

Table 5-15
Table 5-16
Table 6-1
Table 6-2
Table 6-3
Table 7-1
Table 7-2
Table 7-3
Table 7-4
Table 7-5
Table 7-6
Table 7-7
Table 7-8
Table 7-9
Table 7-10
Table 7-11
Table 7-12
Table 7-13
Table 7-14
Table 7-15
Table 8-1
Table 8-2
Table 9-1
Table 10-1
Table 10-2
Table 10-3
Table 10-4
Table 10-5
Table 10-6
Table 10-7
Table 10-8
Table 10-9
Table 10-10
Table 10-11
Table 11-1
Table 11-2
Table 11-3

Memory ordering inStruCtiONS. ........ccveerveerrieerieeereeseeesreesreeesseeenns 102
ALOMIC INSIUCTIONS ...ttt ettt see e 103
Scalar predicate-generating inStrucCtions ............cceeeeveeerveerveeereneennne 106
Vector MUX INSTIUCHION ......eviiieiieiete ettt 113
Predicate register INStrUCTIONS ........eeevvieeiieeiie e et eree e 115
LOOD INSEIUCLIONS ...eevvieeiieniieiieiiesie et esiteieesetereesiaesreetee e esseensaenseens 118
Software pipelined 100D .......cceeevviiiiiiiiieiie e 122
Software pipelined loop (using SPNIOOPO) ......ovvvervieieeiieiieiieienne, 123
Software branch INStrUCtIONS. .......cccueiiiirieiiiei e 124
JUMP INSITUCTIONS ..vvevvieeiieniieieeiee sttt e ereeseesteessae e essaensaenseens 125
Call INSTIUCLIONS ..vievvveeeeiieeiieetieerieeieeeeteesreeeebeesreesbeeeeaeessneesseeenens 125
Return inStructions ........coeecuerueeierienieeiere et 126
Speculative Jump INSHUCLIONS .....eeeviieiiieiiee e 128
Compare jump iNStIUCHIONS ......veevieveeireeierieesieesresressressessnessennenns 130
New-value compare jump iNStrUCtiONS .......ccveeeevererveerieeereesreeereens 131
Register transfer jump INStrUCLIONS ........cccvvervierieerierieeieeseeieeniieeens 132
Dual jump INSIUCIONS ..eeevvieeieeeiieeiee et eiieeite et eieeeveeeeaee e 132
Jump hint INStIUCHON. .....eiiiiieeie ettt es 133
Pause INSIIUCTION ....eeuviiiieiieiiieiiec et 134
V60/61 ©XCEPLIONS ..vvveerrerrierrieiieriiesieesiaesteesiresseessaessaessaesssesssesssesseens 135
StACK FEGISLEIS 1..vvieiiieieiieiiee et eie et etee et e e te e et e e sreeeereenteeeseseeeneas 141
Stack INSHUCTIONS ...uviviiieiiieieiieeee et 142
V62 processor event SYMDOIS .......c.coovieeciiieeiiiiiieeiieciee e 144
InStruction fIelds ........ooeieeriiiieieee e 152
SUD-INSIUCHIONS L.ovvviieiiieiiieciie ettt e 153
SUb-INStrUCHION TEZISLETS ..e.vvierieerieereereerieeieesieereeereeeeseeeseeseaesseenens 155
DUupleX INStIrUCHON . .....eccuiiiiiieiiieeite ettt ae e e esaee e 156
Duplex ICLASS field......ccvivieeiieieiiecierie e 156
Instruction class eNCOdING.........cccvierviierieeriie et 158
Loop packet @NCOdING ........cccveeviiiieieeiieieeieeieesiee e 160
Scaled immediate encoding (indirect offsets)........ccccevvvvreviiiercniennen. 161
Constant extender enCOING ..........ccvverririerireerierieeie e ereereeeeeee e 162
Constant extender iNStrUCIONS .......cccvieeviieeciieeiieesieeeiee e eiree e 163
INStruCtion MAPPING ...eeveevrerieeiierieeieerieeieestereeseesreessaeseessaesenessnens 166
Instruction syntax SYMDbOIS .........cceeevieiiieeiiieiiie e 169
Instruction operand SYmMbOIS ..........cceecviriiieiienierieeeie e 169
Instruction behavior SYMDbOIS ..........cccvieeeiiieiiiiiieciieciee e 170

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 16



1.1

Introduction

The Qualcomm Hexagon™ processor is a general-purpose digital signal processor
designed for high performance and low power across a wide variety of multimedia and
modem applications. V62 is a member of the sixth version of the Hexagon processor
architecture.

Features

Memory

Program code and data are stored in a unified 32-bit address space. The load/store
architecture supports a complete set of addressing modes for both compiler code
generation and DSP application programming.

Registers

Thirty two 32-bit general purpose registers can be accessed as single registers or
as 64-bit register pairs. The general registers hold all data including scalar,
pointer, and packed vector data.

Data types

Instructions can perform a wide variety of operations on fixed-point or floating-
point data. The fixed-point operations support scalar and vector data in a variety
of sizes. The floating-point operations support single-precision data.

Parallel execution

Instructions can be grouped into very long instruction word (VLIW) packets for
parallel execution, with each packet containing from one to four instructions.
Vector instructions operate on single instruction multiple data (SIMD) vectors.

Program flow

Nestable zero-overhead hardware loops are supported. Conditional/unconditional
jumps and subroutine calls support both PC-relative and register indirect
addressing. Two program flow instructions can be grouped into one packet.

Instruction pipeline

Pipeline hazards are resolved by the hardware: instruction scheduling is not
constrained by pipeline restrictions.

Code compression
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Compound instructions merge certain common operation sequences (add-
accumulate, shift-add, etc.) into a single instruction. Duplex encodings express
two parallel instructions in a single 32-bit word.

Cache memory

Memory accesses can be cached or uncached. Separate L1 instruction and data
caches exist for program code and data. A unified L2 cache can be partly or
wholly configured as tightly-coupled memory (TCM).

Virtual memory

Memory is addressed virtually, with virtual-to-physical memory mapping handled
by a resident OS. Virtual memory supports the implementation of memory
management and memory protection in a hardware-independent manner.
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1.2 Functional units

Figure 1-1 shows the major functional units of the Hexagon V62 processor architecture:

m Memory and registers
m Instruction sequencer
m Execution units

m Load/store units

Memory
(unified address space)
A A
Load/ Load/
: 64
128 4x32 bit Store [ 64 Store
Instructions S3: X Unit h 4 v
XTYPE Instructions
ALU32 Instructions
._> J Instructions H
Seguencer CR Instructions
Packets of
1-4 instructions
XTYPE Instructions
ALU32 Instructions H
J Instructions
JR Instructions G |
. enera
Control Registers B s
Hardware Loop Regs 81 L d/St
Modifier Registers . Loa ore
Status Register Unit R0-R31
Program Counter LD Instructions H
Predicate Registers ST Instructions
User General Pointer ALU32 Instructions
Global Pointer
Circular Start Registers

Figure 11

S0: Load/Store
Unit

LD Instructions

ST Instructions
ALU32 Instructions
MEMORP Instructions
NV Instructions
SYSTEM Instructions

=)

Hexagon V62 processor architecture
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1.2.1

1.2.2

1.2.3

1.2.4

1.2.5

Memory

The Hexagon processor features a unified byte-addressable memory. This memory has a
single 32-bit virtual address space which holds both instructions and data. It operates in
little-endian mode.

Registers
The Hexagon processor has two sets of registers: general registers and control registers.

The general registers include thirty-two 32-bit registers (named R0 through R31) which
can be accessed either as single registers or as aligned 64-bit register pairs. The general
registers are used to contain all pointer, scalar, vector, and accumulator data.

The control registers include special-purpose registers such as program counter, status
register, loop registers, etc.

Sequencer

The instruction sequencer processes packets of one to four instructions in each cycle. If a
packet contains more than one instruction, the instructions are executed in parallel.

The instruction combinations allowed in a packet are limited to the instruction types that
can be executed in parallel in the four execution units (as shown in Figure 1-1).

Execution units

The dual execution units are identical: each includes a 64-bit shifter and a vector
multiply/accumulate unit with four 16x16 multipliers to support both scalar and vector
instructions.

These units also perform 32- and 64-bit ALU instructions, and jump and loop instructions.

NOTE Each execution unit supports floating-point instructions.

Load/store units

The two load/store units can operate on signed or unsigned bytes, halfwords (16-bit),
words (32-bit), or double words (64-bit).

To increase the number of instruction combinations allowed in packets, the load units also
support 32-bit ALU instructions.
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1.3 Instruction set

In order for the Hexagon processor to achieve large amounts of work per cycle, the
instruction set was designed with the following properties:

m Static grouping (VLIW) architecture
m Static fusing of simple dependent instructions
m Extensive compound instructions

m A large set of SIMD and application-specific instructions

To support efficient compilation, the instruction set is designed to be orthogonal with
respect to registers, addressing modes, and load/store access size.

1.3.1 Addressing modes
The Hexagon processor supports the following memory addressing modes:
m 32-bit absolute
m 32-bit absolute-set
m Absolute with register offset
m Global pointer relative
m Indirect
m Indirect with offset
m Indirect with register offset
m Indirect with auto-increment (immediate or register)
m Circular with auto-increment (immediate or register)

m Bit-reversed with auto-increment register

For example:

R2 = memw (##myvariable)

R2 = memw (R3=##myvariable)

R2 = memw (R4<<#3+##fmyvariable)
R2 = memw (GP+#200)

R2 = memw (R1)
R2 = memw (R3+R4<<#2)

(

(

(

(

(R

R2 = memw (R3+#100)
(

R2 = memw (R3++#4)
R2 = memw (RO++M1)
RO = memw (R2++#8:circ(MO))

RO = memw (R2++I:circ(MO))

R2 = memw (RO++M1l:brev)

Auto-increment with register addressing uses one of the two dedicated address-modify
registers M0 and M1 (which are part of the control registers).
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NOTE Atomic memory operations (load locked/store conditional) are supported to
implement multi-thread synchronization.

1.3.2 Scalar operations
The Hexagon processor includes the following scalar operations on fixed-point data:
m  Multiplication of 16-bit, 32-bit, and complex data
m Addition and subtraction of 16-, 32-, and 64-bit data (with and without saturation)
m Logical operations on 32- and 64-bit data (AND, OR, XOR, NOT)
m  Shifts on 32- and 64-bit data (arithmetic and logical)
m Min/max, negation, absolute value, parity, norm, swizzle
m Compares of 8-, 16-, 32-, and 64-bit data
m Sign and zero extension (8- and 16- to 32-bit, 32- to 64-bit)
m Bit manipulation

m Predicate operations

1.3.3 Vector operations

The Hexagon processor includes the following vector operations on fixed-point data:
m  Multiplication (halfwords, word by half, vector reduce, dual multiply)

m Addition and subtraction of word and halfword data

m Shifts on word and halfword data (arithmetic and logical)

m Min/max, average, negative average, absolute difference, absolute value
m Compares of word, halfword, and byte data

m Reduce, sum of absolute differences on unsigned bytes

m Special-purpose data arrangement (such as pack, splat, shuffle, align, saturate,
splice, truncate, complex conjugate, complex rotate, zero extend)

NOTE Certain vector operations support automatic scaling, saturation, and rounding.

For example, the following instruction performs a vector operation:
R1:0 += vrmpyh(R3:2,R5:4)

It is defined to perform the following operations in one cycle:

R1:0 += ((R2.L * R4.L) +
(R2.H * R4.H) +
(R3.L * R5.L) +
(R3.H * R5.H)
)
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Figure 1-2 shows a schematic of this instruction type.

Rss
Rit
\ i \/ i \ i \)
2 isz ;32 32
Add -
64
Rdd

64-bit Register Pair

Figure 1-2 Vector instruction example

1.3.4 Floating-point operations
The Hexagon processor includes the following operations on floating-point data:
m Addition and subtraction
m Multiplication (with optional scaling)
m  Min/max/compare
m Reciprocal/square root approximation

m Format conversion
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1.3.5

1.3.6

Program flow

The Hexagon processor supports zero-overhead hardware loops. For example:

loopO (start, #3) // loop 3 times
start:
{ RO = mpyi(RO,R0) } :endloopO

The loop instructions support nestable loops, with few restrictions on their use.

Software branches use a predicated branch mechanism. Explicit compare instructions
generate a predicate bit, which is then tested by conditional branch instructions. For
example:

Pl = cmp.eqg(R2, R3)

if (P1) jump end

Jumps and subroutine calls can be conditional or unconditional, and support both PC-
relative and register indirect addressing modes. For example:

jump end

jumpr R1

call function

callr R2

The subroutine call instructions store the return address in register R3 1. Subroutine
returns are performed using a jump indirect instruction through this register. For example:

jumpr R31 // subroutine return

Instruction packets

Sequences of instructions can be explicitly grouped into packets for parallel execution.
For example:
{
R8 = memh (R3++#2)
R12 = memw (R1++#4)
R = mpy(R10,R6) :<<1l:sat
R7 = add(R9,#2)

}

Brace characters are used to delimit the start and end of an instruction packet.

Packets can be from one to four instructions long. Packets of varying length can be freely
mixed in a program.

Packets have various restrictions on the allowable instruction combinations. The primary
restriction is determined by the instruction class of the instructions in a packet.
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1.3.7 Dot-new instructions

In many cases, a predicate or general register can be both generated and used in the same
instruction packet. This feature is expressed in assembly language by appending the suffix
“.new” to the specified register. For example:

{

PO = cmp.eq(R2, #4)

if (PO.new) R3 = memw(R4)
if (!PO.new) R5 = #5

}

{

R2 = memh (R4+#8)

memw (R5) = R2.new

}

1.3.8 Compound instructions

Certain common operation pairs (add-accumulate, shift-add, deallocframe-return, etc.) can
be performed by compound instructions. Using compound instructions reduces code size
and improves code performance.

1.3.9 Duplex instructions

A subset of the most common instructions (load, store, branch, ALU) can be packed
together in pairs into single 32-bit instructions known as duplex instructions. Duplex
instructions reduce code size.

1.3.10 Instruction classes

The instructions are assigned to specific instruction classes. Classes are important for two
reasons:

m Only certain combinations of instructions can be written in parallel (as shown in
Figure 1-1), and the allowable combinations are specified by instruction class.

m Instruction classes logically correspond with instruction types, so they serve as
mnemonics for looking up specific instructions.
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1.3.11

Figure 1-3 presents an overview of the instruction classes and how they can be grouped

together.

Slot 0

LD Instructions

ST Instructions
ALU32 Instructions
MEMOP Instructions
NV Instructions
SYSTEM Instructions
Some J Instructions

Slot 1

LD Instructions
ST Instructions
ALU32 Instructions
Some J Instructions

Slot 2
XTYPE Instructions
ALU32 Instructions
J Instructions
JR Instructions

Slot 3
XTYPE Instructions
ALU32 Instructions
J Instructions
CR Instructions

Figure 1-3

XTYPE Instructions (32/64 bit)
Arithmetic, Logical, Bit Manipulation
Multiply (Integer, Fractional, Complex)
Floating-point Operations

Permute / Vector Permute Operations
Predicate Operations

Shift / Shift with Add/Sub/Logical

Vector Byte ALU

Vector Halfword (ALU, Shift, Multiply)
Vector Word (ALU, Shift)

ALU32 Instructions
Arithmetic / Logical (32 bit)
Vector Halfword

CR Instructions
Control-Register Transfers
Hardware Loop Setup

Predicate Logicals & Reductions

NV Instructions

New-value Jumps
New-value Stores

Instruction intrinsics

Instruction classes and combinations

J Instructions
Jump/Call PC-relative

JR Instructions

Jump/Call Register

LD Instructions

Loads (8/16/32/64 bit)
Deallocframe

ST Instructions

Stores (8/16/32/64 bit)
Allocframe

MEMOP Instructions

Operation on memory (8/16/32 bit)

SYSTEM Instructions

Prefetch
Cache Maintenance
Bus Operations

To support efficient coding of the time-critical sections of a program (without resorting to
assembly language), the C compilers support intrinsics which are used to directly express
Hexagon processor instructions from within C code. For example:

int main ()

{
long long vl = OxFFFFOOOOFFFF0000;
long long v2 = 0x0000FFFFOOOOFFFF;
long long result;
result = Q6 P _vminh PP(vl,v2);

}

// find the minimum for each half-word in 64-bit vector

Intrinsics are defined for most of the Hexagon processor instructions.
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1.4

1.5

1.5.1

Processor versions

The V62 Hexagon processor is a member of the sixth version of the Hexagon processor
architecture. While remaining functionally equivalent to V51 at the user level, V62 adopts
a new micro-architecture, which provides higher performance for modem and audio
applications.

V62 extends the V61 architecture with the following features:

m Dual-cluster micro-architecture

m  Simultaneous multi-threading (SMT)

For more information on V61, see the Hexagon V60/V61 Programmers Reference
Manual.

Notation

This section presents the notational conventions used in this document to describe
Hexagon processor instructions:

m Instruction syntax
m Register operands

m  Numeric operands

NOTE The notation described here does not appear in actual assembly language
instructions. It is used only to specify the instruction syntax and behavior.

Instruction syntax

The following notation is used to describe the syntax of instructions:
m Monospaced font is used for instructions
m Square brackets enclose optional items (e.g., [ : sat], means that saturation is
optional)

m Braces indicate a choice of items (e.g., {Rs, #s16}, means that either Rs or a
signed 16-bit immediate can be used)
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1.5.2

Register operands

The following notation describes register operands in the syntax and behavior of
instructions:

The ds field indicates the register operand type and bit size (as defined in Table 1-1).

Rds[.els

1]

Table 11  Register symbols
Symbol Operand Type Size (in Bits)

d Destination 32
dd 64
] First source 32
SS 64
t Second source 32
tt 64
u Third source 32
uu 64
X Source and destination 32
XX 64

Examples of ds field (describing instruction syntax):

Rd = n
Rd = x

Rx = insert (Rs,Rtt)

eg (Rs)
or (Rs,Rt)

// RA -> 32-bit dest, Rs 32-bit source
// Rt -> 32-bit second source
// Rx -> both source and dest

Examples of ds field (describing instruction behavior):

Rdd =

Rss + Rtt

// RdAd, Rss, Rtt -> 64-bit registers
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The optional elst field (short for “element size and type”) specifies parts of a register when
the register is used as a vector. It can specify the following values:

m A signed or unsigned byte, halfword, or word within the register (as defined in
Figure 1-4)

m A bit-field within the register (as defined in Table 1-2)

Rds.elst
s,t,u = 32-bit source register
d = 32-bit register destination
X = 32-bit register source/destination
ss, tt, uu = 64-bit source register pair
dd = 64-bit register destination
Rds.elst XX = 64-bit register source/destination

A

.b[7] | .b[6] | .b[5] | .b[4] | .b[3] | .b[2] | .b[1] | .b[0] | Signed Bytes

.ub[7]| .ub[6]| .ub[5]| .ub[4]| .ub[3]| .ub[2]| .ub[l]| .ub[0] | Unsigned Bytes

.h[3] .h[2] Jh[1] .h[0] Signed Halfwords

.uh[3] .uh[2] .uh[1] .uh[0] Unsigned Halfwords
W[ 1] .w[0] Signed Words
aw[1] uw[0] Unsigned Words

Figure 1-4 Register field symbols

Table 1-2  Register bit field symbols

Symbol Meaning
SN Bits [N-1:0] are treated as a N-bit signed number.

For example, R0.s16 means that the least significant 16-bits of RO
are treated as a 16-bit signed number.

.UN Bits [N-1:0] are treated as a N-bit unsigned number.

H The most-significant 16 bits of a 32-bit register.

The least-significant 16 bits of a 32-bit register.

Examples of elst field:
EA = Rt.h[1] // .h[1] -> bit field 31:16 in Rt
Pd = (Rss.u64 > Rtt.u64) // .u64 -> unsigned 64-bit value
Rd = mpyu(Rs.L,Rt.H) // .L/.H -> low/high 16-bit fields

NOTE The control and predicate registers use the same notation as the general
registers, but are written as Cx and px (respectively) instead of Rx.
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1.5.3

Numeric operands

Table 1-3 lists the notation used to describe numeric operands in the syntax and behavior
of instructions:

Table 1-3  Instruction operands
Symbol Meaning Min Max

#uN Unsigned N-bit immediate value 0 oN_1

#sN Signed N-bit immediate value ON-1 oN-1_1

#mN Signed N-bit immediate value _(2N-1_1) oN-1_1

#uN:S Unsigned N-bitimmediate value representing | ( (2N_1) x 28
integral multiples of 25 in specified range

#sN:S Signed N-bit immediate value representing (_ZN-I) x 28 (2N-1_1) x 28
integral multiples of 25 in specified range

#rN:S Same as #sN:S, but value is offset from PC (_ZN-I) x 25 (2N-1_1) x 28
of current packet

## Same as #, but associated value (u,s,m,r) — —
is 32 bits

usaty Saturate value to unsigned N-bit number 0 oN_1

saty Saturate value to signed N-bit number _ON-1 oN-1_1

#uN, #sN, and #mN specify immediate operands in instructions. The # symbol appears in
the actual instruction to indicate the immediate operand.

#rN specifies loop and branch destinations in instructions. In this case the # symbol does
not appear in the actual instruction; instead, the entire #rN symbol (including its : s suffix)
is expressed as a loop or branch symbol whose numeric value is determined by the
assembler and linker. For example:

call my proc // instruction example

The :s suffix indicates that the s least-significant bits in a value are implied zero bits and
therefore not encoded in the instruction. The implied zero bits are called scale bits.

For example, #s4 : 2 denotes a signed immediate operand represented by four bits encoded
in the instruction, and two scale bits. The possible values for this operand are -32, -28, -24,
-20, -16,-12, -8, -4, 0, 4,8, 12, 16, 20, 24, and 28.

## specifies a 32-bit immediate operand in an instruction (including a loop or branch
destination). The ## symbol appears in the actual instruction to indicate the operand.

Examples of operand symbols:

Rd = add(Rs, #s16)
Rd = memw (Rs++#s4:2)
call #r22:2

Rd = ##u32

// #s16 -> signed 16-bit imm value

// #s4:2 -> scaled signed 4-bit imm value
// #r22:2 -> scaled 22-bit PC-rel addr value
// ##u32 -> unsigned 32-bit imm value
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1.6

1.7

NOTE

When an instruction contains more than one immediate operand, the operand
symbols are specified in upper and lower case (e.g., #uN and #UN) to indicate

where they appear in the instruction encodings

Terminology

Table 1-4 lists the symbols used in Hexagon processor instruction names to specify the
supported data types.

Table 1-4 Data symbols
Size Symbol Type

8-bit B Byte

8-bit UB Unsigned Byte
16-bit H Half word

16-bit UH Unsigned Half word
32-bit w Word

32-bit uw Unsigned Word
64-bit D Double word

Technical assistance

For assistance or clarification on information in this document, submit a case to
Qualcomm Technologies at https://support.cdmatech.com.

If you do not have access to the CDMATech Support website, register for access or send

email to support.cdmatech@qti.qualcomm.com.
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Registers

This chapter describes the Hexagon processor registers:
m  General registers
»  Control registers

General registers are used for all general-purpose computation including address
generation and scalar and vector arithmetic.

Control registers support special-purpose processor features such as hardware loops and
predicates.
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2.1 General registers

The Hexagon processor has thirty-two 32-bit general-purpose registers (named R0 through
R31). These registers are used to store operands in virtually all the instructions:

= Memory addresses for load/store instructions
m Data operands for arithmetic/logic instructions

m  Vector operands for vector instructions

For example:

R1 = memh (RO) // Load from address RO
R4 = add(R2,R3) // Add
R28 = vaddh(R11,R10) // Vector add halfword

Figure 2-1 shows the general registers.

R3 R2 R1 RO

R3:2 R1:0

R31 R30 R29 R28

Y Y
R31:30 R29:28

Figure 2-1 General registers

Aliased registers

Three of the general registers — R29 through R31 — are used to support subroutines
(Section 7.3.2) and the software stack (Chapter 8). These registers are modified implicitly
by the subroutine and stack instructions. They have symbol aliases which are used to
indicate when these registers are being accessed as subroutine and stack registers.

For example:

SP = add(SP, #-8) // SP is alias of R29
allocframe // Modifies SP (R29) and FP (R30)
call init // Modifies LR (R31)
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Table 2-1 defines the aliased general registers.

Table 2-1  General register aliases

Register Alias Name Description
R29 SP Stack pointer Points to topmost element of stack in memory.
R30 FP Frame pointer Points to current procedure frame on stack.

Used by external debuggers to examine the stack
and determine call sequence, parameters, local
variables, etc.

R31 LR Link register Stores return address of a subroutine call.

Register pairs

The general registers can be specified as register pairs which represent a single 64-bit
register. For example:

R1:0 = memd (R3) // Load doubleword
R7:6 = valignb(R9:8,R7:6, #2) // Vector align

NOTE The first register in a register pair must always be odd-numbered, and the
second must be the next lower register.

Table 2-2 lists the general register pairs.

Table 2-2  General register pairs

Register Register Pair
RO R1:0
R1
R2 R3:2
R3
R4 R5:4
R5
R6 R7:6
R7
R24 R25:24
R25
R26 R27:26
R27
R28 R29:28
R29 (SP)
R30 (FP) R31:30 (LR:FP)
R31 (LR)
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2.2 Control registers

The Hexagon processor includes a set of 32-bit control registers which provide access to
processor features such as the program counter, hardware loops, and vector predicates.

Unlike general registers, control registers can be used as instruction operands only in the
following cases:

m Instructions that require a specific control register as an operand

m Register transfer instructions

For example:

R2 = memw (RO++M1) // BAuto-increment addressing mode (M1)
R9 = PC // Get program counter (PC)
LC1 = R3 // Set hardware loop count (LC1)

NOTE When a control register is used in a register transfer, the other operand must
be a general register.

Figure 2-2 shows the control registers.

LCo SA0 UPCYCLELO
Loop Registers Cycle Count Registers
LC1 SA1 UPCYCLEHI
PC Program Counter FRAMELIMIT Stack Bounds Register
USR User Status Register FRAMEKEY Stack Smash Register
MO PKTCOUNTLO
Modifier Registers Packet Count Registers
M1 PKTCOUNTHI
P3:0 Predicate Registers UTIMERLO
Qtimer Registers
UGP User General Pointer UTIMERHI
GP Global Pointer
CS0 = V61 or greater
Circular Start Registers
Cs1

Figure 2-2 Control registers
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Aliased registers
The control registers have numeric aliases (co through c31).

Table 2-3 lists the aliased control registers.

Table 2-3  Aliased control registers

Register Alias Name
SA0 Co Loop start address register 0
LCO C1 Loop count register 0
SA1 Cc2 Loop start address register 1
LC1 C3 Loop count register 1
P3:0 C4 Predicate registers 3:0
reserved C5 -
MO C6 Modifier register 0
M1 C7 Modifier register 1
USR Cc8 User status register
PC C9 Program counter
UGP c10 User general pointer
GP C11 Global pointer
CS0 C12 Circular start register 0
CS1 C13 Circular start register 1
UPCYCLELO Cc14 Cycle count register (low)
UPCYCLEHI C15 Cycle count register (high)
UPCYCLE C15:14 Cycle count register
FRAMELIMIT C16 Frame limit register
FRAMEKEY c17 Frame key register
PKTCOUNTLO Cc18 Packet count register (low)
PKTCOUNTHI C19 Packet count register (high)
PKTCOUNT C19:18 Packet count register
reserved C20-29 |-
UTIMERLO C30 Qtimer register (low)
UTIMERHI C31 Qtimer register (high)
UTIMER C31:30 | Qtimer register

NOTE The control register numbers (0-31) are used to specify the control registers in
instruction encodings (Chapter 10).

The registers shown in gray are supported only in processor versions V61 or
greater.
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2.21

Register pairs

The control registers can be specified as register pairs which represent a single 64-bit
register. Control registers specified as pairs must use their numeric aliases. For example:

Cl:0 = R5:4 // Cl1:0 specifies the LCO/SA0 register pair

NOTE The first register in a control register pair must always be odd-numbered, and
the second must be the next lower register.

Table 2-4 lists the control register pairs.

Table 2-4  Control register pairs

Register Register Pair
Co C1:0
C1
C2 C3:2
C3
C4 C5:4
C5
C6 C7:6
Cc7
C30 C31:30
C31

Program counter

The Program Counter (PC) register points to the next instruction packet to execute
(Section 3.3). It is modified implicitly by instruction execution, but can be read directly.
For example:

R7 = PC // Get program counter

NOTE The PC register is read-only: writing to it has no effect.
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2.2.2 Loop registers

The Hexagon processor includes two sets of loop registers to support nested hardware
loops (Section 7.2). Each hardware loop is implemented with a pair of registers containing
the loop count and loop start address. The loop registers are modified implicitly by the
loop instruction, but can also be accessed directly. For example:

loopO (start, R4) // Modifies LCO and SAO0 (LCO=R4, SAO=&start)
LC1 = R22 // Set loopl count
R9 = SA1l // Get loopl start address

Table 2-5 defines the loop registers.

Table 2-5 Loop registers

Register Name Description

LCO,LC1 Loop count Number of loop iterations to execute.

SA0, SA1 Loop start address Address of first instruction in loop.

2.2.3 User status register

The user status register (USR) stores processor status and control bits that are accessible
by user programs. The status bits contain the status results of certain instructions, while
the control bits contain user-settable processor modes for hardware prefetching. For

example:
R9:8 = vaddw(R9:8, R3:2) :sat // Vector add words
R6 = USR // Get saturation status

USR stores the following status and control values:
m  Cache prefetch enable (Section 5.9.6)

m  Cache prefetch status (Section 5.9.6)

m  Floating point modes (Section 4.3.4)

»  Floating point status (Section 4.3.4)

»  Hardware loop configuration (Section 7.2)

m  Sticky saturation overflow (Section 4.2.2)

NOTE A user control register transfer to USR cannot be grouped in an instruction
packet with a floating point instruction (Section 4.3.4).

Whenever a transfer to USR changes the Enable trap bits [29:25], an isync
instruction (Section 5.10) must be executed before the new exception
programming can take effect.
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Table 2-6 defines the user status register.

Table 2-6  User status register

Name R/W Bits Field Description
USR 32 User Status Register
R 31 PFA L2 Prefetch Active.

1: 12fetch instruction in progress
0: I2fetch finished (or inactive)

Set when non-blocking |2fetch instruction is prefetching
requested data.

Remains set until I2fetch prefetch operation is completed
(or not active).

R 30 |reserved Return 0 if read.

Reserved for future expansion. To remain compatible
with future processor versions, software should always
write this field with the same value read from the field.

R/W 29 | FPINEE Enable trap on IEEE Inexact.

R/W 28 |FPUNFE Enable trap on IEEE Underflow.
R/W 27 |FPOVFE Enable trap on IEEE Overflow.

R/W 26 |FPDBZE Enable trap on IEEE Divide-By-Zero.
R/W 25 |FPINVE Enable trap on IEEE Invalid.

R 24 |reserved Reserved

R/W | 23:22 | FPRND Rounding Mode for Floating-Point Instructions.

00: Round to nearest, ties to even (default)
01: Toward zero

10: Downward (toward negative infinity)
11: Upward (toward positive infinity)

R 21:20 |reserved Return 0 if read.

Reserved for future expansion. To remain compatible
with future processor versions, software should always
write this field with the same value read from the field.

R 19:18 |reserved Reserved

R 17 | reserved Return 0 if read.

Reserved for future expansion. To remain compatible
with future processor versions, software should always
write this field with the same value read from the field.

R/W | 16:15 | HFI L1 Instruction Prefetch.

00: Disable
01: Enable (1 line)
10: Enable (2 lines)
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Table 2-6  User status register (Continued)

Name R/W Bits Field Description
R/W | 14:13 |HFD L1 Data Cache Prefetch.

Four levels are defined from disabled to Aggressive. It is
implementation-defined how these levels should be
interpreted.

00: Disable

01: Conservative
10: Moderate

11: Aggressive

R/W 12 |PCMME Enable packet counting in Monitor mode.
R/W 11 PCGME Enable packet counting in Guest mode.
R/W 10 |PCUME Enable packet counting in User mode.

R/W 9:8 |LPCFGE Hardware Loop Configuration.

Number of loop iterations (0-3) remaining before pipeline
predicate should be set.

R 76 |reserved Return 0 if read.

Reserved for future expansion. To remain compatible
with future processor versions, software should always
write this field with the same value read from the field.

R/W 5 FPINPF Floating-point IEEE Inexact Sticky Flag.

R/W 4 FPUNFF Floating-point IEEE Underflow Sticky Flag.
R/W 3 FPOVFF Floating-point IEEE Overflow Sticky Flag.

R/W 2 FPDBZF Floating-point IEEE Divide-By-Zero Sticky Flag.
R/W 1 FPINVF Floating-point IEEE Invalid Sticky Flag.

R/W 0 OVF Sticky Saturation Overflow.

1: Saturation occurred
0: No saturation

Set when saturation occurs while executing instruction
that specifies optional saturation.

Remains set until explicitly cleared by a USR = Rs
instruction.
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224

Modifier registers

The modifier registers (M0-M1) are used in the following addressing modes:

m Indirect auto-increment register addressing

m Circular addressing

= Bit-reversed addressing

Indirect auto-increment

In indirect auto-increment register addressing (Section 5.7.9) the modifier registers store a
signed 32-bit value which specifies the increment (or decrement) value. For example:

M1l = RO
R3

memw (R2++M1)

// Set modifier register
// Load word

Table 2-7 defines the modifier registers as used in auto-increment register addressing.

Table 2-7  Modifier registers (indirect auto-increment addressing)

Register Name Description
MO, M1 Increment Signed auto-increment value.
Circular

In circular addressing (Section 5.7.10) the modifier registers store the circular buffer
length and related “K” and “I”” values. For example:

MO = R7

RO = memb (R2++#4:circ (MO))

RO

memb (R7++I:circ (M1))

// Set modifier register
// Load from circ buffer pointed
// to by R2 with size/K vals in MO

// Load from circ buffer pointed
// to by R7 with size/X/I vals in M1

Table 2-8 defines the modifier registers as used in circular addressing.

Table 2-8  Modifier registers (circular addressing)

Name R/W Bits Field Description
MO, M1 32 Circular buffer specifier.
R/W | 31:28 |1[10:7] | value (MSB - see Section 5.7.11)
R/W | 27:24 |K K value (Section 5.7.10)
R/W | 23:17 |1[6:0] | value (LSB)
R/W 16:0 |Length Circular buffer length
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2.2.5

Bit-reversed

In bit-reversed addressing (Section 5.7.12) the modifier registers store a signed 32-bit
value which specifies the increment (or decrement) value. For example:

M1l = R7 // Set modifier register

R2 memub (RO++M1 :brev) // The address is (RO.H | bitrev(R0O.L))
// The orginal RO (not reversed) is added
// to M1 and written back to RO

Table 2-9 defines the modifier registers as used in bit-reversed addressing.

Table 2-9  Modifier registers (bit-reversed addressing)

Register Name Description

MO, M1 Increment Signed auto-increment value.

Predicate registers

The predicate registers (P0-P3) store the status results of the scalar and vector compare
instructions (Chapter 6). For example:

P1 = cmp.eg(R2, R3) // Scalar compare

if (P1l) jump end // Jump to address (conditional)
R8 = P1 // Get compare status (P1 only)
P3:0 = R4 // Set compare status (P0-P3)

The four predicate registers can be specified as a register quadruple (P3 : 0) which
represents a single 32-bit register.

NOTE Unlike the other control registers, the predicate registers are only 8 bits wide
because vector compares return a maximum of 8 status results.

Table 2-10 defines the predicate registers.

Table 2-10 Predicate registers

Register Bits Description
PO, P1,P2, P3 8 Compare status results.
P3:0 32 Compare status results.

31:24 | P3 register
23:16 | P2 register
15:8 | P1 register

7:0 PO register
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2.2.6

2.2.7

2.2.8

Circular start registers

The circular start registers (CS0 - CS1) store the start address of a circular buffer in
circular addressing (Section 5.7.10). For example:

CS0 = R5 // Set circ start register
MO = R7 // Set modifier register
RO = memb (R2++#4:circ(MO0)) // Load from circ buffer pointed

// to by CS0 with size/K vals in MO
Table 2-11 defines the circular start registers.

Table 2-11 Circular start registers

Register Name Description

CS0, Cs1 Circular Start Circular buffer start address.

User general pointer register

The user general pointer (UGP) register is a general-purpose control register. For example:

R9 = UGP // Get UGP
UGP = R3 // Set UGP

NOTE  UGP is typically used to store the address of thread local storage.

Table 2-12 defines the user general pointer register.

Table 2-12 User general pointer register

Register Name Description

UGP User General Pointer General-purpose control register.

Global pointer

The Global Pointer (Gp) is used in GP-relative addressing. For example:

GP = R7 // Set GP
R2 = memw (GP+#200) // GP-relative load

Table 2-13 defines the global pointer register.

Table 2-13 Global pointer register

Name R/W Bits Field Description
GP 32 Global Pointer Register
R/W | 31:7 |GDP Global Data Pointer (Section 5.7.4).
R 6:0 |reserved Return 0 if read.

Reserved for future expansion. To remain forward-
compatible with future processor versions, software
should always write this field with the same value
read from the field.
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2.2.9 Cycle count registers

The cycle count registers (UPCYCLELO - UPCYCLEHI) store a 64-bit value containing the
current number of processor cycles executed since the Hexagon processor was last reset.
For example:

// Get cycle count (high)
// Get cycle count (low)
// Get cycle count

R5 = UPCYCLEHI
R4 = UPCYCLELO
R5:4 = UPCYCLE

NOTE The RTOS must grant permission to access these registers. Without this
permission, reading these registers from user code always returns zero.

Table 2-14 defines the cycle count registers.

Table 2-14 Cycle count registers

Register Name Description

UPCYCLELO

Cycle count (low)

Processor cycle count (low 32 bits)

UPCYCLEHT

Cycle count (high)

Processor cycle count (high 32 bits)

UPCYCLE

Cycle count

Processor cycle count (64 bits)

2.210 Frame limit register

The frame limit register (FRAMELIMIT) stores the low address of the memory area
reserved for the software stack (Section 8.3.1). For example:

// Get frame limit register
// Set frame limit register

R9 = FRAMELIMIT
FRAMELIMIT = R3

Table 2-15 defines the frame limit register.

Table 2-15 Frame limit register

Register Name Description
FRAMELIMIT |Frame Limit Low address of software stack area.
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2.211 Frame key register

The frame key register (FRAMEKEY) stores the key value that is used to XOR-scramble
return addresses when they are stored on the software stack (Section 8.3.2). For example:

R2 = FRAMEKEY
FRAMEKEY = R1

// Get frame key register
// Set frame key register

Table 2-16 defines the frame key register.

Table 2-16 Frame key register

Register Name

FRAMEKEY

Description

Frame Key Key used to scramble return addresses

stored on software stack.

2.212 Packet count registers

The packet count registers (PKTCOUNTLO - PKTCOUNTHTI) store a 64-bit value
containing the current number of instruction packets executed since a PKTCOUNT register
was last written to. For example:

R9 = PKTCOUNTHI // Get packet count (high)
R8 = PKTCOUNTLO // Get packet count (low)
R9:8 = PKTCOUNT // Get packet count

Packet counting can be configured to operate only in specific sets of processor modes
(e.g., user mode only, or guest and monitor modes only). The configuration for each mode
is controlled by bits [12:10] in the user status register (Section 2.2.3).

Packets with exceptions are not counted as committed packets.

NOTE Each hardware thread has its own set of packet count registers.

The RTOS must grant permission to access these registers. Without this
permission, reading these registers from user code always returns zero.

When a value is written to a PKTCOUNT register, the 64-bit packet count
value is incremented before the value is stored in the register.

Table 2-17 defines the packet count registers.

Table 2-17 Packet count registers

Register Name Description
PKTCOUNTLO Packet count (low) Processor packet count (low 32 bits)
PKTCOUNTHI Packet count (high) Processor packet count (high 32 bits)

PKTCOUNT Cycle count Processor packet count (64 bits)
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2.213

Qtimer registers

The Qtimer registers (UTIMERLO - UTIMERHTI) provide access to the Qtimer global
reference count value. They enable Hexagon software to read the 64-bit time value
without having to perform an expensive AHB load. For example:

R5 = UTIMERHI
R4 = UTIMERLO
R5:4 = UTIMER

// Get Qtimer reference count (high)
// Get Qtimer reference count (low)
// Get Qtimer reference count

These registers are read-only — they are automatically updated by hardware to always
contain the current Qtimer value.

NOTE The RTOS must grant permission to access these registers. Without this
permission, reading these registers from user code always returns zero.

Table 2-18 defines the packet count registers.

Table 2-18 Qtimer registers

Register Name Description
UTIMERLO Qtimer (low) Qtimer global reference count (low 32 bits)
UTIMERHI Qtimer (high) Qtimer global reference count (high 32 bits)

UTIMER Qtimer Qtimer global reference count (64 bits)
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Instructions

This chapter covers the following topics:

» Instruction syntax

m Instruction classes

» Instruction packets

m Instruction intrinsics

s  Compound instructions

= Duplex instructions
The instruction encoding is described in Chapter 10.

For detailed descriptions of the Hexagon processor instructions see Chapter 11.

Instruction syntax

Most Hexagon processor instructions have the following syntax:

dest = instr name(sourcel, source2,...) [:optionl] [:option2]...

The item specified on the left-hand side (LHS) of the equation is assigned the value
specified by the right-hand side (RHS). For example:

R2 = add(R3,R1) // Add R3 and R1, assign result to R2

Table 3-1 lists symbols commonly used in Hexagon processor instructions.

Table 3-1  Instruction symbols
Symbol Example Meaning
= R2 = R3 Assignment of RHS to LHS
# R1 = #1 Immediate value
0x 0xBABE Hexadecimal number prefix
memXX R2 = memub (R3) Memory access
XX specifies access size and type
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Table 3-1  Instruction symbols (Continued)

Symbol Example Meaning
; R2 = R3; R4 = R5; Instruction delimiter, or end of instruction
{...} {R2 = R3; R5 = R6} Instruction packet delimiter
(...) R2 = memw (RO + #100) Source list delimiter
:endloopX :endloop0 Loop end

X specifies loop instruction (0 or 1)

it if (PO.new) jump:t target Direction hint (jump taken)
:nt if (!Pl.new) jump:nt target Direction hint (jump not taken)
:sat R2 = add(R1,R2) :sat Saturate result
:rnd R2 = mpy(R1.H,R2.H) :rnd Round result
:carry R5:4=add(R1:0,R3:2,P1) :carry Predicate used as carry input and output
<<16 R2 = add(R1.L,R2.L) :<<16 Shift result left by halfword
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3.2

Instruction classes

The Hexagon processor instructions are assigned to specific instruction classes. Classes
determine what combinations of instructions can be written in parallel (Section 3.3).

Instruction classes logically correspond with instruction types. For instance, the ALU32
class contains ALU instructions which operate on 32-bit operands.

Table 3-2 lists the instruction classes and subclasses.

Table 3-2 Instruction classes
Class Subclass Description Section
XTYPE - Various operations Section 11.10
ALU 64-bit ALU operations Section 11.10.1
Bit Bit operations Section 11.10.2
Complex Complex math (using real and Section 11.10.3
imaginary numbers)
Floating point Floating point operations Section 11.10.4
Multiply Multiply operations Section 11.10.5
Permute Vector permute and format conversion Section 11.10.6
(pack, splat, swizzle)
Predicate Predicate operations Section 11.10.7
Shift Shift operations Section 11.10.8
(with optional ALU operations)
ALU32 - 32-bit ALU operations Section 11.1
ALU Arithmetic and logical Section 11.1.1
Permute Permute Section 11.1.2
Predicate Predicate operations Section 11.1.3
CR - Control register access, loops Section 11.2
JR - Jumps (register indirect addressing mode) Section 11.3
J - Jumps (PC-relative addressing mode) Section 11.4
LD - Memory load operations Section 11.5
MEMOP - Memory operations Section 11.6
NV - New-value operations Section 11.7
Jump New-value jumps Section 11.7.1
Store New-value stores Section 11.7.2
ST - Memory store operations; Section 11.8
alloc stack frame
SYSTEM - Operating system access Section 11.9
USER Application-level access Section 11.9.3
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3.3

Instruction packets

Instructions can be grouped together to form packets of independent instructions which
are executed together in parallel. The packets can contain 1, 2, 3, or 4 instructions.

Instruction packets must be explicitly specified in software. They are expressed in
assembly language by enclosing groups of instructions in curly braces. For example:

{ RO = R1; R2 = R3 }

Various rules and restrictions exist on what types of instructions can be grouped together,
and in what order they can appear in the packet. In particular, packet formation is subject
to the following constraints:

m  Resource constraints determine how many instructions of a specific type can
appear in a packet. The Hexagon processor has a fixed number of execution units:
each instruction is executed on a particular type of unit, and each unit can process
at most one instruction at a time. Thus, for example, because the Hexagon
processor contains only two load units, an instruction packet with three load
instructions is invalid. The resource constraints are described in Section 3.3.3

»  Grouping constraints are a small set of rules that apply above and beyond the
resource constraints. These rules are described in Section 3.3.4.

m  Dependency constraints ensure that no write-after-write hazards exist in a packet.
These rules are described in Section 3.3.5.

m  Ordering constraints dictate the ordering of instructions within a packet. These
rules are described in Section 3.3.6.

n  Alignment constraints dictate the placement of packets in memory. These rules are
described in Section 3.3.7.

NOTE Individual instructions (which are not explicitly grouped in packets) are
executed by the Hexagon processor as packets containing a single instruction.
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3.31

3.3.2

Packet execution semantics

Packets are defined to have parallel execution semantics. Specifically, the execution
behavior of a packet is defined as follows:

m First, all instructions in the packet read their source registers in parallel.
= Next, all instructions in the packet execute.

» Finally, all instructions in the packet write their destination registers in parallel.
For example, consider the following packet:
{ R2 = R3; R3 = R2; }

In the first phase, registers R3 and R2 are read from the register file. Then, after execution,
R2 is written with the old value of R3 and R3 is written with the old value of R2. In effect,
the result of this packet is that the values of R2 and R3 are swapped.

NOTE Dual stores (Section 5.4), dual jumps (Section 7.7), new-value stores
(Section 5.5), new-value compare jumps (Section 7.5.1), and dot-new
predicates (Section 6.1.4) have non-parallel execution semantics.

Sequencing semantics

Packets of any length can be freely mixed in code. A packet is considered an atomic unit:
in essence, a single large “instruction”. From the program perspective a packet either
executes to completion or not at all; it never executes only partially. For example, if a
packet causes a memory exception, the exception point is established before the packet.

A packet containing multiple load/store instructions may require service from the external
system. For instance, consider the case of a packet which performs two load operations
that both miss in the cache. The packet requires the data to be supplied by the memory
system:

= From the memory system perspective the two resulting load requests are
processed serially.

»  From the program perspective, however, both load operations must complete
before the packet can complete.

Thus, the packet is atomic from the program perspective.

Packets have a single PC address which is the address of the start of the packet. Branches
cannot be performed into the middle of a packet.

Architecturally, packets execute to completion — including updating all registers and
memory — before the next packet begins. As a result, application programs are not exposed
to any pipeline artifacts.
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3.3.3

Resource constraints

A packet cannot use more hardware resources than are physically available on the
processor. For instance, because the Hexagon processor has only two load units, a packet
with three load instructions is invalid. The behavior of such a packet is undefined. The
assembler automatically rejects packets that oversubscribe the hardware resources.

The processor supports up to four parallel instructions. The instructions are executed in
four parallel pipelines which are referred to as slots. The four slots are named Slot 0,
Slot 1, Slot 2, and Slot 3. (For more information see Section 1.2.)

NOTE endloopN instructions (Section 7.2.2) do not use any slots.

Each instruction belongs to a specific instruction class (Section 3.2). For example, jumps
belong to instruction class J, while loads belong to instruction class LD. An instruction’s
class determines which slot it can execute in.

Figure 3-1 shows which instruction classes can be assigned to each of the four slots.

Slot 0 Slot 1 Slot 2 Slot 3

LD Instructions LD Instructions

ST Instructions
ALU32 Instructions
MEMOP Instructions
NV Instructions
SYSTEM Instructions
Some J Instructions

ST Instructions
ALU32 Instructions
Some J Instructions

XTYPE Instructions
ALU32 Instructions
J Instructions

JR Instructions

XTYPE Instructions
ALU32 Instructions
J Instructions

CR Instructions

Figure 3-1

XTYPE Instructions (32/64 bit)
Arithmetic, Logical, Bit Manipulation
Multiply (Integer, Fractional, Complex)
Floating-point Operations

Permute / Vector Permute Operations
Predicate Operations

Shift / Shift with Add/Sub/Logical

Vector Byte ALU

Vector Halfword (ALU, Shift, Multiply)
Vector Word (ALU, Shift)

ALU32 Instructions
Arithmetic / Logical (32 bit)
Vector Halfword

CR Instructions
Control-Register Transfers
Hardware Loop Setup

Predicate Logicals & Reductions

NV Instructions
New-value Jumps
New-value Stores

Packet grouping combinations

J Instructions
Jump/Call PC-relative

JR Instructions
Jump/Call Register

LD Instructions
Loads (8/16/32/64 bit)
Deallocframe

ST Instructions
Stores (8/16/32/64 bit)
Allocframe

MEMOP Instructions

Operation on memory (8/16/32 bit)

YSTEM Instruction
Prefetch
Cache Maintenance
Bus Operations
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3.3.4 Grouping constraints

A small number of restrictions determines what constitutes a valid packet. The assembler
ensures that all packets follow valid grouping rules. If a packet is executed which violates
a grouping rule, the behavior is undefined. The following rules must be followed:

= Dot-new conditional instructions (Section 6.1.4) must be grouped in a packet with
an instruction that generates dot-new predicates.

m  ST-class instructions can be placed in Slot 1. In this case Slot 0 normally must
contain a second ST-class instruction (Section 5.4).

m J-class instructions can be placed in Slots 2 or 3. However, only certain
combinations of program flow instructions (J or JR) can be grouped together in a
packet (Section 7.7). Otherwise, at most one program flow instruction is allowed
in a packet. Some Jump and Compare-Jump instructions can execute on slots 0 or
1, excluding calls, such as the following:

o Instructions of the form “Pd=cmp.xx(); if(Pd.new)jump:hint <target>"
o Instructions of the form “If(Pd[.new]) jump[:hint] <target>"
o The “jump<target>" instruction

m JR-class instructions can be placed in Slot 2. However, when encoded in a duplex
jumpr R31 can be placed in Slot 0 (Section 10.3).

m Restrictions exist which limit the instructions that can appear in a packet at the
setup or end of a hardware loop (Section 7.2.4).

= A user control register transfer to the control register USR cannot be grouped with
a floating point instruction (Section 2.2.3).

m  The SYSTEM-class instructions include prefetch, cache operations, bus
operations, load locked, and store conditional instructions (Section 5.9). These
instructions have the following grouping rules:

0 Dbrkpt, trap, pause, icinva, isync, and syncht are solo instructions. They
must not be grouped with other instructions in a packet.

0 memw locked, memd locked, 12fetch, and trace must execute on Slot 0.
They must be grouped only with ALU32 or (non-FP) XTYPE instructions.

O dccleana, dcinva, dccleaninva, and dczeroa must execute on Slot 0. Slot
1 must be empty or an ALU32 instruction.
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3.3.5

3.3.6

Dependency constraints

Instructions in a packet cannot write to the same destination register. The assembler
automatically flags such packets as invalid. If the processor executes a packet with two
writes to the same general register, an error exception is raised.

If the processor executes a packet which performs multiple writes to the same predicate or
control register, the behavior is undefined. Three special cases exist for this rule:

= Conditional writes are allowed to target the same destination register only if at
most one of the writes is actually performed (Section 6.1.5).

m  The overflow flag in the status register has defined behavior when multiple
instructions write to it (Section 2.2.3). Note that instructions that write to the
entire user status register (for example, USR=R2) are not allowed to be grouped in
a packet with any instruction that writes to a bit in the user status register.

= Multiple compare instructions are allowed to target the same predicate register in
order to perform a logical AND of the results (Section 6.1.3).

Ordering constraints

In assembly code, instructions can appear in a packet in any order (with the exception of
dual jumps — Section 7.7). The assembler automatically encodes instructions in the packet
in the proper order.

In the binary encoding of a packet, the instructions must be ordered from Slot 3 down to
Slot 0. If the packet contains less than four instructions, any unused slot is skipped — a
NOP is unnecessary as the hardware handles the proper spacing of the instructions.

In memory, instructions in a packet must appear in strictly decreasing slot order.
Additionally, if an instruction can go in a higher-numbered slot, and that slot is empty,
then it must be moved into the higher-numbered slot.

For example, if a packet contains three instructions and Slot 1 is not used, the instructions
should be encoded in the packet as follows:

= Slot 3 instruction at lowest address
= Slot 2 instruction follows Slot 3 instruction

m Slot 0 instructions at the last (highest) address

If a packet contains a single load or store instruction, that instruction must go in Slot 0,
which is the highest address. As an example, a packet containing both LD and ALU32
instructions must be ordered so the LD is in Slot 0 and the ALU32 in another slot.
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3.3.7 Alignment constraints

Packets have the following constraints on their placement or alignment in memory:

= Packets must be word-aligned (32-bit). If the processor executes an improperly
aligned packet, it will raise an error exception (Section 7.10).

= Packets should not wrap the 4GB address space. If address wraparound occurs,
the processor behavior is undefined.

No other core-based restrictions exist for code placement or alignment.

If the processor branches to a packet which crosses a 16-byte address boundary, the
resulting instruction fetch will stall for one cycle. Packets that are jump targets or loop
body entries can be explicitly aligned to ensure this does not occur (Section 9.5.2).

3.4 Instruction intrinsics

To support efficient coding of the time-critical sections of a program (without resorting to
assembly language), the C compilers support intrinsics which are used to directly express
Hexagon processor instructions from within C code.

The following example shows how an instruction intrinsic is used to express the XTYPE
instruction “Rdd = vminh (Rtt,Rss)™:

#include <hexagon protos.h>

int main()

{
long long vl OxFFFFOOOOFFFFOOOOLL;
long long v2 0x0000FFFFOOOOFFFFLL;
long long result;

// find the minimum for each half-word in 64-bit vector
result = Q6 P vminh PP(vl,v2);

}
Intrinsics are provided for instructions in the following classes:
s ALU32
s XTYPE
m  CR (predicate operations only)

m SYSTEM (dcfetch only)

For more information on intrinsics see Chapter 11.
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3.5 Compound instructions

The Hexagon processor supports compound instructions, which encode pairs of
commonly-used operations in a single instruction. For example, each of the following is a
single compound instruction:

dealloc_return // deallocate frame and return
R2 &= and(R1, RO) // and and and

R7 = add (R4, sub (#15, R3)) // subtract and add

R3 = sub(#20, asl(R3, #16)) // shift and subtract

R5 = add(R2, mpyi (#8, R4)) // multiply and add

{ // compare and jump

PO = cmp.eq (R2, R5)
if (PO.new) jump:nt target

}

{ // register transfer and jump
R2 = #15
jump target

}

Using compound instructions reduces code size and improves code performance.

NOTE Compound instructions (with the exception of X-and-jump, as shown above)
have distinct assembly syntax from the instructions they are composed of.

3.6 Duplex instructions

To reduce code size the Hexagon processor supports duplex instructions, which encode
pairs of commonly-used instructions in a 32-bit instruction container.

Unlike compound instructions (Section 3.5), duplex instructions do not have distinctive
syntax — in assembly code they appear identical to the instructions they are composed of.
The assembler is responsible for recognizing when a pair of instructions can be encoded as
a single duplex rather than a pair of regular instruction words.

In order to fit two instructions into a single 32-bit word, duplexes are limited to a subset of
the most common instructions (load, store, branch, ALU), and the most common register
operands.

For more information on duplexes, see Section 10.2 and Section 10.3.
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Data Processing

The Hexagon processor provides a rich set of operations for processing scalar and vector
data.

This chapter presents an overview of the operations provided by the following Hexagon
processor instruction classes:

»  XTYPE — General-purpose data operations
»  ALU32 — Arithmetic/logical operations on 32-bit data

NOTE For detailed descriptions of these instruction classes see Chapter 11.
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4.1

411

4.1.2

41.3

41.4

Data types

The Hexagon processor provides operations for processing the following data types:

» Fixed-point data
» Floating-point data
s Complex data

m  Vector data

Fixed-point data

The Hexagon processor provides operations to process 8-, 16-, 32-, or 64-bit fixed-point
data. The data can be either integer or fractional, and in signed or unsigned format.

Floating-point data

The Hexagon processor provides operations to process 32-bit floating-point numbers. The
numbers are stored in IEEE single-precision floating-point format.

Per the IEEE standard, certain floating-point values are defined to represent positive or
negative infinity, as well as "Not-a-Number" (NaN), which represents values that have no
mathematical meaning.

Floating-point numbers can be held in a general register.

Complex data
The Hexagon processor provides operations to process 32- or 64-bit complex data.

Complex numbers include a signed real portion and a signed imaginary portion. Given
two complex numbers (a+bi) and (c+di), the complex multiply operations computes both
the real portion (ac-bd) and the imaginary portion (ad+bc) in a single instruction.

Complex numbers can be packed in a general register or register pair. When packed, the
imaginary portion occupies the most-significant portion of the register or register pair.

Vector data
The Hexagon processor provides operations to process 64-bit vector data.

Vector data types pack multiple data items — bytes, halfwords, or words — into 64-bit
registers. Vector data operations are common in video and image processing.

Eight 8-bit bytes can be packed into a 64-bit register.
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Figure 4-1 shows an example of a vector byte operation.

Rss
Rtt
y Yy Y Y F 4
(Cop X 0p X op ) Op JCOp X Op X Op )N Op )
4 4 Y Y y 4 4 4
Rdd

Figure 4-1 Vector byte operation

Four 16-bit halfword values can be packed in a single 64-bit register pair.

Figure 4-2 shows an example of a vector halfword operation.

Rss
Rtt
h J i \ J i | 4 ) J ) J ) J
e ) (e ) (e (o )
Y A Y Y
Rdd

Figure 4-2 Vector halfword operation

Two 32-bit word values can be packed in a single 64-bit register pair.
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Figure 4-3 shows an example of a vector word operation.

Rss
Rtt
Y / A ) J
( Op ) Op )
/ /
Rdd

Figure 4-3 Vector word operation

4.2 Instruction options

Some instructions support optional scaling, saturation, and rounding. There are no mode
bits controlling these options — instead, they are explicitly specified as part of the
instruction name. The options are described in this section.

4.2.1 Fractional scaling

In fractional data format, data is treated as fixed-point fractional values whose range is
determined by the word length and radix point position.

Fractional scaling is specified in an instruction by adding the : <<1 specifier. For
example:

R3:2 = cmpy (RO,R1) :<<l:sat

When two fractional numbers are multiplied, the product must be scaled to restore the
original fractional data format. The Hexagon processor allows fractional scaling of the
product to be specified in the instruction for shifts of 0 and 1. A shift of 1 should be done
for Q1.15 numbers, while a shift of 0 should be done for integer multiplication.

4.2.2 Saturation

Certain instructions are available in saturating form. If a saturating arithmetic instruction
has a result which is smaller than the minimum value, then the result is set to the minimum
value. Similarly, if the operation has a result which is greater than the maximum value,
then the result is set to the maximum value.

Saturation is specified in an instruction by adding the : sat specifier. For example:

R2 = abs(R1l) :sat
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4.2.3

424

4.2.5

The OVF bit in the user status register (Section 2.2.3) is set whenever a saturating
operation saturates to the maximum or minimum value. It remains set until explicitly
cleared by a control register transfer to USR. For vector-type saturating operations, if any
of the individual elements of the vector saturate, then OVF is set.

Arithmetic rounding

Certain signed multiply instructions support optional arithmetic rounding (also known as
biased rounding). The arithmetic rounding operation takes a double precision fractional
value and adds 0x8000 to the low 16-bits (least significant 16-bit halfword).

Rounding is specified in an instruction by adding the : rnd specifier. For example:

R2 = mpy(R1.h,R2.h) :rnd

NOTE Arithmetic rounding can accumulate numerical errors, especially when the
number to be rounded is exactly 0.5. This happens most frequently when
dividing by 2 or averaging.

Convergent rounding

To address the problem of error accumulation in arithmetic rounding (Section 4.2.3), the
Hexagon processor includes four instructions that support positive and negative averaging
with a convergent rounding option.

These instructions work as follows:

1. Compute (A+B) or (A-B) for AVG and NAVG respectively.

2. Based on the two least-significant bits of the result, add a rounding constant as
follows:

m If the two LSBs are 00, add 0
m If the two LSBs are 01, add 0
m If the two LSBs are 10, add 0
m Ifthe two LSBsare 11, add 1
3. Shift the result right by one bit.

Scaling for divide and square-root

On the Hexagon processor, floating point divide and square-root operations are
implemented in software using library functions. To enable the efficient implementation of
these operations, the processor supports special variants of the multiply-accumulate
instruction. These are named scale FMA.

Scale FMA supports optional scaling of the product generated by the floating-point fused
multiply-add instruction.
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Scaling is specified in the instruction by adding the : scale specifier and a predicate
register operand. For example:

R3 += sfmpy(RO,R1,P2) :scale

For single precision, the scaling factor is two raised to the power specified by the contents
of the predicate register (which is treated as an 8-bit two's complement value). For double
precision, the predicate register value is doubled before being used as a power of two.

NOTE

Scale FMA instructions should not be used outside of divide and square-root

library routines. No guarantee is provided that future versions of the Hexagon
processor will implement these instructions using the same semantics. Future
versions assume only that compatibility for scale FMA is limited to the needs

of divide and square-root library routines.

4.3 XTYPE operations

The XTYPE instruction class includes most of the data-processing operations performed
by the Hexagon processor. These operations are categorized by their operation type:

431 ALU

ALU

Bit manipulation
Complex
Floating point
Multiply
Permute
Predicate

Shift

ALU operations modify 8-, 16-, 32-, and 64-bit data. These operations include:

Add and subtract with and without saturation
Add and subtract with accumulate

Absolute value

Logical operations

Min, max, negate instructions

Register transfers of 64-bit data

Word to doubleword sign extension

Comparisons

For more information see Section 11.1.1 and Section 11.10.1.
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4.3.2 Bit manipulation

Bit manipulation operations modify bit fields in a register or register pair. These
operations include:

Bit field insert

Bit field signed and unsigned extract
Count leading and trailing bits

Compare bit masks

Set / Clear / Toggle bit

Test bit operation

Interleave/deinterleave bits

Bit reverse

Split bitfield

Masked parity and Linear Feedback shift

Table index formation

For more information see Section 11.10.2.

4.3.3 Complex

Complex operations manipulate complex numbers. These operations include:

Complex add and subtract

Complex multiply with optional round and pack
Vector complex multiply

Vector complex conjugate

Vector complex rotate

Vector reduce complex multiply real or imaginary

For more information see Section 11.10.3.
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Floating point

Floating-point operations manipulate single-precision floating point numbers. These
operations include:

m Addition and subtraction
= Multiplication (with optional scaling)
»  Min/max/compare

m  Format conversion

The Hexagon floating-point operations are defined to support the IEEE floating-point
standard. However, certain IEEE-required operations — such as divide and square root —
are not supported directly. Instead, special instructions are defined to support the
implementation of the required operations as library routines. These instructions include:

m A special version of the fused multiply-add instruction (designed specifically for
use in library routines)

m Reciprocal/square root approximations (which compute the approximate initial
values used in reciprocal and reciprocal-square-root routines)

= Extreme value assistance (which adjusts input values if they cannot produce
correct results using convergence algorithms)

For more information see Section 11.10.4.

NOTE The special floating-point instructions are not intended for use directly in user
code — they should be used only in the floating point library.

Format conversion

The floating-point conversion instructions sfmake and dfmake convert an unsigned 10-bit
immediate value into the corresponding floating-point value.

The immediate value must be encoded so bits [5:0] contain the significand, and bits [9:6]
the exponent. The exponent value is added to the initial exponent value (bias - 6).

For example, to generate the single-precision floating point value 2.0, bits [5:0] must be
set to 0, and bits [9:6] set to 7. Performing sfmake on this immediate value yields the
floating point value 0x40000000, which is 2.0.

NOTE The conversion instructions are designed to handle common floating point
values, including most integers and many basic fractions (1/2, 3/4, etc.).

Rounding

The Hexagon user status register (Section 2.2.3) includes the FPRND field, which is used
to specify the IEEE-defined floating-point rounding mode.
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4.3.5

Exceptions

The Hexagon user status register (Section 2.2.3) includes five status fields, which work as
sticky flags for the five IEEE-defined exception conditions: inexact, overflow, underflow,
divide by zero, and invalid. A sticky flag is set when the corresponding exception occurs,
and remains set until explicitly cleared.

The user status register also includes five mode fields which are used to specify whether
an operating-system trap should be performed if one of the floating-point exceptions
occur. For every instruction packet containing a floating-point operation, if a floating-
point sticky flag and the corresponding trap-enable bit are both set, then a floating-point
trap is generated. After the packet commits, the Hexagon processor then automatically
traps to the operating system.

NOTE Non-floating-point instructions never generate a floating-point trap,
regardless of the state of the sticky flag and trap-enable bits.

Multiply

Multiply operations support fixed-point multiplication, including both single- and double-
precision multiplication, and polynomial multiplication.

Single precision

In single-precision arithmetic a 16-bit value is multiplied by another 16-bit value. These
operands can come from the high portion or low portion of any register. Depending on the
instruction, the result of the 16 x 16 operation can optionally be accumulated, saturated,
rounded, or shifted left by 0-1 bits.

The instruction set supports operations on signed x signed, unsigned x unsigned, and
signed x unsigned data.
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Table 4-1 summarizes the options available for 16 x 16 single precision multiplications.
The symbols used in the table are as follows:

m  SS — Perform signed x signed multiply

m  UU — Perform unsigned x unsigned multiply
s SU — Perform signed x unsigned multiply

m A+ —Result added to accumulator

=  A-—Result subtracted from accumulator

m (0 — Result not added to accumulator

Table 4-1  Single-precision multiply options

Multiply Result Sign Accumulate Sat Rnd Scale
16 x 16 32 SS A+, A- Yes No 0-1
16 x 16 32 SS 0 Yes Yes 0-1
16 x 16 64 SS A+, A- No No 0-1
16 x 16 64 SS 0 No Yes 0-1
16 x 16 32 uu A+, A- 0 No No 0-1
16x 16 64 uu A+, A- 0 No No 0-1
16 x 16 32 SuU A+, 0 Yes No 0-1

Double precision
Double precision instructions are available for both 32 x 32 and 32 x 16 multiplication:

m  For 32 x 32 multiplication the result can be either 64 or 32 bits. The 32-bit result
can be either the high or low portion of the 64-bit product.

= For 32 x 16 multiplication the result is always taken as the upper 32 bits.
The operands can be either signed or unsigned.

Table 4-2 summarizes the options available in double precision multiply.

Table 4-2 Double precision multiply options

Multiply Result Sign Accumulate Sat Rnd Scale

32 x 32 64 SS, UU A+, A- 0 No No 0

32 x 32 32 (upper) SS, UU 0 No Yes 0

32 x 32 32 (low) SS, UuU A+ 0 No No 0

32 x 16 32 (upper) SS, UU A+,0 Yes Yes 0-1

32 x 32 32 (upper) SuU 0 No No 0
Polynomial

Polynomial multiply instructions are available for both words and vector halfwords.
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4.3.6

4.3.7

These instructions are useful for many algorithms including scramble code generation,
cryptographic algorithms, convolutional, and Reed Solomon code.

For more information on multiply operations, see Section 11.10.5.

Permute

Permute operations perform various operations on vector data, including arithmetic,
format conversion, and rearrangement of vector elements. Many types of conversions are
supported:

= Swizzle bytes

= Vector shuffle

= Vector align

m  Vector saturate and pack

=  Vector splat bytes

= Vector splice

= Vector sign extend halfwords

= Vector zero extend bytes

m  Vector zero extend halfwords

m Scalar saturate to byte, halfword, word
= Vector pack high and low halfwords
= Vector round and pack

= Vector splat halfwords

For more information, see Section 11.1.2 and Section 11.10.6.

Predicate

Predicate operations modify predicate source data. The categories of instructions available
include:

= Vector mask generation
= Predicate transfers

m Viterbi packing

For more information, see Section 11.1.3 and Section 11.10.7.
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4.3.8 Shift

Scalar shift operations perform a variety of 32 and 64-bit shifts followed by an optional
add/sub or logical operation. Figure 4-4 shows the general operation.

Rss
#/Rt
Shift
amount

) J

( 64-bit Shifter >
Y

( 64-bit Add/Sub/Logical >

A Rxx

Figure 4-4 64-bit shift and add/sub/logical

Four shift types are supported:
m  ASR — Arithmetic shift right
m  ASL — Arithmetic shift left
m LSR - Logical shift right
m LSL — Logical shift left

In register-based shifts, the Rt register is a signed two’s-complement number. If this value
is positive, then the instruction opcode tells the direction of shift (right or left). If this
value is negative, then the shift direction indicated by the opcode is reversed.

When arithmetic right shifts are performed, the sign bit is shifted in, whereas logical right
shifts shift in zeros. Left shifts always shift in zeros.

Some shifts are available with saturation and rounding options.

For more information see Section 11.10.8.
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4.4 ALU32 operations

The ALU3?2 instruction class includes general arithmetic/logical operations on 32-bit data:

Add, subtract, negate without saturation on 32-bit data

Logical operations such as AND, OR, XOR, AND with immediate, and OR with

immediate

Scalar 32-bit compares

Combine halfwords, combine words, combine with immediates, shift halfwords,

and Mux

Conditional add, combine, logical, subtract, and transfer.
NOP

Sign and zero-extend bytes and halfwords

Transfer immediates and registers

Vector add, subtract, and average halfwords

For more information see Section 11.1.

NOTE ALU32 instructions can be executed on any slot (Section 3.3.3).

Chapter 6 describes the conditional execution and compare instructions.
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4.5 Vector operations

Vector operations support arithmetic operations on vectors of bytes, halfwords, and words.

The vector operations belong to the XTYPE instruction class (except for vector add,
subtract, and average halfwords, which are ALU32).

Vector byte operations

The vector byte operations process packed vectors of signed or unsigned bytes. They
include the following operations:

Vector add and subtract signed or unsigned bytes
Vector min and max signed or unsigned bytes
Vector compare signed or unsigned bytes

Vector average unsigned bytes

Vector reduce add unsigned bytes

Vector sum of absolute differences unsigned bytes

Vector halfword operations

The vector halfword operations process packed 16-bit halfwords. They include the
following operations:

Vector add and subtract halfwords

Vector average halfwords

Vector compare halfwords

Vector min and max halfwords

Vector shift halfwords

Vector dual multiply

Vector dual multiply with round and pack

Vector multiply even halfwords with optional round and pack
Vector multiply halfwords

Vector reduce multiply halfwords
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For example, Figure 4-5 shows the operation of the vector arithmetic shift right halfword
(vasrh) instruction. In this instruction, each 16-bit half-word is shifted right by the same
amount which is specified in a register or with an immediate value. Because the shift is

arithmetic, the bits shifted in are copies of the sign bit.

Shift Amount

lost

lost

lost

lost

<&

s/z ext

<&

s/z ext

<€

s/z ext

<&

s/z ext

Figure 4-5 Vector halfword shift right

Vector word operations

Rt/ #u4

Rss

Rdd

The vector word operations process packed vectors of two words. They include the
following operations:

Vector add and subtract words

Vector average words
Vector compare words
Vector min and max words

Vector shift words with optional truncate and pack

For more information on vector operations see Section 11.1.1 and Section 11.10.1.

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

71



Hexagon V62 Programmer’s Reference Manual

Data Processing

4.6

4.7

4.8

CR operations

The CR instruction class includes operations that access the control registers (Section 2.2).

Table 4-3 lists the instructions that access the control registers.

Table 4-3  Control register transfer instructions

Syntax Operation
Rd = Cs Move control register to / from a general register.
Cd = Rs
NOTE - PC is not a valid destination register.
Rdd = Css Move control register pair to / from a general register pair.
Cdd = Rss
NOTE - PC is not a valid destination register.

NOTE In register-pair transfers, control registers must be specified using their

numeric alias names — see Section 2.2 for details.

For more information see Section 11.2.

Compound operations

The instruction set includes a number of instructions which perform multiple logical or
arithmetic operations in a single instruction. They include the following operations:

And/Or with inverted input

Compound logical register

Compound logical predicate

Compound add-subtract with immediates

Compound shift-operation with immediates (arithmetic or logical)

Multiply-add with immediates

For more information see Section 11.10.1.

Special operations

The instruction set includes a number of special-purpose instructions to support specific

applications:

s H.264 CABAC processing

m [P internet checksum

m  Software-defined radio
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481 H.264 CABAC processing

H.264/AVC is adopted in a diverse range of multimedia applications:

= HD-DVDs
s HDTYV broadcasting

= Internet video streaming

Context Adaptive Binary Arithmetic Coding (CABAC) is one of the two alternative
entropy coding methods specified in the H.264 main profile. CABAC offers superior
coding efficiency at the expense of greater computational complexity. The Hexagon
processor includes a dedicated instruction (decbin) to support CABAC decoding.

Binary arithmetic coding is based on the principle of recursive interval subdivision, and its
state is characterized by two quantities:

m  The current interval range

m  The current offset in the current code interval

The offset is read from the encoded bit stream. When decoding a bin, the interval range is
subdivided in two intervals based on the estimation of the probability ,; pg of LPS: one
interval with width of rLPS = range x pLPS, and another with width of rMPS = range x
pMPS = range -rLPS, where LPS stands for Least Probable Symbol, and MPS for Most
Probable Symbol.

Depending on which subinterval the offset falls into, the decoder decides whether the bin
is decoded as MPS or LPS, after which the two quantities are iteratively updated, as shown
in Figure 4-1.

MPS occurs LPS occurs
o LPS ° 1! PS
o) s o) s
g g
- rMPS - rMPS
[ O
& &
=] =]
rangeNew = rMPS rangeNew =rLPS
offsetNew = offset offsetNew = offset-rMPS
Figure 4-1 Arithmetic decoding for one bin
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4811 CABAC implementation

In H.264 range is a 9-bit quantity, and offset is 9-bits in regular mode and 10-bits in bypass
mode during the whole decoding process. The calculation of rLPS is approximated by a
64%4 table of 256 bytes, where the range and the context state (selected for the bin to be
decoded) are used to address the lookup table. To maintain the precision of the whole
decoding process, the new range must be renormalized to ensure that the most significant
bit is always 1, and that the offset is synchronously refilled from the bit stream.

To simplify the renormalization/refilling process, the decoding scheme shown in
Figure 4-2 was created to significantly reduce the frequency of renormalization and
refilling bits from the bit-stream, while also being suitable for DSP implementation.

range: 32 bit register 18=29- bltpos_s_:l
0000 0000 0001 xxxx xxxx,;0000 0000 0000
I(—bltpos 11—)'14— 12=23-bitpo
offset: 32 bit register
0000 0000 000x XXXX XXXX XXXX XXXX XXXX

Decode Decision
(ctxldx, range, offset)

h 4
bitpos=Count_leading_zeros(range)

rLPS=lutLPS[ctxIdx->state][(range>>(29-bitpos))&3]<<(23-bitpos)
rMPS=range-rLPS

offset >= rMPS O—l

bin = !ctxldx >valMPS
range = rLPS
offset = offset - rMPS

“

ctxIdx->valMPS=!ctxIdx->valMPS

bin = ctxIdx->valMPS
range = rtMPS

No
v v
ctxIdx->state = P ctxIdx->state =
TransIndexLPS(ctxIdx->state) | TransIndexMPS(ctxIdx->state)

Renormalization1
(range, offset)

Figure 4-2 CABAC decoding engine for regular bin
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By using the decbin instruction, the Hexagon processor is able to decode one regular bin
in 2 cycles (not counting the bin refilling process).

For more information on the decbin instruction see Section 11.10.6.

For example:

Rdd = decbin(Rss,Rtt)

INPUT: Rss and Rtt register pairs as:

Rtt.
Rtt.
Rtt.
Rss.
Rss.

wl[5:0] = state
wl[8] = valMPS

w0 [4:0] = Dbitpos
w0 = range

wl offset

OUTPUT: Rdd register pair is packed as

Rdd.wO0[5:0] = state
Rdd.w0 [8] = wvalMPS
Rdd.w0[31:23] = range
Rdd.w0[22:16] '0!
Rdd.wl = offset (normalized)
OUTPUT: PO
PO = (bin)

4.8.1.2 Code example
H264CabacGetBinNC:

/****************************************************************

* Non-conventional call:

* Input: R1:0 = offset range , R2 = dep, R3 = ctxIdx,
* R4 = (*ctxIdx), R5 = bitpos

*

* Return:

* R1: 0 - offset range

* PO - (bin)

*

****************************************************************/

// Cycle #1
{ R1:0= decbin(R1:0,R5:4)

R6 = asl(R22,R5)
}
// Cycle #2
{ memb(R3) = RO

R1:0 = vlsrw(R1:0,R5)

Pl = cmp.gtu(R6,R1)

IF (!Pl.new) jumpr:t LR

}

RENORM REFILL:

// decoding one bin
// where R22 = 0x100

// save context to *ctxIdx

// re-align range and offset

// need refill? i.e., Pl= (range<0x100)
// return
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4.8.2

IP internet checksum
The key features of the internet checksum! include:

m  The checksum can be summed in any order

= Carries may be accumulated using an accumulator larger than size being added, and
added back in at any time

Using standard data-processing instructions, the internet checksum can be computed at 8
bytes per cycle in the main loop, by loading words and accumulating into doublewords.
After the loop, the upper word is added to the lower word; then the upper halfword is
added to the lower halfword, and any carries are added back in.

The Hexagon processor supports a dedicated instruction (vradduh) which enables the
internet checksum to be computed at a rate of 16 bytes per cycle.

The vradduh instruction accepts the halfwords of the two input vectors, adds them all
together, and places the result in a 32-bit destination register. This operation can be used
for both computing the sum of 16 bytes of input while preserving the carries, and also
accumulating carries at the end of computation.

For more information on the vradduh instruction see Section 11.10.1.

NOTE This operation utilizes the maximum load bandwidth available in the
Hexagon processor.

1 See RFC 1071 (http://www.fags.org/rfcs/rfc1071.html)
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4.8.2.1

Code example

.text
.global fast_ip check

Assumes data is 8-byte aligned

Assumes data is padded at least 16 bytes afterwords with 0's.

input RO points to data
input R1 is length of data

// returns IP checksum in RO
fast ip check:
{
R1 = 1sr(R1,#4) // lé-byte chunks, rounded down, +1
R9:8 = combine (#0,#0)
R3:2 = combine (#0,#0)
}
{
loopO0(1f,R1)
R7:6 = memd (RO+#8)
R5:4 = memd (RO++#16)
}
.falign
1:
{
R7:6 = memd (RO+#8)
R5:4 = memd (RO++#16)
R2 = vradduh(R5:4,R7:6) // accumulate 8 halfwords
R8 = vradduh(R3:2,R9:8) // accumulate carries
} :endloopo0
// drain pipeline
{
R2 = vradduh(R5:4,R7:6)
R8 = vradduh(R3:2,R9:8)
R5:4 = combine (#0,#0)
}
{
R8 = vradduh(R3:2,R9:8)
R1 = #0
}
// may have some carries to add back in
{
RO = vradduh(R5:4,R9:8)
}
// possible for one more to pop out
{
RO = vradduh(R5:4,R1:0)
}
{
RO = not (RO)
jumpr LR
}
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4.8.3

4.8.3.1

Software-defined radio

The Hexagon processor includes six special-purpose instructions which support the
implementation of software-defined radio. The instructions greatly accelerate the
following algorithms:

m Rake despreading
m  Scramble code generation

m  Polynomial field processing

Rake despreading

A fundamental operation in despreading is the PN multiply operation. In this operation the
received complex chips are compared against a pseudo-random sequence of QAM
constellation points and accumulated.

Figure 4-3 shows the vrcrotate instruction, which is used to perform this operation. The
products are summed to form a soft 32-bit complex symbol. The instruction has both
accumulating and non-accumulating versions.

xx += vrcrotate(Rss,Rt,#0)

Rt

Im3 Re3 Im2 Re2 Im Re1 ImO Re0 Rs

R Rxx
Figure 4-3 Vector reduce complex rotate
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For more information on the vrcrotate instruction, see Section 11.10.3.

NOTE Using this instruction the Hexagon processor can process 5.3 chips per cycle,
and a 12-finger WCDMA user requires only 15 MHz.

4.8.3.2 Polynomial operations
The polynomial multiply instructions support the following operations:
m  Scramble code generation (at a rate of 8 symbols per cycle for WCDMA)
m  Cryptographic algorithms (such as Elliptic Curve)
m  CRC checks (at a rate of 21bits per cycle)
= Convolutional encoding

m  Reed Solomon codes
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The four versions of this instruction support 32 x 32 and vector 16 x 16 multiplication both
with and without accumulation, as shown in Figure 4-4.

For more information on the pmpy instructions see Section 11.10.5.

Rxx += vpmpyh(Rs,Rt
Rxx += pmpyw(Rs,Rt) pmpyh( )

Rs
Rs

Rt
Rt

16x16
Carryless C16X|1 6
Polynomial arryless
32x32 Polynomial
Carryless Mpy
Polynomial
mpy

—y Gor)|(Cxor)

2 A

Rxx Rxx

Figure 4-4 Polynomial multiply
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The Hexagon processor features a load/store architecture, where numeric and logical
instructions operate on registers. Explicit load instructions move operands from memory
to registers, while store instructions move operands from registers to memory. A small
number of instructions (known as mem-ops) perform numeric and logical operations
directly on memory.

The address space is unified: all accesses target the same linear address space, which
contains both instructions and data.
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5.1 Memory model

This section describes the memory model for the Hexagon processor.

5.1.1 Address space

The Hexagon processor has a 32-bit byte-addressable memory address space. The entire
4G linear address space is addressable by the user application. A virtual-to-physical
address translation mechanism is provided.

5.1.2 Byte order

The Hexagon processor is a little-endian machine: the lowest address byte in memory is
held in the least significant byte of a register, as shown in Figure 5-1.

Address Contents

0 A Register Contents
1 B
31 0
2 c -l -] - A Load byte
3 D
4 E - | -|B|A| LoadHalfword
5 F D|C|B|A Load word
6 G 63
7 H H G|F E | D|C|B|A Load doubleword

Figure 5-1 Hexagon processor byte order

5.1.3 Alignment

Even though the Hexagon processor memory is byte-addressable, instructions and data
must be aligned in memory on specific address boundaries:

m Instructions and instruction packets must be 32-bit aligned

» Data must be aligned to its native access size.
Any unaligned memory access will cause a memory-alignment exception.

The permute instructions (Section 4.3.6) can be used in applications that need to reference
unaligned vector data. The loads and stores still must be memory-aligned; however, the
permute instructions enable the data to be easily rearranged in registers.
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Table 5-1 summarizes the alignment restrictions.

Table 5-1 Memory alignment restrictions
Data Type Size (bits) Exception When

Byte 8 Never

Unsigned byte

Halfword 16 LSB[0]!=01
Unsigned halfword

Word 32 LSB[1:0] != 00
Unsigned word

Doubleword 64 LSB[2:0] !'= 000
Instruction 32 LSB[1:0] = 00

Instruction packet

1 LSB = Least significant bits of address

5.2

Memory loads

Memory can be loaded in byte, halfword, word, or doubleword sizes. The data types

supported are signed or unsigned. The syntax used is memxX, where xx denotes the data

type.

Table 5-2 summarizes the supported load instructions.

Table 5-2 Load instructions
Source Destination
Syntax Size Si_ZG Plalz:rt:ent Comment
(bits) (bits)

Rd = memub (Rs) 8 32 Low 8 bits Zero-extend 8 to 32 bits
Rd = memb (Rs) 8 32 Low 8 bits Sign-extend 8 to 32 bits
Rd = memuh (Rs) 16 32 Low 16 bits Zero-extend 16 to 32 bits
Rd = memh (Rs) 16 32 Low 16 bits Sign-extend 16 to 32 bits
Rd = memubh (Rs) 16 32 BytesOand2 |Bytes 1 and 3 zeroed '
Rd = membh (Rs) 16 32 Bytes 0 and 2 Bytes 1 and 3 sign-extended
Rd = memw (Rs) 32 32 All 32 bits Load word
Rdd = memubh (Rs) 32 64 Bytes 0,2,4,6 Bytes 1,3,5,7 zeroed
Rdd = membh (Rs) 32 64 Bytes 0,2,4,6 Bytes 1,3,5,7 sign-extended
Rdd = memd (Rs) 64 64 All 64 bits Load doubleword
Ryy = memh fifo(Rs) 16 64 High 16 bits Shift vector and load halfword
deallocframe 64 64 All 64 bits See Chapter 8
dealloc return 64 64 All 64 bits See Chapter 8
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1 The memubh and membh instructions load contiguous bytes from memory (either 2 or 4 bytes) and unpack these bytes into a
vector of halfwords. The instructions are useful when bytes are used as input into halfword vector operations, which is common in
video and image processing..

5.3

5.4

NOTE The memory load instructions belong to instruction class LD, and can execute
only in Slots 0 or 1.

Memory stores

Memory can be stored in byte, halfword, word, or doubleword sizes. The syntax used is
memx, where x denotes the data type.

Table 5-3 summarizes the supported store instructions.

Table 5-3  Store instructions

Source Destination
Syntax Size Size Comment
(bits) (bits)
memb (Rs) = Rt 32 8 Store byte (bits 7:0)
memb (Rs) = #s8 8 8 Store byte
memh (Rs) = Rt 32 16 Store lower half (bits 15:0)
memh (Rs) = Rt.H 32 16 Store upper half (bits 31:16)
memh (Rs) = #s8 8 16 Sign-extend 8 to 16 bits
memw (Rs) = Rt 32 32 Store word
memw (Rs) = #s8 8 32 Sign-extend 8 to 32 bits
memd (Rs) = Rtt 64 64 Store doubleword
allocframe (#ull) 64 64 See Chapter 8

NOTE The memory store instructions belong to instruction class ST, and can execute
only in slot 0 or — when part of a dual store (Section 5.4) —slot 1.

Dual stores

Two memory store instructions can appear in the same instruction packet. The resulting
operation is considered a dual store. For example:

{

memw (R5) = R2 // dual store
memh (R6) = R3

!

Unlike most packetized operations, dual stores are not executed in parallel (Section 3.3.1).
Instead, the store instruction in Slot 1 effectively executes first, followed by the store
instruction in Slot 0.
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5.5

5.6

NOTE The store instructions in a dual store must belong to instruction class ST
(Section 5.3), and can execute only in Slots 0 and 1.

New-value stores

A memory store instruction can store a register that is assigned a new value in the same
instruction packet (Section 3.3). This feature is expressed in assembly language by
appending the suffix “. new” to the source register. For example:

{
R2 = memh (R4+#8) // load halfword
memw (R5) = R2.new // store newly-loaded value

}

New-value store instructions have the following restrictions:

m Ifan instruction uses auto-increment or absolute-set addressing mode
(Section 5.7), its address register cannot be used as the new-value register.

» If an instruction produces a 64-bit result, its result registers cannot be used as the
new-value register.

m If the instruction that sets a new-value register is conditional (Section 6.1.2), it
must always be executed.

NOTE The new-value store instructions belong to instruction class NV, and can
execute only in Slot 0.

Mem-ops

Mem-ops perform basic arithmetic, logical, and bit operations directly on memory
operands, without the need for a separate load or store. Mem-ops can be performed on
byte, halfword, or word sizes. Table 5-4 lists the mem-ops.

Table 5-4 Mem-ops

Syntax Operation
memXX (Rs+#u6) [+-]|&] = Rt Arithmetic/logical on memory
memXX (Rs+#u6) [+-] = #ub Arithmetic on memory
memXX (Rs+#u6) = clrbit (#u5) Clear bit in memory
memXX (Rs+#u6) = setbit (#u5) Set bit in memory

NOTE The mem-op instructions belong to instruction class MEMOP, and can
execute only in Slot 0.
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5.7

Addressing modes

Table 5-5 summarizes the supported addressing modes.

Table 5-5 Addressing modes
Mode Syntax Operation '

Absolute memXX (##address) EA = address
Absolute-set memXX (Re=##address) EA = address

Re = address
Absolute with register offset memXX (Ru<<#u2+##U32) EA = imm + (Ru << #u2)
Global-pointer-relative memXX (GP+#immediate) EA = GP + immediate

memXX (#immediate)

Indirect memXX (Rs) EA = Rs
Indirect with offset memXX (Rs+#s11) EA = Rs + imm
Indirect with register offset memXX (Rs+Ru<<#u2) EA = Rs + (Ru << #u2)
Indirect memXX (Rx++#s4) EA = Rx;
with auto-increment immediate Rx += (imm)
Indirect memXX (Rx++Mu) EA = Rx;
with auto-increment register Rx += Mu
Circular memXX (Rx++#s4:circ (Mu)) EA = Rx;
with auto-increment immediate Rx = circ_add(Rx, imm, Mu)
Circular memXX (Rx++I:circ (Mu)) EA = RX;
with auto-increment register Rx = circ_add(Rx, I,Mu)
Bit-reversed memXX (Rx++Mu:brev) EA = Rx.H + bit_reverse(Rx.L)
with auto-increment register Rx += Mu

1 EA (Effective Address) is equivalent to VA (Virtual Address).

5.71

5.7.2

Absolute

The absolute addressing mode uses a 32-bit constant value as the effective memory
address. For example:

R2 = memw (##100000) // load R2 with word from addr 100000
memw (##200000) = R4 // store R4 to word at addr 200000
Absolute-set

The absolute-set addressing mode assigns a 32-bit constant value to the specified general
register, then uses the assigned value as the effective memory address. For example:

R2 = memw (R1=##400000) // load R2 with word from addr 400000
// and load R1 with value 400000
memw (R3=##600000) = R4 // store R4 to word at addr 600000

// and load R3 with value 600000
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5.7.3

5.7.4

Absolute with register offset

The absolute with register offset addressing mode performs an arithmetic left shift of a 32-
bit general register value by the amount specified in a 2-bit unsigned immediate value, and
then adds the shifted result to an unsigned 32-bit constant value to create the 32-bit
effective memory address. For example:

R2 = memh(R3 << #3 + ##100000) // load R2 with signed halfword
// from addr [100000 + (R3 << 3)]

The 32-bit constant value is the base address, and the shifted result is the byte offset.

NOTE This addressing mode is useful for loading an element from a global table,
where the immediate value is the name of the table, and the register holds the
index of the element.

Global pointer relative

The global pointer relative addressing mode adds an unsigned offset value to the Hexagon
processor global data pointer GP to create the 32-bit effective memory address. This
addressing mode is used to access global and static data in C.

Global pointer relative addresses can be expressed two ways in assembly language:

» By explicitly adding an unsigned offset value to register Gp

m By specifying only an immediate value as the instruction operand

For example:

R2 = memh (GP+#100) // load R2 with signed halfword
// from [GP + 100 bytes]

R3 = memh (#2000) // load R3 with signed halfword
// from [GP + #2000 - _SDA_BASE]

Specifying only an immediate value causes the assembler and linker to automatically
subtract the value of the special symbol spa Bask from the immediate value, and use
the result as the effective offset from Gp.

The global data pointer is programmed in the GDP field of register Gp (Section 2.2.8).
This field contains an unsigned 26-bit value which specifies the most significant 26 bits of
the 32-bit global data pointer. (The least significant 6 bits of the pointer are defined to
always be zero.)

The memory area referenced by the global data pointer is known as the global data area. 1t
can be up to 512 KB in length, and — because of the way the global data pointer is
defined — must be aligned to a 64-byte boundary in virtual memory.

When expressed in assembly language, the offset values used in global pointer relative
addressing always specify byte offsets from the global data pointer. Note that the offsets
must be integral multiples of the size of the instruction data type.
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5.7.5

5.7.6

Table 5-6 lists the offset ranges for global pointer relative addressing.

Table 5-6 Offset ranges (Global pointer relative)

Data Type Offset Range Ofﬁs:tmres:)?e
doubleword 0 ... 524280 8
word 0...262140 4
halfword 0...131070 2
byte 0 ...65535 1

NOTE When using global pointer relative addressing, the immediate operand should
be a symbol in the . sdata or .sbss section to ensure that the offset is valid.

Indirect

The indirect addressing mode uses a 32-bit value stored in a general register as the
effective memory address. For example:

R2 = memub (R1) // load R2 with unsigned byte from addr R1

Indirect with offset

The indirect with offset addressing mode adds a signed offset value to a general register
value to create the 32-bit effective memory address. For example:

R2 = memh(R3 + #100) // load R2 with signed halfword
// from [R3 + 100 bytes]

When expressed in assembly language, the offset values always specify byte offsets from
the general register value. Note that the offsets must be integral multiples of the size of the
instruction data type.

Table 5-7 lists the offset ranges for indirect with offset addressing.

Table 5-7  Offset ranges (Indirect with offset)

Data Type Offset Range Oﬁl‘vsljlttil\:l):;es:)?e
doubleword -8192 ... 8184 8
word -4096 ... 4092 4
halfword -2048 ... 2046 2
byte -1024 ... 1023 1

NOTE The offset range is smaller for conditional instructions (Section 5.8).
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5.7.7

5.7.8

5.7.9

Indirect with register offset

The indirect with register offset addressing mode adds a 32-bit general register value to
the result created by performing an arithmetic left shift of a second 32-bit general register
value by the amount specified in a 2-bit unsigned immediate value, forming the 32-bit
effective memory address. For example:

R2 = memh (R3+R4<<#1) // load R2 with signed halfword
// from [R3 + (R4 << 1)]

The register values always specify byte addresses.

Indirect with auto-increment immediate

The indirect with auto-increment immediate addressing mode uses a 32-bit value stored in
a general register to specify the effective memory address. However, after the address is
accessed, a signed value (known as the increment) is added to the register so it specifies a
different memory address (which will be accessed in a subsequent instruction). For
example:

R2 = memw (R3++#4) // R3 contains the effective address
// R3 is then incremented by 4

When expressed in assembly language, the increment values always specify byte offsets
from the general register value. Note that the offsets must be integral multiples of the size
of the instruction data type.

Table 5-8 lists the increment ranges for indirect with auto-increment immediate
addressing.

Table 5-8 Increment ranges (Indirect with auto-inc immediate)

Data Type Increment Incremer?t Must Be
Range Multiple Of
doubleword -64 ... 56 8
word -32...28 4
halfword -16 ... 14 2
byte -8..7 1

Indirect with auto-increment register

The indirect with auto-increment register addressing mode is functionally equivalent to
indirect with auto-increment immediate, but uses a modifier register Mx (Section 2.2.4)
instead of an immediate value to hold the increment. For example:

R2 = memw (RO++M1) // The effective addr is the value of RO.
// Next, M1l is added to RO and the result
// 1is stored in RO.
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When auto-incrementing with a modifier register, the increment is a signed 32-bit value
which is added to the general register. This offers two advantages over auto-increment
immediate:

m A larger increment range

= Variable increments (since the modifier register can be programmed at runtime)

The increment value always specifies a byte offset from the general register value.

NOTE The signed 32-bit increment range is identical for all instruction data types
(doubleword, word, halfword, byte).

5.7.10 Circular with auto-increment immediate

The circular with auto-increment immediate addressing mode is a variant of indirect with
auto-increment addressing — it accesses data buffers in a modulo wrap-around fashion.
Circular addressing is commonly used in data stream processing.

Circular addressing is expressed in assembly language with the address modifier
“:circ (Mx)”, where Mx specifies a modifier register which is programmed to specify
the circular buffer (Section 2.2.4). For example:

RO = memb (R2++#4:circ(MO)) // load from R2 in circ buf specified
// by MO

memw (R2++#8:circ(M1)) = RO // store to R2 in circ buf specified
// by M1

Circular addressing is set up by programming the following elements:

= The Length field of the Mx register is set to the length (in bytes) of the circular
buffer to be accessed. A circular buffer can be from 4 to (128K-1) bytes long.

m The K field of the Mx register is always set to 0.

m The circular start register CSx that corresponds to Mx (cso for Mo, ¢S1 for M1)
is set to the start address of the circular buffer.

In circular addressing, after memory is accessed at the address specified in the general
register, the general register is incremented by the immediate increment value and then
modulo’d by the circular buffer length to implement wrap-around access of the buffer.

When expressed in assembly language, the increment values always specify byte offsets
from the general register value. Note that the offsets must be integral multiples of the size
of the instruction data type.

Table 5-9 lists the increment ranges for circular with auto-increment immediate
addressing.
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Table 5-9 Increment ranges (Circular with auto-inc immediate)

Data Tvpe Increment Increment Must Be
yp Range Multiple Of
doubleword -64 ... 56 8
word -32...28 4
halfword -16 ... 14 2
byte 8.7 1

When programming a circular buffer the following rules apply:

m The start address must be aligned to the native access size of the buffer elements.

= ABS(Increment) < Length. The absolute value of the increment must be less than

the buffer length.

m  Access size < (Length-1). The memory access size (1 for byte, 2 for halfword, 4

for word, 8 for doubleword) must be less than (Length-1).

» Buffers must not wrap around in the 32-bit address space.
NOTE If any of these rules are not followed the execution result is undefined.

For example, a 150-byte circular buffer can be set up and accessed as follows:

R4.H = #0 // K =0

R4.L = #150 // length = 150

MO = R4

R2 = ##icbuf // start addr = cbuf

CS0 = R2

RO = memb (R2++#4:circ (MO)) // Load byte from circ buf

// specified by M0/CS0
// inc R2 by 4 after load
// wrap R2 around if >= 150

The following C function precisely describes the behavior of the circular add function:

unsigned int

fcircadd (unsigned int pointer, int offset,
unsigned int M reg, unsigned int CS_reg)
unsigned int length;

int new pointer, start addr, end addr;

length = (M _reg&0x01ffff); // lower 17-bits gives buffer size

new pointer = pointer+offset;

start _addr = CS reg;

end addr = CS_reg + lenth;

if (new pointer >= end addr) {
new_pointer -= length;

} else if (new pointer < start addr) {
new_pointer += length;

}

return (new_pointer);

}
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5.7.11

Circular with auto-increment register

The circular with auto-increment register addressing mode is functionally equivalent to
circular with auto-increment immediate, but uses a register instead of an immediate value
to hold the increment.

Register increments are specified in circular addressing instructions by using the symbol 1
as the increment (instead of an immediate value). For example:

RO = memw (R2++I:circ(M1)) // load byte with incr of I*4 from
// circ buf specified by M1/CS1

When auto-incrementing with a register, the increment is a signed 11-bit value which is
added to the general register. This offers two advantages over circular addressing with
immediate increments:

m Larger increment ranges

m Variable increments (since the increment register can be programmed at runtime)

The circular register increment value is programmed in the I field of the modifier register
Mx (Section 2.2.4) as part of setting up the circular data access. This register field holds the
signed 11-bit increment value.

Increment values are expressed in units of the buffer element data type, and are
automatically scaled at runtime to the proper data access size.

Table 5-10 lists the increment ranges for circular with auto-increment register addressing.

Table 5-10 Increment ranges (Circular with auto-inc register)

Data Type Increment Incremer]t Must Be
Range Multiple Of
doubleword -8192 ... 8184 8
word -4096 ... 4092 4
halfword -2048 ... 2046 2
byte -1024 ... 1023 1

When programming a circular buffer (with either a register or immediate increment), all
the rules that apply to circular addressing must be followed — for details see
Section 5.7.10.

NOTE If any of these rules are not followed the execution result is undefined.
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5.7.12

Bit-reversed with auto-increment register

The bit-reversed with auto-increment register addressing mode is a variant of indirect with
auto-increment addressing — it accesses data buffers using an address value which is the
bit-wise reversal of the value stored in the general register. Bit-reversed addressing is used
in fast Fourier transforms (FFT) and Viterbi encoding.

The bit-wise reversal of a 32-bit address value is defined as follows:

m  The lower 16 bits are transformed by exchanging bit 0 with bit 15, bit 1 with bit
14, and so on.

m  The upper 16 bits remain unchanged.

Bit-reversed addressing is expressed in assembly language with the address modifier
“:brev”. For example:

R2 = memub (RO++Ml:brev) // The address is (R0O.H | bitrev(R0.L))
// The orginal RO (not reversed) is added
// to M1l and written back to RO

The initial values for the address and increment must be set in bit-reversed form, with the
hardware bit-reversing the bit-reversed address value to form the effective address.

The buffer length for a bit-reversed buffer must be an integral power of 2, with a
maximum length of 64K bytes.

To support bit-reversed addressing, buffers must be properly aligned in memory. A bit-
reversed buffer is properly aligned when its starting byte address is aligned to a power of 2
greater than or equal to the buffer size (in bytes). For example:

int bitrev buf[256] _ attribute ((aligned(1024)));

The bit-reversed buffer declared above is aligned to 1024 bytes because the buffer size is
1024 bytes (256 integer words x 4 bytes), and 1024 is an integral power of 2.

The buffer location pointer for a bit-reversed buffer must be initialized so the least-
significant 16 bits of the address value are bit-reversed.

The increment value must be initialized to the following value:
bitreverse (buffer size in bytes / 2)

...where bitreverse is defined as bit-reversing the least-significant 16 bits while leaving
the remaining bits unchanged.

NOTE To simplify the initialization of the bit-reversed pointer, bit-reversed buffers
can be aligned to a 64K byte boundary. This has the advantage of allowing the
bit-reversed pointer to be initialized to the base address of the bit-reversed
buffer, with no bit-reversing required for the least-significant 16 bits of the
pointer value (which are all set to 0 by the 64K alignment).

Since buffers allocated on the stack only have an alignment of 8 bytes or less,
in most cases bit-reversed buffers should not be declared on the stack.
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5.8

After a bit-reversed memory access is completed, the general register is incremented by
the register increment value. Note that the value in the general register is never affected by
the bit-reversal that is performed as part of the memory access.

NOTE The Hexagon processor supports only register increments for bit-reversed
addressing — it does not support immediate increments.

Conditional load/stores

Some load and store instructions can be executed conditionally based on predicate values
which were set in a previous instruction. The compiler generates conditional loads and
stores to increase instruction-level parallelism.

Conditional loads and stores are expressed in assembly language with the instruction
prefix “if (pred expr)”, where pred expr specifies a predicate register expression
(Section 6.1). For example:

if (P0) RO = memw (R2) // conditional load
if (!P2) memh(R3 + #100) = R1 // conditional store
if (Pl.new) R3 = memw (R3++#4) // conditional load

Not all addressing modes are supported in conditional loads and stores. Table 5-11 shows
which modes are supported.

Table 5-11 Addressing modes (Conditional load/store)

Addressing Mode Conditional
Absolute Yes
Absolute-set No
Absolute with register offset No
Global pointer relative No
Indirect Yes
Indirect with offset Yes
Indirect with register offset Yes
Indirect with auto-increment immediate Yes
Indirect with auto-increment register No
Circular with auto-increment immediate No
Circular with auto-increment register No
Bit-reversed with auto-increment register No

When a conditional load or store instruction uses indirect-with-offset addressing mode,
note that the offset range is smaller than the range normally defined for indirect-with-
offset addressing (Section 5.7.6).
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5.9

Table 5-12 lists the conditional and normal offset ranges for indirect-with-offset

addressing.

Table 5-12 Conditional offset ranges (Indirect with offset)

Data Type Offset.R.ange Offset Range Offset _Must Be
(Conditional) (Normal) Multiple Of
doubleword 0..504 -8192 ... 8184 8
word 0..252 -4096 ... 4092 4
halfword 0..126 -2048 ... 2046 2
byte 0..63 -1024 ... 1023 1

NOTE For more information on conditional execution see Chapter 6.

Cache memory

The Hexagon processor has a cache-based memory architecture:

m A level 1 instruction cache holds recently-fetched instructions.

m A level 1 data cache holds recently-accessed data memory.

Load/store operations that access memory through the level 1 caches are referred to as
cached accesses.

Load/stores that bypass the level 1 caches are referred to as uncached accesses.

Specific memory areas can be configured so they perform cached or uncached accesses.
This configuration is performed by the Hexagon processor’s memory management unit
(MMU). The operating system is responsible for programming the MMU.

Two types of caching are supported (as cache modes):

n  Write-through caching keep the cache data consistent with external memory by
always writing to the memory any data that is stored in the cache.

m  Write-back caching allows data to be stored in the cache without being
immediately written to external memory. Cached data that is inconsistent with
external memory is referred to as dirty.

The Hexagon processor includes dedicated cache maintenance instructions which can be
used to push dirty data out to external memory.
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5.9.1

5.9.2

Table 5-13 lists the cache sizes for the V6x processor versions.

Table 5-13 Hexagon processor cache size

Processor L1 instruction L1 data L2
version cache cache cache
V60 16KB 32KB 256KB
V61 32KB 32KB 768KB 1

T 512K L2$ + 256K TCM

Uncached memory

In some cases load/store operations need to bypass the cache memories and be serviced
externally (for example, when accessing memory-mapped 1/O, registers, and peripheral
devices, or other system defined entities). The operating system is responsible for
configuring the MMU to generate uncached memory accesses.

Uncached memory is categorized into two distinct types:

m  Device-type is for accessing memory that has side-effects (such as a memory-
mapped FIFO peripheral). The hardware ensures that interrupts do not cancel a
pending device access. The hardware does not re-order device accesses.
Peripheral control registers should be marked as device-type.

m  Uncached-type is for memory-like memory. No side effects are associated with an
access. The hardware can load from uncached memory multiple times. The
hardware can re-order uncached accesses.

For instruction accesses, device-type memory is functionally identical to uncached-type
memory. For data accesses, they are different.

Code can be executed directly from the L2 cache, bypassing the L1 cache.

Tightly coupled memory

The Hexagon processor supports tightly-coupled instruction memory at Level 1, which is
defined as memory with similar access properties to the instruction cache.

Tightly-coupled memory is also supported at level 2, which is defined as backing store to
the primary caches.

For more information see Chapter 9.
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5.9.3

Cache maintenance operations

The Hexagon processor includes dedicated cache maintenance instructions which can be
used to invalidate cache data or push dirty data out to external memory.

The cache maintenance instructions operate on specific memory addresses. If the
instruction causes an address error (due to a privilege violation), the processor raises an
exception.

NOTE The exception to this rule is defetch, which never causes a processor
exception.

Whenever maintenance operations are performed on the instruction cache, the isync
instruction (Section 5.10) must be executed immediately afterwards. This instruction
ensures that the maintenance operations will be observed by subsequent instructions.

Table 5-14 lists the cache maintenance instructions.

Table 5-14 Cache instructions (User-level)

Syntax Pegr;:lt((:tti In Operation
icinva (Rs) Solo 1 Instruction cache invalidate.
Look up instruction cache at address Rs.
If address is in cache, invalidate it.
dccleaninva (Rs) Slot 1 Data cache clean and invalidate.
empty or Look up data cache at address Rs.

ALU32 only If address is in cache and has dirty data, flush that
data out to memory. The cache line is then
invalidated, whether or not dirty data was written.

dccleana (Rs) Slot 1 Data cache clean.
empty or Look up data cache at address Rs.

ALU32 only If address is in cache and has dirty data, flush that

data out to memory.
dcinva (Rs) Slot 1 Equivalent to dccleaninva (Rs).

empty or
ALU32 only

dcfetch(Rs) Normal 2 Data cache prefetch.

Prefetch data at address Rs into data cache.

NOTE - This instruction will not cause an exception.
12fetch(Rs,Rt) ALU32 or L2 cache prefetch.

XTYPE only Prefetch data from memory specified by Rs and Rt
into L2 cache.

1 Solo means that the instruction must not be grouped with other instructions in a packet.
2 Normal means that the normal instruction-grouping constraints apply.
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5.9.4

5.9.5

L2 cache operations
The cache maintenance operations (Section 5.9.3) operate on both the L1 and L2 caches.

The data cache coherency operations (including clean, invalidate, and clean and
invalidate) affect both the L1 and L2 caches, and ensure that the memory hierarchy
remains coherent.

However, the instruction cache invalidate operation affects only the L1 cache. Therefore,
invalidating instructions that may be in the L1 or L2 caches requires a two-step procedure:

1. Use icinva to invalidate instructions from the L1 cache.

2. Use dcinva separately to invalidate instructions from the L2 cache.

Cache line zero

The Hexagon processor includes the instruction dczeroa. This instruction allocates a line
in the L1 data cache and clears it (by storing all zeros). The behavior is as follows:

m  The Rsregister value must be 32-byte aligned. If it is unaligned, the processor will
raise an unaligned error exception.

m In the case of a cache hit, the specified cache line is cleared (i.e., written with all
zeros) and made dirty.

» In the case of a cache miss, the specified cache line is not fetched from external
memory. Instead, the line is allocated in the data cache, cleared, and made dirty.

This instruction is useful in optimizing write-only data. It allows for the use of write-back
pages — which are the most power and performance efficient — without the need to initially
fetch the line to be written. This removes unnecessary read bandwidth and latency.

NOTE dczeroa has the same exception behavior as write-back stores.

A packet with dczeroa must have Slot 1 either empty or containing an
ALU32 instruction.
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5.9.6

Cache prefetch
The Hexagon processor supports the following types of cache prefetching:

m Hardware-based instruction cache prefetching
= Software-based data cache prefetching
m  Software-based L2FETCH

» Hardware-based data cache prefetching

Hardware-based instruction cache prefetching

L1 and L2 instruction cache prefetching can be enabled or disabled on a per-thread basis —
this is done by setting the HFI field in the user status register (Section 2.2.3).

Software-based data cache prefetching

The Hexagon processor includes the instruction dcfetch. This instruction queries the L1
data cache based on the address specified in the instruction:

m If the address is present in the cache, no action is taken.

m If the cache line for the address is missing, the processor attempts to fill the cache
line from the next level of memory. Note that the thread does not stall, but rather
continues executing while the cache line fill occurs in the background.

m [f the address is invalid, no exception is generated and the dcfetch instruction is
treated as a NOP.

Software-based L2FETCH

More powerful L2 prefetching — of data or instructions — is provided by the 12fetch
instruction, which specifies an area of memory that is prefetched by the Hexagon
processor’s hardware prefetch engine. 12fetch specifies two registers (Rs and Rt) as
operands. Rs contains the 32-bit virtual start address of the memory area to be prefetched.
Rt contains three bit fields which further specify the memory area:

m  Rt[15:8] — width, which specifies the width (in bytes) of a block of memory to
fetch.

m Rt[7:0] — Height, which specifies the number of width-sized blocks to fetch.

m Rt[31:16] — stride, which specifies an unsigned byte offset that is used to
increment the pointer after each width-sized block is fetched.

The 12fetch instruction is non-blocking: it initiates a prefetch operation which is
performed in the background by the prefetch engine while the thread continues to execute
Hexagon processor instructions.

The prefetch engine requests all lines in the specified memory area. If the line(s) of
interest are already resident in the L2 cache, the prefetch engine performs no action. If the
lines are not in the L2 cache, the prefetch engine attempts to fetch them.
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The prefetch engine makes a best effort to prefetch the requested data, and attempts to
perform prefetching at a lower priority than demand fetches. This prevents the prefetch
engine from adding bus traffic when the system is under a heavy load.

If a program executes an 12 fetch instruction while the prefetch operation from a
previous 12fetch is still active, the prefetch engine halts the current prefetch operation.

NOTE Executing 12fetch with any bit field operand programmed to zero will
cancel all prefetch activity.

The status of the current prefetch operation is maintained in the PFA field of the user
status register (Section 2.2.3). This field can be used to determine whether or not a
prefetch operation has completed.

With respect to MMU permissions and error checking, the 12fetch instruction behaves
similarly to a load instruction. If the virtual address causes a processor exception, the
exception will be taken. (Note that this differs from the dcfetch instruction, which is
treated as a NOP in the presence of a translation/protection error.)

NOTE Prefetches are dropped when the generated prefetch address resides on a
different page than the start address. The programmer must use sufficiently
large pages to ensure this does not occur.

Figure 5-2 shows two examples of using the 12 fetch instruction. The first shows a ‘box’
prefetch, where a 2-D range of memory is defined within a larger frame. The second

example shows a prefetch for a large linear memory area of size (Lines * 128).

L2FETCH for box prefetch L2FETCH for large linear prefetch

31 16 15 87 0 31 16 15 87 0

Rt Stride Width | Height Rt 128 128 | Lines

Rs Start Address Rs Start Address

/ Stride

/

A
\4

Width

. Prefetch )
Height Area 128* Lines

Figure 5-2 L2FETCH instruction
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Hardware-based data cache prefetching

L1 data cache prefetching can be enabled or disabled on a per-thread basis — this is done
by setting the HFD field in the user status register (Section 2.2.3).

When data cache prefetching is enabled, the Hexagon processor observes patterns of data
cache misses, and attempts to predict future misses based on any recurring patterns of
misses where the addresses are separated by a constant stride. If such patterns are found,
the processor attempts to automatically prefetch future cache lines.

Data cache prefetching can be user-enabled at four levels of aggressiveness:

s HFD =00: No prefetching

s HFD =01: Prefetch up to 4 lines for misses originating from a load, with a post-
update addressing mode that occurs within a hardware loop

s HFD = 10: Prefetch up to 4 lines for misses originating from loads that occur
within a hardware loop

s HFD = 11: Prefetch up to 8 lines for misses originating from loads
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5.10 Memory ordering

Some devices may require synchronization of stores and loads when they are accessed. In
this case a set of processor instructions enable programmer control of the synchronization
and ordering of memory accesses.

Table 5-15 lists the memory-ordering instructions.

Table 5-15

Memory ordering instructions

Syntax

Operation

isync

Instruction synchronize.

This instruction should be executed after any instruction cache maintenance
operation.

syncht

Synchronize transactions.

Perform “heavyweight” synchronization. Ensure that all previous program
transactions (e.g., memw_locked, cached and uncached load/store) have
completed before execution resumes past this instruction.

NOTE - In V61 syncht ensures that outstanding memory operations from all
threads are complete before the syncht instruction is committed.

barrier

Set memory barrier.

Ensure proper ordering between the program accesses performed before the
instruction and those performed after the instruction.

All accesses before the barrier will be globally observable before any access
occurring after the barrier can be observed.

NOTE - In V61 barrier ensures that all outstanding memory operations from the
thread executing the barrier are complete before the instruction is committed.

Data memory accesses and program memory accesses are treated separately and held in
separate caches. Software should ensure coherency between data and program code if

necessary.

For example, with generated or self-modified code, the modified code will be placed in the
data cache and may be inconsistent with program cache. The software must explicitly
force modified data cache lines to memory (either by using a write-through policy, or
through explicit cache clean instructions). A barrier instruction should then be used to
ensure completion of the stores. Finally, relevant instruction cache contents should be
invalidated so the new instructions can be re-fetched.
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5.1

Here is the recommended code sequence to change and then execute an instruction:

ICINVA (R1) // clear code from instruction cache
ISYNC // ensure that ICINVA is finished
MEMW (R1) =RO // write the new instruction
DCCLEANINVA (R1) // force data out of data cache
SYNCHT // ensure that it’s in memory

JUMPR R1 // can now execute code at R1

NOTE The memory-ordering instructions must not be grouped with other
instructions in a packet, otherwise the behavior is undefined.

This code sequence differs from the one used in previous processor versions.

Atomic operations

The Hexagon processor includes an LL/SC (Load Locked / Store Conditional) mechanism
to provide the atomic read-modify-write operation that is necessary to implement
synchronization primitives such as semaphores and mutexes.

These primitives are used to synchronize the execution of different software programs
running concurrently on the Hexagon processor. They can also be used to provide atomic
memory support between the Hexagon processor and external blocks.

Table 5-16 describes the atomic instructions.

Table 5-16 Atomic instructions

Syntax

Description

Rd = memw_locked(Rs)

Load locked word.
Reserve lock on word at address Rs.

memw_locked(Rs,Pd) = Rt

Store conditional word.

If no other atomic operation has been performed at
the address (i.e., atomicity is ensured), perform the
store to the word at address Rs and return TRUE in
Pd; otherwise return FALSE.

TRUE indicates that the LL and SC operations have
been performed atomically.

Rdd = memd locked(Rs)

Load locked doubleword.
Reserve lock on doubleword at address Rs.

memd locked(Rs,Pd) = Rtt

Store conditional doubleword.

If no other atomic operation has been performed at
the address (i.e., atomicity is ensured), perform the
store to the doubleword at address Rs and return
TRUE in Pd; otherwise return FALSE.

TRUE indicates that the LL and SC operations have
been performed atomically.
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Here is the recommended code sequence to acquire a mutex:

// assume mutex address is held in RO
// assume R1,R3,P0,P1l are scratch

lockMutex:

R3 = #1

lock test spin:

Rl = memw_ locked(RO) // do normal test to wait
Pl = cmp.eq(R1, #0) // for lock to be available
if (!P1l) jump lock test spin

memw _locked (R0O,P0) = r3 // do store conditional (SC)

if (!P0) jump lock test spin // was LL and SC done atomically?

Here is the recommended code sequence to release a mutex:

// assume mutex address is held in RO
// assume R1 is scratch

R1 = #0
memw (RO) = R1

If a load locked operation is performed on an address that does not support atomic
operations, the behavior is undefined.

Atomic memX_locked operations are supported for external accesses that use the AXI bus
and support atomic operations. To perform load-locked operations with external memory,
the operating system must define the memory page as uncacheable, otherwise the
processor behavior is undefined.

For atomic operations on cacheable memory, the page attributes must be set to cacheable
and write-back, otherwise the behavior is undefined. Cacheable memory must be used
when threads need to synchronize with each other.

NOTE External memx locked operations are not supported on the AHB bus. If they

are performed on the AHB bus, the behavior is undefined.
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6

6.1

Conditional Execution

The Hexagon processor uses a conditional execution model based on compare instructions
that set predicate bits in one of four 8-bit predicate registers (P0o-p3). These predicate bits
can be used to conditionally execute certain instructions.

Conditional scalar operations examine only the least-significant bit in a predicate register,
while conditional vector operations examine multiple bits in the register.

Branch instructions are the main consumers of the predicate registers.

Scalar predicates

Scalar predicates are 8-bit values which are used in conditional instructions to represent
truth values:

m  OxFF represents true

»  0x00 represents false

The Hexagon processor provides the four 8-bit predicate registers PO-P3 to hold scalar
predicates (Section 2.2.5). These registers are assigned values by the predicate-generating
instructions, and examined by the predicate-consuming instructions.
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6.1.1 Generating scalar predicates
The following instructions generate scalar predicates:
m  Compare byte, halfword, word, doubleword
m  Compare single- and double-precision floating point
m Classify floating-point value
s Compare bitmask
= Bounds check
s TLB match
= Store conditional
Table 6-1 lists the scalar predicate-generating instructions.
Table 6-1  Scalar predicate-generating instructions
Syntax Operation
Pd = cmpb.eqg(Rs, {Rt,#us}) Equal (signed).
Pd = cmph.eq(Rs, {Rt,#s8}) Compare register Rs to Rt or a signed immediate for
Pd = [!lcmp.eq(Rs, {Rt,#s10}) equality. Assign Pd the resulting truth value.
Pd = cmp.eq(Rss,Rtt)
Pd = sfcmp.eq(Rs,Rt)
Pd = dfcmp.eqg(Rss,Rtt)
Pd = cmpb.gt (Rs, {Rt, #s8} Greater than (signed).
Pd = cmph.gt (Rs, {Rt,#s8}) Compare register Rs to Rt or a signed immediate for
Pd = [!lcmp.gt(Rs, {Rt,#s10}) signed greater than. Assign Pd the resulting truth
Pd = cmp.gt (Rss,Rtt) value.
Pd = sfcmp.gt (Rs,Rt)
Pd = dfcmp.gt (Rss,Rtt)
Pd = cmpb.gtu(Rs, {Rt,#u7}) Greater than (unsigned).
Pd = cmph.gtu(Rs, {Rt,#u7}) Compare register Rs to Rt or an unsigned immediate
Pd = [!lcmp.gtu(Rs, {Rt,#ud}) for unsigned greater than. Assign Pd the resulting
Pd = cmp.gtu(Rss,Rtt) truth value.
Pd = cmp.ge (Rs, #s8) Greater than or equal (signed).
Pd = sfcmp.ge (Rs,Rt) Compare register Rs to Rt or a signed immediate for
Pd = dfcmp.ge (Rss,Rtt) signed greater than or equal. Assign Pd the resulting
truth value.
Pd = cmp.geu(Rs, #u8) Greater than or equal (unsigned).
Compare register Rs to an unsigned immediate for
unsigned greater than or equal. Assign Pd the
resulting truth value.
Pd = cmp.lt(Rs,Rt) Less than (signed).
Compare register Rs to Rt for signed less than.
Assign Pd the resulting truth value.
Pd = cmp.ltu(Rs,Rt) Less than (unsigned).

Compare register Rs to Rt for unsigned less than.
Assign Pd the resulting truth value.
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Table 6-1  Scalar predicate-generating instructions (Continued)

Pd sfcmp.uo (Rs,Rt)
Pd = dfcmp.uo(Rss,Rtt)

Unordered (signed).

Determine if register Rs or Rt is set to the value NaN.
Assign Pd the resulting truth value.

Pd=sfclass(Rs, #u5)
Pd=dfclass (Rss, #u5)

Classify value (signed).

Determine if register Rs is set to any of the specified
classes. Assign Pd the resulting truth value.

Pd

[!1tstbit (Rs, {Rt,#us5})

Test if bit set.
Rt or an unsigned immediate specifies a bit position.

Test if the bit in Rs that is specified by the bit position
is set. Assign Pd the resulting truth value.

Pd = [!lbitsclr(Rs, {Rt,#u6})

Test if bits clear.
Rt or an unsigned immediate specifies a bitmask.

Test if the bits in Rs that are specified by the bitmask
are all clear. Assign Pd the resulting truth value.

Pd = [!]bitsset (Rs,Rt)

Test if bits set.
Rt specifies a bitmask.

Test if the bits in Rs that are specified by the bitmask
are all set. Assign Pd the resulting truth value.

memw_locked (Rs, Pd) Rt
memd locked(Rs,Pd) = Rtt

Store conditional.

If no other atomic operation has been performed at
the address (i.e., atomicity is ensured), perform the
store to the word at address Rs. Assign Pd the
resulting truth value.

Pd = boundscheck (Rs,Rtt) Bounds check.
Determine if Rs falls in the numeric range defined by
Rtt. Assign Pd the resulting truth value.

Pd = tlbmatch(Rss,Rt) Determine if TLB entry in Rss matches the ASID:PPN

specified in Rt. Assign Pd the resulting truth value.

NOTE One of the compare instructions (cmp . eq) includes a variant which stores a
binary predicate value (0 or 1) in a general register not a predicate register.
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6.1.2

Consuming scalar predicates

Certain instructions can be conditionally executed based on the value of a scalar predicate
(or alternatively specify a scalar predicate as an input to their operation).

The conditional instructions that consume scalar predicates examine only the least-
significant bit of the predicate value. In the simplest case, this bit value directly determines
whether the instruction is executed:

m | indicates that the instruction is executed

=m0 indicates that the instruction is not executed

If a conditional instruction includes the operator ! in its predicate expression, then the
logical negation of the bit value determines whether the instruction is executed.

Conditional instructions are expressed in assembly language with the instruction prefix
“if (pred expr)”’, where pred expr specifies the predicate expression. For example:

if (PO) jump target // jump if PO is true

if (!P2) R2 = R5 // assign register if !P2 is true
if (P1) RO = sub(R2,R3) // conditionally subtract if P1
if (P2) RO = memw (R2) // conditionally load word if P2

The following instructions can be used as conditional instructions:

m Jumps and calls (Section 7.3)

m»  Many load and store instructions (Section 5.8)

» Logical instructions (including AND/OR/XOR)
»  Shift halfword

= 32-bit add/subtract by register or short immediate
m  Sign and zero extend

m 32-bit register transfer and 64-bit combine word
m Register transfer immediate

m Deallocate frame and return

When a conditional load or store is executed and the predicate expression is false, the
instruction is cancelled (including any exceptions that might occur). For example, if a
conditional load uses an address with a memory permission violation, and the predicate
expression is false, then the load does not execute and the exception is not raised.

The mux instruction accepts a predicate as one of its basic operands:
Rd = mux(Ps,Rs,Rt)

mux selects either Rs or Rt based on the least significant bit in Ps. If the least-significant
bit in Ps is a 1, then Rd is set to Rs, otherwise it is set to Rt.
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6.1.3

Auto-AND predicates

If multiple compare instructions in a packet write to the same predicate register, the result
is the logical AND of the individual compare results. For example:

{

PO = cmp (A) // if A && B then jump
PO = cmp (B)

if (PO.new) Jjump:T taken path

}

To perform the corresponding OR operation, the following instructions can be used to
compute the negation of an existing compare (using De Morgan’s law):

Pd
Pd
Pd
Pd
Pd

lcmp. {eq, gt} (Rs, {#s10,Rt} )
lcmp.gtu(Rs, {#u9,Rt} )
ltstbit (Rs, {#u5,Rt} )
lbitsclr (Rs, {#u6,Rt} )
'bitsset (Rs, Rt)

Auto-AND predicates have the following restrictions:

If a packet contains endloopN, it cannot perform an auto-AND with predicate
register P3.

If a packet contains a register transfer from a general register to a predicate
register, then no other instruction in the packet can write to the same predicate
register. (As a result, a register transfer to p3:0 or C5:4 cannot be grouped with
any other predicate-writing instruction.)

The instructions spNloop0, decbin, tlbmatch, memw locked, memd locked,
add:carry, sub:carry, sfcmp, and dfcmp cannot be grouped with another
instruction that sets the same predicate register.

NOTE A register transfer from a predicate register to a predicate register has the
same auto-AND behavior as a compare instruction.
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6.1.4 Dot-new predicates

The Hexagon processor can generate and use a scalar predicate in the same instruction
packet (Section 3.3). This feature is expressed in assembly language by appending the
suffix “.new” to the specified predicate register. For example:

if (PO.new) R3 = memw(R4)
To see how dot-new predicates are used, consider the following C statement and the

corresponding assembly code that is generated from it by the compiler:

C statement

if (R2 == 4)
R3 = *R4;
else

R5 = 5;

Assembly code

{

PO = cmp.eq(R2,#4)

if (PO.new) R3 = memw(R4)
if (!PO.new) R5 = #5

!

In the assembly code a scalar predicate is generated and then consumed twice within the
same instruction packet.

The following conditions apply to using dot-new predicates:

m  The predicate must be generated by an instruction in the same packet. The
assembler normally enforces this restriction, but if the processor executes a packet
that violates this restriction, the execution result is undefined.

= A single packet can contain both the dot-new and normal forms of predicates. The
normal form examines the old value in the predicate register, rather than the
newly-generated value. For example:

{

PO = cmp.eq(R2,#4)
if (PO.new) R3 = memw(R4) // use newly-generated PO value
if (P0) R5 = #5 // use previous PO value

}
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6.1.5

6.2

6.2.1

Dependency constraints

Two instructions in an instruction packet should not write to the same destination register
(Section 3.3.5). An exception to this rule is if the two instructions are conditional, and
only one of them ever has the predicate expression value true when the packet is
executed.

For example, the following packet is valid as long as p2 and p3 never both evaluate to
true when the packet is executed:

b
Hh
g
N
sl
w
]

#4 // P2, P3, or both must be false
if (P3) R3 = #7

Because predicate values change at runtime, the programmer is responsible for ensuring
that such packets are always valid during program execution. If they are invalid, the
processor takes the following actions:

= When writing to general registers, an error exception is raised.

»  When writing to predicate or control registers, the result is undefined.

Vector predicates

The predicate registers are also used for conditional vector operations. Unlike scalar
predicates, vector predicates contain multiple truth values which are generated by vector
predicate-generating operations.

For example, a vector compare instruction compares each element of a vector and assigns
the compare results to a predicate register. Each bit in the predicate vector contains a truth
value indicating the outcome of a separate compare performed by the vector instruction.

The vector mux instruction uses a vector predicate to selectively merge elements from two
separate vectors into a single destination vector. This operation is useful for enabling the
vectorization of loops with control flow (i.e., branches).

The vector instructions that use predicates are described in the following sections.

Vector compare

A vector compare instruction inputs two 64-bit vectors, performs separate compares for
each pair of vector elements, and generates a predicate value which contains a bit vector of
truth values.
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Figure 6-1 shows an example of a vector byte compare.

Rss

Rtt

Figure 6-1 Vector byte compare

In Figure 6-1 two 64-bit vectors of bytes (contained in Rss and Rtt) are being compared.
The result is assigned as a vector predicate to the destination register Pd.

In the example vector predicate shown in Figure 6-1, note that every other compare result
in the predicate is true (i.c., 1).

Figure 6-2 shows how a vector halfword compare generates a vector predicate.

0 Pd

111100} 1]11|0
7 0

Rss

Rtt

Figure 6-2 Vector halfword compare

In Figure 6-2 two 64-bit vectors of halfwords are being compared. The result is assigned
as a vector predicate to the destination register Pd.

Because a vector halfword compare yields only four truth values, each truth value is
encoded as two bits in the generated vector predicate.
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6.2.2

Vector mux instruction

A vector mux instruction is used to conditionally select the elements from two vectors.
The instruction takes as input two source vectors and a predicate register. For each byte in
the vector, the corresponding bit in the predicate register is used to choose from one of the
two input vectors. The combined result is written to the destination register.

Figure 6-3 shows the operation of the vector mux instruction.

Rss
Rtt
VlVlVlVlVlVlVlVl
mux mux mux mux mux
P[S P[4] P[3] P[2] P[1] P[0]
Rdd
Figure 6-3 Vector mux instruction
Table 6-2 defines the vector mux instruction.
Table 6-2  Vector mux instruction
Syntax Operation
Rdd = vmux (Ps,Rss,Rtt) Select bytes from Rss and Rt

Changing the order of the source operands in a mux instruction enables both senses of the
result to be formed. For example:

R1:0 = vmux(PO,R3:2,R5:4) // choose bytes from R3:2 if true
R1:0 vmux (PO,R5:4,R3:2) // choose bytes from R3:2 if false

NOTE By replicating the predicate bits generated by word or halfword compares, the
vector mux instruction can be used to select words or halfwords.
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6.2.3 Using vector conditionals
Vector conditional support is used to vectorize loops with conditional statements.

Consider the following C statement:

for (i=0; 1i<8; i++) {
if (A[il) {
B[i] = C[i];
}
}

Assuming arrays of bytes, this code can be vectorized as follows:
R1:0 = memd(R_A) // R1:0 holds A[7]-A[0]
R3 = #0 // clear R3:2
R2 = #0
PO = vcmpb.eq(R1:0,R3:2) // compare bytes in A to zero
R5:4 = memd(R_B) // R5:4 holds B[7]-B[0]
R7:6 = memd (R_C) // R7:6 holds C[7]-CI[0]
R3:2 = vmux(PO,R7:6,R5:4) // if (A[i]) B[i]l=CI[i]
memd (R_B) = R3:2 // store B[7]-B[0]
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6.3

Predicate operations

The Hexagon processor provides a set of operations for manipulating and moving
predicate registers.

Table 6-3 lists the predicate register instructions.

Table 6-3  Predicate register instructions
Syntax Operation
Pd Ps Transfer predicate Ps to Pd
Pd Rs Transfer register Rs to predicate Pd
Rd Ps Transfer predicate Ps to register Rd
Pd and(Ps, [!]1Pt) Set Pd to bitwise AND of Ps and [NOT] Pt
Pd r(Ps, [I]Pt) Set Pd to bitwise OR of Ps and [NOT] Pt
Pd and (Ps, and(Pt, [!]Pu) |SetPdto AND of Ps and (AND of Pt and [NOT] Pu)
Pd and (Ps, or(Pt, [!]Pu) Set Pd to AND of Ps and (OR of Pt and [NOT] Pu)
Pd or (Ps, and(Pt, [!]Pu) Set Pd to OR of Ps and (AND of Pt and [NOT] Pu)
Pd or (Ps, or(Pt, [!]Pu) Set Pd to OR of Ps and (OR of Pt and [NOT] Pu)

Pd

not (Ps)

Set Pd to bitwise inversion of Ps

Pd xor (Ps, Pt) Set Pd to bitwise exclusive OR of Ps and Pt
Pd any8 (Ps) Set Pd to OxFF if any bit in Ps is 1, 0x00 otherwise
Pd alls (pPs) Set Pd to 0x00 if any bit in Ps is 0, OxFF otherwise

NOTE

These instructions belong to instruction class CR.

Predicate registers can be transferred to and from the general registers either
individually or as register quadruples (Section 2.2.5).
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71

The Hexagon processor supports the following program flow facilities:

» Conditional instructions
m Hardware loops
m  Software branches
= Pauses
= Exceptions
Software branches include jumps, calls, and returns. Several types of jumps are supported:
m  Speculative jumps
s Compare jumps
m Register transfer jumps

= Dual jumps

Conditional instructions

Many Hexagon processor instructions can be conditionally executed. For example:

if (P0) RO = memw (R2) // conditionally load word if PO
if (!P1) jump label // conditionally jump if not P1

The following instructions can be specified as conditional:

m Jumps and calls

= Many load and store instructions

m  Logical instructions (including AND/OR/XOR)
»  Shift halfword

m  32-bit add/subtract by register or short immediate
»  Sign and zero extend

m 32-bit register transfer and 64-bit combine word
m Register transfer immediate

m Deallocate frame and return

For more information, see Section 5.8 and Chapter 6.
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7.2 Hardware loops

The Hexagon processor includes hardware loop instructions which can perform loop
branches with zero overhead. For example:

loopO (start, #3) // loop 3 times
start:
{ RO = mpyi(RO,R0) } :endloop0

Two sets of hardware loop instructions are provided — 1oop0 and 1oopl — to enable
hardware loops to be nested one level deep. For example:

// Sum the rows of a 100x200 matrix.

loopl (outer_ start, #100)
outer_ start:
RO = #0
loopO (inner start,#200)
inner start:
R3 = memw (R1++#4)
{ RO = add(RO,R3) }:endloop0
{ memw(R2++#4) = RO }:endloopl

The hardware loop instructions are used as follows:

= For non-nested loops, 1oopo0 is used.

m  For nested loops, 1oopo0 is used for the inner loop, and 1oop1 for the outer loop.

NOTE If a program needs to create loops nested more than one level deep, the two
innermost loops can be implemented as hardware loops, with the remaining
outer loops implemented as software branches.

Each hardware loop is associated with a pair of dedicated loop registers:

m  The loop start address register San is set to the address of the first instruction in
the loop (which is typically expressed in assembly language as a label).

m  The loop count register Lcn is set to a 32-bit unsigned value which specifies the
number of loop iterations to perform. When the PC reaches the end of the loop,
Lcn is examined to determine whether the loop should repeat or exit.

The hardware loop setup instruction sets both of these registers at once — typically there is
no need to set them individually. However, because the loop registers completely specify
the hardware loop state, they can be saved and restored (either automatically by a
processor interrupt or manually by the programmer), enabling a suspended hardware loop
to be resumed normally once its loop registers are reloaded with the saved values.

The Hexagon processor provides two sets of loop registers for the two hardware loops:

m SA0 and Lco are used by 1oopo

m SA1 and Lc1 are used by loopl
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7.21

Table 7-1 lists the hardware loop instructions.

Table 7-1  Loop instructions

Syntax Description

loopN(start, Rs) Hardware loop with register loop count.

Set registers SAn and LCn for hardware loop N:

m  SAn is assigned the specified start address of the loop.
m LCn is assigned the value of general register Rs.

NOTE - The loop start operand is encoded as a PC-relative
immediate value.

loopN(start, #count) Hardware loop with immediate loop count.

Set registers SAn and LCn for hardware loop N:

m  SAn is assigned the specified start address of the loop.
m LCn is assigned the specified immediate value (0-1023).

NOTE - The loop start operand is encoded as a PC-relative
immediate value.

:endloopN Hardware loop end instruction.

Performs the following operation:
if (LCn > 1) {PC = SAn; LCn = LCn-1}

NOTE - This instruction appears in assembly as a suffix appended to
the last packet in the loop. It is encoded in the last packet.

SAn=Rs Set loop start address to general register Rs

LCn=Rs Set loop count to general register Rs

NOTE The loop instructions are assigned to instruction class CR.

Loop setup

To set up a hardware loop, the loop registers San and Lcn must be set to the proper values.
This can be done in two ways:

= A loopN instruction

m Register transfers to san and Lcn
The 1oopN instruction performs all the work of setting san and Lcn. For example:

loopO (start, #3) // SAO=&start, LC0=3
start:
{ RO = mpyi(RO,R0) } :endloopO

In this example the hardware loop (consisting of a single multiply instruction) is executed
three times. The 1oop0 instruction sets register SA0 to the address value of label start,
and LCo to 3.
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7.2.2

Loop counts are limited to the range 0-1023 when they are expressed as immediate values
in 1oopN. If the desired loop count exceeds this range, it must be specified as a register
value. For example:

Using 1oopN:

R1 = #20000;
loopO (start,R1) // LC0=20000, SAO=&start
start:
{ RO = mpyi(RO,R0) } :endloopO

Using register transfers:

R1 = #20000

LCO = R1 // LC0=20000

R1 = #start

SAO0 = R1 // SAO=&start
start:

{ RO = mpyi(RO,R0) } :endloop0

If a 1oopN instruction is located too far from its loop start address, the PC-relative offset
value that is used to specify the start address can exceed the maximum range of the
instruction’s start-address operand. If this occurs, either move the 1oopN instruction closer
to the loop start, or specify the loop start address as a 32-bit constant (Section 10.9). For
example:

Using 32-bit constants:

R1 = #20000;
loopO (##start,R1) // LC0=20000, SAO=&start

Loop end

The loop end instruction indicates the last packet in a hardware loop. It is expressed in
assembly language by appending the packet with the symbol “:endloopN”, where N
specifies the hardware loop (0 or 1). For example:

loopO (start, #3)
start:
{ RO = mpyi(RO,R0) } :endloop0 // last packet in loop

The last instruction in the loop must always be expressed in assembly language as a packet
(using curly braces), even if it is the only instruction in the packet.
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Nested hardware loops can specify the same instruction as the end of both the inner and
outer loops. For example:

// Sum the rows of a 100x200 matrix.
// Software pipeline the outer loop.

p0 = cmp.gt (RO,RO) // p0 = false
loopl (outer start, #100)
outer start:
{ if (p0) memw(R2++#4) = RO
pO0 = cmp.eqg(R0O,R0) // pO0 = true
RO = #0

loopO (inner start, #200) }
inner start:
R3 = memw (R1++#4)
{ RO = add(RO,R3) }:endloop0:endloopl
memw (R2++#4) = RO

Though endloopN behaves like a regular instruction (by implementing the loop test and
branch), note that it does not execute in any instruction slot, and does not count as an
instruction in the packet. Therefore a single instruction packet which is marked as a loop
end can perform up to six operations:

» Four regular instructions (the normal limit for an instruction packet)
s The endloopo test and branch

s The endloopi test and branch

NOTE The endloopN instruction is encoded in the instruction packet (Section 10.6).

7.2.3 Loop execution

After a hardware loop is set up, the loop body always executes at least once regardless of
the specified loop count (because the loop count is not examined until the last instruction
in the loop). Therefore, if a loop needs to be optionally executed zero times, it must be
preceded with an explicit conditional branch. For example:

loopO (start,R1)
PO = cmp.eq(R1,#0)
if (PO) jump skip
start:
{ RO = mpyi(RO,R0) } :endloopO
skip:

In this example a hardware loop is set up with the loop count in R1, but if the value in R1
is zero a software branch skips over the loop body.
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After the loop end instruction of a hardware loop is executed, the Hexagon processor
examines the value in the corresponding loop count register:

= Ifthe value is greater than 1, the processor decrements the loop count register and
performs a zero-cycle branch to the loop start address.

m Ifthe value is less than or equal to 1, the processor resumes program execution at
the instruction immediately following the loop end instruction.

NOTE Because nested hardware loops can share the same loop end instruction, the
processor may examine both loop count registers in a single operation.

7.2.4 Pipelined hardware loops

Software pipelined loops are common for VLIW architectures such as the Hexagon
processor. They offer increased code performance in loops by overlapping multiple loop
iterations.

A software pipeline has three sections:

m A prologue in which the loop is primed
m A kernel (or steady-state) portion
»  An epilogue which drains the pipeline

This is best illustrated with a simple example, as shown in Table 7-2.
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Table 7-2  Software pipelined loop

int foo(int *A, int *result)
{
int i;
for (i1=0;1<100;i++)
result[il= A[i]*A[i];
}

foo:
{ R3 = R1
loopO (.kernel, #98) // Decrease loop count by 2

R1
{ R1

R2
}

memw (RO++#4) // 1lst prologue stage
memw (RO++#4) // 2nd prologue stage
mpyi (R1,R1)

.falign
.kernel:
{ R1 memw (RO++#4) // kernel
R2 mpyi (R1,R1)
memw (R3++#4) = R2
} :endloop0
{ R2 = mpyi (R1,R1) // 1lst epilogue stage
memw (R3++#4) = R2
}

memw (R3++#4) = R2 // 2nd epilogue stage
jumpr 1lr

In Table 7-2 the kernel section of the pipelined loop performs three iterations of the loop
in parallel:

m The load for iteration N+2
s The multiply for iteration N+1

m The store for iteration N

One drawback to software pipelining is the extra code necessary for the prologue and
epilogue sections of a pipelined loop.

To address this issue the Hexagon processor provides the spNloop0 instruction, where the
“N” in the instruction name indicates a digit in the range 1-3. For example:

P3 = gsp2loopO (start, #10) // Set up pipelined loop
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spNloopo is a variant of the 1oop0 instruction: it sets up a normal hardware loop using
sa0 and Lco, but also performs the following additional operations:

= When the spN1oopo0 instruction is executed, it assigns the truth value false to the
predicate register p3.

= After the associated loop has executed N times, P3 is automatically set to true.

This feature (which is known as automatic predicate control) enables the store instructions
in the kernel section of a pipelined loop to be conditionally executed by p3 and thus —
because of the way spN1loop0 controls P3 — not be executed during the pipeline warm-up.
This can reduce the code size of many software pipelined loops by eliminating the need
for prologue code.

spNloop0 cannot be used to eliminate the epilogue code from a pipelined loop; however,
in some cases it is possible to do this through the use of programming techniques.

Typically, the issue affecting the removal of epilogue code is load safety. If the kernel
section of a pipelined loop can safely access past the end of its arrays — either because it is
known to be safe, or because the arrays have been padded at the end — then epilogue code
is unnecessary. However, if load safety cannot be ensured, then explicit epilogue code is
required to drain the software pipeline.

Table 7-3 shows how spNloop0 and load safety simplify the code shown in Table 7-2.

Table 7-3  Software pipelined loop (using spNloop0)

int foo(int *A, int *result)
{
int i;
for (i1=0;1<100;i++)
result[il= A[i]*A[i];
}

foo:

{ // load safety assumed
P3 = sp2loop0(.kernel, #102) // set up pipelined loop
R3 = R1

}

.falign

.kernel:

{ Rl = memw (RO++#4) // kernel
R2 = mpyi (R1,R1)
if (P3) memw (R3++#4) = R2

} :endloop0
jumpr lr

NOTE The count value that spN1oop0 uses to control the p3 setting is stored in the
user status register USR . LPCFG.
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7.2.5 Loop restrictions
Hardware loops have the following restrictions:

m  The loop setup packet in 1oopN or spNloop0 (Section 7.2.4) cannot contain a
speculative indirect jump, new-value compare jump, or dealloc return.

m The last packet in a hardware loop cannot contain any program flow instructions
(including jumps or calls).

m  The loop end packet in 1oop0 cannot contain any instruction that changes sao or
Lco. Similarly, the loop end packet in 1oop1 cannot contain any instruction that
changes SA1 or LC1.

m  The loop end packet in spN1loop0 cannot contain any instruction that changes p3.

NOTE sa1l and Lc1 can be changed at the end of 1oop0, while sa0 and L.co can be
changed at the end of 1oop1.

7.3 Software branches

Unlike hardware loops, software branches use an explicit instruction to perform a branch
operation. Software branches include the following instructions:

= Jumps
s Calls

m Returns

The target address for branch instructions can be specified as register indirect or PC-
relative offsets. PC-relative offsets are normally less than 32 bits, but can be specified as
32 bits by using the appropriate syntax in the target operand (Section 7.3.4).

Branch instructions can be unconditional or conditional, with the execution of conditional
instructions controlled by a predicate expression.

Table 7-4 summarizes the software branch instructions.

Table 7-4  Software branch instructions

Syntax Operation
[if (pred_expr)] jump label Branch to address specified by register Rs or PC-relative offset.
[if (pred_expr)] jumpr Rs Can be conditionally executed.
[if (pred_expr)] call label Branch to address specified by register Rs or PC-relative offset.
[if (pred_expr)] callr Rs Store subroutine return address in link register LR.

Can be conditionally executed.

[if (pred_expr)] jumpr LR Branch to subroutine return address contained in link register LR.
Can be conditionally executed.
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7.3.1 Jumps

Jump instructions change the program flow to a target address which can be specified by
either a register or a PC-relative immediate value. Jump instructions can be conditional
based on the value of a predicate expression.

Table 7-5 lists the jump instructions.

Table 7-5 Jump instructions

Syntax Operation

jump label Direct jump.

Branch to address specified by label.
Label is encoded as PC-relative signed immediate value.

jumpr Rs Indirect jump.
Branch to address contained in general register Rs.

if ([!]Ps) jump label Conditional jump.
if ([!]Ps) jumpr Rs Perform jump if predicate expression evaluates to true.

NOTE Conditional jumps can be specified as speculative (Section 7.4).

7.3.2 Calls

Call instructions are used to jump to subroutines. The instruction performs a jump to the
target address and also stores the return address in the link register Lr.

The forms of call are functionally similar to jump instructions and include both PC-
relative and register indirect in both unconditional and conditional forms.

Table 7-6 lists the call instructions.

Table 7-6  Call instructions

Syntax Operation

call label Direct subroutine call.

Branch to address specified by label, and store return address in register
LR. Label is encoded as PC-relative signed immediate value.

callr Rs Indirect subroutine call.

Branch to address contained in general register Rs, and store return
address in register LR.

if ([!]Ps) call label Conditional call.

if ([!]Ps) callr Rs If predicate expression evaluates to true, perform subroutine call to
specified target address.
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7.3.3

Returns

Return instructions are used to return from a subroutine. The instruction performs an
indirect jump to the subroutine return address stored in link register LR.

Returns are implemented as jump register indirect instructions, and support both
unconditional and conditional forms.

Table 7-7 lists the return instructions.

Table 7-7  Return instructions

Syntax

Operation

jumpr LR

Subroutine return.

Branch to subroutine return address contained in link register
LR.

if ([']Ps) jumpr LR

Conditional subroutine return.

If predicate expression evaluates to true, perform subroutine
return to specified target address.

dealloc_return

Subroutine return with stack frame deallocate.

Perform deallocframe operation (Section 8.5) and then
perform subroutine return to the target address loaded by
deallocframe from the link register.

if ([1]Ps) dealloc_return

Conditional subroutine return with stack frame deallocate.
If predicate expression evaluates to true, perform

deallocframe and then subroutine return to the target
address loaded by deallocframe from the link register.

NOTE The link register LR is an alias of general register R31. Therefore subroutine
returns can be performed with the instruction jumpr R31.

The conditional subroutine returns (including dealloc_return) can be
specified as speculative (Section 7.4).
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7.3.4

7.3.5

Extended branches

When a jump or call instruction specifies a PC-relative offset as the branch target, the
offset value is normally encoded in significantly less than 32 bits. This can limit the ability
for programs to specify “long” branches which span a large range of the processor’s
memory address space.

To support long branches, the jump and cal1l instructions have special versions which
encode a full 32-bit value as the PC-relative offset.

NOTE Such instructions use an extra word to store the 32-bit offset (Section 10.9).
The size of a PC-relative branch offset is expressed in assembly language by optionally
prefixing the target label with the symbol “##” or “#”:

m “##” specifies that the assembler must use a 32-bit offset
= “#” specifies that the assembler must not use a 32-bit offset

= No “#” specifies that the assembler use a 32-bit offset only if necessary
For example:

jump ##label // 32-bit offset
call #label // non 32-bit offset
jump label // offset size determined by assembler

Branches to and from packets

Instruction packets are atomic: even if they contain multiple instructions, they can be
referenced only by the address of the first instruction in the packet. Therefore, branches to
a packet can target only the packet’s first instruction.

Packets can contain up to two branches (Section 7.7). The branch destination can target
the current packet or the beginning of another packet.

A branch does not interrupt the execution of the current packet: all the instructions in the
packet are executed, even if they appear in the assembly source after the branch
instruction.

If a packet is at the end of a hardware loop, it cannot contain a branch instruction.
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7.4

Speculative jumps

Conditional instructions normally depend on predicates that are generated in a previous
instruction packet. However, dot-new predicates (Section 6.1.4) enable conditional
instructions to use a predicate generated in the same packet that contains the conditional
instruction.

When dot-new predicates are used with a conditional jump, the resulting instruction is
called a speculative jump. For example:

{
PO = cmp.eqg(R9, #16) // single-packet compare-and-jump
IF (PO.new) jumpr:t R11 // ... enabled by use of P0.new

}

Speculative jumps require the programmer to specify a direction hint in the jump
instruction, which indicates whether the conditional jump is expected to be taken or not.

The hint is used to initialize the Hexagon processor’s dynamic branch predictor. Whenever
the predictor is wrong, the speculative jump instruction takes two cycles to execute instead
of one (due to a pipeline stall).

Hints can improve program performance by indicating how speculative jumps are
expected to execute over the course of a program: the more often the specified hint
indicates how the instruction actually executes, the better the performance.

3

Hints are expressed in assembly language by appending the suffix “:t” or “:nt” to the

jump instruction symbol. For example:

m  jump:t — The jump instruction will most often be taken

m  jump:nt — The jump instruction will most often be not taken

In addition to dot-new predicates, speculative jumps also accept conditional arithmetic
expressions (=0, =0, >=0, <=0) involving the general register Rs.

Table 7-8 lists the speculative jump instructions.

Table 7-8  Speculative jump instructions

Syntax Operation

if ([!]Ps.new) jump:t label Speculative direct jump.

if ([!]Ps.new) jump:nt label If predicate expression evaluates to true, jump to address
specified by label.

if ([!]Ps.new) jumpr:t Rs Speculative indirect jump.

if ([!]Ps.new) jumpr:nt Rs If predicate expression evaluates to true, jump to address in
register Rs.

if (Rs ==#0) jump:t label Speculative direct jump.

if (Rs == #0) jump:nt label If predicate Rs = 0 is true, jump to address specified by label.

if (Rs !=#0) jump:t label Speculative direct jump.

if (Rs !=#0) jump:nt label If predicate Rs != 0 is true, jump to address specified by label.
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Table 7-8  Speculative jump instructions (Continued)

Syntax Operation
if (Rs >=#0) jump:t label Speculative direct jump.
if (Rs >=#0) jump:nt label If predicate Rs >= 0 is true, jump to address specified by
label.
if (Rs <=#0) jump:t label Speculative direct jump.
if (Rs <= #0) jump:nt label If predicate Rs <= 0 is true, jump to address specified by
label.

NOTE The hints :t and :nt interact with the predicate value to determine the
instruction cycle count.

Speculative indirect jumps are not supported with register Rs predicates.

7.5 Compare jumps

To reduce code size the Hexagon processor supports a compound instruction which
combines a compare with a speculative jump in a single 32-bit instruction.

For example:

{

p0 = cmp.eqg (R2,R5) // single-instr compare-and-jump
if (pO0.new) jump:nt target // enabled by compound instr

}

The register operands used in a compare jump are limited to RO-R7 or R16-R23
(Table 10-3).

The compare and jump instructions that can be used in a compare jump are limited to the
instructions listed in Table 7-9. The compare can use predicate PO or P1, while the jump
must specify the same predicate that is set in the compare.

A compare jump instruction is expressed in assembly source as two independent compare
and jump instructions in a packet. The assembler translates the two instructions into a
single compound instruction.
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Table 7-9 Compare jump instructions

Compare Instruction Jump Instruction
Pd = cmp.eq (Rs, Rt) IF (Pd.new) jump:t label
Pd = cmp.gt (Rs, Rt) IF (Pd.new) jump:nt label
Pd = cmp.gtu (Rs, Rt) IF (Pd.new) jump:t label
Pd = cmp.eq (Rs,#US) IF (!Pd.new) jump:nt label

Pd = cmp.gt (Rs,#US)
Pd = cmp.gtu (Rs,#U5)
Pd = cmp.eq (Rs,#-1)
Pd = cmp.gt (Rs,#-1)
Pd = tstbit (Rs, #0)

New-value compare jumps

A compare jump instruction can access a register that is assigned a new value in the same
instruction packet (Section 3.3). This feature is expressed in assembly language by the
following changes:

3

»  Appending the suffix “.new” to the new-value register in the compare

= Rewriting the compare jump so its constituent compare and jump operations
appear as a single conditional instruction

For example:

// load-compare-and-jump packet enabled by new-value compare jump

{

RO = memw (R2+#8)
if (cmp.eg(RO.new,#0)) jump:nt target

}

New-value compare jump instructions have the following restrictions:
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7.6

s They are limited to the instruction forms listed in Table 7-10.
m They cannot be combined with another jump instruction in the same packet.

m [f an instruction produces a 64-bit result or performs a floating-point operation
(Section 1.3.4), its result registers cannot be used as the new-value register.

m If an instruction uses auto-increment or absolute-set addressing mode
(Section 5.7), its address register cannot be used as the new-value register.

m If the instruction that sets a new-value register is conditional (Section 6.1.2), it
must always be executed.

If the specified jump direction hint is wrong (Section 7.4), a new-value compare jump
takes three cycles to execute instead of one. While this penalty is one cycle longer than in
a regular speculative jump, the overall performance is still better than using a regular
speculative jump (which must execute an extra packet in all cases).

NOTE New-value compare jump instructions are assigned to instruction class NV,
which can execute only in Slot 0. The instruction that assigns the new value
must execute in Slot 1, 2, or 3.

Table 7-10 New-value compare jump instructions

if ([!]cmp.eq (Rs.new, Rt)) jump:[hint] label
if ([!]Jcmp.gt (Rs.new, Rt)) jump:[hint] label
if ([!]cmp.gtu (Rs.new, Rt)) jump:[hint] label

if ([!]Jemp.gt (Rs, Rt.new)) jump:[hint] label
if ([!Jemp.gtu (Rs, Rt.new)) jump:[hint] label

if ([!Jemp.eq (Rs.new, #u5)) jump:[hint] label
if ([!Jemp.gt (Rs.new, #u5)) jump:[hint] label
if ([!]cmp.gtu (Rs.new ,#u5)) jump:[hint] label

if ([!']cmp.eq (Rs.new, #-1)) jump:[hint] label
if ([!]cmp.gt (Rs.new, #-1)) jump:[hint] label

if ([!]tstbit (Rs.new, #0)) jump:[hint] label

Register transfer jumps

To reduce code size the Hexagon processor supports a compound instruction which
combines a register transfer with an unconditional jump in a single 32-bit instruction.

For example:

jump target // jump to label “target”
R1 = R2 // assign contents of reg R2 to R1
!
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The source and target register operands in the register transfer are limited to RO-R7 or
R16-R23 (Table 10-3).

The target address in the jump is a scaled 9-bit PC-relative address value (as opposed to
the 22-bit value in the regular unconditional jump instruction).

A register transfer jump instruction is expressed in assembly source as two independent
instructions in a packet. The assembler translates the instructions into a single compound
instruction.

Table 7-11 lists the register transfer jump instructions.

Table 7-11 Register transfer jump instructions

Syntax Operation

jump label; Rd=Rs Register transfer jump.

Perform register transfer and branch to address specified by label.
Label is encoded as PC-relative 9-bit signed immediate value.

jump label; Rd=#u6 Register transfer immediate jump.

Perform register transfer (of 6-bit unsigned immediate value) and
branch to address specified by label.
Label is encoded as PC-relative 9-bit signed immediate value.

7.7 Dual jumps

Two software branch instructions (referred to here as “jumps”) can appear in the same
instruction packet, under the conditions listed in Table 7-12.

The first jump is defined as the jump instruction at the lower address, and the second jump
as the jump instruction at the higher address.

Unlike most packetized operations, dual jumps are not executed in parallel (Section 3.3.1).
Instead, the two jumps are processed in a well-defined order in a packet:

1. The predicate in the first jump is evaluated.
2. If the first jump is taken, the second jump is ignored.

3. If the first jump is not taken, the second jump is performed.

Table 7-12 Dual jump instructions

Instruction Description I:':r:gtl:::t% S?:::gkj:tr; P
jump Direct jump No Yes
if ([']Ps[.new]) jump Conditional jump Yes Yes
call Direct calls No Yes
if ([!]Ps) call
Pd=cmp.xx ; if ([!]Pd.new) jump Compare jump Yes Yes
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Table 7-12 Dual jump instructions

. . First jump | Second jump
Instruction Description in packet? in packet?
if ([!]cmp.xx(Rs.new, Rt)) jump New-value compare jump No No
jumpr Indirect jumps No No
if ([!]Ps[.new]) jumpr Indirect calls
f:allr dealloc return
if ([1]Ps) callr -
dealloc_return
if ([']Ps[.new]) dealloc_return
endloopN Hardware loop end No No

NOTE Ifacall is ignored in a dual jump, the link register LR is not changed.

Hint indirect jump target

Because it obtains the jump target address from a register, the jumpr instruction
(Section 7.3.1) normally causes the processor to stall for one cycle.

To avoid the stall penalty caused by a jumpr instruction, the Hexagon processor supports
the jump hint instruction hintjr, which can be specified before the jumpr instruction.

The hintjr instruction indicates that the program is about to execute a jumpr to the
address contained in the specified register.

Table 7-13 lists the speculative jump instructions.

Table 7-13 Jump hint instruction

Syntax

Operation

hintjr(Rs)

Inform processor that jumpr (Rs) instruction is about to be

performed.

NOTE In order to prevent a stall, the hintjr instruction must be executed at least 2
packets before the corresponding jumpr instruction.

The hintjr instruction is not needed for jumpr instructions used as returns
(Section 7.3.3), because in this case the Hexagon processor automatically
predicts the jump targets based on the most recent nested call instructions.
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7.10

Pauses

Pauses suspend the execution of a program for a period of time, and put it into low-power
mode. The program remains suspended for the duration specified in the instruction.

The pause instruction accepts an unsigned 8-bit immediate operand which specifies the
pause duration in terms of cycles. The maximum possible duration is 263 cycles (255+8).

Hexagon processor interrupts cause a program to exit the paused state before its specified
duration has elapsed.

The pause instruction is useful for implementing user-level low-power synchronization
operations (such as spin locks).

Table 7-14 lists the pause instruction.

Table 7-14 Pause instruction

Syntax Operation
pause (#u8) Suspend program in low-power mode for specified cycle
duration.
Exceptions

Exceptions are internally-generated disruptions to the program flow.

The Hexagon processor OS handles fatal exceptions by terminating the execution of the
application system. The user is responsible for fixing the problem and recompiling their
applications.

The error messages generated by exceptions include the following information to assist in
locating the problem:

m Cause code — Hexadecimal value indicating the type of exception that occurred
m  User IP — PC value indicating the instruction executed when exception occurred

m Bad VA — Virtual address indicating the data accessed when exception occurred

NOTE The cause code, user IP, and Bad VA values are stored in the Hexagon
processor system control registers SSR[7: 0], ELR, and BADVA respectively.

If multiple exceptions occur simultaneously, the exception with the lowest error code
value has the highest exception priority.

If a packet contains multiple loads, or a load and a store, and both operations have an
exception of any type, then all Slot 1 exceptions are processed before any Slot 0 exception
is processed.

NOTE The exceptions defined for processor versions V60 and V61 are identical,
with one exception: V61 defines an additional event (with cause code 0x27)
to indicate stack overflow.
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Table 7-15 lists the exceptions for the V60 and V61 processor versions.

Table 7-15 V60/61 exceptions

Cause

Code Event Type Event Description Notes
0x0 Reset Software thread reset. Non-maskable,
Highest Priority
0x01 Precise, Unrecoverable BIU error (bus error, timeout, L2 | Non-maskable
Unrecoverable | parity error, etc.).
0x03 Precise, Double exception (exception occurs while Non-maskable
Unrecoverable | SSR[EX]=1).
0x11 Precise Privilege violation: User/Guest mode execute to | Non-maskable
page with no execute permissions (X=0).
0x12 Precise Privilege violation: User mode execute to a Non-maskable
page with no user permissions (X=1, U=0).
0x15 Precise Invalid packet. Non-maskable
0x16 Precise lllegal Execution of Coprocessor Instruction. Non-maskable
0x1A | Precise Privilege violation: Executing a guest mode Non-maskable
instruction in user mode.
0x1B | Precise Privilege violation: Executing a supervisor Non-maskable
instruction in user/guest mode.
0x1D | Precise, Packet with multiple writes to the same Non-maskable
Unrecoverable | destination register.
Ox1E |Precise, Program counter values that are not properly Non-maskable
Unrecoverable |aligned.
0x20 | Precise Load to misaligned address. Non-maskable
0x21 Precise Store to misaligned address. Non-maskable
0x22 | Precise Privilege violation: User/Guest mode Read to Non-maskable
page with no read permission (R=0).
0x23 | Precise Privilege violation: User/Guest mode Write to Non-maskable
page with no write permissions (W=0).
0x24 | Precise Privilege violation: User mode Read to page Non-maskable
with no user permission (R=1, U=0).
0x25 Precise Privilege violation: User mode Write to page Non-maskable
with no user permissions (W=1, U=0).
0x26 Precise Coprocessor VMEM address error. Non-maskable
0x27 Precise Stack overflow: Allocframe instruction exceeded | Non-maskable,
FRAMELIMIT. V61 and greater
0x42 | Imprecise Data abort. Non-maskable
0x43 | Imprecise NMIL. Non-maskable
0x44 Imprecise Multiple TLB match. Non-maskable
0x45 Imprecise Livelock exception. Non-maskable
0x60 | TLB miss-X Due to missing Fetch address on PC-page. Non-maskable
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Table 7-15 V60/61 exceptions (Continued)

Cause

Code Event Type Event Description Notes
0x61 TLB miss-X Due to missing Fetch on second page from Non-maskable
packet that spans pages.
0x62 | TLB miss-X Dueto icinva. Non-maskable
Reserved
0x70 | TLB miss-RW | Due to memory read. Non-maskable
0x71 TLB miss-RW | Due to memory write. Non-maskable
Reserved
#u8 Trap0 Software Trap0 instruction. Non-maskable
#u8 Trap1 Software Trap1 instruction. Non-maskable
Reserved
0x80 | Debug Single-step debug exception.
Reserved
0xBF | Floating-Point | Execution of Floating-Point instruction resulted | Non-maskable
in exception.
0xCO | InterruptO General external interrupt. Maskable, highest
priority general
interrupt
0xC1 Interrupt 1 General external interrupt Maskable
0xC2 | Interrupt 2
0xC3 | Interrupt 3
0xC4 |Interrupt 4
0xC5 |Interrupt 5
0xC6 | Interrupt 6
0xC7 | Interrupt 7
0xC8 | Interrupt 8
0xC9 |Interrupt 9
0xCA |Interrupt 10
0xCB | Interrupt 11
0xCC |Interrupt 12
0xCD |Interrupt 13
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Table 7-15 V60/61 exceptions (Continued)

Cause
Code

OxCE |Interrupt 14 General external interrupt Maskable
OxCF | Interrupt 15
0xDO | Interrupt 16
0xD1 Interrupt 17
0xD2 |Interrupt 18
0xD3 | Interrupt 19
0xD4 | Interrupt 20
0xD5 | Interrupt 21
0xD6 | Interrupt 22
0xD7 | Interrupt 23
0xD8 | Interrupt 24
0xD9 | Interrupt 25
OxDA | Interrupt 26
0xDB | Interrupt 27
0xDC |Interrupt 28
0xDD | Interrupt 29

Event Type Event Description Notes

OxDE | Interrupt 30 General external interrupt. Maskable, lowest
priority internal
interrupt

OxDF | Interrupt 31 General external interrupt. Maskable, lowest

priority interrupt
reserved for L2
Vectored Interrupt
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8 Software Stack

The Hexagon processor includes dedicated registers and instructions to support a call
stack for subroutine execution.

The stack structure follows standard C conventions.

8.1 Stack structure

The stack is defined to grow from high addresses to low addresses. The stack pointer
register Sp points to the data element that is currently on the top of the stack.
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Figure 8-1 shows the stack structure.

Stack in Memory

Saved LR
Saved FP

Higher Address
Procedure Local
Data on Stack

Stack frame

|

Saved LR
Saved FP <¢—— FP register

Procedure Local
Data on Stack

y

<¢—— SP register
Lower Address

Unallocated Stack

Figure 8-1 Stack structure

NOTE The Hexagon processor supports three dedicated stack instructions:
allocframe, deallocframe, and dealloc_return (Section 8.5).

The sp address must always remain 8-byte aligned for the stack instructions
to work properly.
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8.2 Stack frames

The stack is used to store stack frames, which are data structures that store state
information on the active subroutines in a program (i.e., those that were called but have
not yet returned). Each stack frame corresponds to an active subroutine in the program.

A stack frame contains the following elements:

m The local variables and data used by the subroutine
m  The return address for the subroutine call (pushed from the link register Lr)

m  The address of the previous stack frame allocated on the stack (pushed from the
frame pointer register Fp)

The frame pointer register FP always contains the address of the saved frame pointer in
the current stack frame. It facilitates debugging by enabling a debugger to examine the
stack in memory and easily determine the call sequence, function parameters, etc.

NOTE For leaf functions it is often unnecessary to save ¥p and LR. In this case Fp
contains the frame pointer of the calling function, not the current function.

8.3 Stack protection

The Hexagon V6x processor supports the following features to protect the integrity of the
software stack:

m  Stack bounds checking

m  Stack smashing protection

8.3.1 Stack bounds checking

Stack bounds checking prevents a stack frame from being allocated past the lower
boundary of the software stack.

FRAMELIMIT is a 32-bit control register which stores a memory address that specifies the
lower bound of the memory area reserved for the software stack. When the allocframe
instruction allocates a new stack frame, it compares the new stack pointer value in sp with
the stack bound value in FRAMELIMIT. If SP is less than FRAMELIMIT, the Hexagon
processor raises exception 0x27 (Section 7.10).

NOTE Stack bounds checking is performed when the processor is in user and guest
modes, but not in monitor mode.
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8.3.2

8.4

Stack smashing protection

Stack smashing is a technique used by malicious code to gain control over an executing
program. Malicious code causes buffer overflows to occur in a procedure’s local data, with
the goal of modifying the subroutine return address stored in a stack frame so it points to
the malicious code instead of the intended return code.

Stack smashing protection prevents this from happening by scrambling the subroutine
return address whenever a new stack frame is allocated, and then unscrambling the return
address when the frame is deallocated. Because the value in FRAMEKEY changes regularly
and varies from device to device, it becomes difficult to pre-calculate a malicious return
address.

FRAMEKEY is a 32-bit control register which is used to scramble return addresses stored on
the stack:

m In the allocframe instruction, the 32-bit return address in link register LR is
XOR-scrambled with the value in FRAMEKEY before it is stored in the new stack
frame.

m Indeallocframe and dealloc_ return, the return address loaded from the stack
frame is unscrambled with the value in FRAMEKEY before it is stored in LR.

After a processor reset, the default value of FRAMEKEY is 0. If this value is not changed,
stack smashing protection is effectively disabled.

NOTE Each hardware thread has its own instance of the FRAMEKEY register.

Stack registers

Table 8-1 lists the stack registers.

Table 8-1  Stack registers

Register Name Description Alias
SP Stack pointer Points to topmost stack element in memory R29

FP Frame pointer Points to previous stack frame on stack R30

LR Link register Contains return address of subroutine call R31
FRAMELIMIT | Frame limit register Contains lowest address of stack area C16
FRAMEKEY | Frame key register Contains scrambling key for return addresses | C17

NOTE sp, Fp, and LR are aliases of three general registers (Section 2.1). These
general registers are conventionally dedicated for use as stack registers.
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8.5 Stack instructions

The Hexagon processor includes the instructions allocframe and deallocframe to
efficiently allocate and deallocate stack frames on the call stack.

Table 8-2 describes these instructions.

Table 8-2 Stack instructions

Syntax Operation

allocframe(#ul1:3) Allocate stack frame.

This instruction is used after a call. It first XORs the values in LR
and FRAMEKEY, and pushes the resulting scrambled return
address and FP to the top of stack.

Next, it subtracts an unsigned immediate from SP in order to
allocate room for local variables. If the resulting SP is less than
FRAMELIMIT, the processor raises exception 0x27. Otherwise,
SP is set to the new value, and FP is set to the address of the
old frame pointer on the stack.

The immediate operand as expressed in assembly syntax
specifies the byte offset. This value must be 8-byte aligned. The
valid range is from 0 to 16 KB.

deallocframe Deallocate stack frame.

This instruction is used before a return in order to free a stack
frame. lt first loads the saved FP and LR values from the
address at FP, and XORs the restored LR with the value in
FRAMEKEY to unscramble the return address. SPis then
pointed back to the previous frame.

dealloc_return Subroutine return with stack frame deallocate.

Perform deallocframe operation, and then perform
subroutine return (Section 7.3.3) to the target address loaded
from LR by deallocframe.

NOTE allocframe and deallocframe load and store the Lr and FP registers on the
stack as a single aligned 64-bit register pair (i.e., LR:FP).
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9 PMU Events

The Hexagon processor can collect execution statistics on the applications it executes. The
statistics summarize the various types of Hexagon processor events that occurred while
the application was running.

Execution statistics can be collected in hardware or software:

m  Statistics can be collected in hardware with the Performance Monitor Unit (PMU),
which is defined as part of the Hexagon processor architecture.

m  Statistics can be collected in software using the Hexagon simulator. The simulator
statistics are presented in the same format used by the PMU.

Execution statistics are expressed in terms of processor events. This chapter defines the
event symbols, along with their associated numeric codes.

NOTE Because the types of execution events vary across the Hexagon processor
versions, different types of statistics are collected for each version. This
chapter lists the event symbols defined for version V62.
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PMU Events

9.1

V62 processor event symbols

Table 9-1 defines the symbols that are used to represent processor events for the V62

Hexagon processor.

Table 9-1 V62 processor event symbols
Event Symbol Definition
0x00 |No Do nothing. This event never causes a counter update.
0x01 | COUNTERO_OVERFLOW Counter0 overflow. This can be used as the event detected by

counter1 to build an effective 64-bit counter.

0x02 | COUNTER2_OVERFLOW Counter2 overflow. This can be used as the event detected by
counter3 to build an effective 64-bit counter.
0x03 |COMMITTED_PKT_ANY Thread committed a packet. Packets executed.
0x04 |COMMITTED_PKT_BSB Packet committed 2 cycles after previous packet in same thread.
0x05 |COUNTER4_OVERFLOW Counter4 overflow. This can be used as the event detected by
counter5 to build an effective 64-bit counter.
0x06 |COUNTER6_OVERFLOW Counter6 overflow. This can be used as the event detected by
counter? to build an effective 64-bit counter.
0x07 |COMMITTED_PKT_B2B Packet committed 1 cycle after previous packet in same thread.
0x08 |COMMITTED_PKT_SMT 2 packets committed in the same cycle.
0x12 |ICACHE_DEMAND_MISS Icache demand miss. Includes secondary miss and dczero.
Excludes uncacheables, prefetch initiated misses, and predicate-
killed operations.
0x13 |DCACHE_DEMAND_MISS Dcache cacheable demand primary or secondary miss. Includes
dczero stall. Excludes uncacheables, prefetches, and no allocate
store misses.
0x14 |DCACHE_STORE_MISS Dcache cacheable store miss.
0x17 |CU_PKT_READY_NOT_DISPATCHED | Packet ready at scheduler but not scheduled because a) its thread
was not picked or b) an intercluster resource conflict occurred.
0x20 |ANY_IU_REPLAY Any IU stall other than icache miss. Includes jump register stall,
fetchcross stall, itlb miss stall, etc. Excludes CU replay.
0x21 |ANY_DU_REPLAY Any DU replay. Bank conflict, dTLB miss, etc. Excludes stalls due
to cache misses.
0x22 |CU_REDISPATCH Any case where a packet is redispatched. Commonly a replay
requested for a non-replayable instruction or forwarding bus
resource conflict.
0x25 |COMMITTED _PKT_1 THREAD _ Committed packets with 1 thread running. Not in stop/wait.
RUNNING
0x26 |COMMITTED_PKT_2_ THREAD_ Committed packets with 2 threads running. Not in stop/wait.
RUNNING
0x27 |COMMITTED_PKT_3_THREAD_ Committed packets with 3 threads running. Not in stop/wait.
RUNNING
0x2a |COMMITTED_INSTS Committed instructions. Increments by up to 8 per cycle. Duplex
counts as two instructions. Does not include endloops.
0x2b | COMMITTED_TC1_INSTS Committed tc1 class instructions. Increments by up to 8 per cycle.

Duplex of two tc1 instructions counts as two tc1 instructions.
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PMU Events

Table 9-1 V62 processor event symbols
Event Symbol Definition
0x2c | COMMITTED_PRIVATE_INSTS Committed instructions that have per-cluster (private) execution
resources. Increments by up to 8 per cycle. Duplex of two private
instructions counts as two private instructions.
0x2f |COMMITTED_PKT_4_THREAD_ Committed packets with 4 threads running. Not in stop/wait.
RUNNING
0x30 |COMMITTED_LOADS Committed load instructions. Includes cached and uncached.
Increments by 2 for dual loads. Excludes prefetches, memops.
0x31 |COMMITTED_STORES Committed store instructions. Includes cached and uncached.
Increments by 2 for dual stores. Excludes memops.
0x32 |COMMITTED_MEMOPS Committed memop instructions. Cached or uncached.
0x37 |COMMITTED_PROGRAM_FLOW_ Committed packet contains program flow inst. Includes cr jumps,
INSTS endloop, j, jr, dealloc_return, system/trap, superset of event 0x38.
Dual jumps count as two.
0x38 |COMMITTED_PKT_CHANGED _ Committed packet resulted in change-of-flow. Any taken jump,
FLOW includes endloop.
0x39 |COMMITTED_PKT_ENDLOOP Committed packet contains an endloop which was taken.
0x3b |CYCLES_1_THREAD_RUNNING Processor cycles that 1 thread is running. Not in wait or stop.
0x3c |CYCLES_2 THREAD_RUNNING Processor cycles that 2 threads are running. Not in wait or stop.
0x3d |CYCLES_3_THREAD_RUNNING Processor cycles that 3 threads are running. Not in wait or stop.
0x3e |CYCLES_4 THREAD_RUNNING Processor cycles that 4 threads are running. Not in wait or stop.
0x40 |AXI_READ_REQUEST All read requests issued by primary AXI master. Includes full line
and partial line.
0x41 | AXI_LINE32_READ_REQUEST 32-byte line read requests issued by primary AXI master.
0x42 |AXI_WRITE_REQUEST All write requests issued by primary AXI master. Includes full line
and partial line.
0x43 |AXI_LINE32 WRITE_REQUEST 32-byte line write requests issued by primary AXI master, all bytes
valid.
0x44 |AHB_READ_REQUEST Read requests issued by AHB master.
0x45 |AHB_WRITE_REQUEST Write requests issued by AHB master.
0x47 |AXI_SLAVE _MULTI_BEAT_ACCESS | AXI slave multi-beat access.
0x48 |AXI_SLAVE SINGLE BEAT _ AXI slave single-beat access.
ACCESS
0x49 |AXI2_READ_REQUEST All read requests issued by secondary AXI master. Includes full
line and partial line.
Ox4a |AXI2_LINE32 READ REQUEST 32-byte line read requests issued by secondary AXI master
Ox4b |AXI2_WRITE_REQUEST All write requests issued by secondary AXI master. Includes full
line and partial line.
Ox4c |AXI2_LINE32_WRITE_REQUEST 32-byte line write requests issued by secondary AXI master.
0x4d |AXI2_CONGESTION Secondary AXI command or data queue is full and an operation is
stuck at the head of the secondary AXI master command queue.
0x50 |COMMITTED_FPS Committed floating point instructions. Increments by 2 for dual FP
ops. Excludes conversions.
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Table 9-1 V62 processor event symbols
Event Symbol Definition
0x51 |BRANCH_MISPREDICT_DIRECTION | Branch mispredict direction. Includes new-predicate, old-

predicate, low loop count, new-value, and dealloc_return direction
mispredicts. Only counts once if both jumps in a dual jump
mispredict. Excludes target mispredicts.

0x52 |BRANCH_MISPREDICT_TARGET Branch mispredict target. Includes RAS mispredict. Excludes
indirect jumps and calls other than JUMPR R31 returns. Excludes
direction mispredicts.

0x58 |JTLB_MISS Instruction or data address translation request missed in JTLB.

0x5a |COMMITTED_PKT_RETURN Committed a return instruction. Includes canceled returns.

0x5b | COMMITTED_PKT_INDIRECT_JUMP | Committed an indirect jump or call instruction. Includes canceled
instructions. Does not include JUMPR R31 returns.

0x5¢ |COMMITTED_BIMODAL _ Committed bimodal branch. Includes .old and .new. Increments by

BRANCH_INSTS 2 for dual jumps.

0x65 |IU_DEMAND_SECONDARY_MISS Icache secondary miss.

0x6b |IU_PREFETCHES_SENT_TO L2 IU prefetches sent to L2. Counts cachelines not dropped by L2.
Excludes replayed prefetches and only counts ones L2 accepts.

0x6c |ITLB_MISS ITLB miss. One per thread maximum.

0x76 |L2_IU_ACCESS L2 access from IU. Any access to L2 cache that was the result of
an IU command, either demand or L1 prefetch access. Excludes
L2 prefetches, TCM accesses, and uncacheables.

0x77 |L2_IU_MISS L2 misses from IU. Of the events qualified by 0x76, the ones that
resulted in an L2 miss (demand miss or L1 prefetch miss).
Includes hitting a reserved line.

0x78 |L2 IU PREFETCH_ACCESS Pre-fetch from the |U to L2. Any U pre-fetch access sent to the L2
cache. Access must be L2 cacheable and target primary AXI. This
does not include L2Fetch generated accesses.

0x79 |L2_IU_PREFETCH_MISS L2 prefetch from IU miss. Of the events qualified by 0x78, the
ones that resulted in an L2 miss.

0x7c |L2_ DU READ ACCESS L2 read access from DU. Any read access from DU that may
cause a lookup in the L2 cache. includes loads, L1 prefetch,
dcfetch. excludes initial L2fetch command, uncacheables.

0x7d |L2_DU_READ_MISS L2 read miss from DU. Of the events qualified by 0x7c, the ones
that resulted in a miss and were attempts to load data. Includes
prefetches. Excludes TCM.

0x7e |L2FETCH_ACCESS L2fetch access from DU. Any access to the L2 cache from the L2
prefetch engine that was initiated by programing the L2Fetch
engine. Includes only the cache inquire and fetch if not present
commands.

0x7f |L2FETCH_MISS L2fetch miss from a programed inquiry. Of the events qualified by
0x7e, the ones that resulted in L2 miss. i.e. the line was not
previously allocated in the L2 cache and will be fetched from
backing memory.

0x81 |L2_ACCESS All requests to the L2. Does not include internally generated

accesses like L2Fetch, however the programing of the L2Fetch
engine would be counted. Accesses target odd or even interleave,
and may be L2 cacheable or TCM.
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Table 9-1 V62 processor event symbols
Event Symbol Definition
0x82 |L2_PIPE_CONFLICT Request not taken by the L2 due to a pipe conflict. The conflict

may be a tag bank, data bank, or other pipeline conflict.

0x83 |L2_TAG_ARRAY_CONFLICT Tag array conflict. Triggers when L2 tag has a conflict i.e., two
operations collide.

0x87 | TCM_DU_ACCESS TCM access from DU. DU access to the L2 TCM space.

0x88 |TCM_DU_READ_ACCESS TCM read access from DU. DU read access to the L2 TCM space.

0x89 |TCM_IU_ACCESS TCM access from IU. IU access to the L2 TCM space.

0x8a |L2_CASTOUT L2 castout. Triggers when L2 evicts a dirty line due to an
allocation. Not triggered on cache ops.

0x8b |L2_DU_STORE_ACCESS L2 cacheable store access from DU. Any store access from DU
that may cause a lookup in the L2 cache. Excludes cache ops,
uncacheables, TCM. Must target primary AXI.

0x8c |L2_DU_STORE_MISS L2 miss from DU. Of the events qualified by 0x8b, the ones that
resulted in a miss. Specifically the cases where the line is not in
cache or a coalesce buffer.

0x8d |L2_DU_PREFETCH_ACCESS L2 prefetch access from DU. Dcfetch and dhwprefetch access to
the L2.

0x8e |L2_DU_PREFETCH_MISS L2 prefetch miss from DU. Of the events qualified by 0x8d, which
ones missed the L2.

0x90 |[L2 DU LOAD_SECONDARY_MISS L2 load secondary miss from DU. Hit busy line in the scoreboard
which prevented a return. Busy condition may include pipeline
bubbles caused by back to back loads, as may be seen on L1UC
loads.

0x91 |L2FETCH_COMMAND L2fetch command. Excludes stop command.

0x92 |L2FETCH_COMMAND_KILLED L2fetch command killed because a stop command was issued.
Increments once for each L2fetch commands that is killed. If
multiple commands are queued to the L2Fetch engine, the kill of
each one will be recorded.

0x93 |L2FETCH_COMMAND_OVERWRITE |L2fetch command overwrite. Kills old L2fetch and replaces with
new one.

0x94 |L2FETCH_ACCESS_CREDIT_FAIL L2fetch access could not get a credit. L2fetch blocked because of
missing L2fetch or L2evict credit.

0x97 |L2 _ACCESS EVEN Of the events in 0x81, the number of accesses made to the even
L2 cache.

Oxa0 |ANY_DU_STALL Any DU stall. Increments once when the thread has any DU stall
(dcache miss or dTLB miss).

Oxa1 |DU_BANK_CONFLICT_REPLAY DU bank conflict replay. Dual mem access to same bank but
different lines. Banks are determined by bits 11,5,4,3.

Oxa2 |DU_CREDIT_REPLAY Number of times packet took a replay because insufficient QoS
DU credits were available.

0xa3 |L2_FIFO_FULL_REPLAY Counts L2 even/odd FIFO full replays.

Oxa4 |DU_STORE_BUFFER_FULL_ First packet puts access in DU store buffer (memop, store.new,

REPLAY

load/store bank conflict, store/store bank conflict). Any later
packet tries to use store buffer before the first one evicts, and so
must replay so the store buffer can drain.
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Table 9-1 V62 processor event symbols

Event Symbol Definition

Oxa7 |DU_SNOOP_REQUEST Number of DU snoop requests that were accepted.

0xa8 |DU_FILL_REPLAY A fill has a index conflict with an instruction from the same thread
in pipeline. Fills and demands might be from different threads if (1)
prefetch from deferral queue, (2) store from store buffer, or (3) fill
has not be ack'ed for too long and forces itself in to the pipeline.

Oxac |DU_READ TO_L2 DU read to L2. Total of everything that brings data from L2.
Includes prefetches (dcfetch and hwprefetch).

Oxad |DU_WRITE_TO L2 DU write to L2. Total of everything that is written out of DU to the
L2 array. Includes cleaninv. Excludes tag writes.

Oxaf |DCZERO_COMMITTED Committed a dczeroa instruction.

0xb3 |DTLB_MISS DTLB miss which goes to JTLB. When both slots miss to different
pages, increments by 2. When both slots miss to the same page,
only counts S1, since S1 goes first and fills for SO.

0xb6 |STORE_BUFFER_HIT_REPLAY Store buffer hit replay due to a packet with 2 stores going to the
same bank but different cachelines, followed by a load from an
address that was pushed into the store buffer.

0xb7 |STORE_BUFFER_FORCE_REPLAY | The store buffer must drain, forcing the current packet to replay.
This usually happens on a cache index match between the current
packet and store buffer. Could also a store buffer timeout.

0xb9 | SMT_BANK_CONFLICT Counts inter-thread SMT bank conflicts.

Oxba |PORT_CONFLICT_REPLAY Counts all port conflict replays, including the same cluster replays
that were caused by high-priority fills and store buffer force drains
(and intercluster ones as well).

Oxbd |PAGE_CROSS REPLAY Page cross replay. Page cross from valid packet that caused
replay. Excludes pdkill packets. Counts twice if both slots cause a
page cross.

Oxbe |DU_DEALLOC_SECURITY_REPLAY | Replay caused by executing the instructions deallocframe or
dealloc_return when FRAMEKEY is not equal to zero.

Oxbf |DU_DEMAND_SECONDARY_MISS DU demand secondary miss.

0xc3 |DCFETCH_COMMITTED Dcfetch committed. Includes hit and dropped. Does not include
convert-to-prefetches.

Oxc4 |DCFETCH_HIT Dcfetch hit in dcache. Includes hit valid or reserved line.

0Oxc5 |DCFETCH_MISS Dcfetch missed in L1. Counts the dcfetch issued to L2 FIFO.

0xc8 |DU_LOAD_UNCACHEABLE Uncacheable load in L1 cache. Counts twice for dual uncacheable
loads.

0xc9 |DU_DUAL_LOAD_UNCACHEABLE Dual uncacheable loads in L1 cache.

Oxca |DU_STORE_UNCACHEABLE Uncacheable store in L1 cache. Counts twice for dual
uncacheable stores.

Oxce |AXI LINE64 READ REQUEST 64-byte line read requests issued by primary AXI master.

Oxcf |AXI_LINE64 WRITE_REQUEST 64-byte line write requests issued by primary AXI master. All bytes
valid.

0xd1 |AHB_8_READ_REQUEST An 8-byte AHB read was made.
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Table 9-1 V62 processor event symbols
Event Symbol Definition
0xd3 |L2FETCH_COMMAND_PAGE_ L2fetch command terminated because it could not get a page
TERMINATION translation from VA to PA. Includes termination dues to permission
errors. i.e. address translation could fail because the VA to PA is
not in the TLB, or the properties in the translation are not
acceptable and the command terminates.
0xd5 |L2_DU_STORE_COALESCE Events from 0x8b that were coalesced.
0xd6 |L2 _STORE_LINK Number of times a new store links to something else in the
scoreboard.
0xd7 |L2_SCOREBOARD_70_PERCENT_ Increments by 1 every cycle that the L2 scoreboard is at least 70%
FULL full. For a 32-entry scoreboard, this indicates that 23 or more
entries are consumed. This event continues to count even if the
scoreboard is more than 80% full. For more than one interleave,
this event considers only the scoreboard with the most entries
consumed.
0xd8 |L2_SCOREBOARD_80_PERCENT_ Increments by 1 every cycle that the L2 scoreboard is at least 80%
FULL full. For a 32-entry scoreboard, this indicates that 26 or more
entries are consumed. This event continues to count even if the
scoreboard is more than 90% full. For more than one interleave,
this event considers only the scoreboard with the most entries
consumed.
0xd9 |[L2 SCOREBOARD 90 PERCENT Increments by 1 every cycle that the L2 scoreboard is at least 90%
FULL full. For a 32-entry scoreboard, this indicates that 29 or more
entries are consumed. For more than one interleave, this event
considers only the scoreboard with the most entries consumed.
Oxda |L2_SCOREBOARD_FULL_REJECT L2 scoreboard is too full to accept a selector request, and the
selector has a request.
Oxdc |L2_EVICTION_BUFFERS_FULL Counts every cycle when all eviction buffers in any interleave are
occupied.
Oxdd |AHB_MULTI_BEAT_READ_ A 32-byte multi-beat AHB read was made.
REQUEST
Oxdf |L2_DU_LOAD_SECONDARY_MISS_ | Of the events in 0x90, the ones where the primary miss was a
ON_SW_PREFETCH DCFETCH or L2FETCH.
0xe6 |ARCH_LOCK_PVIEW_CYCLES Cycles cluster could not dispatch due to kernel lock or TLB lock.
Oxe7 |IU_BRANCH_MISS_PVIEW_CYCLES |Packets in-flight killed due to branch mispredict, and cycles cluster
could not dispatch due to IQ being empty because of branch
mispredict.
0xe8 |[IU_NO PKT_PVIEW_CYCLES Cycles cluster could not dispatch due to 1Q being empty.
0xe9 |DU_CACHE_MISS _PVIEW_CYCLES | Cycles cluster could not dispatch due to D-cache miss or
uncached access.
Oxea |DU_BUSY_OTHER_PVIEW_CYCLES | Packets in flight killed due to DU replay and cycles cluster could
not dispatch due to DU busy because of stall or replay.
Oxeb |CU_BUSY_PVIEW_CYCLES Cycles cluster could not dispatch due to register interlock, register
port conflict, bubbles due to timing class such as tc_3stall, no B2B
HVX, or HVX FIFO full.
Oxec |SMT_DU_CONFLICT_PVIEW _ Cycles cluster could not dispatch even though the thread was

CYCLES

ready due to DU resource conflict.

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

149



Hexagon V62 Programmer’s Reference Manual

PMU Events
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Event Symbol Definition
Oxed |SMT_XU_CONFLICT_PVIEW_ Cycles cluster could not dispatch even though the cluster was

CYCLES

ready due to an XU resource conflict or other non-DU reason.

oxf0 | COPROC_PKT_THREAD Committed packets on a thread with XE bit set, whether executed
in core or coprocessor.
oxf1 | COPROC_PKT_COUNT Packets with HVX instructions.
oxf2 | COPROC_POWER_THROTTLING_ Stall cycles due to HVX engine being throttled for power reasons.
STALL_CYCLES
oxf3 |COPROC_REGISTER_STALL _ Stall cycles due to interlocks.
CYCLES
oxf4 | COPROC_LOAD_STALL_CYCLES Stall cycles due to load pending.
oxf5 |COPROC_STORE_STALL_CYCLES Stall cycles due to store not yet allocated in L2.
oxfé6 | COPROC_BUSY_STALL_CYCLES Stall cycles due to multi-issue packet.
oxf7 | COPROC_FREEZE_STALL_CYCLES | Stall cycles due to L2 vector store data FIFO full.
oxf8 | COPROC_CORE_VFIFO_FULL_ Number of times a thread had to stall due to VFIFO being full.
STALL
oxf9 |COPROC L2 STORE_ACCESS L2 cacheable store access from HVX. Any store access from HVX
that may cause a lookup in L2 cache. Excludes cache ops,
uncacheables, scalar stores.
oxfa |COPROC L2 STORE_MISS L2 cacheable miss from HVX. Of the events qualified by 0xf9, the
ones that resulted in a miss. Specifically the cases where line is
not in cache or a coalesce buffer. DCZero does not count as a
miss, if it allocates without a backing store fetch.
oxfb |COPROC_L2 LOAD_ACCESS L2 cacheable load access from HVX. Any load access from HVX
that may cause a lookup in the L2 cache. Excludes cache ops,
uncacheables, scalars.
oxfc |COPROC_L2 LOAD_MISS L2 cacheable miss from HVX. Of the events qualified by OxFB, the
ones that resulted in a miss i.e. the line was not previously
allocated in the L2 cache and will be fetched from backing
memory.
oxfd |COPROC_TCM_STORE_ACCESS TCM store access for HVX. HVX store to L2 TCM space.
oxfe |COPROC_TCM_LOAD_ACCESS TCM load access for HVX. HVX load from L2 TCM space
oxff | COPROC_L2_ LOAD_SECONDARY_ | Of the events in 0xfb, the ones where the load could not be

MISS

returned due to the immediately prior access for the line being a
pending load or pending L2Fetch.
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10 Instruction Encoding

This chapter describes the binary encoding of Hexagon processor instructions and
instruction packets. It covers the following topics:

Instructions
Sub-instructions

Duplex instructions
Instruction classes
Instruction packets

Loop packets

Immediate operands
Scaled immediate operands
Constant extenders
New-value operands

Instruction mapping
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10.1

Instructions

All Hexagon processor instructions are encoded in a 32-bit instruction word. The

instruction word format varies according to the instruction type.

The instruction words contain two types of bit fields:

m  Common fields appear in every processor instruction, and are defined the same in
all instructions.

» Instruction-specific fields appear only in some instructions, or vary in definition
across the instruction set.

Table 10-1 lists the instruction bit fields.

Table 10-1 Instruction fields
Name Description Type

ICLASS Instruction class Common
Parse Packet / loop bits

MajOp Major opcode Instruction-
Maj specific
MinOp Minor opcode

Min

RegType Register type (32-bit, 64-bit)

Type Operand type (byte, halfword, etc.)

Amode Addressing mode

dn Destination register operand

sh Source register operand

tn Source register operand #2

xn Source and destination register operand

un Predicate or modifier register operand

sH Source register bit field (Rs.H or Rs.L)

tH Source register #2 bit field (Rt.H or Rt.L)

UN Unsigned operand

Rs No source register read

P Predicate expression

PS Predicate sense (Pu or !Pu)

DN Dot-new predicate

PT Predict taken

sm Supervisor mode only

NOTE In some cases instruction-specific fields are used to encode instruction

attributes other than the ones described for the fields in Table 10-1.
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10.2

Reserved bits

Some instructions contain reserved bits which are not currently used to encode instruction
attributes. These bits should always be set to 0 to ensure compatibility with any future

changes in the instruction encoding.

NOTE Reserved bits appear as ‘-’ characters in the instruction encoding tables.

Sub-instructions

To reduce code size the Hexagon processor supports the encoding of certain pairs of
instructions in a single 32-bit container. Instructions encoded this way are called sub-
instructions, and the containers are called duplexes (Section 10.3).

Sub-instructions are limited to certain commonly-used instructions:

»  Arithmetic and logical operations

m Register transfer

= Loads and stores

m Stack frame allocation/deallocation

m  Subroutine return

Table 10-2 lists the sub-instructions along with the group identifiers that are used to

encode them in duplexes.

Sub-instructions can access only a subset of the general registers (R0-R7, R16-R23).
Table 10-3 lists the sub-instruction register encodings.

NOTE Certain sub-instructions implicitly access registers such as SP (R29).

Table 10-2 Sub-instructions
Group Instruction Description
L1 Rd = memw (Rs+#u4d:2) Word load
L1 Rd = memub (Rs+#u4:0) Unsigned byte load
Group Instruction Instruction
L2 Rd = memh/memuh (Rs+#u3:1) Halfword loads
L2 Rd = memb (Rs+#u3:0) Signed byte load
L2 Rd = memw (r29+#u5:2) Load word from stack
L2 Rdd = memd(r29+#u5:3) Load pair from stack
L2 deallocframe Dealloc stack frame
L2 if ([!]1PO) dealloc return Dealloc stack frame and return
if ([!]PO0.new) dealloc return:nt
L2 jumpr R31 Return
if ([!]1P0O) jumpr R31
if ([!]PO.new) jumpr:nt R31
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Table 10-2 Sub-instructions (Continued)

Group Instruction Description
Group Instruction Instruction
S1 memw (Rs+#u4:2) = Rt Store word
S1 memb (Rs+#u4:0) = Rt Store byte
Group Instruction Instruction
S2 memh (Rs+#u3:1) = Rt Store halfword
S2 memw (r29+#u5:2) = Rt Store word to stack
S2 memd (r29+#s6:3) = Rtt Store pair to stack
S2 memw (Rs+#u4:2) = #Ul Store immediate word #0 or #1
S2 memb (Rs+#ud) = #U1 Store immediate byte #0 or #1
S2 allocframe (#u5:3) Allocate stack frame
Group Instruction Instruction
A Rx = add (Rx,#s7) Add immediate
A Rd = Rs Transfer
A Rd = #u6 Set to unsigned immediate
A Rd = #-1 Set to -1
A if ([!]PO[.new]) Rd = #0 Conditional clear
A Rd = add(r29, #u6:2) Add immediate to stack pointer
A Rx = add(Rx,Rs) Register add
A P0 = cmp.eq(Rs,#u2) Compare register equal immed
A Rdd = combine (#0,Rs) Combine zero and register into pair
A Rdd = combine (Rs, #0) Combine register and zero into pair
A Rdd = combine (#u2, #U2) Combine immediates into pair
A Rd = add(Rs, #1) Add and Subtract 1
Rd = add(Rs, #-1)
A Rd = sxth/sxtb/zxtb/zxth (Rs) Sign- and zero-extends
A Rd = and(Rs,#1) And with 1
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Table 10-3 Sub-instruction registers

Register Encoding

Rs,Rt,Rd,Rx 0000 = RO
0001 = R1
0010 = R2
0011 = R3
0100 = R4
0101 = RS
0110 = R6
0111 = R7
1000 = R16
1001 = R17
1010 = R18
1011 = R19
1100 = R20
1101 = R21
1110 = R22
1111 = R23

RAd, Rtt 000 = R1:0
001 = R3:2
010 = R5:4
011 = R7:6
100 = R17:16
101 = R19:18
110 = R21:20
111 = R23:22
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10.3

Duplexes

A duplex is encoded as a 32-bit instruction with bits [15:14] set to 00. The sub-instructions
(Section 10.2) that comprise a duplex are encoded as 13-bit fields in the duplex.

Table 10-4 shows the encoding details for a duplex.

An instruction packet can contain one duplex and up to two other (non-duplex)
instructions. The duplex must always appear as the last word in a packet.

The sub-instructions in a duplex are always executed in Slot 0 and Slot 1.

Table 10-4 Duplex instruction

Bits Name Description
15:14 Parse Bits 00 = Duplex type, ends the packet and indicates that
word contains two sub-instructions
12:0 Sub-insn low Encodes Slot 0 sub-instruction
28:16 Sub-insn high Encodes Slot 1 sub-instruction
31:29, 13 4-bit ICLASS Indicates which group the low and high sub-instructions
below to.

Table 10-5 lists the duplex ICLASS field values, which specify the group of each sub-
instruction in a duplex.

Table 10-5 Duplex ICLASS field

ICLASS Low Slot 0 subinsn type | High Slot 1 subinsn type
0x0 L1-type L1-type
0x1 L2-type L1-type
0x2 L2-type L2-type
0x3 A-type A-type
0x4 L1-type A-type
0x5 L2-type A-type
0x6 S1-type A-type
0x7 S2-type A-type
0x8 S1-type L1-type
0x9 S1-type L2-type
OxA S1-type S1-type
0xB S2-type S1-type
0xC S2-type L1-type
0xD S2-type L2-type
OxE S2-type S2-type
OxF Reserved Reserved
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Duplexes have the following grouping constraints:

»  Constant extenders enable the range of an instruction’s immediate operand to be
expanded to 32 bits (Section 10.9). The following sub-instructions can be
expanded with a constant extender:

e Rx = add(Rx,#s7)
e Rd = #ué6

Note that a duplex can contain only one constant-extended instruction, and it must
appear in the Slot 1 position.

m [fa duplex contains two instructions with the same sub-instruction group, the
instructions must be ordered in the duplex as follows: when the sub-instructions
are treated as 13-bit unsigned integer values, the instruction corresponding to the
numerically smaller value must be encoded in the Slot 1 position of the duplex.!

»  Sub-instructions must conform to any slot assignment grouping rules that apply to
the individual instructions, even if a duplex pattern exists which violates those
assignments. One exception to this rule exists:

*  jumpr R31 must appear in the Slot 0 position

! Note that the sub-instruction register and immediate fields are assumed to be 0 when performing
this comparison.
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10.4

Instruction classes

The instruction class (Section 3.2) is encoded in the four most-significant bits of the
instruction word (31:28). These bits are referred to as the instruction’s ICLASS field.

Table 10-6 lists the encoding values for the instruction classes. The Slots column indicates
which slots can receive the instruction class.

Table 10-6 Instruction class encoding

Encoding Instruction Class Slots
0000 Constant extender (Section 10.9) -
0001 J 2,3
0010 J 2,3
0011 LD 0,1

ST
0100 LD 0,1

ST

(conditional or GP-relative)
0101 J 2,3
0110 CR 3
0111 ALU32 0,1,2,3
1000 XTYPE 2,3
1001 LD 0,1
1010 ST 0
1011 ALU32 0,1,2,3
1100 XTYPE 2,3
1101 XTYPE 23
1110 XTYPE 23
1111 ALU32 0,1,2,3

For details on encoding the individual class types see Chapter 11.
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10.5 Instruction packets

Instruction packets are encoded using two bits of the instruction word (15:14), which are
referred to as the instruction word’s Parse field. The field values have the following
definitions:

m ‘11’ indicates that an instruction is the last instruction in a packet (i.e., the
instruction word at the highest address).

m ‘01’ or ‘10’ indicate that an instruction is not the last instruction in a packet.

= ‘00’indicates a duplex (Section 10.3)

If any sequence of four consecutive instructions occurs without one of them containing
‘11° or ‘00’, the processor will raise an error exception (illegal opcode).

Figure 10-1 shows the location of the Parse field in an instruction word.

31 16
15 0
PP

LY_J

Packet / Loop Parse Bits:
01, 10 = not end of packet
11 = end of packet

00 = duplex

Figure 10-1 Instruction packet encoding

The following examples show how the Parse field is used to encode instruction packets:

{ a; B}
01 11 // Parse fields of instrs A,B

{an;B; C}
01 01 11 // Parse fields of instrs A,B,C

{A;B;C;D}
01 01 01 11 // Parse fields of instrs A,B,C,D
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10.6

Loop packets

In addition to encoding the last instruction in a packet, the instruction word’s Parse field
(Section 10.5) is used to encode the last packet in a hardware loop.

The Hexagon processor supports two hardware loops, labelled 0 and 1 (Section 7.2). The
last packet in these loops is subject to the following restrictions:

m The last packet in a hardware loop 0 must contain two or more instruction words.

m  The last packet in a hardware loop 1 must contain three or more instruction words.

If the last packet in a loop is expressed in assembly language with fewer than the required
number of words, the assembler automatically adds one or two NOP instructions to the
encoded packet so it contains the minimum required number of instruction words.

The Parse fields in a packet’s first and second instruction words (i.e., the words at the
lowest addresses) encode whether or not the packet is the last packet in a hardware loop.

Table 10-7 shows how the Parse fields are used to encode loop packets.

Table 10-7 Loop packet encoding

Packet Parse Field in Parse Field in
First Instruction Second Instruction
Not last in loop 01 or 11 01or111
Last in loop 0 10 01o0r11
Last in loop 1 01 10
Last in loops 0 & 1 10 10

1 Not applicable for single-instruction packets.

The following examples show how the Parse field is used to encode loop packets:

{ A B}:endloop0

10 11

{a B <}
10 01 11

{a B <C
10 01 o1

{a B <}
01 10 11

{an B <C
01 10 01

{a B C}
10 10 11

{a B <C
10 10 o1

:endloop0

D} :endloop0

11
:endloopl

D} :endloopl

11

:endloop0:endloopl

// Parse fields of instrs A,B

// Parse fields of instrs A,B,C

// Parse fields of instrs A,B,C,D

// Parse fields of instrs A,B,C

// Parse fields of instrs A,B,C,D

// Parse fields of instrs A,B,C

D} :endloop0:endloopl
// Parse fields of instrs A,B,C,D

11
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10.7

10.8

Immediate values

To conserve encoding space, the Hexagon processor often stores immediate values in
instruction fields that are smaller (in bit size) than the values actually needed in the
instruction operation.

When an instruction operates on one of its immediate operands, the processor
automatically extends the immediate value to the bit size required by the operation:

» Signed immediate values are sign-extended

»  Unsigned immediate values are zero-extended

Scaled immediates

To minimize the number of bits used in instruction words to store certain immediate
values, the Hexagon processor stores the values as scaled immediates. Scaled immediate
values are used when an immediate value must represent integral multiples of a power of 2
in a specific range.

For example, consider an instruction operand whose possible values are the following:
-32,-28, -24, -20, -16, -12, -8, -4, 0, 4, 8, 12, 16, 20, 24, 28

Encoding the full range of integers -32..28 would normally require 6 bits. However, if the
operand is stored as a scaled immediate, it can first be shifted right by two bits, with only
the four remaining bits being stored in the instruction word. When the operand is fetched
from the instruction word, the processor automatically shifts the value left by two bits to
recreate the original operand value.

NOTE The scaled immediate value in the example above is represented notationally

as #s4: 2. For more information see Section 1.5.

Scaled immediate values are commonly used to encode address offsets which apply to
data types of varying size. For example, Table 10-8 shows how the byte offsets used in
immediate-with-offset addressing mode are stored as 11-bit scaled immediate values. This
enables the offsets to span the same range of data elements regardless of the data type.

Table 10-8 Scaled immediate encoding (indirect offsets)

Data Type Offset Size Sc.ale Offset .Size Offset Range Offset Range
(Stored) Bits (Effective) (Bytes) (Elements)
byte 1 0 1 -1024 ... 1023 -1024 ... 1023
halfword 1 1 12 -2048 ... 2046 -1024 ... 1023
word 1 2 13 -4096 ... 4092 -1024 ... 1023
doubleword 1 3 14 -8192 ... 8184 -1024 ... 1023
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10.9

Constant extenders

To support the use of 32-bit operands in a number of instructions, the Hexagon processor
defines an instruction word which exists solely to extend the bit range of an immediate or
address operand that is contained in an adjacent instruction in a packet. These instruction
words are called constant extenders.

For example, the absolute addressing mode specifies a 32-bit constant value as the
effective address. Instructions using this addressing mode are encoded in a single packet
containing both the normal instruction word and a second word with a constant extender
that increases the range of the instruction’s normal constant operand to a full 32 bits.

NOTE Constant extended operands can encode symbols.

A constant extender is encoded as a 32-bit instruction with the 4-bit ICLASS field set to 0
and the 2-bit Parse field set to its usual value (Section 10.5). The remaining 26 bits in the
instruction word store the data bits that are prepended to an operand as small as 6 bits in
order to create a full 32-bit value.

Table 10-9 shows the encoding details.

Table 10-9 Constant extender encoding

Bits Name Description
31:28 ICLASS Instruction class = 0000
27:16 Extender high High 12 bits of 26-bit constant extension
15:14 Parse Parse bits
13:0 Extender low Low 14 bits of 26-bit constant extension

Within a packet, a constant extender must be positioned immediately before the
instruction that it extends: in terms of memory addresses, the extender word must reside at
address (<instr_address> - 4).

The constant extender effectively serves as a prefix for an instruction: it is not executed in
a slot, nor does it consume any slot resources. All packets must contain four or fewer
words, and the constant extender occupies one word.

If the instruction operand to be extended is longer than 6 bits, the overlapping bits in the
base instruction must be encoded as zeros. The value in the constant extender always
supplies the upper 26 bits.

Table 10-10 lists the instructions that work with constant extenders.

The Regclass field in the table lists the values that bits [27:24] must be set to in the
instruction word to identify the instruction as one that may include a constant extender.

NOTE In cases where the base instruction encodes two constant operands, the
extended immediate is the one specified in the table.

Constant extenders appear in disassembly listings as Hexagon instructions
with the name immext.
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Table 10-10 Constant extender instructions

ICLASS Regclass Instructions
LD ~1 Rd = mem{b,ub,h,uh,w,d} (##U32)
if ([!]1Pt[.new]) RA = mem{b,ub,h,uh,w,d} (Rs + ##U32)
// predicated loads
LD Rd = mem{b,ub,h,uh,w,d} (Rs + ##U32)

}
mem{b,ub,h,uh,w,d} (Re=##U32)

Rd =

Rd = mem{b,ub,h,uh,w,d} (Rt<<#u2 + ##U32)

if ([!]Pt[.new]) Rd = mem{b,ub,h,uh,w,d} (##U32)
ST -0 mem{b, h,w,d} (##U32) = Rs[.new] // GP-stores

if ([!1Pt[.new]) mem{b,h,w,d} (Rs + ##U32) = Rt[.new]

// predicated stores
ST -——- mem{b,h,w,d} (Rs + ##U32) = Rt[.new]

mem{b,h,w,d} (RA=##U32) = Rt [.new]

mem{b,h,w,d} (Ru<<#u2 + ##U32) = Rt[.new]

if ([!']Pt[.new]) mem{b,h,w,d} (##U32) = Rt[.new]
MEMOP - [if [!]Ps] memw(Rs + #u6) = ##U32 // constant store

memw (Rs + Rt<<#u2) = ##U32 // constant store
NV - if (cmp.xx(Rs.new, ##U32)) jump:hint target
ALU32 Rd = ##u32

Rdd = combine (Rs, ##u32)

Rdd = combine (##u32,Rs)

Rdd = combine (##u32, #s8)

Rdd = combine (#s8, ##u32)

Rd = mux (Pu, Rs,##u32)

Rd = mux (Pu, ##u32, Rs)

Rd = mux (Pu, ##u32, #s8)

if ([!]Pul.new]) Rd = add(Rs, ##u32)

if ([!]1Pul.new]) Rd = ##u32

Pd = [!]lcmp.eq (Rs,##u32)

Pd = [!lcmp.gt (Rs,##u32)

Pd = [!]lcmp.gtu (Rs,##u32)

Rd = [!]cmp.eq(Rs, ##u32)

Rd = and(Rs, ##u32)

Rd = or (Rs, ##u32)

Rd = sub (##u32,Rs)
ALU32 - Rd add (Rs, ##s32)

XTYPE 00-- Rd = mpyi (Rs, ##u32)

Rd += mpyi (Rs, ##u32)
Rd -= mpyi (Rs, ##u32)
Rx += add(Rs, ##u32)

Rx -= add(Rs, ##u32)
ALU32 — Rd = ##u32
Rd = add(Rs, ##s32)
J 1--- jump (PC + ##s32)
call (PC + ##s32)
if ([!]Pu) call (PC + ##s32)
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Table 10-10 Constant extender instructions (Continued)

ICLASS Regclass Instructions
CR - Pd = spNloopO(PC+##s32,Rs/#U10)
loop0/1 (PCH##s32,#Rs/#U10)
XTYPE 1--- Rd = add(pc,##s32)

Rd = add(##u32,mpyi(Rs,#u6))

Rd = add(##u32,mpyi(Rs,Rt))

Rd = add(Rs,add(Rt,##u32))

Rd = add(Rs,sub(##u32,Rt))

Rd = sub(##u32,add(Rs,Rt))

Rd = or(Rs,and(Rt,##u32))

Rx = add/sub/and/or (##u32,asl/asr/Isr(Rx,#U5))
Rx = add/sub/and/or (##u32,asl/asr/Isr(Rs,Rx))
Rx = add/sub/and/or (##u32,asl/ast/Isr(Rx,Rs))
Pd = cmpb/h. {eq,gt,gtu} (Rs,##u3?2)

1" Constant extension is only for a Slot 1 sub-instruction.

NOTE If a constant extender is encoded in a packet for an instruction that does not
accept a constant extender, the execution result is undefined. The assembler
normally ensures that only valid constant extenders are generated.

Encoding 32-bit address operands in load/stores
Two methods exist for encoding a 32-bit absolute address in a load or store instruction:

1) For unconditional load/stores, the GP-relative load/store instruction is used. The
assembler encodes the absolute 32-bit address as follows:

m  The upper 26 bits are encoded in a constant extender

m  The lower 6 bits are encoded in the 6 operand bits contained in the GP-relative
instruction

In this case the 32-bit value encoded must be a plain address, and the value stored in the
GP register is ignored.

NOTE When a constant extender is explicitly specified with a GP-relative load/store,
the processor ignores the value in GP and creates the effective address directly
from the 32-bit constant value.

2) For conditional load/store instructions that have their base address encoded only by a 6-
bit immediate operand, a constant extender must be explicitly specified; otherwise, the
execution result is undefined. The assembler ensures that these instructions always include
a constant extender.

This case applies also to instructions that use the absolute-set addressing mode or
absolute-plus-register-offset addressing mode.
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10.10

Encoding 32-bit immediate operands

The immediate operands of certain instructions use scaled immediates (Section 10.8) to
increase their addressable range. When constant extenders are used, scaled immediates are
not scaled by the processor. Instead, the assembler must encode the full 32-bit unscaled
value as follows:

m  The upper 26 bits are encoded in the constant extender

=  The lower 6 bits are encoded in the base instruction in the least-significant bit
positions of the immediate operand field.

= Any overlapping bits in the base instruction are encoded as zeros.

Encoding 32-bit jump/call target addresses

When a jump/call has a constant extender, the resulting target address is forced to a 32-bit
alignment (i.e., bits 1:0 in the address are cleared by hardware). The resulting jump/call
operation will never cause an alignment violation.

New-value operands

Instructions that include a new-value register operand specify in their encodings which
instruction in the packet has its destination register accessed as the new-value register.

New-value consumers include a 3-bit instruction field named Nt which specifies this
information.

= Nt[0] is reserved and should always be encoded as zero. A non-zero value
produces undefined results.

=  Nt[2:1] encodes the distance (in instructions) from the producer to the consumer,

as follows:

o Nt[2:1] = 00 // reserved

0o Nt[2:1] = 01 // producer is +1 instruction ahead of consumer
O Nt[2:1] = 10 // producer is +2 instructions ahead of consumer
0o Nt[2:1] = 11 // producer is +3 instructions ahead of consumer

“ahead” is defined here as the instruction encoded at a lower memory address than the
consumer instruction, not counting empty slots or constant extenders. For example, the
following producer/consumer relationship would be encoded with Nt [2:1] set to 01.

<producer instruction words>
<consumer constant extender words>
<consumer instruction words

NOTE Instructions with 64-bit register pair destinations cannot produce new-values.
The assembler flags this case with an error, as the result is undefined.
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10.11

Instruction mapping

Some Hexagon processor instructions are encoded by the assembler as variants of other
instructions. This is done for operations that are functionally equivalent to other
instructions, but are still defined as separate instructions because of their programming
utility as common operations.

Table 10-11 lists some of the instructions that are mapped to other instructions.

Table 10-11 Instruction mapping

Instruction Mapping
Rd = not (Rs) Rd = sub(#-1,Rs)
Rd = neg(Rs) Rd = sub (#0,Rs)
Rdd = Rss Rdd = combine (Rss.H32, Rss.L32)
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11 Instruction Set

This chapter describes the instruction set for version 6 of the Hexagon processor.

The instructions are listed alphabetically within instruction categories. The following
information is provided for each instruction:

Instruction name
A brief description of the instruction

A high-level functional description (syntax and behavior) with all possible
operand types

Instruction class and slot information for grouping instructions in packets
Notes on miscellaneous issues
Any C intrinsic functions that provide access to the instruction

Instruction encoding
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11.0.1

Instruction categories

ALU32 — 32-bit ALU operations
o ALU — Arithmetic and Logical
o PERM — Permute

o PRED — Predicate

CR — Control registers, looping
JR — Jump from Register

J— Jump

LD — Load

MEMOP — Memory operations
NV — New-value operations

o J— New-value jumps

o ST — New-value stores

ST — Store operations

SYSTEM

o User Instructions

XTYPE — 32-bit and 64-bit operations

o ALU — Arithmetic and Logical
o BIT—Bit

o COMPLEX — Complex

o FP — Floating point

o MPY — Multiply

o PERM — Permute

o PRED — Predicate

o SHIFT — Shift

Table 11-1 lists the symbols used to specify the instruction syntax.
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Table 11-1 Instruction syntax symbols

Symbol Example Meaning

= R2 = RS; Assignment of RHS to LHS

; R2 = RS; Marks the end of an instruction or group of
instructions

{...} {R2 =R3; R5 = R6;} Indicates a group of parallel instructions.

# #100 Immediate constant value

Fizid ##2147483647 32-bit immediate constant value

Ox R2 = #0x1fe; Indicates hexadecimal number

MEMxx R2 = MEMxx(R3) Access memory. xx specifies the size and
type of access.

:sat R2 = add(r1,r2):sat Perform optional saturation

:rnd R2 = mpy(r1.h,r2.h):rnd Perform optional rounding

:<<16 R2 = add(r1.1,r2.1):<<16 Shift left by a halfword

Table 11-2 lists the symbols used to specify instruction operands.

Table 11-2 Instruction operand symbols

Symbol Example Meaning

#uN R2 = #u16 Unsigned N-bit immediate value

#sN R2 = add(R3,#s16) Signed N-bit immediate value

#mN Rd = mpyi(Rs,#m9) Signed N-bit immediate value

#UN:S R2 = memh(#u16:1) Unsigned N-bit immediate value representing
integral multiples of 2S in specified range

#sN:S Rd = memw(Rs++#s4:2) Signed N-bit immediate value representing
integral multiples of 2S in specified range

#rN:S call #r22:2 Same as #sN:S, but value is offset from PC of
current packet

## call ##32 Same as #, but associated value (u,s,m,r) is 32
bits

When an instruction contains more than one immediate operand, the operand symbols are
specified in upper and lower case (e.g., #uN and #UN) to indicate where they appear in the

instruction encodings.

The instruction behavior is specified using a superset of the C language. Table 11-3 lists
symbols not defined in C which are used to specify the instruction behavior.
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Table 11-3 Instruction behavior symbols

Symbol Example Meaning
usaty usatqg(Rs) Saturate a value to an unsigned N-bit
saty satqgRs) Saturate a value to a signed N-bit number
sxt x->y sxt32->64(Rs) Sign-extend value from x to y bits
zxt x->y zxt32->64(Rs) Zero-extend value from x to y bits
>>> Rss >>> offset Logical right shift
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11.1 ALU32

The ALU32 instruction class includes instructions which perform arithmetic and logical
operations on 32-bit data.

ALU32 instructions are executable on any slot.

11.1.1 ALU32/ALU

The ALU32/ALU instruction subclass includes instructions which perform arithmetic and
logical operations on individual 32-bit items.

Add

Add a source register either to another source register or to a signed 16-bit immediate
value. Store result in destination register. Source and destination registers are 32 bits. If the
result overflows 32 bits, it wraps around. Optionally saturate result to a signed value
between 0x80000000 and Ox 7{fftftt.

For 64-bit versions of this operation, see the XTYPE add instructions.

Syntax Behavior
Rd=add (Rs, #s16) apply extension (#s) ;
Rd=Rs+#s;
Rd=add (Rs, Rt) Rd=Rs+Rt;
Rd=add (Rs,Rt) :sat Rd=sat;, (Rs+Rt) ;

Class: ALU32 (slots 0,1,2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=add (Rs, #s16) Word32 Q6 R add RI (Word32 Rs, Word32 Islé)

Rd=add (Rs, Rt) Word32 Q6 R add RR(Word32 Rs, Word32 Rt)

Rd=add (Rs,Rt) :sat Word32 Q6 R add RR sat (Word32 Rs, Word32 Rt)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse d5
1|0|1‘1 i i‘i|i i|i‘is‘s‘s|s|s P|Pi i‘i‘i|i|i i|i‘id‘d‘d|d|d Rd=add(Rs#s16)
ICLASS P | MajOp MinOp s5 Parse t5 d5
1/1]/1/1]o|o|1|1]|0|0|0|s|s|s|s|s/P|P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=add(RsRt)
11111 ]of1|/1]/0o]|o|1|0|s|s|s|s|s|/P|[P|-|t|t|t|t|t|-]|-|-|d|d|d]|d]|d]|Rd=add(Rs,Rt)sat
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
P Predicated
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Logical operations

Perform bitwise logical operations (AND, OR, XOR, NOT) either on two source registers
or on a source register and a signed 10-bit immediate value. Store result in destination
register. Source and destination registers are 32 bits.

For 64-bit versions of these operations, see the XTYPE logical instructions.

Syntax

Rd=and (Rs, #s10)

Rd=and (Rs, Rt)
Rd=and (Rt, ~Rs)
Rd=not (Rs)

Rd=or (Rs, #s10)

Rd=or (Rs, Rt)
Rd=or (Rt, ~RsS)

Rd=xor (Rs,Rt)

Behavior

apply extension (#s) ;
Rd=Rs&is;

Rd=Rs&Rt;

Rd

(Rt & ~Rs) ;

Assembler mapped to: "Rd=sub (#-1,Rs)"

apply extension (#s) ;

Class: ALU32 (slots 0,1,2,3)

Intrinsics

Rd=and (Rs, #s10)
Rd=and (Rs,Rt)
Rd=and (Rt, ~Rs)
Rd=not (Rs)
Rd=or (Rs, #s10)
Rd=or (Rs,Rt)
Rd=or (Rt, ~Rs)

Rd=xor (Rs,Rt)

Rd=Rs |#s;

Rd=Rs|Rt;

Rd = (Rt | ~Rs);

Rd=Rs”Rt;

Word32 Q6 R and RI (Word32 Rs, Word32 IslO0)

Word32
Word32
Word32
Word32
Word32
Word32

Word32

Q6 R and RR(Word32 Rs, Word32 Rt)
Q6 R and RnR(Word32 Rt, Word32 Rs)
Q6_R not_ R (Word32 Rs)

Q6_R or RI(Word32 Rs, Word32 IslO0)
Q6_R or RR(Word32 Rs, Word32 Rt)
Q6 R or RnR(Word32 Rt, Word32 Rs)

Q6 R xor RR(Word32 Rs, Word32 Rt)

Encoding
31|30/ 20|28/ 27|2625/24/23|22]21/20/19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp MinOp s5 Parse d5
0111|0110 (0|0|i|s|s]|s P/ P|i]i i i|i|i|i|d|d|d|d]|d|Rd=and(Rs,#s10)
O1|1|1]0{1[1[(0(1|0|i|s|s]|s P/ P|i]i i i|i|i|i|d|d|d|d|d]|Rd=or(Rs,#s10)
ICLASS P | MajOp MinOp s5 Parse t5 d5
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31(30|29(28|27|26|25(24|23(22|21|20/19(18|17(16|15(14|13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 |1 |0
1/1/1/1]/0|0|0|1|0(0|0|s|s|s|s|s|P|P t|t|t|t|t|-|-|-|d|d|d|d]|d]|Rd=and(RsRt)
1/1/1/1]/o0|o|o|1]|0|0|1|s|s|s|[s|s|/P|[P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=or(RsRt)
1/1/1/1]/0|0o|o|1]|0[1|1|s|s|s|[s|s|P|P|-|t|t|t|t|t|-|-|-|d d|d]|d]d]|Rd=xor(Rs,Rt)
1/1]/1/1]0]0o|o|1|1|0|0|s|s|s|[s|[s/P|P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=and(Rt~Rs)
1/1]/1/1]o0|o|o|[1|1|0|1|s|s|s|[s|s|/P|P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=or(Rt~Rs)
Field name Description

MajOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

MajoOp Major Opcode

MinOp Minor Opcode

P Predicated

ICLASS Instruction Class

Parse Packet/Loop parse bits

ds Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Negate

Perform arithmetic negation on a source register. Store result in destination register.
Source and destination registers are 32 bits.

For 64-bit and saturating versions of this instruction, see the XTYPE-class negate
instructions.

Syntax Behavior
Rd=neg (Rs) Assembler mapped to: "Rd=sub (#0,Rs)"
Class: N/A
Intrinsics
Rd=neg (Rs) Word32 Q6 R neg R(Word32 Rs)
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Nop

Perform no operation. This instruction is used for padding and alignment.

Within a packet it can be positioned in any slot 0-3.

Syntax Behavior

nop

Class: ALU32 (slots 0,1,2,3)

Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS Rs| MajOp Parse
o[t ot [-1--[--[-]-[-TpP[-]- -]-[-[-[-[-]-[-1-]-[-]-[nop
Field name Description
MajOp Major Opcode
Rs No Rs read
ICLASS Instruction Class
Parse Packet/Loop parse bits
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Subtract

Subtract a source register from either another source register or from a signed 10-bit
immediate value. Store result in destination register. Source and destination registers are
32 bits. If the result underflows 32 bits, it wraps around. Optionally saturate result to a
signed value between 0x8000 0000 and Ox7{ff ffff.

For 64-bit versions of this operation, see the XTYPE subtract instructions.

Syntax Behavior
Rd=sub (#s10,Rs) apply extension (#s) ;
Rd=#s-Rs;
Rd=sub (Rt ,Rsg) Rd=Rt-Rs;
Rd=sub (Rt,Rs) :sat Rd=sat,, (Rt - Rs);

Class: ALU32 (slots 0,1,2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rd=sub (#s10,Rs) Word32 Q6 R sub IR (Word32 Isl0, Word32 Rs)
Rd=sub (Rt,Rs) Word32 Q6 R sub RR(Word32 Rt, Word32 Rs)
Rd=sub (Rt,Rs) :sat Word32 Q6 R sub RR sat (Word32 Rt, Word32
Rs)
Encoding
31/30]29]28 27|26 25]24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS Rs| MajOp MinOp s5 Parse d5
o|1 |1 ‘1 01 ‘1 |o o|1 ‘i s‘s‘s|s|s P|P i i‘i‘i|i|i i|i‘i d‘d‘d|d|d Rd=sub(#s10,Rs)
ICLASS P | MajOp MinOp s5 Parse t5 d5
10111 ]ofo|1|1]/0|0|1|s|s|s|s|s|P|[P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=sub(RtRs)
1{17/141j0{141/0/1(1|0|s|s|s|s|s/P/P|-|t|t|t|t|t| -|-|-|d|d|d|d]|d|Rd=sub(RtRs):sat
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
MajOp Major Opcode
MinOp Minor Opcode
) Predicated
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Sign extend

Sign-extend the least-significant byte or halfword from the source register and place the

32-bit result in t

he destination register.

Rd=sxth(Rs)
Rs
Sign-extend Rd
Syntax
Rd=sxtb (Rs) Rd =
Rd=sxth (Rs) Rd =

Class: ALU32

Intrinsics

Rd=sxtb (Rs)

Rd=sxth (Rs)

(slots 0,1,2,3)

Rd=sxtb(Rs)

Sign-extend

Behavior

sxtg_.35(RS) ;

sxtis_.35(RS);

Word32 Q6 R sxtb R(Word32 Rs)

Word32 Q6 R sxth R(Word32 Rs)

Rs

Rd

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp MinOp s5 Parse | C d5
o/1/1/1/0/0j0f0(1|0|1|s|s|s|s|s| P|P|O|-]- d|d|d|d|Rd=sxtb(Rs)
o1/1/1/0/0jo0of0f1|1|1|s|s|s|s|s| P|P|O0O|-]- d|d|d|d|Rd=sxth(Rs)

Field name
MajOp
MinOp
Rs
C
ICLASS
Parse
ds
s5

Major Opcode

Minor Opcode

No Rs read

Conditional

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s

Description
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Transfer immediate

Assign an immediate value to a 32-bit destination register.

Two types of assignment are supported. The first sign-extends a 16-bit signed immediate
value to 32 bits. The second assigns a 16-bit unsigned immediate value to either the upper
or lower 16 bits of the destination register, leaving the other 16 bits unchanged.

Rd=#s16
Sign-Extend 16-bit immediate
Rx.H=#ul6
16-bit immediate Unchanged
Rx.L=#ul6
Unchanged 16-bit immediate
Syntax Behavior
Rd=#s16 apply extension (#s) ;
Rd=#s;
RAd=#s8 if ("#s8<0") {
Assembler mapped to: "Rdd=combine (#-
1,#s8)";
} else {

Rx. [HL] =#ulé

Class: ALU32 (slots 0,1,2,3)

Assembler mapped to:
"Rdd=combine (#0,#s8)";

¥

Rx.h[01]=#u;

Intrinsics

Rd=#s16 Word32 Q6 R equals_ I (Word32 Islé6)

Rdd=#s8 Wordé64 Q6 _P_equals_I (Word32 Is8)

Rx.H=#ulé6 Word32 Q6_Rh equals_I (Word32 Rx, Word32
Iulé)

Rx.L=#ulé6 Word32 Q6_R1 _equals_I(Word32 Rx, Word32
Tule)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp MinOp x5 Parse
olt[1Tafololo [t ililtx][x]x[x|x[PlP]alililililalililililililili|RxL=tu16
olt[r[afololtolililt]x]x]x[x|x[PlP|ililililililililililililililRxH=tut6
ICLASS Rs| MajOp MinOp Parse d5
0|1|1‘110‘0|0i|i-i‘i‘i|i|iP|Pi‘i‘i‘i|i|i|i|i‘id‘d‘d|d|de=#s16

Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
X5 Field to encode register x
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Transfer register

Transfer a source register to a destination register. Source and destination registers are

either 32 bits or 64 bits.

Syntax Behavior
Rd=Rs Rd=Rs;
Rdd=Rss Assembler mapped to:

"Rdd=combine (Rss.H32,Rss.L32)"

Class: ALU32 (slots 0,1,2,3)

Intrinsics
Rd=Rs Word32 Q6_R equals_R(Word32 Rs)
Rdd=Rss Wordé4 Q6 P equals_P(Wordé4 Rss)
Encoding

w

31|30|29‘28 27 26‘25|24 23|22\21 20‘19‘18|17|16 15|14 1 12\11\1o| 9 | 8 | 7 | 6 \ 54 \ 3 \ 2 | 1 |o
ICLASS Rs| MajOp MinOp s5 Parse | C d5
o|1|1‘100‘0|o o|1‘1 s‘s‘s|s|s P|P0 -|-‘-d‘d‘d|d|d Rd=Rs

Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
c Conditional
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
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Vector add halfwords

Add the two 16-bit halfwords of Rs to the two 16-bit halfwords of Rt. The results are
optionally saturated to signed or unsigned 16-bit values.

Syntax Behavior
Rd=vaddh (Rs,Rt) [:sat] for (i=0;i<2;i++)
Rd.h[il=[satig] (Rs.h[i]+Rt.h[i]);
¥
Rd=vadduh (Rs, Rt) :sat for (i=0;i<2;i++) {
Rd.h[i]=usat;;(Rs.uh[i]+Rt.uh[i]) ;
¥

Class: ALU32 (slots 0,1,2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=vaddh (Rs, Rt) Word32 Q6 R vaddh RR(Word32 Rs, Word32 Rt)

Rd=vaddh (Rs,Rt) :sat Word32 Q6 R vaddh RR sat (Word32 Rs, Word32

Rt)
Rd=vadduh (Rs,Rt) :sat Word32 Q6 R vadduh RR sat (Word32 Rs, Word32
Rt)

Encoding

31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS P | MajOp MinOp s5 Parse t5 d5
1/1]/1|1]o|1|1]/0|0|0|0|s|s|s|s|s|P|P|-|t|t|t|t|t|-|-|-|d d|d]|d]d]|Rd=vaddh(Rs,Rt)
1{1{1}/1/0/1|1/0/0(0|1|s|s|s|s|s|P/P|l-|t|t|t|t|t|-]|-]|]-|d|d|d]|d|d]|Rd=vaddh(Rs,Rt):sat
1{1{1/1/0(1|{1/0[(0f1(1|s|s|s|s|[s|(P/P|-|t|t t|t|t]|- d|d|d|d|d|Rd=vadduh(Rs,Rt):;sat
Field name Description

MajOp Major Opcode

MinOp Minor Opcode

P Predicated

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Vector average halfwords

VAVGH adds the two 16-bit halfwords of Rs to the two 16-bit halfwords of Rd, and shifts
the result right by 1 bit. Optionally, a rounding constant is added before shifting.

VNAVGH subtracts the two 16-bit halfwords of Rt from the two 16-bit halfwords of Rs,
and shifts the result right by 1 bit. For vector negative average with rounding, see the

XTYPE VNAVGH instruction.
Syntax Behavior
Rd=vavgh (Rs,Rt) for (i=0;i<2;i++)
Rd.h[i]l=((Rs.h[i]+Rt.h[1]) >>1);
}i
Rd=vavgh (Rs,Rt) : rnd for (i=0;1<2;i++)
Rd.h[i]l=((Rs.h[i]+Rt.h[i]+1)>>1);
}i
Rd=vnavgh (Rt,Rs) for (i=0;i<2;i++) {
Rd.h[il=((Rt.h[i]-Rs.h[i])>>1) ;
¥
Class: ALU32 (slots 0,1,2,3)
Intrinsics
Rd=vavgh (Rs,Rt) Word32 Q6 R vavgh RR(Word32 Rs, Word32 Rt)
Rd=vavgh (Rs,Rt) : rnd Word32 Q6 R vavgh RR rnd(Word32 Rs, Word32
Rt)
Rd=vnavgh (Rt, Rs) Word32 Q6 R vnavgh RR(Word32 Rt, Word32 Rs)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS P | MajOp MinOp s5 Parse t5 d5
1{1{1j1/0(1{1{1|{-/0(0|s|s|s|s|(s/P/P|-|t|t|t|t|t|-]|]-]|]-|d|d|d|d]|d]|Rd=vavgh(Rs,Rt)
1{1}{1/1/o1{1{1|{-/0{1|s|s|s|s|(s|(P/P|l-|t|t|t|[t|t| -]|-]|-|d|d|d]|d]|d]|Rd=vavgh(Rs,Rt):rnd
1{1{1/1/o1|1{1|-{1/1|s|s|s|s|s/P/P|-|t|t|t|t|t -|-]|]-|d|d|d]|d|d]|Rd=vhavgh(RtRs)
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
P Predicated
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector subtract halfwords

Subtract each of the two halfwords in 32-bit vector Rs from the corresponding halfword in
vector Rt. Optionally saturate each 16-bit addition to either a signed or unsigned 16-bit
value.

Applying saturation to the VSUBH instruction clamps the result to the signed range
0x8000 to Ox7ftf, whereas applying saturation to VSUBUH ensures that the unsigned
result is in the range 0 to Oxffff. When saturation is not needed, VSUBH should be used.

Syntax Behavior

Rd=vsubh (Rt,Rs) [:sat] for (i=0;i<2;i++) {
RA.h[i]=[sat,e] (Rt.h[i]-Rs.h[i]);
}i

Rd=vsubuh (Rt,Rs) : sat for (i=0;i<2;i++) {
Rd.h[i]=usat;s;(Rt.uh[i] -Rs.uh[i]) ;
b5

Class: ALU32 (slots 0,1,2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rd=vsubh (Rt,Rs) Word32 Q6 R vsubh RR(Word32 Rt, Word32 Rs)
Rd=vsubh (Rt,Rs) :sat Word32 Q6_R_vsubh RR sat (Word32 Rt, Word32
Rs)
Rd=vsubuh (Rt,Rs) :sat Word32 Q6_R vsubuh RR_sat (Word32 Rt, Word32
Rs)
Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS P | MajOp MinOp s5 Parse t5 d5
1(1/1]1]0o|1|1|0[1|0|0|s|s|s|s|s|P|P|-|t|t|t|t|t|-|-|-|d|d|d|d]|d]|Rd=vsubh(RtRs)
1{1{141/j0{141/0/1/0|1|s|s|s|s|s/P/P|-|t|t|t|t |t -|-|-|d|d|d|d]|d|Rd=vsubh(RtRs)sat
1{1{141j0|141/0|1(1|1|s|s|s|s|s/P/P|-|t|t|t|t|t| -|-|-|d|d|d|d]|d|Rd=vsubuh(RtRs):sat
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
P Predicated
ICLASS Instruction Class
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Field name Description
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Zero extend

Zero-extend the least significant byte or halfword from Rs and place the 32-bit result in

Rd.
Rd=zxth(Rs) Rd=zxtb(Rs)
Rs Rs
0x0000 Rd 0x000000 Rd
Syntax Behavior
Rd=zxtb (Rs) Assembler mapped to: "Rd=and(Rs,#255)"
Rd=zxth (Rs) Rd = zxtig_.35(Rs);

Class: ALU32 (slots 0,1,2,3)

Intrinsics
Rd=zxtb (Rs) Word32 Q6 R zxtb R(Word32 Rs)
Rd=zxth (Rs) Word32 Q6 R zxth R(Word32 Rs)
Encoding

w

31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp MinOp s5 Parse | C d5
o|1|1‘100‘0|01|1‘0 s‘s‘s|s|s P|P0 -|-|-|-|-‘-d‘d‘d|d|d Rd=zxth(Rs)

Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
c Conditional
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
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11.1.2 ALU32/PERM

The ALU32/PERM instruction subclass includes instructions which rearrange or perform
format conversion on vector data types.

Combine words into doubleword

Combine halfwords or words into larger values.

In a halfword combine, either the high or low halfword of the first source register is
transferred to the most-significant halfword of the destination register, while either the
high or low halfword of the second source register is transferred to the least-significant
halfword of the destination register. Source and destination registers are 32 bits.

In a word combine, the first source register is transferred to the most-significant word of
the destination register, while the second source register is transferred to the least-
significant word of the destination register. Source registers are 32 bits and the destination
register is 64 bits.

In a variant of word combine, signed 8-bit immediate values (instead of registers) are
transferred to the most- and least-significant words of the 64-bit destination register.
Optionally one of the immediate values can be 32 bits.

Rd=combine(Rt.[HL],Rs.[HL])

Rt.H

Rt.L Rs.H Rs.L

/ Rdd=combine(Rs,Rt)

Mux Rs Rt

Rd

Syntax Behavior

Rd=combine (Rt. [HL] ,Rs. [HL]) Rd = (Rt.uh[01]<<16) | Rs.uh[01];
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Syntax Behavior
Rdd=combine (#s8, #S8) apply extension (#s) ;
Rdd.w[0] =#S;
Rdd.w[l] =#s;
Rdd=combine (#s8, #U6) apply extension (#U) ;
RAd.w[0] =#U;
Rdd.w[l] =#s;
Rdd=combine (#s8,Rs) apply extension (#s) ;
Rdd.w[0] =Rs;
Rdd.w[l] =#s;
Rdd=combine (Rs, #s8) apply extension (#s) ;

RdAd.w[0] =#s;
Rdd.w[1l] =Rs;

Rdd=combine (Rs,Rt) RdAd.w[0] =Rt;
Rdd.w[1l] =Rs;

Class: ALU32 (slots 0,1,2,3)

Intrinsics
Rd=combine (Rt .H,Rs.H) Word32 Q6 R combine RhRh (Word32 Rt, Word32
Rs)
Rd=combine (Rt .H,Rs.L) Word32 Q6 R combine RhRI1 (Word32 Rt, Word32
Rs)
Rd=combine (Rt.L,Rs.H) Word32 Q6 R combine R1Rh(Word32 Rt, Word32
Rs)
Rd=combine (Rt .L,Rs.L) Word32 Q6 R combine RI1RI1 (Word32 Rt, Word32
Rs)
Rdd=combine (#s8, #58) Wordée4 Q6 P combine II (Word32 Is8, Word32
IS8)
Rdd=combine (#s8,Rs) Wordée4 Q6 P combine IR (Word32 Is8, Word32
Rs)
Rdd=combine (Rs, #s8) Wordée4 Q6 P combine RI (Word32 Rs, Word32
Is8)
Rdd=combine (Rs, Rt) Wordé64 Q6 P combine RR(Word32 Rs, Word32
Rt)
Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS Rs| MajOp MinOp s5 Parse d5
of1/141/0{0{1{1|(-/0|0|s|s|s|s|s|P|P|1|i|i|i|i|i|i|]i]i|d|d]|d]|d]|d|Rdd=combine(Rs,#s8)
o/1{1/1/0/0|1(1|-/0{1|s|s|s|s|s|P|/P|1|i|i|i|i|i|i|i]i|d|d|d]|d]|d|Rdd=combine(#s8Rs)
ICLASS Rs| MajOp MinOp Parse d5
o1t (1|11 1 jofojo bty |{v|{P/PiL|ifili|i|i|i|i]i|d|d]|d]|d]|d|Rdd=combine(#s8#S8)
o1 (1 (1|1 {1jofof1 | -|=-|0b{0b 0|00 |P|P | |i]ili|i|i|]i|]i]i|d|d|d]|d]|d|Rdd=combine(#s8#U6)
ICLASS P | MajOp MinOp s5 Parse t5 d5
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31(30|29(28|27|26|25(24|23(22|21|20/19(18|17(16|15(14|13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 |1 |0
1/1]/1/1]0|0|1[1|1|0|0|s|s|s|s|s|P|P t|t|t|t|t|-|-|-|d|d|d]|d]|d|Rd=combine(RtH,Rs.H)
10111 ]ofo|1|[1]|1|0|1|s|s|s|s|s|/P|P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=combine(RtH,Rs.L)
1111 ]ofo|1|[1]|1|1]|0|s|s|s|s|s|/P|P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=combine(RtL,Rs.H)
1111 ]ofo|1[1]|1|1]|1|s|s|s|[s|s|/P|P|-|t|t|t|t|t|-|-|-|d|d|d]|d]|d]|Rd=combine(Rt.L,Rs.L)
1{1{1/1/0/1/0{1/0|-|-|s|s|s|s|s|P/P|-|t|t|t|[t|t|-]|-]|]-|d|d|d]|d|d|Rdd=combine(Rs,Rt)
Field name Description

MajOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

MajoOp Major Opcode

MinOp Minor Opcode

P Predicated

ICLASS Instruction Class

Parse Packet/Loop parse bits

ds Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Mux

Select between two source registers based on the least-significant bit of a predicate
register. If the bit is 1, transfer the first source register to the destination register;

otherwise, transfer the second source register. Source and destination registers are 32 bits.

In a variant of mux, signed 8-bit immediate values can be used instead of registers for

either or both source operands.

For 64-bit versions of this instruction, see the XTYPE vmux instruction.

Syntax

Rd=mux (Pu, #s8, #S8)

Rd=mux (Pu, #s8, Rs)

Rd=mux (Pu,Rs, #s8)

Behavior

apply extension (#s) ;
(Puf0]) ? (Rd=#s): (Rd=#S);

apply extension (#s) ;
(Pul0]) ? (Rd=#s) : (Rd=Rs) ;

apply extension (#s) ;

(Puf0]) ? (Rd=Rs) : (Rd=#s) ;
Rd=mux (Pu, Rs, Rt) (Puf[0]) ? (Rd=Rs): (Rd=Rt) ;
Class: ALU32 (slots 0,1,2,3)
Intrinsics
Rd=mux (Pu, #s8, #58) Word32 Q6_R _mux_pII(Byte Pu, Word32 Is8,
Word32 IS8)
Rd=mux (Pu, #s8, Rs) Word32 Q6 R mux pIR(Byte Pu, Word32 IsS8,
Word32 Rs)
Rd=mux (Pu,Rs, #s8) Word32 Q6 R mux pRI (Byte Pu, Word32 Rs,
Word32 Is8)
Rd=mux (Pu, Rs, Rt) Word32 Q6 R mux DPRR(Byte Pu, Word32 Rs,
Word32 Rt)
Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS Rs| MajOp u2 s5 Parse d5
0/1|/1|/1]0/0[1[1|0|u|u|s|s|s|s|[s|P|P|O|i|il]il|i|i|i]|i]i d|d|d|d|Rd=mux(Pu,Rs,#s8)
0O/1(1|1/0/0|1 (1|1 |uju|s|s|s|s|[s|P /PO |i|i|i|il|i|i]|i]li d|d|d|d | Rd=mux(Pu,#s8,Rs)
ICLASS Rs ul Parse d5
0|1|1‘110‘1uu|‘|I‘I‘I|I|IP|P |‘|‘||i||||‘|d‘d‘d|d|dRd=mux(Pu,#38,#88)
ICLASS P | MajOp s5 Parse t5 u2 d5
1|1|1‘101‘0|o .- -s‘s‘s|s|s P|P t‘t‘t|t|t -u‘u d‘d‘d|d|d Rd=mux(Pu,Rs,Rt)
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Field name Description

MajOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

MajOp Major Opcode

P Predicated

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

ul Field to encode register u

u2 Field to encode register u
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Shift word by 16

ASLH performs an arithmetic left shift of the 32-bit source register by 16 bits (one
halfword). The lower 16 bits of the destination are zero-filled.

Rs

0x0000 Rd

ASRH performs an arithmetic right shift of the 32-bit source register by 16 bits (one
halfword). The upper 16 bits of the destination are sign-extended.

Rs
Sign-extend Rd
Syntax Behavior
Rd=aslh (Rs) Rd=Rs<<16;
Rd=asrh (Rs) Rd=Rs>>16;

Class: ALU32 (slots 0,1,2,3)

Intrinsics

Rd=aslh(Rs) Word32 Q6_R aslh R(Word32 Rs)

Rd=asrh (Rs) Word32 Q6 R asrh R(Word32 Rs)

Encoding

31/30]29]28 27|26 25] 24 /23] 22| 21| 20 19] 18]17] 16 /15[ 14]1

ICLASS Rs| MajOp MinOp s5 Parse | C
ol1]1[1]olofofolofofo|s][s|s][s][s|P|[P|0
o/1|1][1/0lololololol1]s|s|s|s|s|P|P|o

w

12‘11‘10|9|8|7|6‘5 4\3\2|1|0
d5

d | d | Rd=aslh(Rs)
d|d|d|d|Rd=asrh(Rs)

Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
c Conditional
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
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Pack high and low halfwords

Pack together the most-significant halfwords from Rs and Rt into the most-significant
word of register pair Rdd, and the least-significant halfwords from Rs and Rt into the
least-significant halfword of Rdd.

Rs Rt
Rdd
Syntax Behavior
Rdd=packhl (Rs,Rt) Rdd.h[0]=Rt.h[0];
Rdd.h[1]=Rs.h[0];
RAd.h[2]=Rt.h[1];
Rdd.h[3]1=Rs.h[1];
Class: ALU32 (slots 0,1,2,3)
Intrinsics
Rdd=packhl (Rs,Rt) Wordé64 Q6 P packhl RR(Word32 Rs, Word32 Rt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS P | MajOp MinOp s5 Parse t5 d5
1 |1 |1 ‘1 0|1 ‘0|1 1 |‘ s‘s‘s|s|s P|P ; t‘t‘t|t|t |‘ d‘d‘d|d|d Rdd=packhl(Rs,Rt)
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
P Predicated
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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11.1.3 ALU32/PRED

The ALU32/PRED instruction subclass includes instructions which perform conditional
arithmetic and logical operations based on the values stored in a predicate register, and
which produce predicate results. They are executable on any slot.

Conditional add

If the least-significant bit of predicate Pu is set, then add a 32-bit source register to either
another register or an immediate value. The result is placed in 32-bit destination register. If
the predicate is false, the instruction does nothing.

Syntax Behavior
if ([!]1Pul.newl) if ([!]Pul.new] [0])
Rd=add (Rs, #s8) apply extension (#s) ;
Rd=Rs+#s;
} else {
NOP;
b5
if ([!]Pul.new]) if ([!1Pul.new] [0])
Rd=add (Rs, Rt) Rd=Rs+Rt;
} else {
NOP;
b5

Class: ALU32 (slots 0,1,2,3)

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp |PS| u2 s5 Parse B d5
0(1|/1|/1]0[1]0(0|0|u|ju|s|s|s|s|s O|ifi|i|i|i|i|i]|]i|d]d]|d]|d]d]if(Pu)Rd=add(Rs,#s8)

0/1(1{1/0{1|0(0|0|uju|s|s|s|s|(s|P/P|1|i|i|i|i|i|i|i]i|d|d|d|d]|d]if(Punew)Rd=add(Rs,#s8)

0(1/1/1]/0|{1]/0[0(1|uju|s|s|s|[s|s O i i i |i|if|if]i d|d|d|d|if (IPu) Rd=add(Rs,#s8)
011101001uusssssPP1||||||||dddddi|;gf:dg?gs)’#58)
ICLASS P | MajOp MinOp s5 Parse R t5 PS| u2 d5
1/1]1|1]1]0|1]|1]/0|-|0|s|s|s|s|s|P|P|O|t|t|t|t|[t|0|u|u|d|d]|d]|d]d]if(Pu)Rd=add(Rs,Rt)
1/1]/1]1|1]0|1|1]|0|-|0|s|s|s|s|s|P|P[O|t|t|t|t|t|1|u|u|d|d]|d]|d]d]if(Pu)Rd=add(Rs,Rt)
1111 (101|110 O|s|(s|s|s|s|P|/P|1 |t |t|t|t|t|0|uflu|ld|d|d|d]|d|if(Punew)Rd=add(Rs,Rt)
1011 [1]1]0o[1]1]0 O|s|s|s|s|s|P|[P[1|t|t|t|t|t|1|u|u|d|d|d| d]|d]if(Punew)Rd=add(Rs,Rt)
Field name Description

MajOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

DN Dot-new

PS Predicate sense
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Field name Description

DN Dot-new

MajOp Major Opcode

MinOp Minor Opcode

P Predicated

PS Predicate sense

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

u2 Field to encode register u
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Conditional shift halfword

Conditionally shift a halfword.

ASLH performs an arithmetic left shift of the 32-bit source register by 16 bits (one
halfword). The lower 16 bits of the destination are zero-filled.

Rs

0x0000 Rd

ASRH performs an arithmetic right shift of the 32-bit source register by 16 bits (one
halfword). The upper 16 bits of the destination are sign-extended.

Rs
Sign-extend Rd
Syntax Behavior
if ([!]Pul.new]) Rd=aslh(Rs) if([!]Pul.new] [0])
Rd=Rs<<16;
} else {
NOP;
Iz
if ([!]Pul.new]) Rd=asrh(Rs) if([!]Pul.new] [0])
Rd=Rs>>16;
} else {
NOP;
¥

Class: ALU32 (slots 0,1,2,3)

Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS Rs| MajOp MinOp s5 Parse | C S |dn| u2 d5
ol1]1[1]olofololofofo|s][s|s|[s|[s/P[P[1|-]ofolulul-]-]-]d]a]d[d]d]if(Pu)Rd=ash(Rs)
of(1/1/1|/0|0|0|0(0|0O|0O|s|s|s|s|s|P|P|1 O/1|ufu|-|-|-|d|d|d]|d|d]if(Punew)Rd=aslh(Rs)
o/1|1][1/olojololololo|s|s|s|s|s|P|P|1 110 ulul-|-]-|d|d|d|d]|d]if(Pu)Rd=ash(Rs)
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31|30(29|28|27(26|25(24|23|22|21/20|19|18|17|16|15(|14|13|12(11 |10 8/7/6|5/4/3[2(1/0
o/1(1/1/0/0|0(0|0|0O|0O|s|s|s|s|s|P/P|1]|-|1]1 u|/-|-|-|djd|d|d]|d]if(!Punew)Rd=aslh(Rs)
o/1(1/1/0/0|0(0|0|0O|1|s|s|s|s|s|P/P|1]|]-/0]0 u|/-|-|-|djd|d|d]|d]|if(Pu) Rd=asrh(Rs)
o/1(1/1/0/0/0(0|0|0O|1|s|s|s|s|s|P/P|1]|-|0]1 u|/-|-|-|djd|d|d]|d]if (Punew)Rd=asrh(Rs)
ol1|1[1]/ofofofo|0o|0|1|s|s|s|s|s|P|P|1|-|1]|0 ul-|-]-|d|d|d|d]|d|if(!Pu) Rd=asrh(Rs)
of(1/1/1/0|0|0(0(0|0O|1|s|s|s|s|s|P|P|1]-]1]|1 ul-|-|-|d|{d|d|d]|d|if(!Punew)Rd=asrh(Rs)
Field name Description

MajOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

Conditional

S Predicate sense

dn Dot-new

ICLASS Instruction Class

Parse Packet/Loop parse bits

ds Field to encode register d

s5 Field to encode register s

u2 Field to encode register u
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Conditional combine

If the least-significant bit of predicate Pu is set, then the most-significant word of
destination Rdd is taken from the first source register Rs, while the least-significant word
is taken from the second source register Rt. If the predicate is false, this instruction does
nothing.

Syntax Behavior
if ([!]1Pul.newl) if ([!]1Pul.new] [0])
Rdd=combine (Rs, Rt) Rdd.w[0] =Rt ;
Rdd.w[1l] =Rs;
} else {
NOP;
Iz

Class: ALU32 (slots 0,1,2,3)

Encoding
31/30]29]28 27|26 25] 24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS P | MajOp s5 Parseﬁ t5 PS| u2 d5
1011 1 0O(1|-|-|-|s|s|s|s|s|/P/P/O|t t|t|t |t 0| uju|d d|d|d]|d,]if(Pu)Rdd=combine(Rs,Rt)
if (1Pu)
111 (1 1 01"'SSSSSPPOttttt1uUddddded=combine(Rs,Rt)
if (Pu.new)
1011 1 01 -|-|-|s|s|s|s|s|P|P/1/t/t|t|t t0 ujuddddd gy tidiersRi
if (IPu.new)
1111 1 01"'SSSSSPP1ttttt1uUddddded=combine(Rs,Rt)
Field name Description
DN Dot-new
MajOp Major Opcode
P Predicated
PS Predicate sense
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
u2 Field to encode register u
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Conditional logical operations

If the least-significant bit of predicate Pu is set, then do a logical operation on the source
values. The result is placed in 32-bit destination register. If the predicate is false, the

instruction does nothing.

Syntax

if ([!]Pul.new])
Rd=and (Rs,Rt)

if ([!]Pul.newl])
Rd=or (Rs,Rt)

if ([!]Pul.new])
Rd=xor (Rs,Rt)

Class: ALU32 (slots 0,1,2,3)

Behavior

if ([!]Pul.new] [0])
Rd=Rs&Rt;

} else {
NOP;

¥

if([!]Pul.new] [0])
Rd=Rs|Rt;

} else {
NOP;

¥

if ([t11Pul.new] [0])
Rd=Rs”Rt;

} else {
NOP;

b e

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS P | MajOp MinOp s5 Parse B t5 PS| u2 d5
1{1{1{1(1/0|0|1|-|0|0|s|s|s|s|s|P|P|O t|t(t|t 0O|uju|ld|d|d|d]|d)if(Pu)Rd=and(Rs,Rt)
1{1{1{1(1/0|0|1|-/0|0|s|s|s|s|s|P|P|O t|t(t|t|1|uju|ld|d|d|d]|d,]if(Pu)Rd=and(Rs,Rt)
1{1{1}1(1/0|0|1|-|0|0|s|s|s|s|s|P|P|1 t|t| t|t|{0O|ujufd|d|d|d]|d|if(Punew)Rd=and(Rs,Rt)
1{1{1}1(1/0|0|1|-|0|0|s|s|s|s|s|P|P|1 t|t| t|t|1|ujufd|d|d]|d]|d|if(Punew)Rd=and(Rs,Rt)
1{1{1}1(1/0|0|1|-|0|1|s|s|s|s|s|P|P|O t|t t|t|{0O|uju|ld|d|d|d]|d|if(Pu)Rd=or(Rs,Rt)
1{1{1{1(1/0|0|1|-/0|1|s|s|s|s|s|P|P|O t|t(t|t|1|ujuld|d|d|d]|d)]if(Pu)Rd=or(Rs,Rt)
1{1{141}1/0|/0|{1|-/0|1|s|s|s|s|s| P|P|1 t|t(t|t 0O|uju|ld d|d|d]|d)]if(Punew)Rd=or(Rs,Rt)
1{1{141}1/0|/0|{1|-/0|1|s|s|s|s|s|P|P|1 t|t|(t|t|1|ujuld|d|d|d]|d),|if(!Punew)Rd=or(Rs,Rt)
1{1{1}1(1/0|0|1|-[1|1|s|s|s|s|s|P|P|O t|t t|t|0|ujufd|d|d|d]|d|if(Pu)Rd=xor(Rs,Rt)
1{1{1}1(1/0|0|1|-[1]/1|s|s|s|s|s|P|P|O t|t| t|t|1|ujufd|d|d]|d]|d|if(Pu)Rd=xor(Rs,Rt)
1{1{1}1(1/0|0|1|-|1|1|s|s|s|s|s|P|P|1 t|t| t|t|{0O|uju|ld|d|d|d]|d|if(Punew)Rd=xor(Rs,Rt)
1{(1{141}1j0|/0{1|-(1|1|s|s|s|s|s|P|P|1 t|t(t|t|1|uju|ld|d|d|d]|d,|if(!Punew)Rd=xor(Rs,Rt)
Field name Description

DN Dot-new

MajoOp Major Opcode

MinOp Minor Opcode

P Predicated

PS Predicate sense
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
u2 Field to encode register u
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Conditional subtract

If the least-significant bit of predicate Pu is set, then subtract a 32-bit source register Rt
from register Rs. The result is placed in a 32-bit destination register. If the predicate is
false, the instruction does nothing.

if

([!'1Pul.newl])

Syntax

Rd=sub (Rt,Rs)

Iz

Class: ALU32 (slots 0,1,2,3)

Rd=Rt-Rs;
} else {

NOP;

Behavior

if ([!]Pul.new] [0])

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS P | MajOp MinOp s5 Parseﬁ t5 PS| u2 d5
1011 1/01|1]|0|-|1|s|s|s|s|s|[P|/P|O|t|t|t|t|[t|0|u|u|d|d]|d]|d]d]if(Pu)Rd=sub(RtRs)
1011 1/01|1|0|-|1|s|s|s|s|s|[P/P|O|t|t|t|t|t|1|u|u|ld|d]|d]|d]|d]if(Pu)Rd=sub(RtRs)
111 (1 1/0(1 |10 1|s|s|s|s|s|/P|/P|1|t|t|t|t|t|0|uju|jd|d|d|d]|d,]if(Punew)Rd=sub(RtRs)
111 (1 1/0(1 |10 1|s|s|s|(s|s|/P|P|1|t|t|t|t|t|1|ujufd|d|d|d]|d,]if(!Punew)Rd=sub(RtRs)
Field name Description

DN Dot-new

MajOp Major Opcode

MinOp Minor Opcode

P Predicated

PS Predicate sense

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

u2 Field to encode register u
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Instruction Set

Conditional sign extend

Conditionally sign-extend the least-significant byte or halfword from Rs and put the 32-bit

result in Rd.

Rd=sxth(Rs)

Rd=sxtb(Rs)

Rs Rs
Sign-extend Rd Sign-extend Rd
Syntax Behavior
if ([!]Pul.new]) Rd=sxtb(Rs) if([!]Pul.new] [0])
Rd=sxtg_ .35 (RS) ;
} else {
NOP;
}i
if ([!1Pul.new]) Rd=sxth(Rs) if([!]1Pul.new] [0]) {
Rd=sxtig_.35 (RS) ;
} else {
NOP;
¥
Class: ALU32 (slots 0,1,2,3)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp MinOp s5 Parse | C S |dn| u2 d5
0|11 0o/0j0/0(1|0|1|s|s|s|s|s|P|/P|1|-|0|0|uju|-|-|-]d|d|d|d|d|if(Pu)Rd=sxtb(Rs)
0|11 o/ojo/o(1/0(1|s|s|s|s|s(P/P/{1|-/0|1T|uju|-|-|-]d|d|d|d|d|if(Punew)Rd=sxtb(Rs)
011 ofofofof1]/0|1|s|s|s|s|s|P|P|1|-|1]|0|u|u|=-|=-|-|d|d|d]|d]|d|if(!Pu)Rd=sxtb(Rs)
011 o/jojojo|/1/0|1|s|s|s|s|s|P|P{1]|-[1|1T|uju|-|-]-|d|d|d]|d]|d|if(Punew)Rd=sxtb(Rs)
011 oflofof0f1[1]1]|s|s|s|s|s|P|P|1|-|0|0|u|u|-|-|-|d|d|d]|d]|d|if(Pu)Rd=sxth(Rs)
0|11 o/jojojo(1{1|/1|s|s|s|s|s(P/P/{1]|-/0|1T|uju|-|-|-]d|d|d|d|d|if(Punew)Rd=sxth(Rs)
0|11 o/jojojof1{1|/1|s|s|s|s|s|/P/P/1]|-{1|0|uju|-|-|-]d|d|d|d]|d|if(!Pu)Rd=sxth(Rs)
0|11 o/jojojof1{1|/1|s|s|s|s|s(P/P/1|-|1/1T|uju|-|-|-]d|d|d]|d]|d|if('lPunew)Rd=sxth(Rs)
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
Conditional
S Predicate sense
dn Dot-new
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
u2 Field to encode register u
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Conditional transfer

If the LSB of predicate Pu is set, transfer register Rs or a signed immediate into

destination Rd. If the predicate is false, this instruction does nothing.

Syntax

if ([!]JPul.new]) Rd=#s12

if ([!]Pul.new]) Rd=Rs

if ([!]JPul.new]) Rdd=Rss

Class: ALU32 (slots 0,1,2,3)

apply extension (#s) ;

if ([!1Pul.new] [0])

else NOP;

Assembler mapped to:

Rd=add (Rs, #0) "

Assembler mapped to:

Ilif

nif

Behavior

Rd=#s;

([!'1Pul.new])

([!1Pul.newl)
Rdd=combine (Rss.H32,Rss.L32)"

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS |Rs| Majop |PS| w2 Parse | R d5
o1 (111 {1{1[{0[0|ufu|O0O|ililili|P|P]|O]i i|i|i|i|d|d|d|d]|d)]|if(Pu)Rd=#s12
o1 (1 (1|1 {1 (1|00 |ufu|O|ililili|P|P|1]i i|i|i|i|d|d|d]|d]|d]|if(Punew)Rd=#s12
o111 (1|11 |01 |ujul0o]|ilili|i|P|[P|O]i i|i|i|i|d|d|d]|d]|d]|if(Pu)Rd=#s12
o1 (1|11 (1|1 (0|1 |uju|0|i|i|i|[i|P|P]1]i i|i|i|i|d|d|d|d]|d]if(lPunew)Rd=#s12
Field name Description

MajOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

DN Dot-new

PS Predicate sense

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

u2 Field to encode register u
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Instruction Set

Conditional zero extend

Conditionally zero-extend the least-significant byte or halfword from Rs and put the 32-bit
result in Rd.

Rd=zxth(Rs)

0x0000

Syntax

Rs

Rd

Rd=zxtb(Rs)

Rs

0x000000

Rd

Behavior

if ([!]Pul.new]) Rd=zxtb(Rs) if([!]Pul.new] [0])
Rd=zxtg_ .35 (RS) ;
} else {
NOP;
b
if ([!1Pul.new]) Rd=zxth(Rs) if([!]1Pul.new] [0]) {
Rd=zxt g_.35 (RS) ;
} else {
NOP;
¥
Class: ALU32 (slots 0,1,2,3)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Rs| MajOp MinOp s5 Parse | C S |dn| u2 d5
011 olojojo|1]o0]0O s|s P/ P|{1]-|0|0|ufu|-|=-|-|d|d]|d|d]d|if(Pu)Rd=zxtb(Rs)
0|11 0|00 |0 (1|00 s|s P/P/1|-/0/1|ufu|-|-]-|d|d|d|d]|d|if(Punew)Rd=zxtb(Rs)
011 olojojo|1]o]0 s|s P/P|1]|-|1]|0|ufu|-|[-]-|d|d]|d]|d]|d]|if(Pu)Rd=zxtb(Rs)
011 olojojo|1]o]0 s|s PP{1|-|1|1|ufu|-|-]|-|d|d]|d]|d]|d]|if(Punew)Rd=zxtb(Rs)
01 [1 olofojo|1]1]0 s|s P/ P|{1]|-|0|0|ufu|-|-|-|d|d]|d]|d]d|if(Pu)Rd=zxth(Rs)
0|11 0|00 |0 (1|10 s|s P/P/1|-/0/1|ufu|-|-]|-|d|d|d|d]|d|if(Punew)Rd=zxth(Rs)
011 olofojo|1]1]0 s|s P/P|1|-|1]|0|ufu|-|[-]-|d|d]|d]|d]|d]|if(Pu)Rd=zxth(Rs)
011 olofofo|1]1]0 s|s P/P{1|-|1|1|ufu|-|-]|-|d|d]|d]|d]|d]|if(Punew)Rd=zxth(Rs)
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
Conditional
S Predicate sense
dn Dot-new
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
u2 Field to encode register u
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Compare

The register form compares two 32-bit registers for unsigned greater than, greater than, or
equal.

The immediate form compares a register against a signed or unsigned immediate value.
The 8-bit predicate register Pd is set to all 1's or all 0's depending on the result. For 64-bit
versions of this instruction, see the XTYPE compare instructions.

Syntax Behavior

Pd=[!]cmp.eq(Rs, #s10) apply extension (#s) ;

Pd=Rs[!]=#s ? Oxff : 0x00;
Pd=[!]cmp.eq(Rs,Rt) Pd=Rs[!]=Rt ? Oxff : 0x00;
Pd=[!]cmp.gt (Rs, #s10) apply extension (#s) ;

Pd=Rs<=#s ? Oxff : 0x00;
Pd=[!]cmp.gt (Rs,Rt) Pd=Rs<=Rt ? Oxff : 0x00;
Pd=[!]cmp.gtu(Rs, #u9) apply extension (#u) ;

Pd=Rs.uw[0] <=#u ? Oxff : 0x00;
Pd=[!]cmp.gtu(Rs,Rt) Pd=Rs.uw[0] <=Rt.uw[0] ? Oxff : 0x00;
Pd=cmp.ge (Rs, #s8) Assembler mapped to: "Pd=cmp.gt (Rs,#s8-1)"
Pd=cmp.geu (Rs, #u8) if ("#u8==0")

Assembler mapped to:
"Pd=cmp.eqg(Rs,Rs)";
} else {

Assembler mapped to:
"Pd=cmp.gtu (Rs, #us8-1) ";

1

Pd=cmp.1lt (Rs,Rt) Assembler mapped to: "Pd=cmp.gt (Rt,Rs)"

Pd=cmp.ltu(Rs,Rt) Assembler mapped to: "Pd=cmp.gtu(Rt,Rs)"

Class: ALU32 (slots 0,1,2,3)

Intrinsics

Pd=!cmp.eq(Rs, #s10) Byte Q6 p not cmp eqg RI(Word32 Rs, Word32
Isl0)

Pd=!cmp.eq(Rs,Rt) Byte Q6 p not cmp eg RR(Word32 Rs, Word32
Rt)

Pd=!cmp.gt (Rs, #s10) Byte Q6 p not cmp gt RI(Word32 Rs, Word32
Isl0)

Pd=!cmp.gt (Rs,Rt) Byte Q6 p not cmp gt RR(Word32 Rs, Word32
Rt)

Pd=!cmp.gtu(Rs, #u9) Byte Q6 p not cmp gtu RI(Word32 Rs, Word32
Tu9)

Pd=!cmp.gtu(Rs,Rt) Byte Q6 p not cmp gtu RR(Word32 Rs, Word32
Rt)
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Pd=cmp.eq(Rs, #s10) Byte Q6 p cmp eqg RI(Word32 Rs, Word32 IslO0)

Pd=cmp.eq(Rs,Rt) Byte Q6 p cmp eqg RR(Word32 Rs, Word32 Rt)

Pd=cmp.ge (Rs, #s8) Byte Q6 p cmp ge RI(Word32 Rs, Word32 Is8)

Pd=cmp.geu (Rs, #u8) Byte Q6 p cmp geu RI (Word32 Rs, Word32 Iu8)

Pd=cmp.gt (Rs, #s10) Byte Q6 p cmp gt RI(Word32 Rs, Word32 IslO0)

Pd=cmp.gt (Rs,Rt) Byte Q6 p cmp gt RR(Word32 Rs, Word32 Rt)

Pd=cmp.gtu(Rs, #u9) Byte Q6 p cmp gtu RI(Word32 Rs, Word32 Iu9)

Pd=cmp.gtu(Rs, Rt) Byte Q6 p cmp gtu RR(Word32 Rs, Word32 Rt)

Pd=cmp.lt (Rs,Rt) Byte Q6 p cmp 1t RR(Word32 Rs, Word32 Rt)

Pd=cmp.ltu(Rs,Rt) Byte Q6 p cmp ltu RR(Word32 Rs, Word32 Rt)

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0

ICLASS Rs| MajOp MinOp s5 Parse d2
o/1(1/1/0(1/0(1|/0|0|i|s|s|s|s|(s|P|/P|i|i|i|i|i|i|i|i]i|0|0]|0|d]|d]|Pd=cmp.eq(Rs,#s10)
o/1(1{1/0{1/0(1|/0|0|i|s|s|s|s|(s|P|/P|i|i|i|i|i|i|i|i]i|1|0]0/|d]|d]|Pd=lcmp.eq(Rs,#s10)
o/1{1{1/0{1j0(1|/0|1|i|s|s|s|s|s|P/P|i|i|i|i|i|i|i|i]i|0|0]|0|d]|d]|Pd=cmp.gt(Rs,#s10)
of1/141|0{1j0(1(0|1|i|s|s|s|s|s|P|P|i|i|]ilil|i|i|i|i]i|1|0]|0]|d]|d]|Pd=lcmp.gt(Rs,#s10)
of1/141/0{1}j0(1(1/0|0|s|s|s|s|s|P|P|i|i|il|i|i|i|i|i]|i]|O0|0|0|d]|d]|Pd=cmp.gtu(Rs#u9)
of1/141|0{1j0[1(1/0|0|s|s|s|s|s|P|P|i|il|il|il|i|i|i|i]i|1|0]|0]|d]|d]|Pd=lcmp.gtu(Rs#u9)
ICLASS P | MajOp MinOp s5 Parse t5 d2
1{17/14/1/j0/041/0|-/0|0|s|s|s|s|s/P/P|-|t|t|t|t |t -|-|-/0]0]|0]|d]|d|Pd=cmp.eq(Rs,Rt)
1{1/141/j0|041/0|-/0|0|s|s|s|s|s/P/P|-|t|t|t|t|t -|-|-|1]0]|0]|d]|d|Pd=lcmp.eq(Rs,Rt)
1{1{1/1/0/0|1/0|-|{1/0|s|s|s|s|s|P/P|-|t|t t|t|t|-|-]|-]0]0|0 | d]|d]|Pd=cmp.gt(Rs,Rt)
1{1{1/1/0/0|1/0|-|{1/0|s|s|s|s|s|(P/P|l-|t|t|t|t|t -|-]-]1]00] d|d]|Pd=lcmp.gt(Rs,Rt)
1{1{1/17/0/0|1|/0|-(1}/1|s|s|s|s|(s|/P/P|-|t|t|t|t|t -]|-]|-]0]0|0 | d|d]|Pd=cmp.gtu(Rs,Rt)
1{1/141j0j041/0|-(1|1|s|s|s|s|s/P/P|- |t t|t|t|t -|-]|-/1]0|0]|d]|d|Pd=lcmp.gtu(Rs,Rt)
Field name Description

MajoOp Major Opcode

MinOp Minor Opcode

Rs No Rs read

MajOp Major Opcode

MinOp Minor Opcode

P Predicated

ICLASS Instruction Class

Parse Packet/Loop parse bits

a2 Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Compare to general register

The register form compares two 32-bit registers for unsigned greater than, greater than, or
equal. The immediate form compares a register against a signed or unsigned immediate
value. The resulting zero or one is placed in a general register.

Syntax Behavior

Rd=[!]cmp.eqg(Rs, #s8) apply extension (#s) ;
Rd=(Rs[!]=#s) ;

Rd=[!]cmp.eq(Rs,Rt) Rd=(Rs[!]=Rt) ;

Class: ALU32 (slots 0,1,2,3)

Intrinsics
Rd=!cmp.eqg(Rs, #s8) Word32 Q6 R not cmp eq RI(Word32 Rs, Word32
Is8)
Rd=!cmp.eq(Rs,Rt) Word32 Q6 R not_cmp_eq RR(Word32 Rs, Word32
Rt)
Rd=cmp.eq(Rs, #s8) Word32 Q6_R_cmp_eqg_RI (Word32 Rs, Word32
Is8)
Rd=cmp.eq(Rs,Rt) Word32 Q6_R_cmp_eq_ RR(Word32 Rs, Word32 Rt)
Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS Rs| MajOp MinOp s5 Parse d5
01]1]1]0 1(1|-/1]0|s|s|s|s|s|P|[P|1|i|i|i|i|i|i|i|i|d|d|d]|d]|d|Rd=cmp.eq(Rs#s8)
o1 |1]1]0fo|1|1]|-|1]1|s|s|s|s|s|P|P|1|i|il|i|i|i|i|i|i|d|d]|d]|d]|d|Rd=lcmp.eq(Rs#s8)
ICLASS P | MajOp MinOp s5 Parse t5 d5
1{17/141/0/041|{1/0(1|0|s|s|s|s|s/ P/P|-|t|t|t|t|t -|-|-|d|d|d|d]|d|Rd=cmp.eq(Rs,Rt)
1{1{141/j0|041{1/0(1|1|s|s|s|s|s/P/P|-|t|t|t|t|t| -|-|-|d|d|d|d]|d|Rd=lcmp.eq(Rs,Rt)
Field name Description
MajOp Major Opcode
MinOp Minor Opcode
Rs No Rs read
MajOp Major Opcode
MinOp Minor Opcode
P Predicated
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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11.2 CR

The CR instruction class includes instructions which manage control registers, including
hardware looping, modulo addressing, and status flags.

CR instructions are executable on slot 3.

End loop instructions

The endloop instructions mark the end of a hardware loop. If the Loop Count (LC) register
indicates that a loop should continue to iterate, the LC register is decremented and the
program flow changes to the address in the Start Address (SA) register.

The endloopN instruction is actually a pseudo-instruction encoded in bits 15:14 of each
instruction. Therefore, no distinct 32-bit encoding exists for this instruction.

Syntax Behavior
endloopO0 if (USR.LPCFG) {
if (USR.LPCFG==1) ({
P3=0xff;

Iz

USR.LPCFG=USR.LPCFG-1;

if (LCo>1) {
PC=SA0;
LCO=LCO-1;

Iz

endloop01 if (USR.LPCFG) ({
if (USR.LPCFG==1) ({
P3=0xff;
¥

USR.LPCFG=USR.LPCFG-1;
b 5
if (Lco>1)
PC=SA0;
LCO=LCO-1;
} else {
if (LC1>1)
PC=SAL;
LC1=LC1-1;
¥
b 5

endloopl if (LCis>1)
PC=SA1l;
LC1=LC1-1;

¥
Class: N/A

Notes

» This instruction cannot be grouped in a packet with any program flow
instructions.

80-N2040-36 C 212

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

m  The Next PC value is the address immediately following the last instruction in the
packet containing this instruction.

m The PC value is the address of the start of the packet
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Corner detection acceleration

The FASTCORNERY instruction takes the Ps and Pt values and treats them as a circular
bit string. If any contiguous nine bits are set around the circle, the result is true, false
otherwise. The sense may be optionally inverted. This instruction is used to accelerate

FAST corner detection.

Syntax

Pd=[!] fastcorner9 (Ps, Pt)

Class: CR (slot 2,3)

Notes

Behavior

tmp.h[0] =(Ps<<8) |Pt;
tmp.h[1]=(Ps<<8) |Pt;

for (1 = 1; 1 < 9; 1i++) {
tmp &= tmp >> 1;

¥

Pd = tmp == 0 ? Oxff 0x00;

» This instruction may execute on either slot2 or slot3, even though it is a CR-type

Intrinsics

Pd=!fastcorner9 (Ps, Pt)

Pd=fastcorner9 (Ps, Pt)

Byte Q6 p not fastcorner9 pp(Byte Ps, Byte
Pt)

Byte Q6 p fastcorner9 pp(Byte Ps, Byte Pt)

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s2 |Parse t2 d2
o/1(1/j041/0|1(1/0/0|0|0|-|-|s|s|P|P -l -ttt 1] -] -|d|d|Pd=fastcorner9(Ps,Pt)
o/1(1j041/0|1(1/0/0|0|1|-|-|s|s|P|P -l -ttt 1] -] -|d]|d|Pd=!fastcorner9(Ps,Pt)

Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz Field to encode register d
s2 Field to encode register s
t2 Field to encode register t
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Logical reductions on predicates

The ANYS8 instruction sets a destination predicate register to Oxff if any of the low 8 bits
in source predicate register Ps are set. Otherwise, the predicate is set to 0x00.

The ALLS instruction sets a destination predicate register to 0xff if all of the low 8 bits in
the source predicate register Ps are set. Otherwise, the predicate is set to 0x00.

Syntax Behavior
Pd=all8 (Ps) (Ps==0xff) ? (Pd=0xff) : (Pd=0x00) ;
Pd=any8 (Ps) Ps ? (Pd=0xff) : (Pd=0x00) ;

Class: CR (slot 2,3)

Notes

» This instruction may execute on either slot2 or slot3, even though it is a CR-type

Intrinsics

Pd=alls (Ps) Byte Q6_p_all8_p(Byte Ps)

Pd=any8 (Ps) Byte Q6 p any8 p(Byte Ps)

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s2 |Parse d2

ol1[1Jof1]ol1[1T1olofo]-T-[s[s|PlPlo]-]-]-T-T-T-T-T-T-T-T-1d[d]|Pd=anys(Ps)
of1{1|of1jof1|{1|1]0|1|0|-|-|s|s|/P|[P|O|-|-|-|-|-|-|-|-|-]-]|~-]|d]|d]|Pd=al8(Ps)

Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s2 Field to encode register s
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Looping instructions

loopN is a single instruction which sets up a hardware loop. The N in the instruction name
indicates the set of loop registers to use. Loop0 is the innermost loop, while loop1 is the
outer loop.The loopN instruction first sets the Start Address (SA) register based on a PC-
relative immediate add. The relative immediate is added to the PC and stored in SA. The
Loop Count (LC) register is set to either an unsigned immediate or to a register value.

Syntax Behavior

loopO (#r7:2,#U10) apply extension (#r) ;
#r=#r & ~0x3;
SAQ0=PC+#r;
LCO=#U;
USR.LPCFG=0;

loopO (#r7:2,Rs) apply extension (#r) ;
#r=#r & ~0x3;
SAO=PC+#r;
LCO=Rs;
USR.LPCFG=0;

loopl (#r7:2,#U10) apply extension (#r) ;
#r=H#r & ~0x3;
SA1=PC+#r;
LC1=#U;

loopl (#r7:2,Rs) apply extension (#r) ;
#r=#r & ~0x3;

SA1=PC+#r;
LC1l=Rs;

Class: CR (slot 3)

Notes

» This instruction cannot execute in the last address of a hardware loop.

m  The Next PC value is the address immediately following the last instruction in the
packet containing this instruction.

m The PC value is the address of the start of the packet

m A PC-relative address is formed by taking the decoded immediate value and
adding it to the current PC value.

Encoding

31|30|29‘28 27]26 25|24|23|22\21 20‘19‘18|17|16 15|14 13\12\11\10| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 |o

ICLASS sm s5 Parse
ol1[1]ofololofolofolo]|s]s]s]s|s|Plp|-Tililililil-[-T-Tilil-]-]-/loopo7:2Rs)
ol1][1]ofololofololol1]s|s|s|s|s|PlP|-]ililililil-|-1-]ili|-]-]-]loopi@7:2Rs)

ICLASS sm Parse
ol1[1fof1lolo[1Tofolouula[alu[ele|-Tililalilalt[alu]ilil-T1]1]loopog7:24u10)
ol1[1fof1lolo[1 oo laalala[ala[elel-Talalalilalo[ala]ilil-]1]1]l0opre7:24010)
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Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Add to PC

Add an immediate value to the Program Counter (PC) and place the result in a destination
register. This instruction is typically used with a constant extender to add a 32-bit
immediate value to PC.

Syntax Behavior

Rd=add (pc, #u6) Rd=PC+apply extension (#u) ;

Class: CR (slot 3)

Encoding

o

31|3o|29\28 27]2 25|24|23|22\21\20\19\1a|17|16 15|14 13\12\11\1o| 9 | 8 | 7 | 6 \ 54 \ 3 \ 2 | 1 | 0
ICLASS sm Parse d5

o|1 |1 ‘0 1101 |o|o|1 ‘0‘0‘1 ‘0|0|1 P|P - i‘i‘i|i|i|i|- - d‘d‘d|d|d Rd=add(pc,#u6)
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
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Pipelined loop instructions

spNloop0 is a single instruction which sets up a hardware loop with automatic predicate
control. This features saves code size by enabling many software pipelined loops to be
generated without prologue code. Upon executing this instruction, the P3 register is
automatically cleared. After the loop has been executed N times (where N is selectable
from 1-3), the P3 register is set. The intent is that store instructions in the loop are
predicated with P3 and thus not enabled during the pipeline warm-up.

In the spNloop0 instruction the loop 0 (inner-loop) registers are used. This instruction sets
the Start Address (SAO) register based on a PC-relative immediate add. The relative
immediate is added to the PC and stored in SA0. The Loop Count (LCO) is set to either an
unsigned immediate or to a register value. The predicate P3 is cleared. The USR.LPCFG
bits are set based on the N value.

Syntax Behavior

p3=splloopO (#r7:2, #U10) apply extension (#r) ;
#r=#r & ~0x3;
SAO=PC+#r;
LCO=#U;
USR.LPCFG=1;
P3=0;

p3=splloopO (#r7:2,Rs) apply extension (#r) ;
#r=#r & ~0x3;
SAO=PC+#r;
LCO=Rs;
USR.LPCFG=1;
P3=0;

p3=sp2loop0 (#r7:2, #U10) apply extension (#r) ;
#r=#r & ~0x3;
SAQ0=PC+#r;
LCO=#U;
USR.LPCFG=2;
P3=0;

p3=sp2loop0 (#r7:2,Rs) apply extension (#r) ;
#r=#r & ~0x3;
SAQ0=PC+#r;
LCO=Rs;
USR.LPCFG=2;
P3=0;

p3=sp3loop0 (#r7:2, #U10) apply extension (#r) ;
#r=#r & ~0x3;
SAQ=PC+#r;
LCO=#U;
USR.LPCFG=3;
P3=0;

p3=sp3loop0 (#r7:2,Rs) apply extension (#r) ;
#r=#r & ~0x3;
SAO=PC+#r;
LCO=Rs;
USR.LPCFG=3;
P3=0;
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Class: CR (slot 3)

Notes

m The predicate generated by this instruction can not be used as a .new predicate,

nor can it be automatically ANDed with another predicate.

m This instruction cannot execute in the last address of a hardware loop.

m  The Next PC value is the address immediately following the last instruction in the

packet containing this instruction.

m  The PC value is the address of the start of the packet

m A PC-relative address is formed by taking the decoded immediate value and

adding it to the current PC value.

Encoding

31|3o|29\28

N

7]26 25|24|23|22\21 20\19\1a|17|16 15|14 13\12\11\1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0

ICLASS sm s5 Parse

0|1/1/0/0|0Of0Of0O(1T |01 |s|s|s|s|s|P|P|-]i]i

p3=sp1loopO(#r7:2,Rs)

0{1/1]/0/0|0OfO0OfO0O(1T 1|0 |s|s|s|s|s|P|P|-]i]i

p3=sp2loop0(#r7:2,Rs)

0{1{1]/0/0|0OfO0OfO0O (1T 1|1 |s|s|s|s|s|P|P|-]i]i

p3=sp3loop0(#r7:2,Rs)

ICLASS sm Parse

p3=sp1loopO(#r7:2,#U10)

p3=sp2loop0(#r7:2,#U10)

p3=sp3loop0(#r7:2,#U10)

Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Logical operations on predicates

Perform bitwise logical operations on predicate registers.

Syntax Behavior
Pd=Ps Assembler mapped to: "Pd=or (Ps,Ps)"
Pd=and (Ps,and (Pt, [!]Pu)) Pd = Ps & Pt & (~Pu);
Pd=and (Ps,or (Pt, [!]Pu)) Pd = Ps & (Pt | (~Pu)) ;
Pd=and (Pt, [!]Ps) Pd=Pt & (~Ps);
Pd=not (Ps) Pd=~Ps;
Pd=or (Ps,and (Pt, [!]Pu)) Pd = Ps | (Pt & (~Pu));
Pd=or (Ps,or (Pt, [!]Pu)) Pd = Ps | Pt | (~Pu);
Pd=or (Pt, [!]Ps) Pd=Pt | (~Ps);
Pd=xor (Ps, Pt) Pd=Ps * Pt;

Class: CR (slot 2,3)

Notes

» This instruction may execute on either slot2 or slot3, even though it is a CR-type

Intrinsics

Pd=Ps Byte Q6 p equals p(Byte Ps)

Pd=and (Ps,and (Pt, ! Pu)) Byte Q6 p and and ppnp (Byte Ps, Byte Pt,
Byte Pu)

Pd=and (Ps, and (Pt, Pu)) Byte Q6 p and and ppp (Byte Ps, Byte Pt,
Byte Pu)

Pd=and (Ps, or (Pt, !Pu)) Byte Q6 p and or ppnp (Byte Ps, Byte Pt,
Byte Pu)

Pd=and (Ps, or (Pt, Pu)) Byte Q6 p and or ppp (Byte Ps, Byte Pt, Byte
Pu)

Pd=and (Pt, !Ps) Byte Q6 p and pnp(Byte Pt, Byte Ps)

Pd=and (Pt, Ps) Byte Q6 p and pp(Byte Pt, Byte Ps)

Pd=not (Ps) Byte Q6 p not p(Byte Ps)

Pd=or (Ps,and (Pt, ! Pu)) Byte Q6 p or and ppnp (Byte Ps, Byte Pt,
Byte Pu)

Pd=or (Ps, and (Pt, Pu)) Byte Q6 p or and ppp (Byte Ps, Byte Pt, Byte
Pu)
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Pd=or (Ps,or (Pt, !Pu)) Byte Q6 p or or ppnp (Byte Ps, Byte Pt, Byte
Pu)
Pd=or (Ps,or (Pt, Pu)) Byte Q6 _p or or_ ppp(Byte Ps, Byte Pt, Byte
Pu)
Pd=or (Pt, !Ps) Byte Q6 p or pnp (Byte Pt, Byte Ps)
Pd=or (Pt, Ps) Byte Q6 p or pp(Byte Pt, Byte Ps)
Pd=xor (Ps, Pt) Byte Q6 p xor pp(Byte Ps, Byte Pt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s2 | Parse t2 d2
0|1|1‘0101|1|0|0‘0‘0‘-‘-s|s P|P0‘-‘-‘-t|t-|--‘-‘-‘-d|d Pd=and(Pt,Ps)
ICLASS sm s2 | Parse t2 u2 d2
o|1|1‘01 01|1|0|0‘0‘1‘-‘-5|s P|P 0“‘ t|tu|u -‘-‘-‘-d|d Pd=and(Ps,and(Pt,Pu))
ICLASS sm s2 | Parse t2 d2
0|1|1‘0101|1|0|0‘1‘0‘-‘-s|s P|P0‘-‘-‘-t|t-|--‘-‘-‘-d|d Pd=or(Pt,Ps)
ICLASS sm s2 | Parse t2 u2 d2
o|1|1‘01 01|1|0|0‘1‘1‘-‘-s|s P|P 0“‘ t|tu|u -‘-‘-‘-d|d Pd=and(Ps,or(Pt,Pu))
ICLASS sm s2 | Parse t2 d2
0|1|1‘0101|1|0|1‘0‘0‘-‘-s|s P|P0‘-‘-‘-t|t-|--‘-‘-‘-d|d Pd=xor(Ps,Pt)
ICLASS sm s2 | Parse t2 u2 d2
o|1|1‘01 01|1|0|1‘0‘1‘-‘-5|s P|P 0“‘ t|tu|u -‘-‘-‘-d|d Pd=or(Ps,and(Pt,Pu))
ICLASS sm s2 | Parse t2 d2
0|1|1‘0101|1|0|1‘1‘0‘-‘-s|s P|P0‘-‘-‘-t|t-|--‘-‘-‘-d|d Pd=and(Pt,IPs)
ICLASS sm s2 | Parse t2 u2 d2
of1l1lol1folalafola]1]a]-]-[s]s|P|Plo]-]-]-]t[t|ulul-]-]-]-]|d]|d]|Pd=orPs orPtPuy
of1l1lof1]ol1l1]|1]ofol1|-]-|s|s|P|Plo|-]-|-|t[t]|ulul-]|-]-]-]|d|d]|Pd=andPs.andPtPu)
o1 l1lol1]olalt|1fol1]a]-]-[s|s|PlPlo|-]-]-Tt|t|ulul-]-]-]-]d]|d]|Pd=and(Ps,or(PtPu)
ICLASS sm s2 | Parse d2
o[1[1]of1lof1[1]1][1]ofo]-][-|s[s|P|Plof-|-[-][-]-[-]-]-]-]-]-]d]|d] Pa=not(ps)
ICLASS sm s2 | Parse t2 u2 d2
o|1|1‘01 01|1|1|1‘0‘1‘-‘-5|s P|P 0“‘ t|tu|u -‘-‘-‘-d|d Pd=or(Ps,and(Pt,IPu))
ICLASS sm s2 | Parse t2 d2
0|1|1‘0101|1|1|1‘1‘0‘-‘-s|s P|P0‘-‘-‘-t|t-|--‘-‘-‘-d|d Pd=or(Pt,|Ps)
ICLASS sm s2 | Parse t2 u2 d2
o|1|1‘01 01|1|1|1‘1‘1‘-‘-s|s P|P 0“‘ t|tu|u -‘-‘-‘-d|d Pd=or(Ps,or(Pt,!Pu))
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz Field to encode register d
s2 Field to encode register s
t2 Field to encode register t
u2 Field to encode register u
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User control register transfer

Move 32- or 64-bit values between a user control register and a general register. The user
control registers include SA, LC, Predicates, M, USR, PC, UGP, GP, and CS, and
UPCYCLE. The figure shows the user control registers and their register field encodings.

Registers can be moved as singles or as aligned 64-bit pairs.

Note that the PC register is not writable. A program flow instruction must be used to
change the PC value.

0 SA0 8 USR 16 24
1 LCO 9 PC
2 SA1 10 UGP
3 LC1 11 GP
Reserved Reserved
4 P3:0 12 CSo
5 Reserved 13 Cs1
6 MO 14 UPCYCLELO
7 M1 15 UPCYCLEHI 23 31
Syntax Behavior
Cd=Rs Cd=Rs;
Cdd=Rss Cdd=Rss;
Rd=Cs Rd=Cs;
Rdd=Css Rdd=Css;
Class: CR (slot 3)
Encoding
31|30|29‘282 26 25|24|23|22\21 20‘19‘18|17|1615|14 13‘12‘11‘10|9|8|7|6‘5 4\3\2|1|0
ICLASS sm s5 Parse d5
ol1/1]0 o[1]/0/0f0|1]|s|s|s]|s PP - - d|d|d|d|d|Cd=Rs
ol1/1]0 o[1[(1]/0(0]1|s|s|s]|s PP - - d|d|d|d|d|Cdd=Rss
ol1]1]0 oflojofof0|0|s|s|s]|s PP - - d|d|d|d|d|Rdd=Css
ol1]1]0 of[1]/o0]0f0|0|s|s|s]|s PP - - d|d|d|d|d|Rd=Cs
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
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Field name Description
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
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11.3 JR

The JR instruction class includes instructions to change the program flow to a new
location contained in a register.

JR instructions are executable on slot 2.

Call subroutine from register

Change the program flow to a subroutine. This instruction first transfers the Next Program
Counter (NPC) value into the Link Register, and then jumps to a target address contained
in a register.

This instruction can only appear in slot 2.

Syntax Behavior

callr Rs LR=NPC;
PC=Rs;

I

if ([!]Pu) callr Rs ;

if ([!1Pufo0]) |
LR=NPC;
PC=Rs;

Class: JR (slot 2)

Notes

» This instruction can be conditionally executed based on the value of a predicate
register. If the instruction is preceded by 'if Pn', then the instruction only executes
if the least-significant bit of the predicate register is 1. Similarly, if the instruction
is preceded by 'if !Pn', then the instruction is executed only if the least-significant

bit of Pn is 0.
Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse
o|1|0‘10‘0‘0|0|1|0‘1 s‘s‘s|s|s P|P-‘-‘-‘--|--|-‘-‘-‘-‘-|-|-calIrRs
ICLASS s5 Parse u2
of1/0/1|/0{0|0[1|0|0O|0O|s|s|s|s|s|P|P|-|-|-|-|luju|=-|=-]=|=|=]=]|=]=]if(Pu)calrRs
of1/0/1/0|0j0[1/0|/0O|1|s|s|s|[s|s|/P/P|-|-]|-|-|uju|=-|=-|=]=|=|=|=]=]if(lPu)callrRs
Field name Description
ICLASS Instruction Class
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Field name Description
Parse Packet/Loop parse bits
s5 Field to encode register s
u2 Field to encode register u
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Hint an indirect jump address

Provide a hint indicating that there will soon be an indirect JUMPR to the address
specified in Rs.

Syntax Behavior

hintjr (Rs)

Class: JR (slot 2)

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS s5 Parse
o ot (0foT1To 1 o]t s s s s s PIp - T[T - - -[-[-[-[-[-]- nniwo
Field name Description

ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Jump to address from register

Change the program flow to a target address. This instruction changes the Program
Counter to a target address contained in a register.

This instruction can appear only in slot 2.

Syntax Behavior

if ([!]1Pu) jumpr Rs Assembler mapped to: "if ([!]Pu)
n lljumprll n :nt n "RS n

if ([!]Pul.new]) }i
jumpr:<hint> Rs
if ([!1Pul.new] [0])
PC=Rs;

¥

jumpr Rs PC=Rs;

Class: JR (slot 2)

Notes

m This instruction can be conditionally executed based on the value of a predicate
register. If the instruction is preceded by 'if Pn', then the instruction only executes
if the least-significant bit of the predicate register is 1. Similarly, if the instruction
is preceded by 'if |Pn', then the instruction is executed only if the least-significant

bit of Pn is 0.

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS s5 Parse
of[1]of1]ojof1]o]1]oo]s|[s]s|s|s|P[P|-]-|-|-|-[-]-]-]-]-]-]-]-]- iumprRs
ICLASS s5 Parse u2
of1/0/1/0{0}{1[{1/0|/1|0|s|s|s|s|s|P|P|-|0|0|-|uju|-=-|=-|=]=|=|=]|-=]=]if(Pu)jumprntRs
o/1/oj1/ojoj{1(1/0/1/0|s|s|s|s|s|P/P|-|01T|-|ufu|=-|-|-|=-|=-]=-]|=]|-+]if(Punew)jumprntRs
o/1/o0j1/jojo|1(1/0/1/0|s|s|s|s|s|P/P|-|1|0|-|ufu|=-|=-|=-|=-|=-]=]|-=]|-+]if(Pu)jumprtRs
o/1/oj1/o0j0|{1(1/0/1/0|s|s|s|s|s|P/P|-|1|1]|-|ufu|=-|-|-|=-|=-]=-]|-]|-+]if(Punew)jumpritRs
of1/0/1|j0{0}{1{1/01|1|s|s|s|s|s|P|P|-]|0|0|-|uju|-=-|=-]=|=|=]|=]|-=]=]if(Pu)jumpr:ntRs
of1/0/1/0{0j{1{1/0/1|1|s|s|s|s|s|P|P|-|01|-|uju|=-|=-|=]=|=|=]|-=]=]if(lPu.new)jumpr:ntRs
of1/0/1|j0|0j{1{1(0(1|1|s|s|s|s|s|/P|/P|-|{1]0|-|uju|=-|=-|=]=|=|=]|=]=]if(lPu)jumpritRs
o/1/o0j1/o0joj|1(1/0|1/1|s|s|s|s|(s|P/P|-|1|1T]|-|ufu|=-|-|-|-|=-]=-|-|-+]if(Punew)jumpritRs
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

s5 Field to encode register s

u2 Field to encode register u
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114 J

The J instruction class includes branch instructions (jumps and calls) that obtain the target
address from a (PC-relative) immediate address value.

J instructions are executable on slot 2 and slot 3.

Call subroutine

Change the program flow to a subroutine. This instruction first transfers the Next Program
Counter (NPC) value into the Link Register, and then jumps to the target address.

This instruction can appear in slots 2 or 3.

Syntax Behavior
call #r22:2 apply extension (#r) ;
#r=#r & ~0x3;
LR=NPC;
PC=PC+#r;
if ([!]Pu) call #rl5:2 apply extension (#r) ;

#r=#r & ~0x3;

if ([!1Puf0]) {

LR=NPC;
PC=PC+#r;

Class: J (slots 2,3)

Notes

» This instruction can be conditionally executed based on the value of a predicate
register. If the instruction is preceded by 'if Pn', then the instruction only executes
if the least-significant bit of the predicate register is 1. Similarly, if the instruction
is preceded by 'if |Pn', then the instruction is executed only if the least-significant
bit of Pn is 0.

m  The Next PC value is the address immediately following the last instruction in the
packet containing this instruction.

m The PC value is the address of the start of the packet

m A PC-relative address is formed by taking the decoded immediate value and
adding it to the current PC value.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Parse
0|1|0‘11‘0‘1|i|i|i‘i‘i‘i‘i|i|iP|Pi‘iiii|i|||‘|‘|‘i‘i|||0caII#r22:2
ICLASS Parse 0 u2
O(1 (0|1 |1 |10 |1 [i|i|O|i|i]il|il]li i 0 ufu i |i|i|il]ili]|i]|-=]if(Pu)call#r5:2
O1 |01 |1 (10 |1 [ili|1[ili|ili]i i 0 ufu i |i|i|i]il]ili]|-=-]if(Pu)call#r15:2
Field name Description
ICLASS Instruction Class
DN Dot-new
Parse Packet/Loop parse bits
u2 Field to encode register u
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Compare and jump

Compare two registers, or a register and immediate value, and write a predicate with the
result. Then use the predicate result to conditionally jump to a PC-relative target address.

The registers available as operands are restricted to RO-R7 and R16-R23. The predicate
destination is restricted to PO and P1.

In assembly syntax, this instruction appears as two instructions in the packet: a compare
and a separate conditional jump. The assembler may convert adjacent compare and jump
instructions into compound compare-jump form.

Syntax

pl0ll=cmp.eq(Rs,#-1); if
([!'1p[01] .new) jump:<hints>
#r9:2

pl0l]l=cmp.eq(Rs,#U5); if
([!1p[01] .new) jump:<hints>
#r9:2

pl0l]l=cmp.eq(Rs,Rt); if
([!1p[01] .new) jump:<hints>
#r9:2

pl0l]l=cmp.gt (Rs,#-1); if
([!1p[01] .new) jump:<hints>
#r9:2

Behavior

P[01]=(Rs==-1) ? Oxff

([11P[01] .new[0]) {
apply extension (#r) ;
#r=H#r & ~0x3;

0x00 if

PC=PC+#r;
¥
P[01]=(Rs==#U) ? Oxff 0x00 if
([11P[01] .new[0]) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
¥
P[01]=(Rs==Rt) ? Oxff 0x00 if
([11P[01] .new[0]) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
¥
P[01]=(Rs>-1) ? Oxff : 0x00 if

([11P[01] .new[0]) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#1;

Iz
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Syntax

pl01l]l=cmp.gt (Rs, #U5) ;

([!'1p[01] .new)

#r9:2

pl0l]l=cmp.gt (Rs,Rt) ;

([11pl[01] .new)

#r9:2

if
jump:<hint>

if
jump:<hint>

pl01l]=cmp.gtu(Rs, #U5) ;

([11pl[01] .new)

#r9:2

pl0l]=cmp.gtu(Rs,Rt) ;

([11pl[01] .new)

#r9:2

pl01]=tstbit (Rs,#0) ;

([!'1p[01l] .new)

#r9:2

Class: J (slots 0,1,2,3)

if
jump:<hint>

if
jump:<hint>

if
jump:<hint>

Behavior
P[01]=(Rs>#U) ? Oxff 0x00 if
([11P[01] .new[0]) {

apply extension (#r) ;

#r=#r & ~0x3;
PC=PC+#r;

¥

P[01]=(Rs>Rt)
([!'1P[01] .new[0])

? Oxff

{

0x00 if

apply extension (#r) ;

#r=#r & ~0xX3;
PC=PC+#r;

¥

P[01]=(Rs.uw[0] >#U)

([!'1P[01] .new([0])

{

apply extension (#r) ;

#r=#r & ~0x3;
PC=PC+#r;

¥

P[01]=(Rs.uw[0] >Rt)

([!'1P[01] .new[0])

{

apply extension (#r) ;

#r=#r & ~0x3;
PC=PC+#r;

Iz

P[01l]=(Rs & 1)
([!1P[01] .new([0])

? Oxff

{

? Oxff 0x00 if
? Oxff 0x00 if
0x00 if

apply extension (#r) ;

#r=#r & ~0x3;
PC=PC+#r;

Iz

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS s4 Parse
N | _ | pO=cmp.eq(Rs,#-1); if
00 |0 0/0j0|1(1|0|i|i|s|s|s|s|P|P 0|0 [i|i]|i il (PO.new) jump:nt #r9:2
N | _ | pO=cmp.gt(Rs #-1); if
00 |0 0/0j0|1(1|0|i|i|s|s|s|s|P|P O |1 [ifili il (PO.new) jump‘nt #r9:2
ololof1lofolol1|1]o]ilil|s|s|s|s/P[Plo|-|-|-[1]1]ilili il - ﬁf’;;fﬁigf{gf'z#o);if(po'"e‘”)
. 0=cmp.eq(Rs,#-1); i
00 |0 0/0j0|1(1|0|i|i|s|s|s|s|P|P == =00 |i|i]i il - ?pO.new)jump:t#rQ:Z
N | _ | pO=cmp.gt(Rs,#-1); if
000 0/0j0|1(1|0|i|i|s|s|s|s|P|P O |1 [ifili il (pO.new) jump:t #9:2
ololo ololol1|1]o]ilils|s|s|s|P|P N R ilil- ﬁf’;ﬁﬁ’;ﬁgﬁ;'#o);if(po'"e‘”)
. 0=cmp.eq(Rs,#-1); i
00 |0 0/0j0|1(1|{1|i|i|s|s|s|s|P|P == =00 |ifi]i il - ?!pO.new)jump:nt#rQ:Z
N | _ | pO=cmp.gt(Rs #-1); if
0]010 0|00 |1 |1 |1]i|i|s|s|s|s| P|P O |1 [ifili [ (Ip0.new) jump:nt #rg:2
S . | _ | pO=tstbit(Rs,#0); if
0]010 0|00 |1 |1 |1]i|i|s|s|s|s| P|P T i [ (Ip0.new) jump:nt #rg:2
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31/30/29 /2827 |26 (25|24

21

20

19

15

12|11

10

pO=cmp.eq(Rs,#-1); if
('p0.new) jump:t #r9:2

pO=cmp.gt(Rs,#-1); if
(!'p0.new) jump:t #r9:2

pO=tstbit(Rs,#0); if
(!p0.new) jump:t #r9:2

pO=cmp.eq(Rs,#U5); if
(p0.new) jump:nt #r9:2

p0=cmp.eq(Rs,#U5); if
(p0.new) jump:t #r9:2

pO=cmp.eq(Rs,#U5); if
(!'p0.new) jump:nt #r9:2

pO=cmp.eq(Rs,#U5); if
('p0.new) jump:t #r9:2

pO=cmp.gt(Rs,#U5); if
(p0.new) jump:nt #r9:2

p0=cmp.gt(Rs,#U5); |f
(p0.new) jump:t #r9:

pO=cmp.gt(Rs,#U5); if
('p0.new) jump:nt #r9:2

pO=cmp.gt(Rs,#U5); if
(!'p0.new) jump:t #r9:2

pO=cmp.gtu(Rs,#U5); if
(p0.new) jump:nt #r9:2

pO=cmp.gtu(Rs,#U5); if
(p0.new) jump:t #r9:2

pO=cmp.gtu(Rs,#U5); if
(!'p0.new) jump:nt #r9:2

pO=cmp.gtu(Rs,#U5); if
('p0.new) jump:t #r9:2

p1=cmp.eq(Rs,#-1); if
(p1.new) jump:nt #r9:2

p1=cmp.gt(Rs,#-1); if
(p1.new) jump:nt #r9:2

p1 tstblt(Rs #0); if (p1.new)
jump:nt #r9:2

p1=cmp.eq(Rs,#-1); if
(p1.new) jump:t #r9:2

p1=cmp.gt(Rs,#-1); if
(p1.new) jump:t #r9:2

p1=tstbit(Rs,#0); if (p1.new)
jump:t #r9:2

p1=cmp.eq(Rs,#-1); if
('p1.new) jump:nt #r9:2

p1=cmp.gt(Rs,#-1); if
(p1.new) jump:nt #r9:2

p1=tstbit(Rs,#0); if
(p1.new) jump:nt #r9:2

p1=cmp.eq(Rs,#-1); if
('p1.new) jump:t #r9:2

p1=cmp.gt(Rs,#-1); if
(p1.new) jump:t #r9:2

p1=tstbit(Rs,#0); if
(p1.new) jump:t #r9:2

p1=cmp.eq(Rs,#U5); if
(p1.new) jump:nt #r9:2

p1=cmp.eq(Rs,#U5); if
(p1.new) jump:t #r9:2

p1=cmp.eq(Rs,#U5); if
(p1.new) jump:nt #r9:2

p1=cmp.eq(Rs,#U5); if
('p1.new) jump:t #r9:2
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31/30|29 /28|27 |26|25|24|23|22|21/2019/18(17|16|15/14/13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 (1|0

| Sl s s | s | L | p1=cmp.gt(Rs,#U5); if
0/0(0|1|0O|0|1(0O|1 |0 |i|i|s|s|s|s|P/P|O| 1 ||| |i|iji|i|i]i]li (p1.new) jump:nt #r9:2

. Sl s s s s | L | p1=cmp.gt(Rs,#U5); if
0/0(0|1|0|0|1(0O|1 |0 |i|i|s|s|s|s|P/P{1 | bbbV |i|iji|i|i]i]li (p1.new) jump:t #9:2

p1=cmp.gt(Rs,#U5); if
(p1.new) jump:nt #r9:2

. Sl s s | s s | L | p1=cmp.gt(Rs,#U5); if
o(o|j0o|1j0j0 (1|01 (1 |i|i|s|s|s|s|P|P|1T |1V [0 [0 bV|i|il]il|ili|i]i (Ip1.new) jump:t #r9:2

. el s s s s | L | p1=cmp.gtu(Rs #U5); if
0/0(0|1|0O|0 |1 (1|00 |i|i|s|s|s|s|P/P|O| 1 b || |i|iji|i|i]i]li (p1.new) jump:nt #r9:2

p1=cmp.gtu(Rs,#U5); if
(p1.new) jump:t #r9:2

. A A e 1=cmp.gtu(Rs #U5); if
0/0f0|1|0j0 |1 (1|01 |i|i|s|s|s|s|P/P{O |1 bbb |i|iji|i|i|i]|i]- E)!p1.new)jump:nt#r9:2
. el s s s | s | L | p1=cmp.gtu(Rs #U5); if
0j0fO0 (10O (1T (1|01 |i|i|s|s|s|s|P|P{1 P[PV [P [P |[i|if|ili|i]|i]i (Ip1.new) jump:t #r9:2
ICLASS s4 Parse t4
. P P R I I R 0=cmp.eq(Rs,Rt); if
0/0(0|1|/0O(1|0(0|0 |0 |i|i|s|s|s|[s|P|/P|O|O |t |t t |t |i i i|i| i i|i]- FpO.new)jump:nt#rQ:Z
. I T e 1=cmp.eq(Rs,Rt); if
0/0(0|1|0O(1|0(0|0 |0 |i|i|s|s|s|[s|P|/P|O |1 t |t t|¢t|i i i|i| i i|i]- E)p1.new)jump:nt#r922
. sl sl s i s | s | . | pO=cmp.eq(Rs,Rt); if
0/0|0|1/0[1|0O(0O(0O |0 |i|i|s|s|s|s|P|P{1 |0 |t |t |t t|i i i i|i]|i]i (pO.new) jump:t #9:2
olojof1|ol1|ofofofo|ili|s|s|s|s|P|[P[1|1|t|t|[t|t|ililililililil- f’;iﬁg‘v‘jfjﬂﬁ;&@fg
olojof1|of1|ofofof1]|ili|s|s|s|s|P|Plojo|t|¢t|t|t|ililililililil- E’!gz_crfe‘&fﬁfﬁ;gﬁmg:z
. sl s il s | s | . | p1=cmp.eq(Rs,Rt); if
0001|0100 (O0O (1 |i|i|s|s|s|s|P|P|O |1 |t |t |t t|i i i i|i]|i]i (Ip1.new) jump:nt #r9:2
ofofof1]of1]ofolo|1|il|ils|s|s|s|P|P|1|0|t|t|t|t|ilililililili]- E’!gg_crzgﬁ;)e?ﬁ%:mgfz
ololol1]ol1|ololo|1|ilils|s|s|s|P|IP|1|1]e|t|t|t|ililililililil-|Pl=cmp.eaRsRY);if

('p1.new) jump:t #r9:2

pO=cmp.gt(Rs,Rt); if
(p0.new) jump:nt #r9:2

p1=cmp.gt(Rs,Rt); if
(p1.new) jump:nt #r9:2

. sl i s s || L | pO=cmp.gt(Rs,Rt); if
0001|0100 |1 |0 |i|i|s|s|s|s|P/P|1 |0 |ttt |¢t|i| i|i|i|i]i]]i (PO.new) jump:t #r9:2

p1=cmp.gt(Rs,Rt); if
(p1.new) jump:t #r9:2

pO=cmp.gt(Rs,Rt); if
('p0.new) jump:nt #r9:2

. el i s || L | p1=cmp.gt(Rs,Rt); if
o(0|/0O|1j0(1 0|01 (1 |i|i|s|s|s|s|P|P|O |1 |t |t |t t|i|i]|i|il|i|i]i (Ip1.new) jump:nt #r9:2

pO=cmp.gt(Rs,Rt); if
('p0.new) jump:t #r9:2

p1=cmp.gt(Rs,Rt); if
('p1.new) jump:t #r9:2

. el s s s || | L | pO=cmp.gtu(Rs,Rt); if
0/0(0|1|0(1|0(1|0|0|i|i|s|s|s|[s|P/P|O|O |t t |t |¢t|i i|i|i|i]i]]i (pO.new) jump:nt #r9:2

. s s s s s | s | - | p1=cmp.gtu(Rs,RY); if
0001|010 (1|0|0|i|i|s|s|s|[s|P/P|O |1 t t | t |t |i| i i|i| i|i]i (p1.new) jump:nt #r9:2

pO=cmp.gtu(Rs,Rt); if
(p0.new) jump:t #r9:2
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31(30|29(28|27(26|25(24|23(22|21|20(19(18 /1716|1514 1312|1110 8(7|6|5|4
: p1=cmp.gtu(Rs,Rt); if
o(0/0O|1|0|1|0[1|0O|0O|i|i|s|s|s|s|P|P|1T |1t t ti|i|ii (p1.new) jump:t #r8:2
: pO=cmp.gtu(Rs,Rt); if
o(o/of1jo0{1j0(1(0|1|i|i|s|s|s|s|P|P|O|O |t t ti|i|ii (Ip0.new) jump:nt #r9:2
' p1=cmp.gtu(Rs,Rt); if
o/0/0j1/0(1j0(1|0|1|i|i|s|s|s|s P/P|O|1 t]|t t i (Ip1.new) jump'nt #r9:2
: pO=cmp.gtu(Rs,Rt); if
o(o/of1jo0{1j0(1(0|1|i|i|s|s|s|s|P|P|1T]|0|t] t ti|i|ii (1p0.new) jump't #19:2
: p1=cmp.gtu(Rs,Rt); if
o(o/0of1j0{1j0[(1(0O|1|i|i|s|s|s|s|P|P|1T |1t t ti|i|ii (Ip1.new) jump't #9:2
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s4 Field to encode register s
t4 Field to encode register t
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Jump to address

Change the program flow to a target address. This instruction changes the Program
Counter to a target address which is relative to the PC address. The offset from the current
PC address is contained in the instruction encoding.

A speculated jump instruction includes a hint ("taken" or "not taken") which specifies the
expected value of the conditional expression. If the actual generated value of the predicate
differs from this expected value, the jump instruction incurs a performance penalty.

This instruction can appear in slots 2 or 3.

Syntax
if ([!1Pu) jump #rl5:2
if ([!]Pu) jump:<hints>
#rl5:2

jump #r22:2

Class: J (slots 0,1,2,3)

Notes

Behavior
Assembler mapped to: "if
Illljumpll Il:nt n Il#r15:2|l

if ([!1Pulol) {
apply extension (#r) ;
#r=H#r & ~0x3;
PC=PC+#1;

¥

apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;

([!]1Pu)

m This instruction can be conditionally executed based on the value of a predicate
register. If the instruction is preceded by 'if Pn', then the instruction only executes
if the least-significant bit of the predicate register is 1. Similarly, if the instruction
is preceded by 'if |Pn', then the instruction is executed only if the least-significant

bit of Pn is 0.
Encoding

31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0

ICLASS Parse
O|1|O‘11‘0‘0|i|i|i‘i‘i‘i‘i|i|iP|P||i|i|ii|i‘|‘i‘i‘i|i|-jump#r22:2

ICLASS Parse| |PT| D u2
o1j(oj1 (110 (o |i|i(O|ifiji|i[i|[P|P|i|O|O|-|uful|i|il|i|il|i]i]|i]-]if(Pu)jump:nnt#r15:2
o101 y1(1jofo|i|ijO|ifili|il[i|[P|Pli|1|O|-|ufu|i|il|i|il|i]i]|i]-]if(Pu)jump:t#r15:2
o1 /o1 |1 {1jofo|ijif1|if|ijilili|/P|{P|i|O|O|-|uful|il|ililil|i]|i]|i]=]if(Pu)jumpnt#r15:2
o1 |01 |1 {1jofo|i|if1|ifijilili|/P|P]i|[1]O|=-|uju|il|il|ilili|i]|i]=]if(lPu)jump:t#r15:2
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Field name Description
ICLASS Instruction Class
DN Dot-new
PT Predict-taken
Parse Packet/Loop parse bits
u2 Field to encode register u
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Jump to address conditioned on new predicate

Perform speculated jump.

Jump if the LSB of the newly-generated predicate is true. The predicate must be generated
in the same packet as the speculated jump instruction.

A speculated jump instruction includes a hint ("taken" or "not taken") which specifies the
expected value of the conditional expression. If the actual generated value of the predicate
differs from this expected value, the jump instruction incurs a performance penalty.

This instruction can appear in slots 2 or 3.

Syntax

if ([!]Pu.new) jump:<hint> #rl5:2

Class: J (slots 0,1,2,3)

Notes

Behavior

IF

if ([!1Pu.new[0]) {
apply extension (#r) ;
#r=#r & ~0x3;

PC=PC+#r;

m This instruction can be conditionally executed based on the value of a predicate
register. If the instruction is preceded by 'if Pn', then the instruction only executes
if the least-significant bit of the predicate register is 1. Similarly, if the instruction
is preceded by 'if |Pn', then the instruction is executed only if the least-significant

bit of Pn is 0.

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS Parse| |PT| J u2
o101 |1|1jo0fofififO|i|ijil|ilil/P|P|i]|O]1 ufu i i |i|ijilili if (Pu.new) jump:nt #r15:2
o1 /o1 |1 |10 fofififO|i|ijilililP|P|i]|1]1 ufu i i |i|ijilili if (Pu.new) jump:t #r15:2
o1 |(oj1 (1 (1jofo|iji(1|ifiji|il[i|[P|P]i]|O|1 ujuli|iiji|ili]i]|-/[if(lPunew)jump:nt#r15:2
o1 (o1 (1 (1o (o |iji(1|ifiji|il[i|[P|P]i|1|1 L T O I O R O if (IPu.new) jump:t #r15:2
Field name Description

ICLASS Instruction Class

DN Dot-new

PT Predict-taken

Parse Packet/Loop parse bits

u2 Field to encode register u
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Jump to address condition on register value

Perform register-conditional jump.

Jump if the specified register expression is true.

A register-conditional jump includes a hint ("taken" or "not taken") which specifies the
expected value of the register expression. If the actual generated value of the expression
differs from this expected value, the jump instruction incurs a performance penalty.

This instruction can appear only in slot 3.

if

if

if

if

if

if

if

if

(Rs!=#0)

(Rs!=#0)

(Rs<=#0)

(Rs<=#0)

(Rs==#0)

(Rs==#0)

(Rs>=#0)

(Rs>=#0)

Class: J (slot 3)

Notes

Syntax

jump:nt #rl3:2
jump:t #rl3:2

jump:nt #rl3:2
jump:t #rl3:2

jump:nt #rl3:2
jump:t #rl3:2

jump:nt #ri13:2
jump:t #rl3:2

Behavior
if (Rs 1= 0) {
PC=PC+#r;
}i
if (Rs 1= 0) {
PC=PC+#r;

if (Rs<=0)
PC=PC+#r;

if (Rs<=0) {

PC=PC+#r;
¥
if (Rs == 0) {
PC=PC+#r;
}i
if (Rs == 0) {
PC=PC+#r;

if (Rs>=0)
PC=PC+#r;

if (Rs>=0)
PC=PC+#r;

» This instruction will be deprecated in a future version.
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s5 Parse
0/1(1/0|/0|0|0 (1|00 |i|s|s|s|s|[s|P|P|i|O i /|i|i|i|i|i]i]|i|i]i]|i]-]if(Rs!I=#0)jump:nt#r13:2
0/1(1/0|/0|0|0 (1|00 |i|s|s|s|s|[s|P|P|i |1 i|i|i|i|i|i]i|i|i]i]i]-]if(Rs!I=#0)jump:t#r13:2
0O(1/1/0|0|0|0 1|01 |i|s|s|s|s|s|P|P|i|O|il|il|i|i|i|i]il]ili|i]|i]=]if(Rs>=#0)jump:nt#r13:2
0O(1(1/0|0|0|0[1 (0|1 |i|s|s|s|s|s|P|P|i|t1|i|i|i|i|il|il]ili|i]i]i]=]if(Rs>=#0)jump:t#r13:2
0(1/1/0|0|0|0 |1 (1|0 |i|s|s|s|s|s|P|P|i|O|il|il|i|i|i|i]il]ili|i]|i]=]if(Rs==#0)jump:nt#r13:2
0/1(1/0|0/0|0 (1|10 |i|s|s|s|s|s|P|P|i|1 i |i|il|i|i|i|i]|il|i]i]|i]-]if(Rs==#0)jump:t#r13:2
0O/1(1j0|/0j0|0 (1|1 |1 |i|s|s|s|s|s|P|P|i|O i i |i|i|i|i]i]|il|i]i]|i]-]if(Rs<=#0)jump:nt#r13:2
o/1(1j0j0j0|0 (1|11 |i|s|s|s|s|s|P|P|i|1 i |i|il|i|i|i|i|il|i]i]|i]-]if(Rs<=#0)jump:t#r13:2
Field name Description

sm Supervisor mode only

ICLASS Instruction Class

Parse Packet/Loop parse bits

s5 Field to encode register s
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Transfer and jump

Move an unsigned immediate or register value into a destination register and
unconditionally jump. In assembly syntax, this instruction appears as two instructions in
the packet, a transfer and a separate jump. The assembler may convert adjacent transfer
and jump instructions into compound transfer-jump form.

Behavior

apply extension (#r) ;

apply extension (#r) ;

Syntax

RA=#U6 ; jump #r9:2
#r=#r & ~0x3;
RA=#TU;
PC=PC+#r;

Rd=Rs ; jump #r9:2
#r=#r & ~0x3;
Rd=Rs;
PC=PC+#r;

Class: J (slots 2,3)

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS d4 Parse
o|o|o‘1 0‘1‘1|0|-|-‘i‘i d‘d|d|d P|P |‘| |‘||||| |||‘i‘i‘i‘|||| Rd=#U6 ; jump #r9:2
ICLASS s4 Parse d4
o|o|o‘1 0‘1 ‘1 |1 ||‘|‘| s‘s|s|s P|P ‘ d‘d|d|d |||‘i‘i‘i‘|||| Rd=Rs ; jump #9:2
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
d4 Field to encode register d
s4 Field to encode register s
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11.5 LD

The LD instruction class includes load instructions, which are used to load values into

registers.

LD instructions are executable on slot 0 and slot 1.

Load doubleword

Load a 64-bit doubleword from memory and place in a destination register pair.

Syntax

Rdd=memd (Re=#U6)

Rdd=memd (Rs+#s11:3)

Rdd=memd (Rs+Rt<<#u2)

Rdd=memd (Rt<<#u2+#U6)

Rdd=memd (Rx++#s4:3)

Rdd=memd (Rx++#s4:3:circ (Mu))

Rdd=memd (Rx++I:circ (Mu) )

Rdd=memd (Rx++Mu)

Rdd=memd (Rx++Mu:brev)

Rdd=memd (gp+#ul6:3)

Behavior

apply extension (#U) ;
EA=#U;

Rdd = *EA;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
Rdd = *EA;

EA=Rs+ (Rt<<#u) ;
Rdd = *EA;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
Rdd = *EA;

EA=RX;
Rx=Rx+#s;
Rdd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
Rdd = *EA;

EA=RXx;

Rx=Rx=circ_ add(Rx, I<<3,MuV) ;

Rdd = *EA;

EA=RX;
Rx=Rx+MuV;
Rdd = *EA;

EA=Rx.h[1] | brev(Rx.h[0]);
Rx=Rx+MuV;
RAd = *EA;

apply extension (#u) ;
EA= (Constant extended ? (0)
Rdd = *EA;

GP) +#u;

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

242



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Class: LD (slots 0,1)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS s5 Parse t5 d5
o|o|1‘1 1‘0‘1|o1|1 0 s‘s‘s|s|s P|P i t‘t‘t|t|t ||‘ d‘d‘d|d|d Rdd=memd(Rs+Rt<<#u2)
ICLASS Type | o Parse ds
0|1|0‘01‘i‘i11|10|‘|‘||||iP|Pi‘l‘l‘i|i|i|i||‘|d‘d‘d|d|dRdd=memd(gp+#u16:3)
ICLASS Amode Type H s5 Parse d5
1|O|O‘10‘i‘i1|1|1 Os‘s‘s|s|s P|Pi |‘|‘i|i|i||||‘|d‘d‘d|d|d Rdd=memd(Rs+#s11:3)
ICLASS Amode Type H x5 Parse |u1 d5
100011 ol1]/1/1]o]x|x|x|x/ x|P/Plulo olilililild|d d|d|d m’g;memd(Rx”#s“:&c"c
110011 o1 /1]110|x|x|x|x|x|P|P|ulo 1 0 d|d|d|d|d ?dd:memd(RX“':C"c(M”)
ICLASS Amode Type H eb5 Parse d5
1|0|0‘1 1‘0‘1 1|1|1 0 e‘e‘e|e|e P|P 0‘1‘|‘||||||-||‘| d‘d‘d|d|d Rdd=memd(Re=#US)
ICLASS Amode Type H x5 Parse d5
1|o|o‘1 1‘0‘1 1|1|1 0 x‘x‘x|x|x P|P 0‘0‘-‘-|-|i|i|i‘i d‘d‘d|d|d Rdd=memd(Rx++#s4:3)
ICLASS Amode Type H t5 Parse d5
1|0|0‘1 1‘1‘01|1|1 0 t‘t‘t|t|tP|Pi1‘|‘||l|l|i|l‘ld‘d‘d|d|d Rdd=memd(Rt<<#u2+#U6)
ICLASS Amode Type H x5 Parse |u1 d5
1]101(0 (1|1 0|11 (1|0 |x|x|x|x]|Xx u|l0 0 d|d|d|d|d|Rdd=memd(Rx++Mu)
110011 11111 [1]0|x|x|x|x|Xx u|0 0 d|d|d|d|d|Rdd=memd(Rx++Mu:brev)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
Parse Packet/Loop parse bits
as Field to encode register d
es Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load doubleword conditionally

Load a 64-bit doubleword from memory and place in a destination register pair.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax Behavior
if ([!1Pt[.new]) Rdd=memd (#u6) if ([t]Pt[.new] [0]) ({
apply extension (#u) ;
EA=#u;
Rdd = *EA;
} else {
NOP;
}i
if ([!1Pt[.new]) Rdd=memd (Rs+#u6:3) if ([!1Pt[.new] [0])
apply extension (#u) ;
EA=Rs+#u;
Rdd = *EA;
} else {
NOP;
b s
if ([!]1Pt[.new]) Rdd=memd (Rx++#s4:3) if ([1]1Pt[.new] [0]){
EA=Rx;
Rx=Rx+#s;
Rdd = *EA;
} else {
NOP;
b s

if ([!]Pv[.new]) Rdd=memd (Rs+Rt<<#u2) if ([!]Pv[.new] [0]) {
EA=Rs+ (Rt<<#u) ;
Rdd = *EA;
} else {
NOP;
¥

Class: LD (slots 0,1)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS s5 Parse t5 d5
. . if (Pv)
o/0{1/1/j0j/0f0f0O1/1/0|s|s|s|s|s|P|P|]i|t |t |t t|t i v v|ddfd/d|d Rdd=memd(Rs+Rt<<#u2)
. . if (IPv)
ofoj{1/1j0j0j0f1|1|{1|0|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v dddjdd Rdd=memd(Rs+Rt<<#u2)
. . if (Pv.new)
o|0{1/1/j0/0(1/0f1/1/0|s|s|s|s|s|P|/P|]i|t |t |t t|t i/v v|ddfd/djd Rdd=memd(Rs+Rt<<#u2)
if (IPv.new)
o|oj1j1j0j0f1 {111/ 0|s|s|s|s|s|/P/P|i|t |t |t t|t i/v v|ddfd/djd Rdd=memd(Rs+Rt<<#u2)
Se| o U
ICLASS ns Type s5 Parse t2 d5
Ne N
e
w
if (Pt)
oj17/0/0j0ojofof1(1/1/0|s|s|s|s|s|/P|/P|O |t t|i|i|i|i|i|i|dd|d|d]|d Rdd=memd(Rs+#u6:3)
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31/30|29 /28|27 (26|25|24|23|22|21/20|19|18(17|16|15|14|13|12|11|10| 9 (8 |7 |6 |5 | 4 2
: if (Pt.new)
o(f1/0/0|0|0|1[1(1|/1|0|s|s|s|(s|s|/P|/P|O|¢t |t |i|i| i|i|i|i]|d d Rdd=memd(Rs+#u6:3)
. if (1Pt)
o(f1/0/0|0|1j0[1(1|/1|0|s|s|s|(s|s|/P|/P|O|¢t |t |i|i| i|i|i|i]|d d Rdd=memd(Rs+#u6:3)
. if (IPt.new)
oj(17/0j0j0o(1(1(1(11/0|s|s|s|s|s|P/P|O |t |t i|i| i|i|i]|i]|d d Rdd=memd(Rs+#u6:3)
ICLASS Amode Type H x5 Parse t2 d5
if (Pt)
11001 (1|01 |1 |1 [1]0|x|x|x|x|x|[P[P|1 (0|0 |t|t|i|i|i|i]|d d Rdd=memd(Rx++#s4:3)
if (Pt)
11001 (1|01 |1 {110 |x|x|x|x|x|[P[P|1 |0 |1 |¢t|t|i|i|i|i]|d d Rdd=memd(Rx++#s4:3)
if (Pt.new)
1/0(0 (1 (1|01 |1 |1 [1]0|x|x|x|x|x|[P[P|1 1|0 |t|t]|i|i|i|i]|d d Rdd=memd(Rx++#s4:3)
if (IPt.new)
11001 (1|01 |1 (1|10 |x|x|x|[x|x|[P|P|1T |1 |1 |t|t| i|i|i]|i|d d Rdd=memd(Rx++#s4:3)
ICLASS Amode Type H Parse t2 d5
1100 (1 (1|1 (1|1 |1 (10 ili]|ili]i 1 ot |t|if1]-]|- if (Pt) Rdd=memd(#u6)
1100 (1T (1|1 1 {1 |1t (10 i|i|ili]i 1101t |t |i[1]-]|- if (IPt) Rdd=memd(#u6)
1100 (1T (1|1 |1 |1 |1 (10 | ili|ili]i 11110t |t |i[1]-]|- d if (Pt.new) Rdd=memd(#u6)
. if (IPt.new)
1001 1|1yt {11 (1o ijijifiji|/P/P|1 11 |t|t|i1|-]-|d d Rdd=memd(#us)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t2 Field to encode register t
t5 Field to encode register t
v2 Field to encode register v
x5 Field to encode register x
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Load byte

Load a signed byte from memory. The byte at the effective address in memory is placed in
the least-significant 8 bits of the destination register. The destination register is then sign-
extended from 8§ bits to 32.

Syntax

Rd=memb (Re=#U6)

Rd=memb (Rs+#s11:0)

Rd=memb (Rs+Rt<<#u2)

Rd=memb (Rt<<#u2+#U6)

Rd=memb (Rx++#s4:0)

Rd=memb (Rx++#s4:0:circ (Mu))

Rd=memb (Rx++I:circ (Mu))

Rd=memb (Rx++Mu)

Rd=memb (Rx++Mu:brev)

Rd=memb (gp+#ul6:0)

Behavior

apply extension (#U) ;
EA=#U;

Rd = *EA;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
Rd = *EA;

EA=Rs+ (Rt<<#u) ;
Rd = *EA;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
Rd = *EA;

EA=RX;
Rx=Rx+#s;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, I<<0,MuVv)
Rd = *EA;

EA=RXx;
Rx=RxX+MuV;
Rd = *EA;

EA=Rx.h[1]
Rx=Rx+MuV;
Rd = *EA;

| brev(Rx.h[0]);

apply extension (#u) ;

1

EA=(Constant extended ? (0) GP) +#u;
RA = *EA;
Class: LD (slots 0,1)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5 d5
o|o|1‘1 1‘0‘1|o o|oo s‘s‘s|s|s P|P i t‘t‘t|t|t i|- -d‘d‘d|d|d Rd=memb(Rs+Rt<<#u2)
ICLASS Type H Parse d5
O|1|0‘01‘|‘i10|00|‘|‘|||||P|P|‘|‘|‘i|i|i||||‘|d‘d‘d|d|dRd=memb(gp+#u16:0)
ICLASS Amode Type H s5 Parse d5
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31(30(29|28|27(26|25(24|23|22/21|20|19|18|17|16|/15(14|13|12{11|10|9 |8 |7 |6 | 5|4 |3 (2|1 |0
1/0/0(1/0|i|i|[1|/0(0|0|s|s|s|s|s|P[P|i|i/|i|il|i|i|il|i]i d|d|d|d|Rd=memb(Rs+#s11:0)
ICLASS Amode Type H x5 Parse |u1 d5
10011001000xxxxxPPu0--0--||dddddmj)"‘emb(Rx“#s‘“O:C"c(
1/0/0(1(1/0|0|1|0|0|0|x|x|x|x|x|P|/Plu|jO|-]-|1|-/0|-]-|d|d|d]|d|d|Rd=memb(Rx++l:circ(Mu))
ICLASS Amode Type H eb5 Parse d5
1|0|0‘1 1‘0‘1 1|0|00 e‘e‘e|e|e P|P 0‘1‘| ||||||-||‘| d‘d‘d|d|d Rd=memb(Re=#US)
ICLASS Amode Type H x5 Parse d5
1|o|o‘1 1‘0‘1 1|o|oo x‘x‘x|x|x P|P 0‘0‘- -|-|i||||‘| d‘d‘d|d|d Rd=memb(Rx++#s4:0)
ICLASS Amode Type H t5 Parse d5
1|0|0‘1 1‘1‘01|0|00 t‘t‘t|t|tP|Pi1‘l I|I|I|i||‘ld‘d‘d|d|d Rd=memb(Rt<<#u2+#U6)
ICLASS Amode Type H x5 Parse |u1 d5
1/0(0 (1 (1 |1]0|1]0|0 |0 |x|x|X|X]|X ul0O|-|-|=-|[-/0|=-|-]|d|d|d|d|d|Rd=memb(Rx++Mu)
1001111100 |0|x|x|Xx|[Xx]|X ul0|-|-|-[-]0|-]-]d|d|d]|d]|d|Rd=memb(Rx++Mu:brev)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
Parse Packet/Loop parse bits
as Field to encode register d
es Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load byte conditionally

Load a signed byte from memory. The byte at the effective address in memory is placed in
the least-significant 8 bits of the destination register. The destination register is then sign-
extended from 8§ bits to 32.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

if

if

if

if

([11pel.

([11pel.

([11pel.

([!1pvl[.

new] )

new] )

new] )

newj )

Syntax
Rd=memb (#u6)

Rd=memb (Rs+#u6:0)

Rd=memb (Rx++#s4:0)

Rd=memb (Rs+Rt<<#u2)

Class: LD (slots 0,1)

Behavior

if ([!1Ptl.newl] [0]) {
apply extension (#u) ;
EA=#u;
Rd = *EA;

} else {
NOP;

b5

if ([!1Ptl.newl] [0]) {
apply extension (#u) ;

EA=Rs+#u;
Rd = *EA;
} else {
NOP;
)i
if ([1]1Pt[.new] [0])
EA=RX;
Rx=Rx+#s;
Rd = *EA;
} else {
NOP;
b

if ([11Pv[.new] [0]) {
EA=Rs+ (Rt<<#u) ;
Rd = *EA;

} else {
NOP;

b5

Encoding
31|30/ 20|28/ 27|2625/24/23|22]21/20/19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5 d5
. if (Pv)
0|0 |1 0 0/|0|0|s|s|s|s|(s/PP|i|lt|t t|t|t|i/ v| v ddjdidd Rd=memb(Rs+Rt<<#u2)
. if (IPv)
0|0 |1 0 0/|0|0|s|s|s|s|(s/PP|ilt|t t|t|t|i/ v v ddjd/dd Rd=memb(Rs+Rt<<#u2)
if (Pv.new)
00 |1 1 0(0|0|s|s|s|s|s|/P/P|i|t|t |t t|t|i|v| v dd dd|d Rd=memb(Rs+Rt<<#u2)
if (IPv.new)
0|0 |1 1 0/|0|0|s|s|s|s|(s/PP|ilt|t t|t|t|i/ v v ddjdjdd Rd=memb(Rs+Rt<<#u2)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
Se| o U
ICLASS ns |y Type N s5 Parse t2 d5
e e
w
o|/1]/ojo|o|0j0|1]|0|0|0|s|s|s|s|s|P|[P|O|¢t|t|i|i|i|i|i|i|d|d]|d]|d]|d]|if(Pt)Rd=memb(Rs+#u6:0)
if (Pt.new)
0100001100055555PP0tt'"'"ddddde=memb(Rs+#u6:0)
if ('Pt)
0100010100055555PP0tt'"'"ddddde=memb(Rs+#u6:0)
N P I A if (IPt.new)
0100011100055555PP0tt'"'"ddddde=memb(Rs+#u6:0)
ICLASS Amode Type H x5 Parse t2 d5
if (Pt)
10011011000xxxxxPP100tt||||ddddde=memb(RX++#s4:0)
P if (Pt)
1100|1170 11100 0 | x x|x|x|x P/P1/01/t t i iii|dddd|d g4 remnnRrysssss:0)
if (Pt.new)
10011011000xxxxxPP110tt||||ddddde=memb(RX++#s4:0)
if (IPt.new)
10011011000xxxxxPP111tt||||ddddde=memb(RX++#s4:0)
ICLASS Amode Type H Parse t2 d5
100|141 |1|1|1|o|o|o|i|i|ilili|/P|[P[1|O|O|¢t|[t|i[1|-|-|d|d|d]|d]d]if(Pt)Rd=memb(#u6)
100|111 |1 |{1]o|o|0|i|il|ilili|/P|[P[1|O|1|[¢t|[t i|[1]|-|-|d|d|d|d]d]if(!Pt)Rd=memb(#ub)
10|01 (1|1 |1 |{1|o|0|0|i|i|ilili|/P|[P[1|1]|0|¢t|[t|i[1|-|-|d|d|d]|d]d]if(Ptnew)Rd=memb(#u6)
1100 |1 (1|1 |11 jojojO|ili|il|i|i|[P|P|1T |11 |t|t|i|1|-]|-|d|d|d]|d]|d)]if(Pt.new)Rd=memb(#u6)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t2 Field to encode register t
t5 Field to encode register t
v2 Field to encode register v
X5 Field to encode register x
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Load byte into shifted vector

Shift a 64-bit vector right by one byte. Insert a byte from memory into the vacated upper

byte of the vector.

Mem

Ryy

-

Syntax
Ryy=memb_fifo (Re=#U6)

Ryy=memb fifo (Rs)

Ryy=memb fifo (Rs+#s11:0)

Ryy=memb fifo (Rt<<#u2+#U6)

y

Behavior

apply extension (#U) ;
EA=#U;
{
tmpV = *EA;
Ryy = (((size8u t)Ryy)>>8) | (tmpV<<56) ;

Re=#U;

Assembler mapped to:
"Ryy=memb_ fifo"" (Rs+#0)"

apply extension (#s) ;
EA=Rs+#s;
{
tmpV = *EA;
Ryy = (((size8u t)Ryy)>>8) | (tmpV<<56) ;
apply extension (#U) ;
EA=#U+ (Rt<<#u) ;

{
tmpV = *EA;
Ryy = (((size8u t)Ryy)>>8) | (tmpV<<56) ;
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Syntax

Ryy=memb fifo (Rx++#s4:0)

Ryy=memb fifo (Rx++#s4:0:circ(Mu))

Ryy=memb fifo (Rx++I:circ(Mu))

Ryy=memb fifo (Rx++Mu)

Ryy=memb fifo (Rx++Mu:brev)

Class: LD (slots 0,1)

Behavior
EA=RX;
Rx=Rx+#s;
tmpV = *EA;
Ryy =
EA=RX;

Rx=Rx=circ_ add(Rx, #s,MuV) ;

{

(((size8u_ t)Ryy)>>8) | (tmpV<<56) ;

tmpV = *EA;

Ryy = (((size8u t)Ryy)>>8) | (tmpV<<56) ;
EA=RX;
Rx=Rx=circ_ add(Rx, I<<0,MuV) ;
{

tmpV = *EA;

Ryy = (((size8u t)Ryy)>>8) | (tmpV<<56) ;
EA=RX;
Rx=RxX+MuV;
{

tmpV = *EA;

Ryy = (((size8u_ t)Ryy)>>8) | (tmpV<<56) ;
EA=Rx.h[1] | brev(Rx.h[0]);
Rx=Rx+MuV;
{

tmpV = *EA;

Ryy =

(((size8u_t)Ryy)>>8) | (tmpV<<56) ;

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS Amode Type H s5 Parse y5
1/0(0(1|0|i|i|0O|1|0|0|s|s|s|s|(s|(P/P|i|i|i|il|ili|i|i|i|ly|lyl|ly|y|y ;?yy=memb_fifo(Rs+#s11:0
ICLASS Amode Type H x5 Parse |u1 y5
1/0(0(1(1|/0|0|0 |1 |00 |x|x|xX|x|[x|[P/Plu|O|-]|=-|0|i|i|i|i|y|yl|ly|Yy|y E{%;ﬂﬁﬂ?b—ﬁkaX++#smo
110]of1(10o]ofol1]olo|x|x|x|x|x|P|Plulo|-|-|1]-1o]|-]|-]ylylylyly %’;;memb—ﬁb(m“':C"C(
ICLASS Amode Type H eb5 Parse y5
1|o|o‘1 1‘0‘1 o|1|00 e‘e‘e|e|e P|P 0‘1‘|‘||||| . |‘| y‘y‘y|y|y Ryy=memb_fifo(Re=#U6)
ICLASS Amode Type H x5 Parse y5
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31|30(29|28|27(26|25(24|23|22|21/20|19|18|17|16|15(|14|13|12(11 |10 8|7/6|5 4 2
110lof1]1lo]1]of1]olo|x|x|x|x|x|P|P|o|0]-]- ililililylyly fyy:memb—ﬂf"(Rx“#S"’:o
ICLASS | Amode | Type |y 15 Parse v5
11ofof1(1l1]ofol1folo|t|t|tlelt|P|Plil1]|1]1 Vil lrylyly 5%))/=memb_fifo(Rt<<#u2+#
ICLASS Amode Type H x5 Parse |u1 y5
1/0/0f1}{1/1/0|/0|1|0|0|x|x|x|x|x| P|[P|u|0]|-]|- -0 -]-y y Ryy=memb_fifo(Rx++Mu)
10001 [1]1|1]0|1[0|0|x|x|x|x|x|[P|P|lul0]-|- -0 -]y y eR\)')yzmemb—ﬁfO(Rx++Murbr
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Parse Packet/Loop parse bits
es Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
v5 Field to encode register y
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Load half into shifted vector

Shift a 64-bit vector right by one halfword. Insert a halfword from memory into the
vacated upper halfword of the vector.

Mem

Ryy

[/

Syntax

Ryy=memh fifo (Re=#U6)

Ryy=memh fifo (Rs)

Ryy=memh fifo (Rs+#s11:1)

Ryy=memh fifo (Rt<<#u2+#U6)

Ryy

Behavior

apply extension (#U) ;

EA=#U;
{

tmpV = *EA;

Ryy = (((size8u t)Ryy)>>16) | (tmpV<<48) ;
Re=#U;

Assembler mapped to:
"Ryy=memh fifo"" (Rs+#0)"

apply extension (#s) ;

EA=Rs+#s;
{
tmpV = *EA;
Ryy = (((size8u t)Ryy)>>16) | (tmpV<<48) ;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
{
tmpV =
Ryy =

*EA;
(((size8u t)Ryy)>>16) | (tmpV<<48) ;
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Syntax

Ryy=memh fifo (Rx++#s4:1)

Ryy=memh fifo (Rx++#s4:1:circ(Mu))

Ryy=memh fifo (Rx++I:circ(Mu))

Ryy=memh fifo (Rx++Mu)

Ryy=memh fifo (Rx++Mu:brev)

Class: LD (slots 0,1)

EA=RX;

Rx=Rx+#s;
tmpV =
Ryy =

BN

I

EA=RX;

Behavior

(((size8u t)Ryy)>>16) | (tmpV<<48) ;

Rx=Rx=circ_ add(Rx, #s,MuV) ;

(((size8u t)Ryy)>>16) | (tmpV<<48) ;

Rx=Rx=circ_ add(Rx, I<<1l,MuV) ;

{
tmpV = *EA;
Ryy =
EA=RXx;
{
tmpV = *EA;
Ryy =
EA=RXx;
Rx=RxX+MuV;
{
tmpV = *EA;
Ryy =
EA=Rx.h[1]
Rx=Rx+MuV;
tmpV = *EA;
Ryy =

(((size8u t)Ryy)>>16) | (tmpV<<48) ;

(((size8u_t)Ryy)>>16) | (tmpV<<48) ;

| brev(Rx.h[0]);

(((size8u_t)Ryy)>>16) | (tmpV<<48) ;

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS Amode Type H s5 Parse y5
1/0(0(1|0|i|i|0O|0[1|0|s|s|s|s|(s|(P/P|i|i|i|il|ili|i|i|i|ly|yl|ly|y|y ?yy=menﬂ1jﬁo(Rs+#s11ﬂ
ICLASS Amode Type H x5 Parse |u1 y5
1/0(0(1(1|/0|0|O0|O0 1|0 |x|xX|xX|x|[x|P/Plu|O|=-|=-|0|i|i|i|i|y|y|lYy|Yy|y Eﬁ%?ﬂﬁﬂ?h—ﬁkaX++#S4r
110lof1(10o]ofolol1lo]|x|x|x|x|x|P|Plulo|-|-|1]-1o]|-|-]ylylylyly %’;;memh—ﬁb(m“':C"C(
ICLASS Amode Type H eb5 Parse y5
1|o|o‘1 1‘0‘1 o|0|1 0 e‘e‘e|e|e P|P 0‘1‘|‘||||| . |‘| y‘y‘y|y|y Ryy=memh_fifo(Re=#U6)
ICLASS Amode Type H x5 Parse y5
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31|30(29|28|27(26|25(24|23|22|21/20|19|18|17|16|15(|14|13|12(11 |10 8|7/6|5 4 2
110lof1]1lo]1]ofol1lo|x|x|x|x|x|P|Plo|o]-]- ililililylyly ;*W:memh—f”"(Rx“#s“
ICLASS | Amode | Type |y 15 Parse v5
11ofof1(1l1]ofolol1lo|t|t|tlelt|P|Plil1]|1]1 Vil lrylyly Sgg’zmemh—ﬁfo(m«#uz"#
ICLASS Amode Type H x5 Parse |u1 y5
1/0/0f1}(1|1)/0|/0|01|0|x|x|x|x|x P[P|uj0]|-]|- -0 -]-y y Ryy=memh_fifo(Rx++Mu)
10001 [1]|1|1]0|0[1|0|x|x|x|x|x|[P|P|lul0]|-]|- -0 -]y y eR\)')yzmemh—ﬁfO(Rx++Murbr
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Parse Packet/Loop parse bits
es Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
v5 Field to encode register y
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Load halfword

Load a signed halfword from memory. The 16-bit halfword at the effective address in
memory is placed in the least-significant 16 bits of the destination register. The destination
register is then sign-extended from 16 bits to 32.

Syntax

Rd=memh (Re=#U6)

Rd=memh (Rs+#s11:1)

Rd=memh (Rs+Rt<<#u2)

Rd=memh (Rt<<#u2+#U6)

Rd=memh (Rx++#s4:1)

Rd=memh (Rx++#s4:1:circ (Mu))

Rd=memh (Rx++I:circ (Mu))

Rd=memh (Rx++Mu)

Rd=memh (Rx++Mu:brev)

Rd=memh (gp+#ul6:1)

Class: LD (slots 0,1)

Behavior

apply extension (#U) ;
EA=#U;

Rd = *EA;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
Rd = *EA;

EA=Rs+ (Rt<<#u) ;
Rd = *EA;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
Rd = *EA;

EA=RX;
Rx=Rx+#s;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, I<<1l,MuV)
Rd = *EA;

EA=RXx;
Rx=RxX+MuV;
Rd = *EA;

EA=Rx.h[1] | brev(Rx.h[0]);
Rx=Rx+MuV;
Rd = *EA;

apply extension (#u) ;
EA= (Constant_extended ? (0)
Rd = *EA;

1

GP) +#u;

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5 d5
o|o|1‘1 1‘0‘1|o o|1 0 s‘s‘s|s|s P|P i t‘t‘t|t|t i|- - d‘d‘d|d|d Rd=memh(Rs+Rt<<#u2)
ICLASS Type H Parse d5
O|1|0‘01‘i‘i10|10|‘|‘i|i||P|P|‘|‘|‘|||||||||‘|d‘d‘d|d|dRd=memh(gp+#u16:1)
ICLASS Amode Type H s5 Parse d5
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31(30(29|28|27(26|25(24|23|22/21|20|19|18|17|16|/15(14|13|12{11|10|9 |8 |7 |6 | 5|4 |3 (2|1 |0
110010 |i|i|[1|0(1|0|s|s|s|s|s|P[P|i|i|i|il|il|i|il|i]i d|d|d|d|Rd=memh(Rs+#s11:1)
ICLASS Amode Type H x5 Parse |u1 d5
10011001010xxxxxPPu0--0--||dddddmj)"‘emh(Rx“#s‘““Circ(
1/0(0(1(1/0|0|1|0[1|0|x|x|x|x|x|P|/Pju|jO0O|-]-|1|-/0|-]-]|d|d|d]|d|d]|Rd=memh(Rx++l:circ(Mu))
ICLASS Amode Type H eb5 Parse d5
1|0|0‘1 1‘0‘1 1|0|1 0 e‘e‘e|e|e P|P 0‘1‘| ||||||-||‘| d‘d‘d|d|d Rd=memh(Re=#US)
ICLASS Amode Type H x5 Parse d5
1|o|o‘1 1‘0‘1 1|o|1 0 x‘x‘x|x|x P|P 0‘0‘- -|-|i||||‘| d‘d‘d|d|d Rd=memh(Rx++#s4:1)
ICLASS Amode Type H t5 Parse d5
1|0|0‘1 1‘1‘01|0|1 0 t‘t‘t|t|tP|P|1‘l I|I|I|i||‘ld‘d‘d|d|d Rd=memh(Rt<<#u2+#U6)
ICLASS Amode Type H x5 Parse |u1 d5
110(0 (1 (1 |1]0|1]0|1]0 |x|x|Xx|Xx|X ul0O|-|-|=-|[-/0|-|-]|d|d|d|d]|d|Rd=memh(Rx++Mu)
1001 (1|1 1|10 1|0 |x|x|x|[Xx]|X ul0|-|-|-[-]0|-]-]d|d|d]|d]|d|Rd=memh(Rx++Mu:brev)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
Parse Packet/Loop parse bits
as Field to encode register d
es Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load halfword conditionally

Load a signed halfword from memory. The 16-bit halfword at the effective address in
memory is placed in the least-significant 16 bits of the destination register. The destination
register is then sign-extended from 16 bits to 32.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax Behavior
if ([!1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memh (#u6) apply extension (#u) ;

EA=#u;
Rd = *EA;
} else {
NOP;
bi
if ([!]1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memh (Rs+#ué6:1) apply extension (#u) ;
EA=Rs+#u;
Rd = *EA;
} else {
NOP;
bi
if ([!1Pt[.new]) if ([1]1Pt[.new] [0])
Rd=memh (Rx++#s4:1) EA=RXx;
Rx=Rx+#s;
Rd = *EA;
} else {
NOP;
b5
if ([!]1Pv[.new]) if ([!1Pv[.new] [0])
Rd=memh (Rs+Rt<<#u2) EA=Rs+ (Rt<<#u) ;
Rd = *EA;
} else {
NOP;
b5

Class: LD (slots 0,1)

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS s5 Parse t5 d5
. : if (Pv)
o(oj{1j1j0j/0|0f0O|0O|1|0O|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v ddddd Rd=memh(Rs+Rt<<#u2)
. ) if (IPv)
o|0{1/1/j0j/0f0O(1/01|/0|s|s|s|s|s|P|P|]i |t |t |t t|t i v v|ddfd/d|d Rd=memh(Rs+Rt<<#u2)
' . if (Pv.new)
o|0{1/1/0/0(1/00O 1|0 |s|s|s|s|s|P|P|]i |t |t |t t|t i v v|ddfd|d|d Rd=memh(Rs+Rt<<#u2)
. . if (IPv.new)
o(oj{1/1j0j0|1{1|0[(1|0|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v ddddd Rd=memh(Rs+Rt<<#u2)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
Se| o U
ICLASS ns |y Type N s5 Parse t2 d5
e e
w
o|/1]/ojo|o|oj0|1]|0|1|0|s|s|s|s|s|P|[P|O|¢t|t|i|i|i|i|i|i|d|d]|d]|d]|d]|if(Pt)Rd=memh(Rs+#u6:1)
if (Pt.new)
0100001101055555PP0tt'"'"ddddde=memh(Rs+#u6:1)
if ('Pt)
0100010101055555PP0tt'"'"ddddde=memh(Rs+#u6:1)
N P I A if (IPt.new)
0100011101055555PP0tt'"'"ddddde=memh(Rs+#u6:1)
ICLASS Amode Type H x5 Parse t2 d5
if (Pt)
10011011010xxxxxPP100tt||||ddddde=memh(RX++#s4:1)
P if (Pt)
1100|1170 1111010 x| x|x|x|x PP1 01/t t i i ii|dddd|d g4 remnryssssst)
if (Pt.new)
10011011010xxxxxPP110tt||||ddddde=memh(RX++#s4:1)
if (IPt.new)
10011011010xxxxxPP111tt||||ddddde=memh(RX++#s4:1)
ICLASS Amode Type H Parse t2 d5
1001|111 |{1|o|1|o|i|i|ilili|/P|[P[1|O|O|¢t|[t|i[1|-|-|d|d|d]|d]d]if(Pt)Rd=memh(#u6)
10|01 (11|t |1 fo|1|o|il|il|ilili|/P|[P[1|O|1|[¢t|[t i[1]|-|-|d|d|d|d]d]if(!Pt)Rd=memh(#ub)
10|01 (1|1 |1 |{1|o|1|o|il|il|ilili|/P|[P[1|1]|0|¢t|[t|i[1]|-|-|d|d|d]|d]d]if(Ptnew)Rd=memh(#u6)
1100 |1 (1|1 |11 jo |1 o |ili|il|i|i|[P|P|1T |11 |t|t|i|1|-]-|d|d|d]|d]|d]if(Pt.new)Rd=memh(#u6)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t2 Field to encode register t
t5 Field to encode register t
v2 Field to encode register v
X5 Field to encode register x
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Load unsigned byte

Load an unsigned byte from memory. The byte at the effective address in memory is
placed in the least-significant 8 bits of the destination register. The destination register is
then zero-extended from 8 bits to 32.

Syntax

Rd=memub (Re=#U6)

Rd=memub (Rs+#s11:0)

Rd=memub (Rs+Rt<<#u2)

Rd=memub (Rt<<#u2+#U6)

Rd=memub (Rx++#s4:0)

Rd=memub (Rx++#s4:0:circ (Mu))

Rd=memub (Rx++I:circ (Mu))

Rd=memub (Rx++Mu)

Rd=memub (Rx++Mu :brev)

Rd=memub (gp+#ul6:0)

Behavior

apply extension (#U) ;
EA=#U;

Rd = *EA;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
Rd = *EA;

EA=Rs+ (Rt<<#u) ;
Rd = *EA;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
Rd = *EA;

EA=RX;
Rx=Rx+#s;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, I<<0,MuVv)
Rd = *EA;

EA=RXx;
Rx=RxX+MuV;
Rd = *EA;

EA=Rx.h[1]
Rx=Rx+MuV;
Rd = *EA;

| brev(Rx.h[0]);

apply extension (#u) ;

1

EA=(Constant extended ? (0) GP) +#u;
RA = *EA;
Class: LD (slots 0,1)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5 d5
o|o|1‘1 1‘0‘1|o o|o1 s‘s‘s|s|s P|P i t‘t‘t|t|t i|- -d‘d‘d|d|d Rd=memub(Rs+Rt<<#u2)
ICLASS Type H Parse d5
0|1|0‘01‘|‘i10|01|‘|‘i|i||P|P|‘|‘|‘i|i|i||||‘|d‘d‘d|d|dRd=memub(gp+#u16:0)
ICLASS Amode Type H s5 Parse d5
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31(30(29|28|27(26|25(24|23|22/21|20|19|18|17|16|/15(14|13|12{11|10|9 |8 |7 |6 | 5|4 |3 (2|1 |0
110010 |i|i|[1|0(0|1|s|s|s|s|s | P[P|i i |i|il|i|i|il|i]i d|d|d|d|Rd=memub(Rs+#s11:0)
ICLASS Amode Type H x5 Parse |u1 d5
10011001001xxxxxPPu0--0||||dddddmj:)TemUb(RxH#S‘tO:Circ
1{ofol1]1/0]ol1]olo|1|x|x|x|x|x|P|P|ulo|-|-|[1|-|0|-|-|d|d]|d|a]|d Rd=memub(Rx++kcirc(Mu)
ICLASS Amode Type H eb5 Parse d5
1|o|o‘1 1‘0‘1 1|o|o1 e‘e‘e|e|e P|P 0‘1‘|‘| ||||- |‘| d‘d‘d|d|d Rd=memub(Re=#US)
ICLASS Amode Type H x5 Parse d5
1|0|0‘1 1‘0‘1 1|0|01 x‘x‘x|x|x P|P 0‘0 2] - -|i|i|i‘| d‘d‘d|d|d Rd=memub(Rx++#s4:0)
ICLASS Amode Type H t5 Parse d5
1|o|o‘1 1‘1‘01|o|o1 t‘t‘t|t|tP|Pi1‘l‘l I|I|i||‘ld‘d‘d|d|d Rd=memub(Rt<<#u2+#U6)
ICLASS Amode Type H x5 Parse |u1 d5
1/0(0 1110|100 |1 |x|x|Xx|[Xx]|X ul0|-|-|-[-]0]|-]- d|d|d|d|Rd=memub(Rx++Mu)
1001111100 |1 |x|x|x|[Xx]|X u -l == -]0 -] - d Rd=memub(Rx++Mu:brev)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
Parse Packet/Loop parse bits
as Field to encode register d
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load unsigned byte conditionally

Load an unsigned byte from memory. The byte at the effective address in memory is
placed in the least-significant 8 bits of the destination register. The destination register is
then zero-extended from 8 bits to 32.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax Behavior
if ([!1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memub (#u6) apply extension (#u) ;

EA=#u;
Rd = *EA;
} else {
NOP;
bi
if ([!]1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memub (Rs+#u6:0) apply extension (#u) ;
EA=Rs+#u;
Rd = *EA;
} else {
NOP;
bi
if ([!1Pt[.new]) if ([1]1Pt[.new] [0])
Rd=memub (Rx++#s4:0) EA=RXx;
Rx=Rx+#s;
Rd = *EA;
} else {
NOP;
b5
if ([!]1Pv[.new]) if ([!1Pv[.new] [0])
Rd=memub (Rs+Rt<<#u2) EA=Rs+ (Rt<<#u) ;
Rd = *EA;
} else {
NOP;
b5

Class: LD (slots 0,1)

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS s5 Parse t5 d5
. : if (Pv)
0(oj{1/1/0j/0|0f0|0fO0O|1|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v ddddd Rd=memub(Rs+Rt<<#u2)
. ) if (IPv)
o|0{1/1/0/0f0O(1|/0O |01 |s|s|s|s|s|P|P|i|t|t|t|t|t i v v|d dlfd|d|d Rd=memub(Rs+Rt<<#u2)
' . if (Pv.new)
o|0{1/1/0/0(1(0|0O |01 |s|s|s|s|s|P|P|i |t |t |t t|t i v v|ddlfd|d|d Rd=memub(Rs+Rt<<#u2)
. . if (IPv.new)
0(oj{1/1/0j0|1[{1|0|0|1|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v dddjd|d Rd=memub(Rs+Rt<<#u2)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
Se| ¢4 u
ICLASS ns |y Type N s5 Parse t2 d5
e e
w
. if (Pt)
o(1/0/0|0|0O|O0O[1|0O|O|1|s|s|s|(s|(s|/P|/P|O|t |t |i|i i|i|i|i]|d d Rd=memub(Rs+#u6:0)
: if (Pt.new)
o(1/0/0|0|0|1[1/0|0O|1|s|s|s|s|s|/P|/P|O|¢t |¢t|i|i i|i|i|i]|d d Rd=memub(Rs+#u6:0)
. if (IPt)
o(1/0/0|0|1|0[1|0|0O|1|s|s|s|s|s|/P|/P|O|¢t |t |i|i i|i|i|i]|d d Rd=memub(Rs+#u6:0)
. if (IPt.new)
o(1/0/0|0{1{1[{1/0|/0O|1|s|s|s|(s|(s|/P|/P|O|t |t |i|i i|i|i|i]|d d Rd=memub(Rs+#u6:0)
ICLASS Amode Type H x5 Parse t2 d5
if (Pt)
11001 (1|01 |1 (0|0 |1 |x|x|x|x|x|[P|P|1T |00 |¢t|t| i|i|i]|i|d d Rd=memub(Rx++#s4:0)
if (IPt)
1/0(0 (1 (1|0 |1 |1]0|0 |1 |x|x|xX|x|x|[P|P|1 |0 |1 |t|t|i|i|i|i]|d d Rd=memub(Rx++#s4:0)
if (Pt.new)
11001 (1|01 |1 (0|0 |1 |x|x|x|x|x|[P|P|1T |1 0|ttt i|i|i]|i|d d Rd=memub(Rx++#s4:0)
if (IPt.new)
110(0 (1 (1|01 |1]0|0 |1 |x|x|xX|x|x|[P[P|1 |1 |1 |t|t|i|i|i|i]|d d Rd=memub(Rx++#s4:0)
ICLASS Amode Type H Parse t2 d5
1100 (1 (1|1 |1 |10 [0 |1 | i|i]|ili]i 1 ot |t|i[1]-]|- if (Pt) Rd=memub(#u6)
1100 (1 (1|1 |1 {10 [0 |1 | ili]|ili]i 1101t |t |i[1]-]|- if (IPt) Rd=memub(#u6)
1100 (1 (1|1 (1|10 [0 |1 | i|i]|ili]i 1T11 10t |t |i[1]-]|- d if (Pt.new) Rd=memub(#u6)
if (IPt.new)
1001 |{1 {1 {1 |1]ojo|1|i|i|ilili P/ P[1[1|1|¢t|t|il1]-]-]|d d Rd=memub(#u6)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t2 Field to encode register t
t5 Field to encode register t
v2 Field to encode register v
x5 Field to encode register x
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Load unsigned halfword

Load an unsigned halfword from memory. The 16-bit halfword at the effective address in
memory is placed in the least-significant 16 bits of the destination register. The destination
register is zero-extended from 16 bits to 32.

Syntax

Rd=memuh (Re=#U6)

Rd=memuh (Rs+#s11:1)

Rd=memuh (Rs+Rt<<#u2)

Rd=memuh (Rt<<#u2+#U6)

Rd=memuh (Rx++#s4:1)

Rd=memuh (Rx++#s4:1:circ (Mu))

Rd=memuh (Rx++I:circ (Mu))

Rd=memuh (Rx++Mu)

Rd=memuh (Rx++Mu:brev)

Rd=memuh (gp+#ul6:1)

Behavior

apply extension (#U) ;
EA=#U;

Rd = *EA;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
Rd = *EA;

EA=Rs+ (Rt<<#u) ;
Rd = *EA;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
Rd = *EA;

EA=RX;
Rx=Rx+#s;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, I<<1l,MuV)
Rd = *EA;

EA=RXx;
Rx=RxX+MuV;
Rd = *EA;

EA=Rx.h[1]
Rx=Rx+MuV;
Rd = *EA;

| brev(Rx.h[0]);

apply extension (#u) ;

1

EA=(Constant extended ? (0) GP) +#u;
RA = *EA;
Class: LD (slots 0,1)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5 d5
o|o|1‘1 1‘0‘1|o o|1 1 s‘s‘s|s|s P|P i t‘t‘t|t|t i|- -d‘d‘d|d|d Rd=memuh(Rs+Rt<<#u2)
ICLASS Type H Parse d5
0|1|0‘01‘|‘i10|11|‘|‘i|i||P|P|‘|‘|‘i|i|i||||‘|d‘d‘d|d|dRd=memuh(gp+#u16:1)
ICLASS Amode Type H s5 Parse d5
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31(30(29|28|27(26|25(24|23|22/21|20|19|18|17|16|/15(14|13|12{11|10|9 |8 |7 |6 | 5|4 |3 (2|1 |0
10010 |i|i|[1|0(1|1|s|s|s|s|s | P[P|i|i|i|il|i|i|il|i]i d|d|d|d|Rd=memuh(Rs+#s11:1)
ICLASS Amode Type H x5 Parse |u1 d5
10011001011xxxxxPPu0--0||||dddddmj:)TemUh(RxH#S‘m:Circ
1{ofol1]1/o]ol1]of1]1|x|x|x|x|x|P|P|ulo|-|-|[1|-]|0|-|-|d|d]|d|a]|d Rd=memuh(Rx++kcirc(Mu)
ICLASS Amode Type H eb5 Parse d5
1|o|o‘1 1‘0‘1 1|o|1 1 e‘e‘e|e|e P|P 0‘1‘|‘| ||||- |‘| d‘d‘d|d|d Rd=memuh(Re=#US)
ICLASS Amode Type H x5 Parse d5
1|0|0‘1 1‘0‘1 1|0|1 1 x‘x‘x|x|x P|P 0‘0 2] - -|i|i|i‘| d‘d‘d|d|d Rd=memuh(Rx++#s4:1)
ICLASS Amode Type H t5 Parse d5
1|o|o‘1 1‘1‘01|o|1 1 t‘t‘t|t|tP|Pi1‘l‘l I|I|i||‘ld‘d‘d|d|d Rd=memuh(Rt<<#u2+#U6)
ICLASS Amode Type H x5 Parse |u1 d5
1001 (1|10 |10 1|1 |x|x|x|[Xx]|X ul0|-|-|-[-]0]|-]- d|d|d|d|Rd=memuh(Rx++Mu)
1001 (1|1 1|10 1|1 |x|x|x|[Xx]|Xx u -l == -]0 -] - d Rd=memuh(Rx++Mu:brev)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
Parse Packet/Loop parse bits
as Field to encode register d
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load unsigned halfword conditionally

Load an unsigned halfword from memory. The 16-bit halfword at the effective address in
memory is placed in the least-significant 16 bits of the destination register. The destination
register is zero-extended from 16 bits to 32.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax Behavior
if ([!1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memuh (#u6) apply extension (#u) ;

EA=#u;
Rd = *EA;
} else {
NOP;
bi
if ([!]1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memuh (Rs+#u6:1) apply extension (#u) ;
EA=Rs+#u;
Rd = *EA;
} else {
NOP;
bi
if ([!1Pt[.new]) if ([1]1Pt[.new] [0])
Rd=memuh (Rx++#s4:1) EA=RXx;
Rx=Rx+#s;
Rd = *EA;
} else {
NOP;
b5
if ([!]1Pv[.new]) if ([!1Pv[.new] [0])
Rd=memuh (Rs+Rt<<#u2) EA=Rs+ (Rt<<#u) ;
Rd = *EA;
} else {
NOP;
b5

Class: LD (slots 0,1)

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS s5 Parse t5 d5
. : if (Pv)
o(oj{1j1j0j/0j0f0O|0Of1T|1|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v ddddd Rd=memuh(Rs+Rt<<#u2)
. ) if (IPv)
o|0{1j1j0jo0ofof1j/01 1 |s|s|s|s|s|P|/P|]i |t |t |t t|t i v v|ddfd|d|d Rd=memuh(Rs+Rt<<#u2)
' . if (Pv.new)
o/0{1j1/j0j0(1/0j01 1 |s|s|s|s|s|P|/P|]i |t |t |t t|t i v v|ddlfd|d|d Rd=memuh(Rs+Rt<<#u2)
. . if (IPv.new)
ofoj{1/1j0jo0j1{1|0f1|1|s|s|s|s|s/P/P|li|t| t|t t|t|i|v| v dddjd|d Rd=memuh(Rs+Rt<<#u2)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
Se| ¢4 u
ICLASS ns |y Type N s5 Parse t2 d5
e e
w
. if (Pt)
o(f1/0/0|0j0j|0O[1|0O(1|1|s|s|s|[s|s|/P|/P|O|t |t |i|i i|i|i|i]|d d Rd=memuh(Rs+#u6:1)
: if (Pt.new)
o(1/0/0|0|01[1(0(1|1|s|s|s|s|s|/P|/P|O|¢t |t |i|i i|i|i|i]|d d Rd=memuh(Rs+#u6:1)
. if (IPt)
o(f1/0/0|0|1j0[1|0(1|1|s|s|s|s|s|/P|/P|O|¢t |t |i|i| i|i|i|i]|d d Rd=memuh(Rs+#u6:1)
. if (IPt.new)
o(1/0/0j0{1{1{1/0(1|1|s|s|s|(s|(s/P/P|O|t |t |i|i i|i|i|i]|d d Rd=memuh(Rs+#u6:1)
ICLASS Amode Type H x5 Parse t2 d5
if (Pt)
11001 (1|01 |1 (0|1 |1 |x|x|x|x|x|[P|P|1T|0|0|¢t|t| i|i|i]|i|d d Rd=memuh(Rx++#s4:1)
if (IPt)
1/0(0 (1 (1|01 |1 |01 |1 |x|x|x|x|x|[P|[P{1 |0 |1 |t|t|i|i|i|i]|d d Rd=memuh(Rx++#s4:1)
if (Pt.new)
11001 (1|01 |1 (0|1 |1 |x|x|x|x|x|[P|P|1T |1 0|ttt i|i|i]|i|d d Rd=memuh(Rx++#s4:1)
if (IPt.new)
110(0 (1 (1|01 |1 |01 |1 |x|x|x|x|x|[P[P|1T |1 |1 |¢t|t|i|i|i|i]|d d Rd=memuh(Rx++#s4:1)
ICLASS Amode Type H Parse t2 d5
1100 (1T (1|1 |1 {1 |0 (1 |1 iljil|ili]i 1 ot |t|i[1]-]|- if (Pt) Rd=memuh(#u6)
1100 (1T (1|1 (1|1 |0 (1 |1 ilji|ili]i 1101t |t |i[1]-]|- if (IPt) Rd=memuh(#u6)
1100 (1 (1|1 (1|1 |0 (1 |1 ili|ili]i 1T11 10t |t |i[1]-]|- d if (Pt.new) Rd=memuh(#u6)
if (IPt.new)
100t {1 {1 {1 |1]of1|1|i|i|lilili P/ P[1[1[1|¢t|t|il1]-]-]|d d Rd=memuh(#u6)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t2 Field to encode register t
t5 Field to encode register t
v2 Field to encode register v
x5 Field to encode register x

80-N2040-36 C

267

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Load word

Load a 32-bit word from memory and place in a destination register.

Syntax

Rd=memw (Re=#U6)

Rd=memw (Rs+#s11:2)

Rd=memw (Rs+Rt<<#u2)

Rd=memw (Rt<<#u2+#U6)

Rd=memw (Rx++#s4:2)

Rd=memw (Rx++#s4:2:circ (Mu))

Rd=memw (Rx++I:circ (Mu))

Rd=memw (Rx++Mu)

Rd=memw (Rx++Mu:brev)

Rd=memw (gp+#ul6:2)

Behavior

apply extension (#U) ;
EA=#U;

Rd = *EA;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
Rd = *EA;

EA=Rs+ (Rt<<#u) ;
Rd = *EA;

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
Rd = *EA;

EA=RX;
Rx=Rx+#s;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
Rd = *EA;

EA=RX;
Rx=Rx=circ_ add(Rx, I<<2,MuV) ;
Rd = *EA;

EA=RX;
Rx=RxX+MuV;
Rd = *EA;

EA=Rx.h[1]
Rx=Rx+MuV;
Rd = *EA;

| brev(Rx.h[0]);

apply extension (#u) ;

EA= (Constant extended ? (0) GP) +#u;
RA = *EA;
Class: LD (slots 0,1)
Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS s5 Parse t5 d5
o|o|1‘1 1‘0‘1|o1|00 s‘s‘s|s|s P|P i t‘t‘t|t|t il - -d‘d‘d|d|d Rd=memw(Rs+Rt<<#u2)
ICLASS Type | o Parse ds
O|1|0‘01‘|‘i11|00|‘|‘|||||P|P|‘|‘|‘i|i|i|i||‘|d‘d‘d|d|dRd=memw(gp+#u16:2)
ICLASS Amode Type H s5 Parse d5
1|0|0‘10‘|‘|1|1|005‘s‘s|s|s P|P| |‘|‘i|i|i|i||‘|d‘d‘d|d|d Rd=memw(Rs-+#s11:2)
ICLASS Amode Type H x5 Parse |u1 d5
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31|30(29|28|27(26|25(24|23|22|21/20|19|18|17|16|15(|14|13|12(11 |10 8/7/6|5/4/3[2(1/0
1{ofol1]1/o0lol1|1]o]o|x|x|x|x|x|/P|P|lulo]-]- ililild|d|d|d]|d mj)memw(Rx“#s‘“zc"c(
1/0/0|1}(1]j0|0 |1 |1|0|0|x|x|x|x|x| P|[P|u|0]|-]|- 0|-|-|d|d|d|d]|d|Rd=memw(Rx++l:circ(Mu))
ICLASS Amode Type H e5 Parse d5
1|o|o‘1 1‘0‘1 1|1|00 e‘e‘e|e|e P|P 0‘1‘| I . |‘| d‘d‘d|d|d Rd=memw(Re=#U6)
ICLASS Amode Type H x5 Parse d5
1|0|0‘1 1‘0‘1 1|1|00 x‘x‘x|x|x P|P 0‘0‘- -|-|i|i|i‘| d‘d‘d|d|d Rd=memw(Rx++#s4:2)
ICLASS | Amode | Type |y t5 Parse ds
1|o|o‘1 1‘1‘01|1|00 t‘t‘t|t|tP|P|1‘l I|I|I|i||‘ld‘d‘d|d|d Rd=memw(Rt<<#u2+#U6)
ICLASS Amode Type H x5 Parse |u1 d5
10011101 |1|0|0|x|x|Xx|[Xx]|X u - - -0 -] - d Rd=memw(Rx++Mu)
1100 (1 (1|1 ]1]|1]1]0]0|x|x|x|Xx|Xx ul0|-|- =10 | -] - d|d|d|d|Rd=memw(Rx++Mu:brev)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
Parse Packet/Loop parse bits
das Field to encode register d
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
X5 Field to encode register x
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Load word conditionally

Load a 32-bit word from memory and place in a destination register.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax Behavior
if ([!1Pt[.new]) if ([!]1Pt[.new] [0]) {
Rd=memw (#u6) apply extension (#u) ;

EA=#u;
Rd = *EA;
} else {
NOP;
b
if ([!]1Pt[.new]) if ([!1Pt[.new] [0])
Rd=memw (Rs+#u6:2) apply extension (#u) ;
EA=Rs+#u;
Rd = *EA;
} else {
NOP;
¥
if ([!]1Pt[.new]) if ([!1Pt[.new] [0])
Rd=memw (Rx++#s4:2) EA=Rx;
Rx=Rx+#s;
Rd = *EA;
} else {
NOP;
¥
if ([!]1Pv[.new]) if ([!]1Pv[.new] [0])
Rd=memw (Rs+Rt<<#u2) EA=Rs+ (Rt<<#u) ;
Rd = *EA;
} else {
NOP;
¥

Class: LD (slots 0,1)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS s5 Parse t5 d5
. . if (Pv)
o/0{1/1/0/0|0OfO0Of1 /0|0 |s|s|s|s|s|P|P|i |t |t |t t|t i v v|ddlfd|d|d Rd=memw(Rs+Rt<<#u2)
. . if (IPv)
0(oj{1/1/0j/0|0[1|1|/0|0|s|s|s|s|s/P/P|li|t t|t t|t|i|v| v ddddd Rd=memw(Rs+Rt<<#u2)
. . if (Pv.new)
o/0{1/1/0/0(1(01 /0|0 |s|s|s|s|s|P|P|i|t|t|t|t|t i v v|d dlfd|d|d Rd=memw(Rs+Rt<<#u2)
if (IPv.new)
o|0{1/1/j0/0f1(1/1/0/0|s|s|s|s|s|P|/P|]i|t|t|t|t|t i v v|ddlfd|d|d Rd=memw(Rs+Rt<<#u2)
Se| o U
ICLASS ns Type s5 Parse t2 d5
Ne N
e
w
if (Pt)
o|1/0/0/0j0f0O(1(1/0|0|s|s|s|s|s|P|P|O |t t|i|i|i|i|i|i|dd|d|d]|d Rd=memw(Rs+#u6:2)
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31(30|29(28|27|26|25(24|23(22|21|20/19(18|17(16|15(14|13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 |1 |0
s if (Pt.new)
0100001110055555PP0tt'""'ddddde=memw(Rs+#u6:2)
. if (Pt)
0100010110055555PP0tt'""'ddddde=memw(Rs+#u6:2)
L if (IPt.new)
0100011110055555PP0tt'""'dddddezmemw(Rs+#u6:2)
ICLASS Amode Type H x5 Parse t2 d5
if (Pt)
10011011100xxxxxPP100tt||||ddddde=memw(Rx++#S4:2)
if (IPt)
1100 11170 111117010 x| x|x x| x| PIPI1/01/t|t i iiifdddd d p4romnRyrssss:2)
if (Pt.new)
10011011100xxxxxPP110tt||||ddddde=memw(RX++#s4:2)
if (IPt.new)
10011011100xxxxxPP111tt||||ddddde=memw(Rx++#S4:2)
ICLASS Amode Type H Parse t2 d5
10|01 1|1 |1 |1 [1]|o|o|il|il|il|ili|P|P|1 O|t|t|i|1]|-]|-|d|d]|d]|d]|d]|if(Pt)Rd=memw(#u6)
10|01 {111 {1 |1|0|0|il|il|ilili|/P|[P[1|O|1|¢t|[t|i[1]|-|-|d|d|d|d]d]if(Pt)Rd=memw(#us)
1{ojo (11|11 {1 |1j/ojoijijifi|i/P/P|1|1j0|t|t|i|1|-]|-|d|d|d]|d]d]if(Ptnew)Rd=memw(#u6)
10|01 (1|11 |{1|1|0|o|il|il|ilili|/P|[P[1|1|1|¢t|t|i[1]|-|-]|d|d|d| d]d]if(Pt.new)Rd=memw(#u6)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Type Type
UN Unsigned
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t2 Field to encode register t
t5 Field to encode register t
v2 Field to encode register v
X5 Field to encode register x
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Deallocate stack frame

Deallocate a stack frame from the call stack. The instruction first loads the saved FP and
saved LR values from the address at FP. It then points SP back to the previous frame.

The stack layout is seen in the following figure.

Stack in Memory

Saved LR
Saved FP

Higher Address
Procedure Local
Data on Stack

Stack frame

|

Saved LR
Saved FP <¢—— FP register

Procedure Local
Data on Stack

\/

<4—— SP register
Lower Address

Unallocated Stack

Syntax Behavior
deallocframe EA=FP;
tmp = *EA;
tmp = frame unscramble (tmp) ;
LR=tmp.w[1];
FP=tmp.w[0] ;
SP=EA+8;
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Class: LD (slots 0,1)

Encoding
31|30|29‘28 27‘26‘25 24|23|22 21 20‘19‘18|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0
ICLASS Amode Type H Parse
1|o|o‘10‘0‘0 o|o|oo1‘1‘1|1|0 P|P0‘-‘-‘-|-|-|-|-‘-‘1‘1‘1|1|0 deallocframe
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Parse Packet/Loop parse bits
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Deallocate frame and return

Return from a function with a stack frame. This instruction is equivalent to deallocframe

followed by jumpr R31.

Syntax

dealloc return

if ([!]Ps) dealloc return

if ([!]Ps.new)
dealloc_return:nt

if ([!]Ps.new)
dealloc_return:t

Behavior

EA=FP;

tmp = *EA;

tmp = frame unscramble (tmp) ;
LR=tmp.w[1];

FP=tmp.w[O0];

SP=EA+8;

PC=tmp.w[1];

I

if ([!I1Ps[o0]l) {
EA=FP;
tmp = *EA;
tmp = frame unscramble (tmp) ;
LR=tmp.w[1];
FP=tmp.w[O0] ;
SP=EA+8;
PC=tmp.w[1];

} else {
NOP;

¥

if (['1Ps.new[0]) {

EA=FP;
tmp = *EA;
tmp = frame unscramble (tmp) ;

LR=tmp.w[1];
FP=tmp.w[0] ;
SP=EA+8;
PC=tmp.wl[1];
} else {
NOP;
¥

if (['1Ps.new[0]) {

EA=FP;
tmp = *EA;
tmp = frame unscramble (tmp) ;

LR=tmp.w[1l];
FP=tmp.w[O0] ;
SP=EA+8;
PC=tmp.w[1l];
} else {
NOP;
¥
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Class: LD (slots 0)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS Amode Type H Parse
1|0|0‘1 0‘1‘1 0|0|00 1‘1‘1|1|0 P|P 0‘0‘0‘0 | -|-‘-‘1‘1‘1|1|0 dealloc_return
ICLASS Amode Type H Parse s2

if (Ps.new)
1700 1170 111100100 1]1/1[1/0 P[P 00 1/0s s/ - - -|1/1/1/1/0/ g0 mnt
1]/0/0|1]o|1|1]/ojojo|o|1|1|1|1]0 of[1/o0|0|s|s|-|-|-]1]1]1]1]|0 |if(Ps)dealloc_return
1/0/0(1/0|1|1|/0|0f0O |01 |1|1[1]0 O|1(1]|0|s|s|-|-|-|1]1]1[1]0 |if(Ps.new)dealloc_return:t
if (IPs.new)
1700117011100 /0|0 1]1/1[1/0 P[P0 1/0|s s/ - - -|11[1/1/0/ g T8
1]/0/0|1]o|1|1]/ojojo|o|1|1|1|1]0 111]/0]0|s|s|-|-|-/1/1]1]1]0 |if(!Ps)dealloc_return
1/0(0 (1|0 |1|1]0]|0]|O 1111]1]110 1111 s|s|=-|=-|=-{1]1[1|1 |0 |if(!Ps.new) dealloc_return:t
Field name Description

ICLASS Instruction Class

Amode Amode

Type Type

UN Unsigned

Parse Packet/Loop parse bits

s2 Field to encode register s
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Load and unpack bytes to halfwords

Load contiguous bytes from memory and vector unpack them into halfwords.

Rdd=memubh(amode)

mem
€ro ‘ero/‘{ €ro Rdd
Rd=memubh(amode)
mem
ero = Rdd
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Syntax

Rd=membh (Re=#U6)

Rd=membh (Rs)

Rd=membh (Rs+#s11:1)

Rd=membh (Rt<<#u2+#U6)

Rd=membh (Rx++#s4:1)

Rd=membh (Rx++#s4:1:circ (Mu))

Rd=membh (Rx++I:circ (Mu) )

Behavior

apply extension (#U) ;
EA=#U;
{
tmpV = *EA;
for (i=0;1<2;i++) {
RAd.h[i]l=tmpV.b[i];
b 5

¥
Re=4#U;
Assembler mapped to: "Rd=membh"" (Rs+#0)"

apply extension (#s) ;
EA=Rs+#s;
{
tmpV = *EA;
for (i=0;1<2;i++) {
Rd.h[i]l=tmpV.Db[i];
b5

¥
apply extension (#U) ;
EA=#U+ (Rt<<#u) ;
{
tmpV = *EA;
for (i=0;1<2;i++) {
Rd.h[i]l=tmpV.b[i];
b 5

¥

EA=RX;

Rx=Rx+#s;

{
tmpV = *EA;
for (i=0;1<2;i++) {

RA.h[i]=tmpV.b[i];

¥

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;

{
tmpV = *EA;
for (i=0;i<2;i++)
RAd.h[i]=tmpV.b[i];
¥

EA=RX;
Rx=Rx=circ_ add(Rx, I<<1l,MuV) ;

{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.b[i];
¥

T

I
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Syntax

Rd=membh (Rx++Mu)

Rd=membh (Rx++Mu:brev)

Rd=memubh (Re=#U6)

Rd=memubh (Rs+#s11:1)

Rd=memubh (Rt<<#u2+#U6)

Rd=memubh (Rx++#s4:1)

Behavior

EA=RX;
Rx=Rx+MuV;

{
tmpV = *EA;
for (i=0;1<2;i++) {
RA.h[i]=tmpV.b[i];
¥

¥
EA=Rx.h[1] | brev(Rx.h[0]);
Rx=Rx+MuV;

{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.b[i];
¥

b 5
apply extension (#U) ;
EA=#U;

{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.ub[i] ;
¥

¥
Re=#U;

apply extension (#s) ;
EA=Rs+#s;

{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.ub[i] ;
¥

b 5
apply extension (#U) ;
EA=#U+ (Rt<<#u) ;

{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.ub[i] ;
¥

EA=RX;
Rx=Rx+#s;

{
tmpV = *EA;
for (i=0;i<2;i++)
Rd.h[i]=tmpV.ub[i];
¥

T

7
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Syntax

Rd=memubh (Rx++#s4:1:circ (Mu))

Rd=memubh (Rx++I:circ (Mu))

Rd=memubh (Rx++Mu)

Rd=memubh (Rx++Mu:brev)

Rdd=membh (Re=#U6)

Rdd=membh (Rs)

Rdd=membh (Rs+#s11:2)

Behavior

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
{
tmpV = *EA;
for (i=0;1<2;i++) {
RA.h[i]=tmpV.ub[i] ;
¥

EA=RX;
Rx=Rx=circ_ add(Rx, I<<1l,MuV) ;

{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.ub[i] ;
¥

T

I

EA=RXx;
Rx=Rx+MuV;
{
tmpV = *EA;
for (i=0;i<2;i++)
RA.h[i]=tmpV.ub[i] ;
¥
b5
EA=Rx.h[1] | brev(Rx.h[0]);
Rx=RxX+MuV;
{
tmpV = *EA;
for (i=0;i<2;i++)

Rd.h[i]=tmpV.ub[i];
¥
¥

7

apply extension (#U) ;

EA=#TU;

{
tmpV = *EA;
for (i=0;i<4;i++) {

Rdd.h[i]=tmpV.b[i];

¥

¥

Re=#U;

Assembler mapped to: "Rdd=membh"" (Rs+#0)"

apply extension (#s) ;

EA=Rs+#s;
tmpV = *EA;
for (i=0;i<4;i++)

Rdd.h[i]=tmpV.b[i];
}i
Vi

I
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Syntax

Rdd=membh (Rt<<#u2+#U6)

Rdd=membh (Rx++#s4:2)

Rdd=membh (Rx++#s4:2:circ (Mu))

Rdd=membh (Rx++I:circ (Mu) )

Rdd=membh (Rx++Mu)

Rdd=membh (Rx++Mu:brev)

Behavior

apply extension (#U) ;
EA=#U+ (Rt<<#u) ;

tmpV = *EA;
for (i=0;i<4;i++) {

T

Rdd.h[i]=tmpV.b[i];

EA=RX;
Rx=RX+#s;

tmpV = *EA;
for (i=0;i<4;i++)

T

Rdd.h[i]=tmpV.b[i];

i
EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;

tmpV = *EA;
for (i=0;i<4;i++)

¥

Rdd.h[i]=tmpV.b[i];

T

I

EA=RXx;

Rx=Rx=circ_ add(Rx, I<<2,MuV) ;

{
tmpV = *EA;
for (i=0;i<4;i++)

¥

Rdd.h[i]=tmpV.b[i];

EA=RXx;
Rx=Rx+MuV;

{
tmpV = *EA;
for (i=0;i<4;i++) {

¥

Rdd.h[i]=tmpV.b[i];

¥

7

EA=Rx.h[1] | brev(Rx.h[0]);

Rx=Rx+MuV;

{
tmpV = *EA;
for (i=0;i<4;i++) {

T

Rdd.h[i]=tmpV.b[i];

¥

I
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Syntax Behavior

Rdd=memubh (Re=#U6) apply extension (#U) ;
EA=#U;
{
tmpV = *EA;
for (i=0;i<4;i++) {
Rdd.h[i]l=tmpV.ub[i];
b5

¥
Re=#U;

Rdd=memubh (Rs+#s11:2) apply extension (#s) ;
EA=Rs+#s;
{
tmpV = *EA;
for (i=0;i<4;i++) {
Rdd.h[i]=tmpV.ub[i] ;
b5

¥
Rdd=memubh (Rt<<#u2+#U6) apply extension (#U) ;
EA=#U+ (Rt<<#u) ;

{
tmpV = *EA;
for (i=0;i<4;i++) {
Rdd.h[i]l=tmpV.ub[i];
¥

¥

I
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Syntax

Rdd=memubh (Rx++#s4:2)

Rdd=memubh (Rx++#s4:2:circ (Mu) )

Rdd=memubh (Rx++I:circ (Mu) )

EA=
Rx=

{

¥

I

EA=
Rx=

{

T

I

EA=
Rx=

{

T

I

Behavior

Rx;
Rx+#s;

tmpV = *EA;

for (i=0;i<4;i++) {

RAd.h[i]=tmpV.ub[i];

¥
Rx;
Rx=circ_add (Rx, #s,MuVv) ;

tmpV = *EA;

for (i=0;1i<4;i++) {
Rdd.h[i]l=tmpV.ub[i];

¥

Rx;
Rx=circ_add(Rx,I<<2,MuV) ;

tmpV = *EA;

for (i=0;i<4;i++)
Rdd.h[i]l=tmpV.ub[i];

¥

Rdd=memubh (Rx++Mu) EA=RX;
Rx=RxX+MuV;
{
tmpV = *EA;
for (i=0;i<4;i++)
Rdd.h[i]=tmpV.ub[i];
¥
¥
Rdd=memubh (Rx++Mu:brev) EA=Rx.h[1] | brev(Rx.h[0]) ;
Rx=Rx+MuV;
{
tmpV = *EA;
for (i=0;i<4;i++) {
Rdd.h[i]=tmpV.ub[i];
¥
¥
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Class: LD (slots 0,1)

Encoding

31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS | Amode | Type |y 5 Parse ds
1lolof1o]ilifofofol1]s]s|s]s|s|p[p|ifilifilililili]ild|d]d]d]d]|Rd=membn(Rs+#s11:1)
1lolof1|o]ililofof[1]1]s|s|s|s|s/P|P|i|il|ili|il|ililili|d|d| d| d]|d]|Rd=memubhRs+#s11:1)
1lolof1o]ililo[1]o]1]s|s|s|s|s|/P|P|i|il|i|ilililili|ild d|d]|d]|d]|Rdd=memubh(Rs+#s11:2)
1lolol1lofililo[1][1]1]s|s|s|s|s/P|P|i|il|ili|il|ililili|ld|d| d| d|d]|Rdd=membh(Rs+#s11:2)
ICLASS | Amode | Type |y x5 Parse |u1 ds
1ofo|1]1]o]olololo|1|x|x|x x/x P|P|ulo o|i|i|ilild|d|d|d|d m’:{;‘embh(m“#s“”:drc
1{ofol1]1/0]olofofo|1|x|x|x|x|x|P|P|ulo 1 0 dd|d|d|d ;*d:membh(Rx“':c"c(M”)
1]ofo1]1]ojololo|1]1]x|x|x x x P|P|ulo o|i|i|i|lild|d|d|d|d E{(ﬁlﬂ)em”bh(RX“#S‘m:C"
1ofo|1]1]ofololo|1]1]x|x|x x| x P|P|ulo 1 0 d|d|d|d|d|Rd=memubh(Rx++lcirc(Mu
11olol1/1]ofofo|1]0]1|x|x|x x x P|P|ulo 0|ilili|ild|d|d| d| d i'f&‘,{;lf)‘)em”bh(RX**#S“:Z:c
110fol1[10o]ofol1]ol1|x|x|x|x|x|P|P|ulo 1 0 d|d|d|d|d Eﬁdzmem“bh(RX“':c"C(M
1ofo1]1]ofolol1[1]1]x|x|x x/x P|P|ulo o|i|i|i|li|ld|d|d|d|d CR(‘,’V‘l’;)’)“embh(RX**#S“:Z:C"
1olol1/1]ofofo 1|11 |x|x|x x x P|P|ulo 1]-0 dld d d|d ;dd:membh(Rx"*':c"c(M“
ICLASS | Amode | Type |y e5 Parse ds

1|0|0‘1 1‘0‘1 0|0|01 e‘e‘e|e|e P|P 0‘1‘|‘||||||-||‘| d‘d‘d|d|d Rd=membh(Re=#US)
ICLASS | Amode | Type |\ X5 Parse ds

1|0|o‘1 1‘0‘1 o|o|o 1 x‘x‘x|x|x P|P 0‘0‘ ‘-|-||||||‘| d‘d‘d|d|d Rd=membh(Rx++#s4:1)
ICLASS | Amode | Type |y e5 Parse ds

1|0|0‘1 1‘0‘1 0|0|1 1 e‘e‘e|e|e P|P 0‘1‘|‘||||||-||‘| d‘d‘d|d|d Rd=memubh(Re=#U6)
ICLASS | Amode | Type |\ X5 Parse ds

1|0|o‘1 1‘0‘1 o|o|1 1 x‘x‘x|x|x P|P 0‘0‘ ‘-|-||||||‘| d‘d‘d|d|d Rd=memubh(Rx++#s4:1)
ICLASS | Amode | Type |y e5 Parse ds

1|0|0‘1 1‘0‘1 0|1|01 e‘e‘e|e|e P|P 0‘1‘|‘||||||-||‘| d‘d‘d|d|d Rdd=memubh(Re=#U6)
ICLASS | Amode | Type |\ X5 Parse ds

1|0|o‘1 1‘0‘1 o|1|o 1 x‘x‘x|x|x P|P 0‘0‘ ‘-|-||||||‘| d‘d‘d|d|d Rdd=memubh(Rx++#s4:2)
ICLASS | Amode | Type |y e5 Parse ds

1|0|0‘1 1‘0‘1 0|1|1 1 e‘e‘e|e|e P|P 0‘1‘|‘||||||-||‘| d‘d‘d|d|d Rdd=membh(Re=#U6)
ICLASS | Amode | Type |\ X5 Parse ds

1|0|o‘1 1‘0‘1 o|1|1 1 x‘x‘x|x|x P|P 0‘0‘-‘-|-|i|i|i‘i d‘d‘d|d|d Rdd=membh(Rx++#s4:2)
ICLASS | Amode | Type |y t5 Parse ds

1|0|0‘1 1‘1‘0 0|0|01 t‘t‘t|t|tP|Pi1‘|‘||l|l|i|l‘ld‘d‘d|d|d Rd=membh(Rt<<#u2+#U6)
ICLASS | Amode | Type |\ X5 Parse | ut ds
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31|30(29|28|27(26|25(24|23|22|21/20|19|18|17|16|15(|14|13|12(11 |10 8/7/6|5/4(3)|2
1/0/0|1}(1}1/0|0|0(0 |1 |x|x|x|x|x| P|[P|u|0]|-]|- -0 -] - d|d Rd=membh(Rx++Mu)
ICLASS Amode Type H t5 Parse d5
11ofof1 1 l1]ofolol1|1]t|t|tlelt|P|Plil1]|1]1 1lilt|1]d|d|d Rd=memubh(Rt<<#u2-+#U
ICLASS Amode Type H x5 Parse |u1 d5
1]ofof1]1]1]olofof1]1]x][x|x[x][x|P[P|ulo]-]- -lo]-[-]d][d]d] Rd=memubh(Rx++Mu)
ICLASS Amode Type H t5 Parse d5
tfofol11/1]olol1lol1|t|t]|tlt|t|P|P|il1]1]1 tlil1]1|d|d|d ngzmem“bh(Rt«#“Z*#
ICLASS Amode Type H x5 Parse |u1 d5
1]ofof1]1]1]ofof1]ol1]x][x|x[x][x|P[Pulo]-]- -lo]-[-]d][d]d] Rdd=memubh(Rx++Mu)
ICLASS | Amode | Type |y t5 Parse d5
tlofol11l1]olol1 1|1 ]t|t]elt|elP|P|il1]1]1 tlil1]1d|d|d Rdd=membh(Rt<<#u2+#U
ICLASS Amode Type H x5 Parse |u1 d5
110(0 (1 (1 |1]0]0 1|11 |x|x|X|Xx]|X u - - =10 | -] - Rdd=membh(Rx++Mu)
110(0 (1 (1 |1]1]0[0 |0 |1 |x|Xx|X|X]|X ul0|-|- =10 | -] - d|d Rd=membh(Rx++Mu:brev)
tlofol1 111 lo]ol1]1|x|x|x|x|x|/P|P|lulo]-]- lol-|-|d|d|d Rd=memubh(Rx++Mu:brev
1lojol1][1]1|1]0o/1]o]1 x|x|x x|x/P|P|luj0o|-]- -lo|-|-|d|d|d de:mem”bh(Rx"*M”:bre
1lofof1]1]1/1]ol1]1]1]x|x|x|x|x|P|[Plujo|-|-|-|-|0o|-|-|d|d| d rad=membh(Rx++Muibrev
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Parse Packet/Loop parse bits
das Field to encode register d
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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11.6 MEMOP

The MEMOP instruction class includes simple operations on values in memory.

MEMOP instructions are executable on slot 0.

80-N2040-36 C 285

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Operation on memory byte

Perform ALU or bit operation on the memory byte at the effective address.

Syntax

memb (Rs+#u6:0) =clrbit (#U5)

Behavior

apply extension (#u) ;

EA=Rs+#u;

tmp
tmp
*EA

memb (Rs+#u6:0) =setbit (#U5)

Se

*EA;

(~(1<<#U)) ;

tmp ;

apply extension (#u) ;

EA=Rs+#u;
tmp = *EA;

tmp
*EA

memb (Rs+#u6:0) [+-]=#U5

(1<<#0U) ;
tmp;

apply extension (#u) ;

EA=Rs [+-]#u;

tmp
tmp
*EA

memb (Rs+#u6:0) [+-|&] =Rt

*EA;

[+-1= #U;

tmp;

apply extension (#u) ;

EA=Rs+#u;

tmp

*EA;

tmp [+-|&]= Rt;

*EA

Class: MEMORP (slots 0)

tmp;

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5
0|0 (1|11 1/0|-/0|0|s|s|s|s|s|P|P|O|i]i i|i|i|0|0 |t t memb(Rs+#u6:0)+=Rt
0|0 (1|11 1/0|-/0|0|s|s|s|s|s|P|P|O|i]i i|i[i|0 |1t t memb(Rs+#u6:0)-=Rt
00111 1710|-]/0|0|s|s|s|s|s|P|[P|O0|i]i ii|i|1]0]t t memb(Rs+#u6:0)&=Rt
001 |1]1 1710|-]/0|0|s|s|s|s|s|P|P|O0|i]i ifi| i1 |1t t memb(Rs+#u6:0)|=Rt
ICLASS s5 Parse
0|0 (1|11 1/1|-/0|0|s|s|s|s|s PO |i]i i|i[i|0|0]I | memb(Rs+#u6:0)+=#U5
0|0 (1|11 1/1/-/0|0|s|s|s|s|s PO |i]i i|ji[i|0o 1]l | memb(Rs+#u6:0)-=#U5
ololf1]1]1 111/ -lolols|s|s|s|s|P|Plo]|ili ililil1]o]1 I g“)emb(RS"#“G:O):C'rb”(#U
0|0 |1]1]1 1(1]-10]0|s|s|s|s|s|P|P|O|ili ilili|1]1]1 | 'Sg)mb(RS+#u6:0)=setbit(#
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
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Operation on memory halfword

Perform ALU or bit operation on the memory halfword at the effective address.

Syntax

memh (Rs+#u6:1) =clrbit (#U5) apply extension (#u) ;

EA=Rs+#u;

tmp
tmp
*EA

memh (Rs+#u6:1) =setbit (#U5) apply extension (#u) ;

&=

*EA;

(~(1<<#U)) ;

tmp ;

EA=Rs+#u;
tmp = *EA;

tmp
*EA

memh (Rs+#u6:1) [+-]=#U5

(1<<#0U) ;
tmp;

apply extension (#u) ;

EA=Rs [+-]#u;

tmp
tmp
*EA

memh (Rs+#u6:1) [+-|&] =Rt

*EA;

[+-1= #U;

tmp;

apply extension (#u) ;

EA=Rs+#u;

tmp

*EA;

tmp [+-|&]= Rt;

*EA

Class: MEMORP (slots 0)

tmp;

Behavior

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5
0|0 (1|11 1/0|-/0|1|s|s|s|s|s|P|P|O|i]i i|i|i|0|0 |t t memh(Rs+#u6:1)+=Rt
0|0 (1|11 1/0|-/0|1|s|s|s|s|s|P|P|O|i]i i|i[i|0 |1t t memh(Rs+#u6:1)-=Rt
00111 1710|-]/0|1|s|s|s|s|s|P|[P|O0|i]i ii|i|1]0]t t memh(Rs+#u6:1)&=Rt
001 |1]1 1710|-]/0|1|s|s|s|s|s|P|[P|O0|i]i ifi| i1 |1t t memh(Rs+#u6:1)|=Rt
ICLASS s5 Parse
0|0 (1|11 1/1|-/0|1|s|s|s|s|s PO |i]i i|i[i|0|0]I | memh(Rs+#u6:1)+=#U5
0|0 (1|11 1/1|-/0|1|s|s|s|s|s PO |i]i i|ji[i|0o 1]l | memh(Rs+#u6:1)-=#U5
ololf1]1]1 111/ -lo|1|s|s|s|s|s|P|Plo]|ili ililil1]o]1 I g“)emh(RS"#“G”)zc'rb”(#U
0|0 |1]1]1 1(1]-10]1|s|s|s|s|s|P|P|0|i]i ilili|1]1]1 | 'Sg)mh(RS+#u6:1)=setbit(#
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t

80-N2040-36 C

287

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Operation on memory word

Perform ALU or bit operation on the memory word at the effective address.

Syntax

memw (Rs+#u6:2) =clrbit (#U5)

Behavior

apply extension (#u) ;

EA=Rs+#u;

tmp
tmp
*EA

memw (Rs+#u6:2) =setbit (#U5)

Se

*EA;

(~(1<<#U)) ;

tmp ;

apply extension (#u) ;

EA=Rs+#u;
tmp = *EA;

tmp
*EA

memw (Rs+#u6:2) [+-]=#U5

(1<<#0U) ;
tmp;

apply extension (#u) ;

EA=Rs [+-]#u;

tmp
tmp
*EA

memw (Rs+#u6:2) [+-|&] =Rt

*EA;

[+-1= #U;

tmp;

apply extension (#u) ;

EA=Rs+#u;

tmp

*EA;

tmp [+-|&]= Rt;

*EA

Class: MEMORP (slots 0)

tmp;

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5
0|0 (1|11 1/0|-(1|0|s|s|s|s|s|P[P|O|i]i i|i|i|0|0 |t t memw(Rs+#u6:2)+=Rt
0|0 (1|11 1/0|-(1]|0|s|s|s|s|s|P[P|O|i]i i|i[i|0 |1t t memw(Rs+#u6:2)-=Rt
00111 171/0|-]/1]/0|s|s|s|s|s|P|[P|O0|i]i ii|i|1]0]t t memw(Rs+#u6:2)&=Rt
001 |1]1 1710|-]/1]/0|s|s|s|s|s|P|[P|O0|i]i ifi| i1 |1t t memw(Rs+#u6:2)|=Rt
ICLASS s5 Parse
0|0 (1|11 1/1|-/1]0|s|s|s|s|s PO |i]i i|i[i|0|0]I | memw(Rs+#u6:2)+=#U5
0|0 (1|11 1/1|-/1]0|s|s|s|s|s PO |i]i i|ji[i|0o 1]l | memw(Rs+#u6:2)-=#U5
ololf1]1]1 111/ -|1]ols|s|s|s|s|P|Plo]|ili ililil1]o]1 I g“)emW(Rs"#“G:Z):C'rb“(#U
00111 1/1]-|/1]|0|s|s|s|s|s|P|P|O|i]i ili i1 I 'Sg)mW(RS+#u6:2)=setbit(#
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
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11.7 NV

The NV instruction class includes instructions which take the register source operand from
another instruction in the same packet.

NV instructions are executable on slot 0.

11.7.1 NV

The NV/J instruction subclass includes jump instructions which take the register source
operand from another instruction in the same packet.

Jump to address condition on new register value

Compare a register or constant against the value produced by a slot 1 instruction. If the
comparison is true, the program counter is changed to a target address, relative to the

current PC.

This instruction is executable only on slot 0.

Syntax Behavior
if ([!lcmp.eq(Ns.new, #-1)) 8
jump:<hint> #r9:2 if ((Ns.new[!]=(-1))) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
b5
if ([!]cmp.eq(Ns.new, #U5) ) H
jump:<hint> #r9:2 if ((Ns.new[!]=(#U))) ({
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
b5
if ([!]cmp.eq(Ns.new,Rt)) H
jump:<hint> #r9:2 if ((Ns.new[!]=Rt)) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
b5
if ([!]lcmp.gt (Ns.new, #-1)) H
jump:<hint> #r9:2 if ([!] (Ns.new>(-1))) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
b5
if ([!]cmp.gt (Ns.new, #U5)) 2
jump:<hint> #r9:2 if ([!] (Ns.news> (#U)))
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
b5
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Syntax Behavior
if ([!]lcmp.gt (Ns.new,Rt)) 5
jump:<hint> #r9:2 if ([!] (Ns.new>Rt)) {

apply extension (#r) ;
#r=#r & ~0x3;

PC=PC+#r;
¥
if ([!]lcmp.gt (Rt,Ns.new)) 5
jump:<hint> #r9:2 if ([!] (Rt>Ns.new))
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
¥
if ([!]lcmp.gtu(Ns.new, #U5) ) 5
jump:<hint> #r9:2 if ([!] (Ns.new.uw[0]>(#U))) {
apply extension (#r) ;
#r=H#r & ~0x3;
PC=PC+#r;
¥
if ([!]lcmp.gtu(Ns.new,Rt)) 7
jump:<hint> #r9:2 if ([!] (Ns.new.uw[0]>Rt.uw[0])) {
apply extension (#r) ;
#r=H#r & ~0x3;
PC=PC+#1r;
b 5
if ([!]lcmp.gtu(Rt,Ns.new)) 7
jump:<hint> #r9:2 if ([!] (Rt.uw[0]>Ns.new.uwl[0])) {
apply extension (#r) ;
#r=H#r & ~0x3;
PC=PC+#r;
b 5
if ([!]Itstbit (Ns.new, #0)) B
jump:<hint> #r9:2 if ([!] ((Ns.new) & 1)) {
apply extension (#r) ;
#r=#r & ~0x3;
PC=PC+#r;
b 5

Class: NV (slots 0)

Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s3 Parse t5

olof1]olololololololilil-|s|s|s/P[Plolt|t|t t|t|i ililililili]- }Lﬁggﬁﬁg‘:‘;“e‘”’m)
olof1]olololololololilil-|s|s|s/P[P{1 t|[t|t t|[t|i ililililili]- }Lgﬁg’:mg(gs-”ew'm»
olof1]ololololofo|1|ilil-|s|s|s/P[Plolt|t|t/t|t|i ililililili]- }L%’f‘nﬁ-gﬁégs-”ew"“))
olof1]olololololol1|ilil-|s|s|s/P[P{1t|t|t t|t|i ililililili]- }L%’g‘;‘f&g“s-“e"v'Rt”
olof1]ololololol1|olilil-|s|s|s/P[Plolt|[t|t t|[t|i ililililili]- }Lgﬁgﬁﬂﬁgﬁzﬂew'm»
0 0|1 0000 of1]o]i i -|s|s|s/PIPl1t t t|t|t i iliilililil-]|jlmpgiisnewro
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31/30|29 /28|27 |26|25|24|23|22|21/2019/18(17|16|15/14/13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 (1|0

olof1]ofofolofol1|1]ilil-|s|s|s|PIPlolt|t|t|t|t|ilililililili]- }L%’f‘n‘{-gﬁg":‘zs-“ew'm”
olof1]ofofolofol1|1]ilil-|s|s|s|PIP|1|¢t|t|t|t|t|ilililililili]- }Lg%’g‘;?gf'z“s-“ew'm”
olof1]ofojolof1lofolilil-|s|s|s|PIPlolt|t|t|t|t|ilililililili]- }L(nfg?ﬁi%;‘éf‘és-”ew'm))
olof1]ofofolof1lololilil-|s|s|s|PIP|1|¢t|t|t|t|t|ilililililili]- JLﬁﬁg‘pEtU(Ns new,Rt))
olof1]ofofolof1lo|1]ilil-|s|s|s|PIPlolt|t|t|t|t|ililililililil]- J'L%’“nﬁgﬁu(“s“ewm»
olof1]ofofolof1lo|1]ilil-|s|s|s|PIP|1|t|t|t|t|t|ilililililili]- }Lgﬁ‘;%%“s-”ewv'ﬂ))
olof1]ofofolof1 1|olilil-|s|s|s|PIPlolt|t|t|t|t|ililililililil]- }Lgﬁggﬂﬁ%"‘s-“ew»
olof1]ofofolof1 1|olilil-|s|s|s|PIP|1|¢t|t|t|t|t|ilililililili]- }Lﬁﬁgf%g‘"“s-“ew»
olof1]ofofolof1 1|1 ]ilil-|s|s|s|PIPlolt|t|t|t|t|ilililililili]- J'Lg%mnﬁgﬁ(m“s”ew))
olof1]ofofolof1 1|1 ]ilil-|s|s|s|PIP|1|¢t|t|t|t|t|ilililililili]- ;L%%mpgt(Rth“eW))
olol1]ololol1iolololilil-|s|s|s/P[Plolt|t| e t|t|i ililililili]- }Lgﬁgﬁﬁ‘r‘ég'“&"ew»
olof1]ofofo/1]olofolilil-|s|s|s|PIP|1|t|t|t|t|t|ilililililili]- }ngf&”fft"“s-"ew»
olof1]ofofol1]olo|1]ilil-|s|s|s|PIPlolt|t|t|t|t|ilililililili]- }L%%Tn‘;-gﬁggt'”s-”ew”
olol1]ololol1iolol1|ilil-|s|s|s/P[P{1 e[t/ t t|t|il ililililili]- }L%%rﬂ‘;%‘:‘z(m'”s'”ew”
ICLASS s3 Parse

olol1]olol1]ololololilil-|s|s|s|/PIPlolulueluloaloalililililililil- }Lgmgﬂ%-nem#%))
olol1]olol1]ololololilil-Is|s|s|/PIPlalulululalalililililililil- }Lﬁggfﬁgg‘s-"e""'#U5))
olol1lolol1lololol1]ilil-|s|s|s|P|Plolo|ueluv|v|vlililililililil- }L%’f‘nﬁ-gﬁég&"e"v'#UE‘»
olol1lolol1lololol1]ilil-|s|s|s|P|P|t|0{uluvv|ulililililililil- J'Lg%’%fq("‘s -new,#U5))
olo/1lolol1]olo|1]oilil-|s|s|s|P{Plolu vl ju]ililililililil- }Lgﬁgﬁﬂﬁg‘fé”ew'#us»
0 [0 1]0 0|10 0|10 ili -|s|s|[s|P P4 1ILILIL L E]E 0] | fCmp s newtUs)
olof1]ofol1ofol1|1]ilil-|s|s|s|PIPlolv| oo v{ulililililililil- }L%’f‘nﬁ-gﬁg‘:‘;"e"“#UE‘»
olof1]ofol1lofol1|1]ilil-|s|s|s|PIP|t 0| oluv|v|uvlililililililil- J'Lg%”;‘;?g("‘s new,#U5))
olof1]ofol1of1lofolilil-|s|s|s|PIPlolt| et v|u|ilililililili]- J'Lﬁﬁpmﬁtgtt‘(“s -new,#U5))
olof1]ofol1ol1lololilil-|s|s|s|PIP|1 0| oluv|v{ulililililililil- }Lﬁﬁgfﬁg{g“s-"e‘”’#UE‘))
olof1]ofol1ol1lol1]ilil-|s|s|s|PlPlolv|o{v|v{uv|ililililililil- }L%%’f‘n‘{-gﬁgf’z“s-"ew’#U5))
olof1]ofol1of1lo|1]ilil-|s|s|s|PIP|1 0| ol0v|v|u|ilililililili]- }Lg%’%?gﬁ‘z(”&"ewv#l)5))
olof1]ofol1lof1 1|olilil-|s|s|s|PIPlo|-|-|-|«|-|ilililililili]- }Lgss:britt(;‘féf‘zew'#o))
0010 0[1]0[1[1]0]ilil-|s|s|s|P|{P|1|-|-|-|-|-|[ili|i]i]ilil]il-]|f{stitNsnewd0)jump:
olof1]ofol1 o1 1|1]ilil-|s|s|s|PIPlo|-|-|-|-|-|ilililililili]- }Lgfgfgittg‘r‘gg’z‘ew'#o))
00100 [1]0 111 iil-|s|s/s|P|P[1|-|-|-|-|-|ilililililil]i]-]|fistitNs.new#0))jump
olof1]ofol1/1]olololilil-|s|s|s|PIPlo|-|-|-|=|-|ililililililil]-|if(cmp.eq(Ns.new#1))

jump:nt #r9:2
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31/30|29 /28|27 |26|25|24|23|22|21/2019/18(17|16|15/14/13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 (1|0

olof1]ofol1/1]olololilil-|s|s|s|PIP|1|-||-|«|-|ililililililil]- }Lﬁggfﬁg{’z“s-“e‘“"#‘”)
olof1]ofol1/1]olo|1]ilil-|s|s|s|PIPlo|-|-|-|-|-|ililililililil]- }Lg%?nﬁ-gﬂégs-“ew’#‘m
olof1]ofol1/1]olo|1]ilil-|s|s|s|P|IP|1|-|-|-|-|-|ilililililili]- }L%’f}‘;ﬁ&g"‘s-”ew’#‘”)
olof1]ofol1/1]ol1|olilil-|s|s|s|P|Plo|-|-|-|«|-|ilililililili]-|fcmp.gtiNsnew#1))

jump:nt #r9:2

olo(1]olof1|1iof1]olilil-Is|s|s/P[P|1|-|-|--|-|ilililililili _}mg@gg&new,#-m
0 [0 [1]0 0|1 1 01 1 ili|-|s|s|[s P[P0/ -|ii|i ilili i|-ompgiisnewsi)
olof1folol11iol1|1]ilil-|s|s|s/ P[P{1|-|-|-|-|-|ililililililil- }L%’g‘;ﬁ;g’z“s-“ew’#‘”)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

s3 Field to encode register s

t5 Field to encode register t

80-N2040-36 C 292

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

11.7.2 NVIST

The NV/ST instruction subclass includes store instructions which take the register source
operand from another instruction in the same packet.

Store new-value byte

Store the least-significant byte in a source register in memory at the effective address.

Syntax Behavior
memb (Re=#U6) =Nt .new apply extension (#U) ;
EA=#U;
*EA = Nt.new&Oxff;
Re=#U;
memb (Rs+#s11:0) =Nt .new apply extension (#s) ;
EA=Rs+#s;

*EA = Nt.new&Oxff;

memb (Rs+Ru<<#u2) =Nt .new EA=Rs+ (Ru<<#u) ;
*EA = Nt.new&Oxff;

memb (Ru<<#u2+#U6) =Nt .new apply extension (#U) ;
EA=#U+ (Ru<<#u) ;
*EA = Nt.new&Oxff;

memb (Rx++#s4:0) =Nt .new EA=RXx;
Rx=Rx+#s;
*EA = Nt.new&Oxff;

memb (Rx++#s4:0:circ (Mu) ) =Nt .new EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
*EA = Nt.new&Oxff;

memb (Rx++I:circ (Mu) ) =Nt .new EA=RX;
Rx=Rx=circ_ add(Rx, I<<0,MuV) ;
*EA = Nt.new&Oxff;

memb (Rx++Mu) =Nt . new EA=RX;
Rx=Rx+MuV;
*EA = Nt.new&Oxff;

memb (Rx++Mu :brev) =Nt . new EA=Rx.h[1] | brev(Rx.h[0]) ;
Rx=Rx+MuV;
*EA = Nt.new&Oxff;

memb (gp+#ul6:0) =Nt .new apply extension (#u) ;
EA= (Constant extended ? (0) : GP)+#u;

*EA = Nt.new&Oxff;

Class: NV (slots 0)

Notes

m  Forms of this instruction which use a new-value operand produced in the packet
must execute on slot 0.

» This instruction can execute only in slot 0, even though it is an ST instruction.
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Instruction Set

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse u5 t3
olof1]1]1 1111 0]1|s|s|s|s|s/ P P|i ujujuuui- -0f0]t|t]|t| MembRs*Ruc<huz}=Ntn
ICLASS Type Parse t3
O|1|O‘01‘i‘i01|01 i‘i‘i|i|iP|Pi‘0‘0t|t|ti|i‘i‘ii‘i|i|imemb(gp+#u16:0)=Nt.new
ICLASS Amode Type H s5 Parse 3
1|0|1‘0 0‘i‘i1|1|01 s‘s‘s|s|s P|P|0‘O t|t|t i|i‘i‘i i‘i|i|imemb(Rs+#s11:0)=Nt.new
ICLASS Amode Type H x5 Parse |u1 t3
110101 o [1 101 |x x|x|x|x/P|Plujofo|t|t|t o -|-|-|-|- 1 - MmembRxr+circ(Mu)=Nt
170 (101001101 |x|x|x|x|x|P[Plu0[0|t t|t0]il]il]ilil-]|0]-MnembRxtHisi0.cic(Mu)
ICLASS Amode Type H e5 Parse 3
177/0(1|011]j0{1 (11|01 |e|e|le|e|le|/P|[P|OJOjO|t|t|[t|1 | =-]1]01 | 01]1]|1|1|memb(Re=#U6)=Nt.new
o1 fotfofr]1]r] lelelelelP[plofofoltiefeft]-[r]r]i]r]1] (Re=#U6)
ICLASS | Amode | Type |p x5 Parse 13
1|o|1‘01‘0‘1 1|1|01 x‘x‘x|x|x P|P 0‘0‘0 t|t|t0||‘|‘| i‘-|0|-memb(Rx++#s4:0)=Nt.new
ICLASS Amode Type H u5 Parse 3
110101 01101 |ululululu[P[Plilofo]t|t t 1 i t]|t]r]r 1| membRus<huz+#UE)=NL
ICLASS Amode Type H x5 Parse |u1 t3
11010 |1 01101 |x|x|x|x|[x|P/Pjlu|0O|jO|t|t|[t|O0|-]|-]|-|-]=-]|-]-+-]|memb(Rx++Mu)=Nt.new
1001 0111|1101 |x|x x|x x P|[Plujo]o t|t|t|o] |- -|-|-]|-]|-]|membRxt+Mubrev}=Ntn
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
es Field to encode register e
s5 Field to encode register s
t3 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
x5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store new-value byte conditionally

Store the least-significant byte in a source register in memory at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax

if ([!]1Pv[.new])
memb (#u6) =Nt . new

if ([!]Pv[.new])
memb (Rs+#u6:0) =Nt .new

if ([!]Pv[.new])
memb (Rs+Ru<<#u2) =Nt .new

if ([!]Pv[.new])
memb (Rx++#s4:0) =Nt .new

Class: NV (slots 0)

Notes

Behavior

if ([!]Pv[.new] [0]) {
apply extension (#u) ;
EA=#u;
*EA = Nt[.new] &0xff;
} else {
NOP;
b 5

apply extension (#u) ;
if ([!]1Pv[.new] [0])

EA=Rs+#u;

*EA = Nt[.new] &0xff;
} else {

NOP;

¥

if ([!]1Pv[.new] [0])
EA=Rs+ (Ru<<#u) ;
*EA = Nt |[.new] &0xff;
} else {
NOP;
¥

if ([!]Pv[.new][O]){
EA=RX;
Rx=Rx+#s;
*EA = Nt[.new] &0xff;
} else {
NOP;
¥

m Forms of this instruction which use a new-value operand produced in the packet

must execute on slot 0.

» This instruction can execute only in slot 0, even though it is an ST instruction.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse us t3
if (Pv)
0/0(1{1/0{1|0(0|1|/0|1|s|s|s|s|s|P/Plijujujujufu|i|v|v|0|0]|t]|t]|t| memb(Rs+Ru<<#u2)=Nt.n
ew
if (1Pv)
ofof141/0{1j0(1(1/0|1|s|s|s|s|s|P|P|ijujufufuju|i|v|v]|0|0|t]|t]|t|memb(RstRu<<#u2)=Nt.n
ew
if (Pv.new)
0/0(1{1/0{1|1/0|1|/0|1|s|s|s|s|s|P/Plijujujujufu|i|v|v|0|0]|t]|t]|t| memb(Rs+tRu<<#u2)=Nt.n
ew
if (IPv.new)
ofof141j0{1j{1{1(1/0|1|s|s|s|s|s|P|/P|lijujufufuju|i|v|v]|0|0]|t]|t]|t|memb(RstRu<<#u2)=Nt.n
ew
el
ICLASS ns|Ne Type s5 Parse 3
e
w
if (Pv)
01000000101SSSSSPP'OOttt""'0vvmemb(Rs+#u6:0)=Nt.new
. J P R I if (Pv.new)
01000010101SSSSSPP'OOttt""'0vvmemb(Rs+#u6:0)=Nt.new
. I I A if (1Pv)
01000100101SSSSSPP'OOttt""'0VVmemb(Rs+#u6:0)=Nt.new
. [ N if (IPv.new)
01000110101SSSSSPP'OOttt""'0vvmemb(Rs+#u6:0)=Nt.new
ICLASS | Amode | Type |y X5 Parse t3
Sl if (Pv)
10101011101XXXXXPP1OOttt0""0VVmemb(Rx++#s4:0)=Nt.new
if (1Pv)
10101011101xxxxxpp100ttto""1vvmemb(Rx++#s4:0)=Nt.new
P T R if (Pv.new)
10101011101xxxxxpp100ttt1""0vvmemb(Rx++#s4:0)=Nt.new
A if (IPv.new)
10101011101XXXXXPP1OOttt1""1VVmemb(Rx++#s4:0)=Nt.new
ICLASS | Amode | Type |p Parse t3
10101 |11 {1101 |-|-|-|i|i|/P/P|OJO|O|t|t |t |1 |[i|i|i]|i]|O]|v]|v]if(Pv)memb(#u6)=Nt.new
10101 |11 {1101 |-|-|-|i|i|/P|[P|OJO|O|t|t |t 1 [i]|i|i]i]|1]|v]v]if(lPv)memb(#u6)=Nt.new
L e if (Pv.new)
10101111101""'PP100ttt1""Ovvmemb(#u6)=Nt.new
if (IPv.new)
10101111101""'PP100ttt1""1vvmemb(#u6)=Nt.new
Field name Description
ICLASS Instruction Class
Type Type
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
s5 Field to encode register s
t3 Field to encode register t
us Field to encode register u
v2 Field to encode register v
X5 Field to encode register x
80-N2040-36 C 296

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Field name Description
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store new-value halfword

Store the upper or lower 16-bits of a source register in memory at the effective address.

Syntax

memh (Re=#U6) =Nt . new

memh (Rs+#s11:1)=Nt.new

memh (Rs+Ru<<#u2) =Nt .new

memh (Ru<<#u2+#U6) =Nt . new

memh (Rx++#s4:1) =Nt .new

memh (Rx++#s4:1:circ (Mu) ) =Nt .new

memh (Rx++I:circ (Mu) ) =Nt .new

memh (Rx++Mu) =Nt . new

memh (Rx++Mu :brev) =Nt . new

memh (gp+#ul6:1) =Nt .new

Class: NV (slots 0)

Notes

Behavior

apply extension (#U) ;
EA=#U;

*EA = Nt.new.h[O0];
Re=#U;

apply extension (#s) ;
EA=Rs+#s;
*EA = Nt.new.h[0];

EA=Rs+ (Ru<<#u) ;
*EA = Nt.new.h[O0];

apply extension (#U) ;
EA=#U+ (Ru<<#u) ;
*EA = Nt.new.h[0];

EA=RX;
Rx=Rx+#s;
*EA = Nt.new.h[O0];

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
*EA = Nt.new.h[O0];

EA=RX;

Rx=Rx=circ_ add(Rx, I<<1l,MuV) ;

*EA = Nt.new.h[0];

EA=RX;
Rx=RxX+MuV;
*EA = Nt.new.h[0];

EA=Rx.h[1]
Rx=Rx+MuV;
*EA = Nt.new.h[O0];

| brev(Rx.h[0]);

apply extension (#u) ;
EA= (Constant extended ? (0)
*EA = Nt.new.h[O0];

GP) +#u;

m  Forms of this instruction which use a new-value operand produced in the packet

must execute on slot 0.

» This instruction can execute only in slot 0, even though it is an ST instruction.
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Instruction Set

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse u5 t3
olof1]1]1 1111 0]1|s|s|s|s|s/ P P|i ujuluuui- -[0]1]t]t]|t| Memh(Rs*Ruc<huzj=Ntn
ICLASS Type Parse t3
O|1|O‘01‘i‘i01|01 i‘i‘i|i|iP|Pi‘0‘1t|t|ti|i‘i‘ii‘i|i|imemh(gp+#u16:1)=Nt.new
ICLASS Amode Type H s5 Parse 3
1|0|1‘0 0‘i‘i1|1|01 s‘s‘s|s|s P|P|0‘1 t|t|t i|i‘i‘i i‘i|i|imemh(Rs+#s11:1)=Nt.new
ICLASS Amode Type H x5 Parse |u1 t3
110101 0 [1 101 |x x|x|x|xP|Plujo[1]t|t|t|o -|-|-|-|- 1 - memh(Rxr+icirc(Mu)=Nt
170 (101001101 |x|x|x|x|x|P[Plu0[1|t t|t[0]il]il]ilil-]|0]-nemhRxtHisiicic(Mu)
ICLASS Amode Type H e5 Parse 3
1710(1|011]j0{1 (11|01 |e|e|le|e|le/P|P|O|O 1|t |t|t|1 | -]1]01 1]1]|1|]1|memhRe=#U6)=Nt.new
o1 fotfofr]1]r] lelelelelP[plofoft tiefeft]-[r]r]i]r]1] (Re=#U6)
ICLASS | Amode | Type |p x5 Parse 13
1|o|1‘01‘0‘1 1|1|0 1 x‘x‘x|x|x P|P 0‘0‘1 t|t|t0||‘|‘| i‘-|0|-memh(Rx++#s4:1)=Nt.new
ICLASS Amode Type H u5 Parse 3
110101 01101 |ululululu[P[Plilo[1]t{t t 1 i t]1]r]r || memhRus<huz+#UE)=NL
ICLASS Amode Type H x5 Parse |u1 t3
11010 |1 01101 |x|x|x|x|[x|P/Pjlu|0O|1|t|t|[t|0|-]|-]|-|-]-|-|-+-]|memh(Rx++Mu)=Nt.new
100101111101 x|x x|x x P[Plufo|1 t|t|t|o] |- -|-|-]|-]|-]|memh(Rxt++Mubrev}=Ntn
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
es Field to encode register e
s5 Field to encode register s
t3 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
x5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store new-value halfword conditionally

Store the upper or lower 16-bits of a source register in memory at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax

if ([!]1Pv[.new])
memh (#u6) =Nt . new

if ([!]Pv[.new])
memh (Rs+#u6:1) =Nt .new

if ([!]Pv[.new])
memh (Rs+Ru<<#u2) =Nt .new

if ([!]Pv[.new])
memh (Rx++#s4:1) =Nt .new

Class: NV (slots 0)

Notes

Behavior

if ([!]1Pv[.new] [0]) {
apply extension (#u) ;
EA=#u;
*EA = Nt[.new].h[0];
} else {
NOP;
i

apply extension (#u) ;
if ([!]1Pv[.new] [0])

EA=Rs+#u;

*EA = Nt[.new] .h[O0];
} else {

NOP;

¥

if ([!]Pv[.new] [0]) {
EA=Rs+ (Ru<<#u) ;
*EA = Nt[.new].h[O0];
} else {
NOP;
¥

if ([!]Pv[.new][O]){
EA=RX;
Rx=Rx+#s;
*EA = Nt[.new] .h[0];
} else {
NOP;
¥

m Forms of this instruction which use a new-value operand produced in the packet

must execute on slot 0.

» This instruction can execute only in slot 0, even though it is an ST instruction.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse us t3
if (Pv)
0/0(1|1/0{1]|0(0|1|/0|1|s|s|s|s|s|P/Plijujujujufu|i|v|v|0|1]t]|t]|t|memh(Rs+tRu<<#u2)=Nt.n
ew
if (1Pv)
o(of141/0{1j0(1(1/0|1|s|s|s|s|s|P|P|lijujufufuju|i|v|v]|0|1]|t]|t]|t]|memh(RstRu<<#u2)=Nt.n
ew
if (Pv.new)
0/0(1{1/0}{1|1/0|1|/0|1|s|s|s|s|s|P/Plijujujujufu|i|v|v|0|1]t]|t]|t| memh(Rs+tRu<<#u2)=Nt.n
ew
if (IPv.new)
ofof141j0{1j{1{1(1/0|1|s|s|s|s|s|P|P|lijujufufuju|i|v|v]|0|1]|t]|t]|t]|memh(RstRu<<#u2)=Nt.n
ew
el
ICLASS ns|Ne Type s5 Parse 3
e
w
if (Pv)
0100000010155555PP'01ttt""'0vvmemh(Rs+#u6:1)=Nt.new
. J P R I if (Pv.new)
0100001010155555PP'01ttt""'0vvmemh(Rs+#u6:1)=Nt.new
. I I A if (1Pv)
01000100101SSSSSPP'01ttt""'0VVmemh(Rs+#u6:1)=Nt.new
. [ N if (IPv.new)
0100011010155555PP'01ttt""'0vvmemh(Rs+#u6:1)=Nt.new
ICLASS | Amode | Type |y X5 Parse t3
if (Pv)
10101011101XXXXXPP101ttto"'IOvvmemh(RX++#S4:1)=Nt.new
if (1Pv)
10101011101XXXXXPP101ttto""1vvmemh(Rx++#s4:1)=Nt.new
P T R if (Pv.new)
10101011101XXXXXPP101ttt1""0vvmemh(Rx++#s4:1)=Nt.new
if (IPv.new)
10101011101XXXXXPP101ttt1""1VVmemh(Rx++#s4:1)=Nt.new
ICLASS | Amode | Type |p Parse t3
10101 |11 {1101 |-|-|-|i|i|/P/P|OJO 1|ttt |1 |[i]|i|i]|i]|O0]|v]|v]if(Pv)memh(#u6)=Nt.new
10101 |1 (1|1 1|01 |-|-|-|i|i|/P[P|OJO 1|ttt |1 [i]|i|i]i]|1]|v]v]if(lPv)memh(#u6)=Nt.new
L e if (Pv.new)
10101111101""'PP101ttt1""Ovvmemh(#u6)=Nt.new
if (IPv.new)
10101111101""'PP101ttt1""1vvmemh(#u6)=Nt.new
Field name Description
ICLASS Instruction Class
Type Type
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
s5 Field to encode register s
t3 Field to encode register t
us Field to encode register u
v2 Field to encode register v
X5 Field to encode register x
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Field name Description
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store new-value word

Store a 32-bit register in memory at the effective address.

Syntax

memw (Re=#U6) =Nt . new

memw (Rs+#s11:2) =Nt .new

memw (Rs+Ru<<#u2) =Nt .new

memw (Ru<<#u2+#U6) =Nt . new

memw (Rx++#s4:2) =Nt .new

memw (RX++#s4:2:circ (Mu) ) =Nt .new

memw (Rx++I:circ (Mu) ) =Nt .new

memw (Rx++Mu) =Nt . new

memw (Rx++Mu :brev) =Nt . new

memw (gp+#ul6:2) =Nt .new

Class: NV (slots 0)

Notes

Behavior

apply extension (#U) ;
EA=#U;

*EA = Nt.new;

Re=#U;

apply extension (#s) ;
EA=Rs+#s;
*EA = Nt.new;

EA=Rs+ (Ru<<#u) ;
*EA = Nt.new;

apply extension (#U) ;
EA=#U+ (Ru<<#u) ;
*EA = Nt.new;

EA=RXx;
Rx=Rx+#s;
*EA = Nt.new;

EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
*EA = Nt.new;

EA=RX;

Rx=Rx=circ_ add(Rx, I<<2,MuV) ;

*EA = Nt.new;

EA=RX;
Rx=RxX+MuV;
*EA = Nt.new;

EA=Rx.h[1]
Rx=Rx+MuV;
*EA = Nt.new;

| brev(Rx.h[0]);

apply extension (#u) ;
EA= (Constant extended ? (0)
*EA = Nt.new;

GP) +#u;

m  Forms of this instruction which use a new-value operand produced in the packet

must execute on slot 0.

» This instruction can execute only in slot 0, even though it is an ST instruction.
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Instruction Set

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse u5 t3
olof1]1]1 1111 0]1]s|s|s|s/ s/ PP i ujujuuuif-|-[1]0]t]|t]|t| MemwRstRuc<ku2j=Ntn
ICLASS Type Parse t3
O|1|O‘01‘i‘i01|01 i‘i‘i|i|iP|Pi‘1‘0t|t|ti|i‘i‘i‘i‘i|i|imemw(gp+#u16:2)=Nt.new
ICLASS Amode Type H s5 Parse 3
1|0|1‘0 0‘i‘i1|1|01 s‘s‘s|s|s P|P|1‘O t|t|t i|i‘i‘i‘i‘i|i|imemw(Rs+#s11:2)=Nt.new
ICLASS Amode Type H x5 Parse |u1 t3
170|101 ofo|1]1]01 |x|x|x|x x P[Plu/t|o|t t|to]-|-|-|-|-][1]-|memwRxrcirc(Mu)}=Nt
110101 o1 |1]ol1|x|x|x|x|x/P|P|lult1]ole|t|t|olilililil-]o -;‘;ﬁmn""é@x**#s"’:zc"c(“"”)
ICLASS Amode Type H e5 Parse 3
1|o|1‘01‘0‘1 1|1|o1 e‘e‘e|e|e P|P 0‘1‘0 t|t|t1|-‘I‘I‘I‘I|I|Imemw(Re=#U6)=Nt.new
ICLASS | Amode | Type |p x5 Parse 13
1|o|1‘01‘0‘1 1|1|01 x‘x‘x|x|x P|P 0‘1‘0 t|t|t0||‘|‘|‘|‘-|0|-memw(Rx++#s4:2)=Nt.new
ICLASS Amode Type H u5 Parse 3
100101 o (1101 |ululululu[P[Plilt o t{t|t 1 ilt]i]r]r 1| | memwRus<huz+#UE)=NL
ICLASS Amode Type H x5 Parse |u1 t3
11010 |1 01101 |x|x|x|x|[x P/Pluj1t|0|t|t|t|0|-]|-|-|-]-|-]-+-]|memw(Rx++Mu)=Nt.new
101 0111|1101 x|x x|x x P[Plu{t1]|o t|t|t|o] |- -|-|-]|-]|-|memwRxrtMubrev)=Ntn
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
es Field to encode register e
s5 Field to encode register s
t3 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
x5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store new-value word conditionally

Store a 32-bit register in memory at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax

if ([!]1Pv[.new])
memw (#u6) =Nt . new

if ([!]Pv[.new])
memw (Rs+#u6:2) =Nt .new

if ([!]Pv[.new])
memw (Rs+Ru<<#u2) =Nt .new

if ([!]Pv[.new])
memw (Rx++#s4:2) =Nt .new

Class: NV (slots 0)

Notes

Behavior

if ([!]Pv[.new] [0]) {
apply extension (#u) ;
EA=#u;
*EA = Nt [.newl];

} else {
NOP;

b 5

apply extension (#u) ;
if ([!]1Pv[.new] [0])

EA=Rs+#u;

*EA = Nt[.new];
} else {

NOP;

¥

if ([!]1Pv[.new] [0])
EA=Rs+ (Ru<<#u) ;
*EA = Nt [.new];

} else {
NOP;

¥

if ([!]Pv[.new][O]){
EA=RX;
Rx=Rx+#s;
*EA = Nt[.new];
} else {
NOP;
¥

m Forms of this instruction which use a new-value operand produced in the packet

must execute on slot 0.

» This instruction can execute only in slot 0, even though it is an ST instruction.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse us t3
if (Pv)
0/0(1{1/0{1|0(0|1|/0|1|s|s|s|s|s|P|/Plijujujujufu|i|v|iv|1 0]t |t]|t|memw(Rs+tRu<<#u2)=Nt.n
ew
if (1Pv)
o(fof141/0{1j0(1(1/0|1|s|s|s|s|s|P|P|ijujufufuju|i|v|v|1|0]|t]|t]|t|memw(Rs+tRu<<#u2)=Nt.n
ew
if (Pv.new)
0/0(1{1/0{1|{1/0|1|/0|1|s|s|s|s|s|P|/Plijujujujufu|i|v|iv|1| 0]t |t]|t|memw(Rs+tRu<<#u2)=Nt.n
ew
if (IPv.new)
ofof141j0{1j{1{1(1/0(1|s|s|s|s|s|P|P|ijujufufuju|i|v|v|1|0]|t]|t]|t|memw(Rs+tRu<<#u2)=Nt.n
ew
el
ICLASS ns|Ne Type s5 Parse 3
e
w
if (Pv)
01000000101SSSSSPP'10ttt""'0vvmemw(Rs+#u6:2)=Nt.new
. J P R I if (Pv.new)
01000010101SSSSSPP'10ttt""'0vvmemw(Rs+#u6:2)=Nt.new
if (1Pv)
01000100101SSSSSPP'1Ottt""'0VVmemw(Rs+#u6:2)=Nt.new
. [ N if (IPv.new)
01000110101SSSSSPP'10ttt""'0vvmemw(Rs+#u6:2)=Nt.new
ICLASS | Amode | Type |y X5 Parse t3
if (Pv)
10101011101XXXXXPP11Ottt0""0VVmemw(Rx++#s4:2)=Nt.new
if (1Pv)
10101011101xxxxxpp110ttto""1vvmemw(Rx++#s4:2)=Nt.new
P T R if (Pv.new)
10101011101xxxxxpp110ttt1""0vvmemw(Rx++#s4:2)=Nt.new
if (IPv.new)
10101011101XXXXXPP11Ottt1""1VVmemw(Rx++#s4:2)=Nt.new
ICLASS | Amode | Type |p Parse t3
10101 |11 {1101 |-|-|-|i|i|/P/P|O|1T O |ttt |t |1 [i]|i|i]|i]|O0]|v]|v]if(Pv)memw#u6)=Nt.new
10101 |11 {1101 |-|-|-|i|i|/P[P|OJ1T O |t|t |t 1 |[i]|i|i|i]|1]|v]v]if(lPv)memw(#u6)=Nt.new
L e if (Pv.new)
10101111101""'PP110ttt1""Ovvmemw(#u6)=Nt.new
if (IPv.new)
10101111101""'PP110ttt1""1vvmemw(#u6)=Nt.new
Field name Description
ICLASS Instruction Class
Type Type
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
s5 Field to encode register s
t3 Field to encode register t
us Field to encode register u
v2 Field to encode register v
X5 Field to encode register x
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Field name Description
Amode Amode
Type Type
UN Unsigned
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11.8 ST

The ST instruction class includes store instructions, used to store values in memory.

ST instructions are executable on slot 0 and slot 1.

Store doubleword
Store a 64-bit register pair in memory at the effective address.

Syntax Behavior

memd (Re=#U6) =Rtt apply extension (#U) ;
EA=#TU;
*EA = Rtt;
Re=4#U;

memd (Rs+#s11:3) =Rtt apply extension (#s) ;
EA=Rs+#s;
*EA = Rtt;

memd (Rs+Ru<<#u2) =Rtt EA=Rs+ (Ru<<#u) ;
*BEA = Rtt;

memd (Ru<<#u2+#U6) =Rtt apply extension (#U) ;
EA=#U+ (Ru<<#u) ;
*EA = Rtt;

memd (Rx++#s4:3) =Rtt EA=Rx;
Rx=Rx+#s;
*EA = Rtt;

memd (Rx++#s4:3:circ (Mu) ) =Rtt EA=Rx;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
*EA = Rtt;

memd (Rx++I:circ (Mu) )=Rtt EA=RX;
Rx=Rx=circ_ add(Rx, I<<3,MuV) ;
*BEA = Rtt;

memd (Rx++Mu) =Rtt EA=RX;
Rx=Rx+MuV;
*EA = Rtt;

memd (Rx++Mu:brev) =Rtt EA=Rx.h[1] | brev(Rx.h[0]) ;
Rx=Rx+MuV;
*BEA = Rtt;

memd (gp+#ul6:3) =Rtt apply extension (#u) ;
EA=(Constant extended ? (0) : GP)+#u;
*EA = Rtt;

80-N2040-36 C 308

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Class: ST (slots 0,1)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS s5 Parse ub t5
o|o|1‘1 1‘0‘1|1 1|1‘0 s‘s‘s|s|s P|P i u‘u‘u|u|u ||‘ t‘t‘t|t|tmemd(Rs+Ru<<#u2)=Rtt
ICLASS Type Parse t5
0|1|0‘01‘i‘i01|10i‘i‘i|i|iP|Pit‘t‘t|t|ti|i‘i‘i‘i‘i|i|imemd(gp+#u16:3)=Rtt
ICLASS | Amode | Type |y 5 Parse 15
1|o|1‘0 0‘i‘i1|1|105‘s‘5|s|s P|Pit‘t‘t|t|ti|i‘i‘i‘i‘i|i|imemd(Rs+#s11:3)=Rtt
ICLASS Amode Type H x5 Parse |u1 t5
1/0{1/0{1j0|0 |1 |1 [(1|0|x|x|x|x|x P/Pjlujt t|t|t|t O0O|-|-|-]-|-[1]=-|memdRx++l:circ(Mu))=Rtt
170101001110 |x|x|x|x|x|P|[Plut|t|t t|t[o]i]il]ilil-]|o0|- MnemdRx+tisi:3cicMu)
ICLASS Amode Type H e5 Parse t5
1|0|1‘01‘0‘11|1|10e‘e‘e|e|e P|P0t‘t‘t|t|t1|-‘I‘I‘I‘I|I|Imemd(Re=#U6)=Rtt
ICLASS | Amode | Type |y x5 Parse 15
1|o|1‘01‘0‘1 1|1|1 0 x‘x‘x|x|x P|P0 t‘t‘t|t|tO|i‘i‘i‘i‘-|0|-memd(Rx++#s4:3)=Rtt
ICLASS Amode Type H u5 Parse t5
1|0|1‘01‘1‘01|1|1 Ou‘u‘u|u|u P|Pi t‘t‘t|t|t1|i‘|‘l‘l‘l|l|lmemd(Ru<<#u2+#U6)=Rtt
ICLASS Amode Type H x5 Parse |u1 t5
1/0(1j0(1 11|01 {1 (1|0 |x|x|x|x|x|P/Plu|t|t|t|t|[t 0O|-]|-|-]-=-]=]=]|-=|memdRx++Mu)=Rtt
1{jof{1jof1 1 {1{1{1{1/0|x|x|{x|x|(x/P/Plujt|t|t|t |t 0O|-|-]-|-|-|=]|-=]|memdRx++tMu:brev)=Rit
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
es Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
x5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store doubleword conditionally

Store a 64-bit register pair in memory at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax Behavior
if ([!]1Pv[.new]) if ([!]1Pv[.new] [0]) {
memd (#u6) =Rtt apply extension (#u) ;
EA=#u;
*EA = Rtt;
} else {
NOP;
¥
if ([!]1Pv[.new]) apply extension (#u) ;
memd (Rs+#u6:3) =Rtt if ([!]1Pv[.new] [0])
EA=Rs+#u;
*EA = Rtt;
} else {
NOP;
if ([!]Pv[.new]) if ([!]Pv[.new] [0]) {
memd (Rs+Ru<<#u2) =Rtt EA=Rs+ (Ru<<#u) ;
*EA = Rtt;
} else {
NOP;
¥
if ([!]Pv[.new]) if ([!]Pv[.new] [O]){
memd (Rx++#s4:3) =Rtt EA=RXx;
Rx=Rx+#s;
*EA = Rtt;
} else {
NOP;
Class: ST (slots 0,1)
Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS s5 Parse ub t5
. . if (Pv
00 1]1/0/1/0 01 1/0]s|s|s|s|s /P[P i lujujuuulivivittt et B o o e
. if (IPv
0(oj{1(1|0(1|0[1|1[{1|0|s|s|s|s|s|/P/Plijujujujujulijv vt t|t|t m(emd)(Rs+Ru<<#u2)=Rtt
. if (Pv.new
oo |1 1 of1]1 0[1]1]0]s s/ s|s|s/PIPilujujujujulifvvit t tlt e 0T o e
. if (!Pv.new
0 [0 [1]1 /011 11/ 1/0]s|s|s|s|s P[P i lujujujuulilvivit tt et L . . e
Se ePé
ICLASS ns|Ne Type s5 Parse t5
e
w
. . if (Pv)
0/1/0/0/00O|O0Of0O(1 |10 |s|s|s|s|s|P|P|i|t |t t|t t|i|i|i|i]|i]|0]|V memd(Rs+#u6:3)=Rtt
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Instruction Set

31/30|29 /28|27 (26|25|24|23|22|21/20|19|18(17|16|15|14|13|12|11|10| 9 (8 |7 |6 |5 | 4
: if (Pv.new)
0(1/0|/0|0|0[1|0(1|1|0|s|s|s|s|s|P|P|i |t |t t t|t]|i|i]i]|i memd(Rs+#u6:3)=Rit
. if (IPv)
0(1/0|/0|0|1]/0[0[1|1|0|s|s|s|s|s|P|P|i|t|t |t t|t|i|i]i]|i memd(Rs+#u6:3)=Rit
. if (IPv.new)
0{1/0/0|0 11|01 (1|0 |s|s|s|s|s|P|P|i|t |t |t |t t|i i i]|i memd(Rs+#u6:3)=Rtt
ICLASS | Amode | Type |y X5 Parse t5
if (Pv)
1/0(1j0(1|0 |1 |1 |1 (1|0 |x|x|x|x|[x|P/P|1 |t|t|t|[t| t|O0O]|i]|i]li memd(Rx++#s4:3)=Rit
if (1Pv)
110|101 |0 |1 {1 |1 [1]0|x|x|x|[x|x P|P|1|t|t|t|t|t|O0]|i]i]i memd(Rx++#s4:3)=Rtt
if (Pv.new)
11010 (1|01 |1 |1 (1|0 |x|x|x|x|[x|[P/P|1 |t|t|t|[t |t |1 ]|i]i]li memd(Rx++#s4:3)=Rtt
if (IPv.new)
1101 |01 {01 |1 (1|10 | x|x|x|[x|x[P|P|1T |t t|t|t|t|1]|i]i]|i memd(Rx++#s4:3)=Rtt
ICLASS Amode Type H Parse t5
1{o{1j0o(1 |11 {1110 |-|-|-|i|i| P|P tpt |ttt |10l if (Pv) memd(#u6)=Rtt
110101 |1 |1 {1 {1 {10 |=-|=-|=-|i|[i|[P/P|O|t |ttt |t 1T ]|i]|i]i if (IPv) memd(#u6)=Rtt
10101 |1 1 {11 [1]0|-|-|-|i|i|/P[P|1 | tjt|t|t|t 1 |[i]i]li if (Pv.new) memd(#u6)=Rtt
11010 (1|1 |1 |{1 |1 (1|0 |-|=-|=-|i|i|[P/P|1 | t|t|t|[t |t |1 ]|i]i]li if (IPv.new) memd(#u6)=Rtt
Field name Description
ICLASS Instruction Class
Type Type
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
u5 Field to encode register u
v2 Field to encode register v
x5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Store byte

Store the least-significant byte in a source register at the effective address.

Syntax Behavior

memb (Re=#U6) =Rt apply extension (#U) ;
EA=#U;
*EA = Rt&Oxff;
Re=4#U;

memb (Rs+#s11:0) =Rt apply extension (#s) ;
EA=Rs+#s;
*EA = Rt&Oxff;

memb (Rs+#u6:0) =#S8 EA=Rs+#u;
apply extension (#S) ;
*EA = #S;

memb (Rs+Ru<<#u2) =Rt EA=Rs+ (Ru<<#u) ;
*EA = Rt&Oxff;

memb (Ru<<#u2+#U6) =Rt apply extension (#U) ;
EA=#U+ (Ru<<#u) ;
*EA = Rt&Oxff;

memb (Rx++#s4:0) =Rt EA=Rx;
Rx=Rx+#s;
*EA = Rt&Oxff;

memb (Rx++#s4:0:circ (Mu) ) =Rt EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
*EA = Rt&Oxff;

memb (Rx++I:circ (Mu) ) =Rt EA=RX;
Rx=Rx=circ_ add(Rx, I<<0,MuV) ;
*EA = Rt&Oxff;

memb (Rx++Mu) =Rt EA=RXx;
Rx=Rx+MuV;
*EA = Rt&Oxff;

memb (Rx++Mu:brev) =Rt EA=Rx.h[1] | brev(Rx.h[0]) ;
Rx=RxX+MuV;
*EA = Rt&Oxff;

memb (gp+#ul6:0) =Rt apply extension (#u) ;
EA=(Constant extended ? (0) : GP)+#u;
*EA = Rt&Oxff;

Class: ST (slots 0,1)

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse ub t5

o|o|1‘1 1‘0‘1|1|0|0‘0 s‘s‘s|s|s P|P i u‘u‘u|u|u i|- - t‘t‘t|t|tmemb(Rs+Ru<<#u2)=Rt
ICLASS s5 Parse

o|o|1‘1 1‘1‘0|- -|o‘0 s‘s‘s|s|s P|PI i‘i‘i|i|i i||‘|‘l‘l‘l|l|lmemb(Rs+#u6:0)=#88
ICLASS Type Parse t5
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31(30(29|28|27(26|25(24|23|22/21|20|19|18|17|16|/15(14|13|12{11|10|9 |8 |7 |6 | 5|4 |3 (2|1 |0
o|1|ofof1|ilifojojojo|ililili|i|[P|[P|i|t|t|t|t|t|i|i|il|il|i|ilili |memb(gp+#u16:0)=Rt
ICLASS | Amode | Type |y 5 Parse 15
1|o|1‘0 0‘i‘i1|0|005‘5‘5|5|s P|P|t‘t‘t|t|t|||‘|‘|‘|‘|||||memb(Rs+#s11:0)=Rt
ICLASS Amode Type H x5 Parse |u1 t5
1/0{1/0}(1]0|0|1|0(0|0|x|x|x|x|x P/Plujt t|t|t|t O0|-|-|-]-|-[1]-=-|memb(Rx++l:circ(Mu))=Rt
170101001000 |x|x|x|x|x|P[Plult|t|t t|t[0]il]il]ilil-]|0/-mnembRxHisd0:circ(Mu)
ICLASS Amode Type H e5 Parse t5
1|O|1‘01‘0‘11|0|00e‘e‘e|e|e P|P0t‘t‘t|t|t1|-‘l‘l‘l‘l|l|lmemb(Re=#U6)=Rt
ICLASS | Amode | Type |y x5 Parse 15
1|0|1‘01‘0‘1 1|0|00x‘x‘x|x|x P|P0 t‘t‘t|t|t0|i‘i‘i‘i‘-|0|-memb(Rx++#s4:0)=Rt
ICLASS Amode Type H u5 Parse t5
1|O|1‘01‘1‘01|0|00u‘u‘u|u|u P|Pi t‘t‘t|t|t1|i‘|‘l‘l‘l|l|lmemb(Ru<<#u2+#U6)=Rt
ICLASS Amode Type H x5 Parse |u1 t5
1010110100 |0 |x|x|x|x|x P/Plujt|t|t|t|t O0|-|-|-]-]|-|-]=-|membRx++tMu)=Rt
1/0(1j0(1(1}{1{1]/0[0|0 |x|x|x|x|(x(P/Plujt|t| t|t|t O0O|-|-|=-]-|=-|=]|-=-]|membRx++Mu:brev)=Rt
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
X5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Instruction Set

Store byte conditionally

Store the least-significant byte in a source register at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax

if ([!]1Pv[.new])
memb (#u6) =Rt

if ([!]Pv[.new])
memb (Rs+#u6:0) =#S6

if ([!]Pv[.new])
memb (Rs+#u6:0) =Rt

if ([!]Pv[.new])
memb (Rs+Ru<<#u2) =Rt

if ([!]Pv[.new])
memb (Rx++#s4:0) =Rt

Behavior

if ([!]Pv[.new] [0]) {
apply extension (#u) ;
EA=#u;
*EA = Rt&Oxff;

} else {
NOP;

b 5

if ([!]1Pv[.new] [0]){
EA=Rs+#u;
apply extension (#S) ;
*EA = #S;

} else {
NOP;

%

apply extension (#u) ;
if ([!1Pv[.new] [0]) {

EA=Rs+#u;

*EA = Rt&Oxff;
} else {

NOP;

¥

if ([!]Pv[.new] [0]) {
EA=Rs+ (Ru<<#u) ;
*EA = Rt&Oxff;

} else {
NOP;

¥

if ([!]Pv[.new][O]){
EA=RX;
Rx=Rx+#s;
*EA = Rt&Oxff;
} else {
NOP;
¥
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Instruction Set

Class: ST (slots 0,1)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS s5 Parse us t5
. if (Pv)
0(0|{1}1]j0(1|0[0|00 O s|s|s|s|P|P|iu u ulijviv|t tjt|t memb(Rs+Ru<<#u2)=Rt
if (1Pv)
0(0o|1}1|0(1|0|1]|0f0|O s|s|s|s|P|P|i|u u ulijviv|t tjt|t memb(Rs+Ru<<#u2)=Rt
if (Pv.new)
0/0f1}1j0(1 1|00 |0 0 s|s|s|s|(P|P|i|u u ulifvijv]t t|t|t memb(Rs+Ru<<#u2)=Rt
if (IPv.new)
000|110 (1|1[1]|0[0 |0 s|s|s|s|P|P|iu u ulijviv|t tjt|t memb(Rs+Ru<<#u2)=Rt
ICLASS s5 Parse
. if (Pv)
0|/0f1}1}1/0|0 0|0 |00 s|s|s|s|(P|P|I|i i i|ijv|v]lI [ memb(Rs+#u6:0)=#S6
. if (1Pv)
0/0f1}1}1/0|0 01|00 s|s|s|s|(P|P|I|i i i|ijv|v]lI [ memb(Rs+#u6:0)=#S6
. if (Pv.new)
0(0|1}1|1/0|0[1]|0f0|O s|s|s|s|P(P|I]i i ijifv|v]l L)l memb(Rs+#u6:0)=4#S6
. if (IPv.new)
0|/0f1}{1}1/0|0 (1|10 0 s|s|s|(s|(P|P|I|i i i|ijv|v]lI [ memb(Rs+#u6:0)=#S6
Se gé
ICLASS ns|Ne Type s5 Parse t5
e
w
o|/1/0|0|0O|0O|O0O(O|0|0O|O s|s|s|s|P|P|i|t t t i i|ili 0 | v | v |if (Pv) memb(Rs+#u6:0)=Rt
. if (Pv.new)
0|1/0/0|0|0O 1|00 |00 s|s|s|s|(P|P|i|t t t|iijili 0O |v|v memb(Rs+#u6:0)=Rt
. if (1Pv)
o(1|0jo0oj0|1|0|0|0O0|O s|s|s|s|P|P|i]|t t tli|ijii 0|v|v memb(Rs+#u6:0)=Rt
: if (IPv.new)
0(1|0j0j0[1|1|0|00|O s|s|s|s|P|P|i]|t t tli|ijii 0|v|v memb(Rs+#u6:0)=Rt
ICLASS Amode Type H x5 Parse t5
if (Pv)
1/0/1|0 1|0 1|1 (0|0 |0 X | x|x|x | P|P|1]|t t t(o|ijii 0|v|v memb(Rx++#s4:0)=Rt
if (1Pv)
1/0/1|0 1|0 1|1 (0|0 |0 X | x|x|x | P|P|1]|t t t{o|ijiji 1 v]|v memb(Rx++#s4:0)=Rt
if (Pv.new)
110101 {0|1|1|0|0 |0 X| X |x|[x|P|P|1|t t t|1 i 0O |v|v memb(Rx++#s4:0)=Rt
if (IPv.new)
1/0/1|0 1|0 1|1 (0|0 |0 X | x|x|x | P|P|1]|t t t{1ijii 1T v]|v memb(Rx++#s4:0)=Rt
ICLASS | Amode | Type |y Parse 15
11010 (1 1|1 |1]0/|0]0 = -|i|i|P|P t t t(1 i i]i 0 | v | v |if (Pv) memb(#u6)=Rt
11010 (1 1|1 |1]0/|0 |0 -|-|i|i|P/P|O]|t t t(1 i i]i 1 | v | v |if (IPv) memb(#u6)=Rt
11010 (1111|000 | -li|i|P/P|1T]|t t t(1 i i]i 0 | v | v [if (Pv.new) memb(#u6)=Rt
1/0{1/0}1|1|1|1]|0|0 |0 -l =i i |P|P]1 ]|t t [ ] 1 | v | v [if (IPv.new) memb(#u6)=Rt
Field name Description
ICLASS Instruction Class
Type Type
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits
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Field name
s5
t5
ub
v2
x5

Amode

Type

Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x
Amode

Type

Unsigned

Description
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Store halfword

Store the upper or lower 16-bits of a source register at the effective address.

Syntax

memh (Re=#U6) =Rt .H

memh (Re=#U6) =Rt

memh (Rs+#s11:1)=Rt.H

memh (Rs+#s11:1) =Rt

memh (Rs+#u6:1) =#S8

memh (Rs+Ru<<#u2) =Rt .H

memh (Rs+Ru<<#u2) =Rt

memh (Ru<<#u2+#U6) =Rt . H

memh (Ru<<#u2+#U6) =Rt

memh (Rx++#s4:1) =Rt .H

memh (Rx++#s4:1) =Rt

memh (RX++#s4:1:circ(Mu) ) =Rt.H

memh (RX++#s4:1:circ(Mu) ) =Rt

memh (Rx++I:circ (Mu) )=Rt.H

memh (Rx++I:circ (Mu) ) =Rt

Behavior

apply extension (#U) ;

EA=#TU;
*EA = Rt.h[1];
Re=#U;

apply extension (#U) ;

EA=#TU;
*EA = Rt.h[O0];
Re=#U;

apply extension (#s) ;

EA=Rs+#s;
*EA = Rt.h[1l];

apply extension (#s) ;

EA=Rs+#s;
*EA = Rt.h[0];

EA=Rs+#u;

apply extension (#S) ;

*EA = #S;

EA=Rs+ (Ru<<#u) ;
*EA = Rt.h[1];

EA=Rs+ (Ru<<#u) ;
*EA = Rt.h[0];

apply extension (#U) ;

EA=#U+ (Ru<<#u) ;
*EA = Rt.h[1];

apply extension (#U) ;

EA=#U+ (Ru<<#u) ;
*EA = Rt.h[0];

EA=RX;
Rx=Rx+#s;
*EA = Rt.h[1];

EA=RX;
Rx=Rx+#s;
*EA = Rt.h[O0];

EA=RX;

Rx=Rx=circ_ add(Rx, #s,MuV) ;

*EA = Rt.h[1];

EA=RX;

Rx=Rx=circ_ add(Rx, #s,MuV) ;

*EA = Rt.h[O0];

EA=RX;

Rx=Rx=circ_ add(Rx, I<<1l,MuV) ;

*EA = Rt.h[1];

EA=RXx;

Rx=Rx=circ add(Rx, I<<1l,MuV) ;

*EA = Rt.h[0];
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Syntax

memh (Rx++Mu) =Rt .H

memh (Rx++Mu) =Rt

memh (Rx++Mu:brev) =Rt .H

memh (Rx++Mu:brev) =Rt

memh (gp+#ul6:1) =Rt .H

Behavior

EA=RX;
Rx=Rx+MuV;
*EA = Rt.h[1];

EA=RX;
Rx=Rx+MuV;
*EA = Rt.h[0];

EA=Rx.h[1]
Rx=Rx+MuV;
*EA = Rt.h[1];

EA=Rx.h[1]
Rx=Rx+MuV;
*EA = Rt.h[0];

apply extension (#u) ;

| brev(Rx.h[0]);

| brev(Rx.h[0]);

EA= (Constant_extended ? (0) GP) +#u;
*EA = Rt.h[1];
memh (gp+#ul6:1) =Rt apply extension (#u) ;
EA= (Constant_extended ? (0) GP) +#u;
*EA = Rt.h[0];
Class: ST (slots 0,1)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS s5 Parse u5 t5
o(of141|1{0{1{1/0/1|/0|s|s|s|s|s|P|P|ijujujufjuju|i|-]|-|t|t]|t]|t]|t|memhRstRu<<#u2)=Rt
ofof141|1{0/1{1/0/1|1|s|s|s|s|s|/P|/P|ijujufjufujuli|-|-|t|t|t]|t]|t|memh(RstRu<<#u2)=Rt.H
ICLASS s5 Parse
o|0|1‘11‘1‘0|--|0‘1 s‘s‘s|s|s P|PI |‘i‘i|i|| ||I‘I‘I‘I‘I|I|Imemh(Rs+#u6:1)=#SS
ICLASS Type Parse t5
o1(ojoy1jijifojOo (1O |ifiji|il[i|{P|Pli|t t t | t|¢t|i|i|i|i|i|i]|i]|i]|memh(gp+#ul16:1)=Rt
o1 /0|01 jijifofo 1 (1 |ilijilili|/P|P|i|t|t |t |t |t|i|i|il|i|i|i]|i]i]|memh(gpt#u16:1)=Rt.H
ICLASS Amode Type H s5 Parse t5
1/0{1|/0|0|i|i|[1|0[1|0|s|s|s|s]|s ittt [t |t i|i|i|i|i|il|i]i|memh(Rst+#s11:1)=Rt
1/0{1|/0|0|i|i|[1|0[1|1|s|s|s|s]|s ittt |t |t i|i|i|i|i|il|i]|i|memh(Rst+#s11:1)=Rt.H
ICLASS Amode Type H x5 Parse |u1 t5
1/0(1j0(1|/0|0|1|0[1|0|x|x|x|x|x|P|/Plu|t|t|t|t|[t 0O|-]|-|-]-=-]|=[1]-=-|memh(Rx++l:circ(Mu))=Rt
1of1]of1]ojol1]o|1]o|x|x|x x x|P|[Plult|t|t t t|o|ili ili|- o0 |memh(Rx+isd1circ(Mu)
170101001011 |x|x|x|x|x|P[Plut|t|t t|t0]-]-|-|-]|-][1]-memhRxrtcic(M)?=R
170|101 ofo|1]0/ 1|1 x|x x|x x P[Plu/t|t| t|t|tjo ili ilil-]|o0].-]|memhRatisd:tcirc(Mu)
ICLASS | Amode | Type |p o5 Parse t5
1|o|1‘01‘0‘1 1|0|10e‘e‘e|e|e P|P0 t‘t‘t|t|t1|- I‘I‘I‘I|I|Imemh(Re=#U6)=Rt
ICLASS Amode Type H x5 Parse t5
1|o|1‘01‘0‘1 1|o|1 0 x‘x‘x|x|x P|P0 t‘t‘t|t|t0|i‘|‘|‘i‘-0|-memh(Rx++#s4:1)=Rt
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS | Amode | Type |y e5 Parse 15
1|0|1‘01‘0‘11|0|11 e‘e‘e|e|e P|P0t‘t‘t|t|t1|-‘I‘I‘I‘I|I|Imemh(Re=#U6)=Rt.H
ICLASS Amode Type H x5 Parse t5
1|o|1‘01‘0‘1 1|o|1 1 x‘x‘x|x|x P|P0 t‘t‘t|t|t0|i‘i‘i‘i‘-|0|-memh(Rx++#s4:1)=Rt.H
ICLASS | Amode | Type |y us Parse 15
1|0|1‘01‘1‘01|0|10u‘u‘u|u|u P|Pi t‘t‘t|t|t1|i‘|‘l‘l‘l|l|lmemh(Ru<<#u2+#U6)=Rt
ICLASS Amode Type H x5 Parse |u1 t5
1|O|1‘01‘1‘01|0|10x‘x‘x|x|x P|Put‘t‘t|t|tO|-‘-‘-‘-‘-|-|-memh(Rx++Mu)=Rt
ICLASS | Amode | Type |y us Parse 15
1101 |01 0110 1|1 ululululu P Plilt ittt t 1 i 1 1 1|1 1 1 MmemhRus<huz+#Us)=RL
ICLASS Amode Type H x5 Parse |u1 t5
11010 |1 0(1]0 1|1 |x|x|x|x|Xx u|t|t|t|t|t|0 - | memh(Rx++Mu)=Rt.H
110 |1 1 11110 (1]0 |x|x|x|x|Xx u|t|t|t|t|t|0 - | memh(Rx++Mu:brev)=Rt
110 |1 1 111101 ]1 |x|x|x|x|Xx u|t|t|t| t|t|0 - | memh(Rx++Mu:brev)=Rt.H
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
X5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Store halfword conditionally

Store the upper or lower 16-bits of a source register in memory at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax

if ([!]1Pv[.new])
memh (#u6) =Rt .H

if ([!]Pv[.new])
memh (#u6) =Rt

if ([!]Pv[.new])
memh (Rs+#u6:1) =#S6

if ([!]Pv[.new])
memh (Rs+#u6:1) =Rt .H

Behavior

if ([!]Pv[.new] [0]) {
apply extension (#u) ;
EA=#u;
*EA = Rt.h[1];

} else {
NOP;

b 5

if ([!1Pv[.new] [0])
apply extension (#u) ;
EA=#u;

*EA = Rt.h[0];

} else {

NOP;
¥

if ([!]1Pv[.new] [0]){
EA=Rs+#u;
apply extension (#S) ;
*EA = #S;

} else {
NOP;

%

apply extension (#u) ;
if ([!]1Pv[.new] [0]) {

EA=Rs+#u;

*EA = Rt.h[1];
} else {

NOP;

¥
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Syntax

if ([!]Pv[.new])

Behavior

apply extension (#u) ;

memh (Rs+#u6:1) =Rt if ([!1Pv[.new] [0])
EA=Rs+#u;
*EA = Rt.h[O0];
} else {
NOP;
b5
if ([!]1Pv[.new]) if ([!]1Pv[.new] [0]) {
memh (Rs+Ru<<#u2) =Rt .H EA=Rs+ (Ru<<#u) ;
*EA = Rt.h[1];
} else {
NOP;
b5
if ([!]1Pv[.new]) if ([!]1Pv[.new] [0]) {
memh (Rs+Ru<<#u2) =Rt EA=Rs+ (Ru<<#u) ;
*EA = Rt.h[0];
} else {
NOP;
if ([!]1Pv[.new]) if ([!]1Pv[.new] [0]){
memh (Rx++#s4:1) =Rt .H EA=RX;
Rx=Rx+#s;
*EA = Rt.h[1];
} else {
NOP;
b5
if ([!1Pv[.new]) if ([!]1Pv[.new] [0]){
memh (Rx++#s4:1) =Rt EA=RXx;
Rx=Rx+#s;
*EA = Rt.h[O0];
} else {
NOP;
b5
Class: ST (slots 0,1)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse us t5
. . if (Pv
0(0|1}1|0(1|0|0|0[1|0|s|s|s|s|s|P|P|i uuuu'VVtttttm(emr)1(Rs+Ru<<#u2)=Rt
. if (Pv
0o |1 ]1]of1]00fo]1]1 s s|s|s|s/PIPlilujuujujuijvivitttterlde o o rH
. if (IPv
00 1]1/0/1 /0 1]01/0]s/s|s|s|s/P P i lulujujuulilvvitttttiln o o
. if (1Pv
0(0|1}1|0f1|0[1|0(1|1|s|s|s|s|s|P|P|i uuuu'VVtttttm(emh)(Rs+Ru<<#u2)=Rt.H
: if (Pv.new
oo |1 |1]of1]1/0fo[1]0s s|s|s|s/PIPilujuujujuijvivitt e Omon ok
: if (Pv.new
00 [1]1/0 1 1 0[0 1 1]s/s|s|s|s|PPi lulujuluulilvivittttterEua, o
: if (IPv.new
0(0|{1}(1|0f1|1[1]|0[1|0|s|s|s|s|s|P|P|i uuuu'VVtttttm(emh(Rs-zRu«#uZ):Rt
: if (IPv.new
o o1 1 o1 ]1]1]0]1]1 s s|s|s|s/PIPijujuujujuijvivitt et el o eH
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse
P R A if (Pv)
00111 ]/0|0[0|0 |01 |s|s|s|s|s|P|P| 1 ]i|i|ilili|i|v|v|L]|L]L]|1l]I memh(Rs+#u6:1)=#S6
A e e if (IPv)
0/0(1|{141]/0|0(0|1|0|1|s|s|s|s|(s|P/P|L|i|i|i|i|[i|i|viv]L 1]1]1]I memh(Rs+#u6:1)=#S6
if (Pv.new)
00111 ]0|0 (1|0 |01 |s|s|s|s|s|P|P| 1 ]i|i|ilili|i|v|v]L]L]L]1l]I memh(Rs+#u6:1)=#S6
P A O I R if (\Pv.new)
00111 |0f0O (1|1 |01 |s|s|s|s|s|P|P| L ]i|i|ilili|i|v|v]|L]|L]I]|Il]I memh(Rs+#u6:1)=#S6
Se gé
ICLASS ns|Ne Type s5 Parse t5
e
w
o/1/0|j0j0j0|O0(0O|O0|1|0|s|s|s|s|s|P/P|i|t |t |t t|¢t|i|i|i|i|i]|0]|v]v]if(Pv)memh(Rs+#u6:1)=Rt
. [ N I if (Pv)
0{1/0/0|0f0OfOf0O|O0O 1|1 |s|s|s|s|s|P|P|i |ttt t|t i|i|i|i|il0|v]|V memh(Rs+#u6:1)=Rt.H
. P if (Pv.new)
0/1/0/0/0/0|1/0O|0|1|0|s|s|s|s|(s|P/P|i|t t| t |t t|i| i i|i|i|0|v]|Vv memh(Rs+#u6:1)=Rt
. F P N I if (Pv.new)
0{1/0/0|0f0O(1T|0O|0O 1|1 |s|s|s|s|s|P|P|i |ttt t|t i|i|i|i|il0|v]|V memh(Rs+#u6:1)=Rt.H
. [ P P R I if (IPv)
0/1/0/0|01|/0(0|0|1|0|s|s|s|s|(s|P/P|i|t t|t |t t|i| i i|i|li|0|v]|Vv memh(Rs+#u6:1)=Rt
. [ P P N if (IPv)
0/1/0j0j01|0f0|0|1T|1|s|s|s|s|(s|P/P|i|t t |t t t|i| i i|i|i|0|v]|Vv memh(Rs+#u6:1)=Rt.H
. P P R R if (IPv.new
o1 0o o1 ]1/0fo[1]0s s|s|s|s/PIPli|t|t t|t|t i i i ilio|v| vl . o
. A if (\Pv.new)
0/1/0j0j0j1|1/0|0|1|1|s|s|s|s|(s|P/P|i|t t |t t t|i| i i|i|i|0|v]|Vv memh(Rs+#u6:1)=Rt.H
ICLASS Amode Type H x5 Parse t5
A if (Pv)
110101 {0{1|{1]|0[1 |0 |x|x|x|xx|/P|P|1|t|t|t|t|t|O|i|i|li|i|0O v|vV memh(Rx++#s4:1)=Rt
N if (IPv)
1010101 {10 (1|0 |x|x|x|x|x P/P|1 t|t|t|t|t O0i|i|i|i|1|v]|Vv memh(Rx++#s4:1)=Rt
T if (Pv.new)
1010101 {10 (1|0 |x|x|x|(x|x P/P|1 t| t|t |t |t 1 i ili|i|0|v]|vVv memh(Rx++#s4:1)=Rt
P if (IPv.new)
110101 {0 {1 |{1]|0[1 |0 |x|x|x|x|x|P|P|1|t|t|t|t|t|1[iili|i|l1l|v]|vV memh(Rx++#s4:1)=Rt
N O if (Pv)
10101 jo 1 {10 (1|1 |x|x|x(x|x P/P|1 t |ttt |t O0i|i|i|i|0|v]|vVv memh(Rx++#s4:1)=Rt.H
N if (IPv)
10101 jo 1 {101 |1 | x|x|x|(x|x P/P|1 t |ttt |t O0i|i|i|i|1|v]|Vv memh(Rx++#s4:1)=Rt.H
P T R if (Pv.new)
11010 (1|01 |{1|0[1T 1 |x|x|x|x x|/P|P|1|t|t|t|t|[t|1[i|ili|i|0O v|vV memh(Rx++#s4:1)=Rt.H
A I R if (IPv.new)
10101 jo 1 {10 (1|1 | x|x|x|x|x P/P|1 t |ttt |t 1 i ili|i|1|v]|vVv memh(Rx++#s4:1)=Rt.H
ICLASS Amode Type H Parse t5
10101 |11 {10 (1|0 |-|-|-|i|i|/P/P|O|t|t|t|t|t 1 |[i|i|i]|i]|O]|v]|v]if(Pv)memh(#u6)=Rt
101011411010 |-|-|-|i|i|P|P t ottt [t |1 i i|i|il|1]|v]|v]if(Pv)memh(#u6)=Rt
110 (1|0 (1|1 |1 |1 (0|1 |0 |=-|=-|=-|i|i[P|P|1T|t|t|t|t|t|1|i]|i|i]|i|O0]v]|v]if(Pv.new)memh(#u6)=Rt
11010 (1 1|1 |{1]0[1 |0 |-|=-|=-|i|i|[P/P{1|t|t|t|t|t 1 |i|i|i]il|1]|v]|v]if(lPv.new)memh(#ub)=Rt
101011 |1{1j0f{1 {1 |-|=-|=-|i|i|[(P/P|O|t|t|t|[t|t 1 |i|i|i]i]|O0]|v]|v]if(Pv)memh(#u6)=Rt.H
11010 (1|1 |1 |1]|0f1 |1 |=-|=-|=-|i|i|P|P t |t |t |t t|1|i|i|il|i|1]|v]|v]if(lPv)memh#u6)=Rt.H
. A if (Pv.new)
110101 {1 {1 {1 |01 1 |=-|=-|=|i|i|P|P|1|t|t|t|t|t[1[i]ili|i|0 Vv|vV memh(#u6)=Rt.H
s A - if (\Pv.new)
110 (1|0 (1|1 |11 (0|1 |1 |=-|=-|=|i|i|[P|P[1T |t |t t|t| t|1 i|i|lilil1]|v]|vV memh(#u6)=Rt.H
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Field name
ICLASS
Type
PredNew
Sense
Parse
s5
t5
ub
v2
x5

Amode

Type

Instruction Class

Type

PredNew

Sense

Packet/Loop parse bits
Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x
Amode

Type

Unsigned

Description
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Store a 32-bit register in memory at the effective address.
Syntax Behavior
memw (Re=#U6) =Rt apply extension (#U) ;
EA=#TU;
*EA = Rt;
Re=#U;
memw (Rs+#s11:2) =Rt apply extension (#s) ;
EA=Rs+#s;
*EA = Rt;
memw (Rs+#u6:2) =#S8 EA=Rs+#u;
apply extension (#S) ;
*EA = #S;
memw (Rs+Ru<<#u2) =Rt EA=Rs+ (Ru<<#u) ;
*BEA = Rt;
memw (Ru<<#u2+#U6) =Rt apply extension (#U) ;
EA=#U+ (Ru<<#u) ;
*EA = Rt;
memw (Rx++#s4:2) =Rt EA=Rx;
Rx=Rx+#s;
*EA = Rt;
memw (Rx++#s4:2:circ (Mu) ) =Rt EA=RX;
Rx=Rx=circ_ add(Rx, #s,MuV) ;
*EA = Rt;
memw (Rx++I:circ (Mu) ) =Rt EA=RX;
Rx=Rx=circ_ add(Rx,I<<2,MuV) ;
*EA = Rt;
memw (Rx++Mu) =Rt EA=RXx;
Rx=Rx+MuV;
*EA = Rt;
memw (Rx++Mu:brev) =Rt EA=Rx.h[1] | brev(Rx.h[0]);
Rx=RxX+MuV;
*EA = Rt;
memw (gp+#ul6:2) =Rt apply extension (#u) ;
EA=(Constant extended ? (0) GP) +#u;
*EA = Rt;
Class: ST (slots 0,1)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse ub t5
o|o|1 ‘1 1 ‘0‘1 |1 |1 |o ‘0 s‘s‘s|s|s P|P u‘u‘u|u|u i|- - t‘t‘t|t|t memw(Rs+Ru<<#u2)=Rt
ICLASS s5 Parse
o|o|1 ‘1 1‘1‘0|- -|1 ‘0 s‘s‘s|s|s P|P |‘|‘||||| i||‘|‘l‘l‘l|l|l memw(Rs+#u6:2)=#S8
ICLASS Type Parse t5
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31(30(29|28|27(26|25(24|23|22/21|20|19|18|17|16|/15(14|13|12{11|10|9 |8 |7 |6 | 5|4 |3 (2|1 |0
o1 jofof1|ilifo|r|ofo|ililili|i|[P|[P|li|t|t|t|t|t|i|il|ilil|il|ilili|memw(gp+#u16:2)=Rt
ICLASS | Amode | Type |y 5 Parse 15
1|O|1‘0 0‘i‘i1|1|005‘s‘s|s|s P|P|t‘t‘t|t|t|||‘|‘|‘|‘|||||memw(Rs+#s11:2)=Rt
ICLASS Amode Type H x5 Parse |u1 t5
1/0{1/0/1]|0|0 |1 1|00 |x|x|x|x|x| P[Plujt|t|t |t |t O0|-|-|-]-]|-[1]=-|memw(Rx++l:circ(Mu))=Rt
10101001100xxxxxPPutttttO||||-O-)=eRTW(RX++#S4:2:CirC(Mu)
ICLASS Amode Type H e5 Parse t5
1|O|1‘01‘0‘11|1|00e‘e‘e|e|e P|P0t‘t‘t|t|t1|-‘I‘I‘I‘I|I|Imemw(Re=#U6)=Rt
ICLASS | Amode | Type |y x5 Parse 15
1|0|1‘01‘0‘1 1|1|00x‘x‘x|x|x P|P0 t‘t‘t|t|t0|i‘i‘i‘i‘-|0|-memw(Rx++#s4:2)=Rt
ICLASS Amode Type H u5 Parse t5
1|O|1‘01‘1‘01|1|00u‘u‘u|u|u P|Pi t‘t‘t|t|t1|i‘|‘l‘l‘l|l|lmemw(Ru<<#u2+#U6)=Rt
ICLASS Amode Type H x5 Parse |u1 t5
10101101 |1|0|0|x|x|x|x|x P/Plujt| t| t|t|t O0|-|-|-]-]|-|-]-|memw(Rx++Mu)=Rt
1/0(1jo(1(1|1{1}{1/0|0|x|x|x|x|(x(P/Plujt|t|t|t|t O0O|-|-]-]-|=-|=]|-=]|memw(Rx++Mu:brev)=Rt
Field name Description
ICLASS Instruction Class
Type Type
Parse Packet/Loop parse bits
e5 Field to encode register e
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
u5 Field to encode register u
X5 Field to encode register x
Amode Amode
Type Type
UN Unsigned
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Store word conditionally

Store a 32-bit register in memory at the effective address.

This instruction is conditional based on a predicate value. If the predicate is true, the
instruction is performed, otherwise it is treated as a NOP.

Syntax

if ([!]1Pv[.new])
memw (#u6) =Rt

if ([!]Pv[.new])
memw (Rs+#u6:2) =#S6

if ([!]Pv[.new])
memw (Rs+#u6 :2) =Rt

if ([!]Pv[.new])
memw (Rs+Ru<<#u2) =Rt

if ([!]Pv[.new])
memw (RX++#s4:2) =Rt

Behavior

if ([!]Pv[.new] [0]) {
apply extension (#u) ;
EA=#u;
*EA = Rt;

} else {
NOP;

b 5

if ([!]1Pv[.new] [0]){
EA=Rs+#u;
apply extension (#S) ;
*EA = #S;

} else {
NOP;

%

apply extension (#u) ;
if ([!1Pv[.new] [0]) {

EA=Rs+#u;

*EA = Rt;
} else {

NOP;

¥

if ([!]Pv[.new] [0]) {
EA=Rs+ (Ru<<#u) ;
*EA = Rt;

} else {
NOP;

¥

if ([!]Pv[.new][O]){
EA=RX;
Rx=Rx+#s;
*EA = Rt;
} else {
NOP;
¥
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Class: ST (slots 0,1)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS s5 Parse us t5
. if (Pv)
0(0|{1}1]0(1]0|0|1]0 |0 s|s|s|s|P|P|iu u ulijviv|t tjt|t memw(Rs+Ru<<#u2)=Rt
if (1Pv)
0(0|1}1|0(1|0|1|1]0|0 s|s|s|s|P|P|i|u u ulijviv|t tjt|t memw(Rs+Ru<<#u2)=Rt
if (Pv.new)
0/0f1}{1j0f1 10|10 0 s|s|s|s|(P|P|i|u u ulifvijv]t t|t|t memw(Rs+Ru<<#u2)=Rt
if (IPv.new)
001 }(1]0 1|1 [1]|1]0|0 s|s|s|s|P|P|iu u ulijviv|t tjt|t memw(Rs+Ru<<#u2)=Rt
ICLASS s5 Parse
. if (Pv)
0|/0f1}1}1/0|0 0|0 |1 0 s|s|s|s|(P|P|I|i i ijijviv]l [ memw(Rs+#u6:2)=#S6
. if (1Pv)
0|/0f1}{1}1/0|0(f0 (1T |1 0 s|s|s|s|(P|P|I|i i ijijviv]l [ memw(Rs+#u6:2)=#S6
. if (Pv.new)
0(0|1|1|1(0|0 1|01 |0 s|s|s|s|P(P|I]i i iji|viv|lI L)l memw(Rs+#u6:2)=#S6
. if (IPv.new)
0|01 }{1}1(0|0 (1|1 |10 s|s|s|(s|(P|P|I|i i ijifjviv]l [ memw(Rs+#u6:2)=#S6
Se gé
ICLASS ns|Ne Type s5 Parse t5
e
w
. if (Pv)
0|1/0/0|0|0O|O0O O |10 0 s|s|s|s|(P|P|i|t t t|iijili 0O |v|v memw(Rs+#u6:2)=Rt
. if (Pv.new)
0(1/0j0j0f0O 1|01 |00 s|s|s|s|(P|P|i|t t t|iijili 0O |v|v memw(Rs+#u6:2)=Rt
. if (1Pv)
0(1|0j0j0 1|00 |1|0|O s|s|s|s|P|P|i]|t t tli|ijii 0|v|v memw(Rs+#u6:2)=Rt
. if (IPv.new)
0o(1/0/0|0 110|100 s|s|s|s|(P|P|i|t t t|iijili 0O |v|v memw(Rs+#u6:2)=Rt
ICLASS Amode Type H x5 Parse t5
if (Pv)
11010 1|0 1|1 (1]0]O0 X | x|x|x | P|P|1]|t t t(o|ijii 0|v|v memw(Rx++#s4:2)=Rt
if (1Pv)
110101 {0|1|1[1]0]0 X| X |x|[x|P|P|1T|t t t|0|i|ili 1T|lv|v memw(Rx++#s4:2)=Rt
if (Pv.new)
110101 {0|1|1[1]0]0 X| X |x|[x|P|P|1|t t t|1 i 0O |v|v memw(Rx++#s4:2)=Rt
if (IPv.new)
11010 1|0 1|1 (1]|0]O0 X | x|x|x P|P|1]|t t t{1ijii 1T v]|v memw(Rx++#s4:2)=Rt
ICLASS Amode Type H Parse t5
11010 (1 1|1 |1|1]0]0 -|-|i|i|P/P|O]|t t t(1 i i]i 0 | v | v [if (Pv) memw(#u6)=Rt
11010 (1 1|1 |1|1]0]0 = -|i|i|P|P t t t(1 0] 1 | v | v |if (IPv) memw(#u6)=Rt
1/0{1|/0 (1|11 |1|1]0]|0 -l =i i |P|P]1 ]|t t t| 1 il 0 | v | v |if (Pv.new) memw(#u6)=Rt
1/0{1/0 (1|1 |1|1]|1]0]|0 -l =i i |P|P]1 ]|t t [ ] 1 | v | v [if (!Pv.new) memw(#u6)=Rt
Field name Description
ICLASS Instruction Class
Type Type
PredNew PredNew
Sense Sense
Parse Packet/Loop parse bits

80-N2040-36 C

327

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Field name
s5
t5
ub
v2
x5

Amode

Type

Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x
Amode

Type

Unsigned

Description

80-N2040-36 C
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Allocate stack frame

Allocate a stack frame on the call stack. This instruction first pushes LR and FP to the top
of stack. It then subtracts an unsigned immediate from SP to allocate room for local
variables. FP is set to the address of the old frame pointer on the stack.

The following figure shows the stack layout.

Stack in Memory

Saved LR
Saved FP

Higher Address
Procedure Local
Data on Stack

Stack frame

S |

Saved LR
Saved FP <—— FP register

Procedure Local
Data on Stack

\/

<¢—— SP register
Lower Address

Unallocated Stack

Syntax Behavior
allocframe (#ull:3) EA=SP+-8;
*EA = frame scramble ((LR << 32) | FP);
FP=EA;
frame check limit (EA-#u) ;
SP=EA-#u;
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Class: ST (slots 0)

Encoding

-

31|30|29‘28 27‘26‘25 24|23|22 2 20‘19‘18|17|16 15|14 13\12\11\10|9 |8 |7 |6 \5 \4 \3 \2 |1 |o

Parse

zC

ICLASS Amode Type

allocframe(#u11:3)

1|o|1‘0 0‘0‘0 o|1|o 0 1‘1‘1|0|1 P|P O‘O‘O‘i|i|i|i|i‘i‘i‘i‘i|i|

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
Amode Amode
Type Type
UN Unsigned
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11.9 SYSTEM

The SYSTEM instruction class includes instructions for managing system resources.

11.9.1 SYSTEM/GUEST

The SYSTEM/GUEST instruction subclass includes instructions for Guest Mode.

Guest control register transfer

Move registers between the guest control and general register files. The figure shows the
guest control registers and their register field encodings. Registers can be moved as

singles or as aligned 64-bit pairs.

GO

G1

G2

w NN = o

G3

15

Reserved

24
25
26
27
28
29
30
31

Gd=Rs
Gdd=Rss
Rd=Gs

Rdd=Gss

Syntax

ISDBMBXIN

ISDBMBXOUT

Reserved

GPCYCLELO

GPCYCLEHI

GPMUCNTO

GPMUCNT1

GPMUCNT2

GPMUCNT3

Reserved

Reserved

Class: SYSTEM (slot 3)

Notes

» This is a guest-level feature. If performed in user mode, a privilege error

exception will occur.

Behavior
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s5 Parse d5
o|1/1]/o0|ofo|1/0/0|0|0|s|s|s|s|s|P|/P|-|-|-|-|-|-|-|-]|-|d|d|d|d]|d]|Gd=Rs
o|1/1]o0]ofo|1|1]0]0 s|s|s|s|s|P|P|- -l -|-]-]-|-]-|d|d|d|d|d|Gdd=Rss
o|1/1]/o0|1|o|o|ofo|o|1|s|s|s|s|s|P|P|-|-|-|-|-|-|-|-|-|d|d|d|d]|d|Rdd=Gss
o|1/1]/o0|1|o|1/0]0|0|1|s|s|s|s|s|P|P|-|-|-|-|-|-|-|-|-|d|d|d|d]|d|Rd=Gs
Field name Description

sm Supervisor mode only

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s
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11.9.2 SYSTEM/MONITOR

The SYSTEM/MONITOR instruction subclass includes instructions for Monitor Mode.

Clear interrupt auto disable

The register Rs specifies a 32-bit mask, where bit 0 corresponds to the highest-priority
interrupt 0, and register bit 31 refers to the lowest-priority interrupt 31. For bits set in Rs,
the corresponding bit in IAD is cleared. This re-enables the interrupt. For bits clear in Rs,
the corresponding bit in IAD is unaffected.

Syntax Behavior

ciad (Rs) IAD &= ~Rs;
Class: SYSTEM (slot 3)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31|30|29‘28 27/26 25|24|23|22\21 20‘19‘18|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0

ICLASS sm s5 Parse
o|1 |1 ‘0 01 0|o|o|o‘0 s‘s‘s|s|s P|P H‘|||o|1 ‘1”‘|| ciad(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Swap SGP control register

This instruction swaps the contents of a general register with one of the Supervisor
General Pointer registers, either SGPO or SGP1. These registers can be used to hold, for
example, a supervisor and/or exception stack pointers, or other general pointers for fast
exception processing. A pair swap form exists to swap both SGP registers with an aligned
pair of general registers.

Syntax Behavior
crswap (Rx, sgp) Assembler mapped to: "crswap (Rx,sgpO)"
crswap (Rx, sgp0) tmp = Rx;

Rx = SGPO;
SGP0 = tmp;
crswap (Rx, sgpl) tmp = Rx;
Rx = SGP1;
SGP1 = tmp;
crswap (Rxx, sgpl:0) tmp = Rxx;
Rxx=SGP;
SGP = tmp;

Class: SYSTEM (slot 3)

Notes

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS sm x5 Parse
0(1/110]/0(1]0[1(0|0|0|x|x|x|[x|[xX|P|P|=|=]«|=|=|a|=|=|=]=|=|=]-=-
0(1/110]/0(1]0 (1[0 |0 |1 |x|x|x|[x|[x|P|P|=|=]«|=|=|a|=|=]=]=|-|=]-=-

N
o

crswap(Rx,sgp0)

crswap(Rx,sgp1)

o/1(1joy1j{1j0f(1{1/0|-|x|x|x|x|(x|P/P|-|-|-]-|=-|-|-]=-]-]0|01]0 /|0 |0 |crswap(Rxx,sgp1:0)
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
X5 Field to encode register x
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Cancel pending interrupts

The register Rs specifies a 32-bit mask, where bit 0 corresponds to the highest-priority
interrupt 0, and register bit 31 refers to the lowest-priority interrupt 31. This instruction
cancels any pending interrupts indicated in the mask by clearing the interrupt from the

IPEND register.

Syntax Behavior

cswi (Rs) IPEND &= ~Rs;
Class: SYSTEM (slot 3)

Notes

m This instruction may only be grouped with ALU32 or non floating-point XTYPE

structions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege

error exception will occur.

Encoding

31/30/20|28|27|2625]24/23|22]21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|0|0‘0 s‘s‘s|s|s P|P H‘|||o|o‘1H‘|| cswi(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Data cache Kill

The data cache kill (dckill) instruction invalidates the entire contents of the data cache. On
power-up, the caches are not guaranteed to contain valid data. This instruction should be
used to establish an initial clean cache state. All dirty data in the data cache which has not
yet been written back to memory is lost when dckill is executed. If data needs to be saved,
it should be cleaned out using dclean instructions prior to executing dckill. Because the
caches are shared between all threads, this instruction must be performed only while
ensuring that no other thread is using the caches. The best option is to use this instruction
when only one thread is powered on and others are powered off.

Syntax Behavior

dckill dcache inv_all();

Class: SYSTEM (slots 0)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Amode Type H Parse
ot oo v 0o o o] <[ <[ e[| <[ <[ o[- -] woa
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
Amode Amode
Type Type
UN Unsigned
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Data cache maintenance monitor instructions

These instructions perform maintenance operations on the data cache.

dccleaninvidx looks at index Rs in the data cache. If this line has dirty data, then the data
is written back out to memory. The line is invalidated. The set is provided in Rs[11:5] and
the way in Rs[2:0]. This instruction can only be grouped with X-type or A-type
instructions.

dccleanidx looks at index Rs in the data cache. If this line has dirty data, then the data is
written back out to memory. The set is provided in Rs[11:5] and the way in Rs[2:0]. This
instruction can only be grouped with X-type or A-type instructions.

dcinvidx invalidates the line at index Rs. The set is provided in Rs[11:5] and the way in
Rs[2:0]. This instruction can only be grouped with X-type or A-type instructions.

dctagr reads the tag at indicated by Rs and returns the data into Rd. The set is provided
Rs[11:5], and the Way is provided in Rs[2:0]. The tag is returned in Rd[23:0], and the state
is returned in Rd[30:29]. This instruction can only be grouped with X-type or A-type
instructions.

dctagw uses register Rs and Rt. Register Rs contains the set in [11:5] and way in [2:0]
while the Rt value contains the Tag in [23:0] and the state in [30:29]. The dctagw
instruction is Single-Thread only. All other threads must be in STOP or DEBUG mode
with no outstanding transactions. This instruction is solo and must not appear in a packet
with other instructions.

The state bits are encoded as:
00 : Invalid

01 : Valid & Clean

10 : Reserved

11 : Valid & Clean

Syntax Behavior
Rd=dctagr (Rs) dcache tag read(Rs) ;
dccleanidx (Rs) dcache clean idx(Rs) ;
dccleaninvidx (Rs) dcache clean idx(Rs) ;

dcache inv_idx(Rs) ;

dcinvidx (Rs) dcache inv_ idx(Rs) ;
dctagw (Rs, Rt) dcache tag write(Rs,Rt);
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Class: SYSTEM (slots 0)

Notes
» This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.
» This is a solo instruction. It must not be grouped with other instructions in a
packet.
m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.
Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16[15]14|13[1211/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Amode Type H s5 Parse
1/0{1/0/0|0|1|0|0(0|1|s|s|s|s|s E e e N e A - dccleanidx(Rs)
1/0[(1|010 1/0/0(1|0|s|s|s|s|s L B A A - dcinvidx(Rs)
1/0(11]0|0 171/0/0|1 |1 |s|s|s|s|s L R N - dccleaninvidx(Rs)
ICLASS Amode Type H s5 Parse t5
1|0|1‘0 0‘1‘0 0|0|005‘s‘s|s|s P|P-t‘ ‘t|t t |‘ - | detagw(Rs,Rt)
ICLASS Amode Type H s5 Parse d5
1|o|1‘0 0‘1‘0 o|o|o1 s‘s‘s|s|s P|P- . ST T-T- -d‘d‘d|d|d Rd=dctagr(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Amode Amode
Type Type
UN Unsigned
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Read the interrupt mask for a thread

Each thread contains an IMASK register that holds the interrupt enable/disable for
individual interrupts 0-31. This instruction reads the IMASK for the thread indicated by
the low bits of Rs. The result is returned in Rd. For Rs values outside of [0-
NUM_THREADS-1], the results are undefined.

Syntax Behavior

Rd=getimask (Rs) RA=IMASK [Rs&0x7] ;
Class: SYSTEM (slot 3)

Notes

m This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/20|28|27|2625]24/23|22]21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s5 Parse d5
o|1 |1 ‘0 011 |o|o|o‘o s‘s‘s|s|s P|P H‘||||‘ d‘d‘d|d|d Rd=getimask(Rs)
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
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Acquire hardware lock

These instructions acquire a hardware lock.

If the lock bit is set, sleep until the lock bit is clear. The packet with the lock instruction
will only complete once the lock is set and acquired by this thread. In the case that
multiple threads are waiting for the lock, the hardware guarantees round-robin fairness

such that no thread will be starved.

The tlblock is acquired automatically whenever a thread raises a TLB miss-RW or TLB-

miss-X exception.

The TLB lock can also be released by the rteunlock instruction.

Syntax
k0lock

tlblock

Class: SYSTEM (slot 3)

Notes

Behavior

if (can_aquire k0 lock) {
SYSCFG.KOLOCK = 1;
} else {
sleep until available;
§ 6

if (can_aquire tlb lock) {
SYSCFG.TLBLOCK = 1;
} else {
sleep until available;
Iz

» This is a solo instruction. It must not be grouped with other instructions in a

packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege

error exception will occur.

Encoding

31|30|29‘28 27]26 25|24|23|22‘21‘20‘19‘18|17|16 15|14 13\12\11\10| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 |o
ICLASS sm Parse
of[1(1]o]1|1]olofofof1]|-|-|-|-|-|P|P -] -]-]o]o 1 - | -] -] - |tblock
of[1(1]o]1|1]olofofof1|-|-|-|-|-|P|P e I REEE - | -] -] - |KOlock
Field name Description

sm Supervisor mode only

ICLASS Instruction Class

Parse Packet/Loop parse bits
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Release hardware lock

These instructions release a hardware lock.

Syntax Behavior
kOunlock SYSCFG.KOLOCK = 0;

tlbunlock SYSCFG.TLBLOCK = O;

Class: SYSTEM (slot 3)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS sm Parse
of1[1]o]1]1]ojolofof1|-|-|-|-|-|P|P|-|=|-|-|-]-]0|1]0|-|-|-]|-]-/tbunlock
of[1[1]o]1]1]ojolofof1|-|-|-|-|-|P|P|-|=|-|-|-]-|1]0]0|-|-|-]|-]-~KOunlock
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
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Interrupt to thread assignment read

Each thread contains an IMASK register that holds the interrupt enable/disable for
individual interrupts 0-31. For a given interrupt, the iassignr instruction reads the
corresponding bit in every thread's IMASK register. The upper halfword of source register
Rs contains the interrupt number from 0-31 (0 is the highest priority interrupt, 31 the
lowest). The low bits of the destination register Rd contain a bit mask where bit 0 contains
the corresponding IMASK value for thread 0, bit 1 the value for thread 1, etc. The number
of defined bits depends on the number of HW threads provided in the core. All bits beyond
the number of threads provided will be cleared. For example, if the interrupt number is set
to 0, then Rd[0] will be the value of IMASK[0] for thread 0, Rd[1] will be the value of
IMASK]O0] for thread 1, etc.

31 16 15 0
Int# Rs

Interrupt number [0-31]
O=highest priority
interrupt

31=lowest priority

31 0
Rd
A
Thread 0:
Value of IMASK[int#]
Thread 5 assignment
Syntax Behavior

Rd=iassignr (Rs) RdA=IASSIGNR (Rs) ;
Class: SYSTEM (slot 3)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.
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Instruction Set

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse d5
o|1 |1 ‘0 011 |o|o|1 ‘1 s‘s‘s|s|s P|P H‘||||‘ d‘d‘d|d|d Rd=iassignr(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
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Interrupt to thread assignment write

Each thread contains an IMASK register that holds the interrupt enable/disable for
individual interrupts 0-31. For a given interrupt, the iassignw instruction sets or clears the
corresponding bit in every thread's IMASK register. This allows for easy re-assignment of
interrupts to selected threads. The source register Rs contains two fields. The upper
halfword should contain the interrupt number from 0-31 (0 is the highest priority interrupt,
31 the lowest). The low bits contain a bit mask where bit 0 contains the corresponding
IMASK value for thread 0, bit 1 the value for thread 1, etc. For example, if the interrupt
number is set to 0, and the bitmask is set to 0x03, then the IMASK]O0] for threads 0 and 1
will be set and the IMASK]O] for all other threads will be cleared. This means that threads
0,1 will not accept this interrupt, whereas other threads will accept it.

31 16 15 0
Int# Rs

Thread 0 assignment:
1=Set Thread0:IMASK[Int#]

Interrupt number [0-31] (interrupt disabled)

O=highest priority

interrupt 0=Clear Thread0:IMASK [Int#]
31=lowest priority (interrupt enabled for TO)

Thread 5 assignment

Syntax Behavior

iassignw (Rs) IASSIGNW (RsS) ;

Class: SYSTEM (slot 3)

Notes

m This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16]1514|13[12]11/10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS sm s5 Parse
o|1|1‘0010|o|o|o‘0 s‘s‘s|s|s P|P-‘-‘-‘-|-|-|0|1‘0‘-‘-‘-|-|-iassignw(Rs)
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Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
80-N2040-36 C 345

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Instruction cache maintenance supervisor operations

These instructions perform maintenance operations on the instruction cache.

ictagr reads the tag entry at set Rs[13:5] and way Rs[0]. The tag information is returned in
Rd[31:4] (with the G bit in bit 31, the ASID value in bits 30:24, and the Tag value in bits
23:4). The Valid bit is returned in Rd[1], and the Reserved bit in Rd[0].

icdatar reads the data word at set Rs[13:5], word Rs[4:2], and way Rs[0]. The data value is
returned in Rd[31:0].

icinvidx invalidates the instruction cache index indicated by Rs.

Syntax Behavior
Rd=icdatar (Rs) icache data read(Rs);
Rd=ictagr (Rs) icache tag read(Rs) ;
icinvidx (Rs) icache inv idx(Rs);

Class: SYSTEM (slot 2)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse d5
o/1/o0j1/oj1j0f(1{1/0{1|s|s|s|s|s|/P/P|-|-|-|-|-|-|-|-]-]|d|d]|d]|d]|d|Rd=icdatar(Rs)
o/t1/ojt1jo1jof(1{1/1/1|s|s|s|s|(s/P/P|-|-|-|-|-|-|-|-]-]|d|d|d]|d]|d|Rd=ictagr(Rs)
ICLASS s5 Parse
o|1 |o‘1 0‘1 ‘1 |o|1 |1 ‘0 s‘s‘s|s|s P|P 0‘0‘1‘||||HH|| icinvidx(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
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Instruction cache maintenance operations (single-thread)

These instructions perform maintenance operations on the instruction cache.
ickill invalidates the instruction cache.

ictagw updates specified tag entry with contents of Rt. Rs[13:5] selects index and Rs[0] is
used to select cache way. Rt must have the Tag information in bits 27:0 (G bit is bit 27,
ASID is bits 26:20 and Tag is 19:0), the Valid bit in Rt[30] and the Reserved bit in Rt[31].

These instructions are Single-Thread only. All other threads must be in STOP or DEBUG
mode with no outstanding transactions.

Syntax Behavior
ickill icache inv all();

ictagw (Rs,Rt) icache tag write(Rs,Rt);

Class: SYSTEM (slot 2)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS s5 Parse t5
o|1 |o‘1 0‘1 ‘0|1 |1 |1 ‘0 s‘s‘s|s|s P|P ; t‘t‘t|t|t |HH|| ictagw(Rs,Rt)
ICLASS Parse
o[ o o ol [ o -[-[-T-T-lplplo [t fo [ - - T-T-[-[-[-[-]-] i
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
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L2 cache operations by index

L2 cacheops by index work on a specified line in L2 cache. The clean operation pushed
dirty data out to the system. The invalidate operations marks the line as invalidate, and the
cleaninv operation first cleans the line and then invalidates it. The index is provided in
Rs[S:8] and the way in Rs[2:0], where S is determined by the number of sets in the L2
cache. For segmented L2 caches, the granule bit provided in Rs[3]. This bit is ignored if
the cache is not segmented.

Different versions of Hexagon may have different L2 cache sizes. Please see the section
on Core Versions for more information.

Syntax Behavior
l2cleanidx (Rs) l2cache clean idx(Rs) ;
l2cleaninvidx (Rs) l2cache clean invalidate idx(Rs) ;
12invidx (Rs) l2cache inv idx(Rs) ;

Class: SYSTEM (slots 0)

Notes

m This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Amode Type H s5 Parse
1/0{1/0j0|1|1|0|0f0O|1|s|s|s|s|s P|P|-|-|-|-|-|=-|=-|-]|=|-1]-]-|-]-+-/I2cleanidx(Rs)
1/0(1/0(0|1|1]|/0|0|1|0|s|s|s|s]|s A= e === =] =] =] =]=]=l2invidx(Rs)
1/0({1/0(1|/0|0|0O|O01|1|s|s|s|s|[s|P/P|-|-|-]|=-|=-|=-|=-|=]|=]=]=|=/|-+=]~=]I2cleaninvidx(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
Amode Amode
Type Type
UN Unsigned
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L2 cache global operations

These instructions perform maintenance operations over the entire L2 cache. The
instructions will commit and set the SYSCFG:L2GCA bit to indicate that the Global
Cache state machine is Active. Once the state machine is started it will process every L2
cacheline in the background. After all cachelines have been processed, the
SYSCFG:L2GCA status bit is cleared. The instructions are:

12kill will invalidate every line. It is required to execute this instruction prior to using L2
after a poweron reset, as the cache will start in an unknown state.

12gclean will force a clean (write back) operation for all L2 cachelines that are dirty.
12gcleaninv will force a clean (write back) for dirty L2 lines and then invalidate them.
12gunlock will clear the lock bit for all L2 cachelines.

The 12gclean and 12gcleaninv instructions are available with PA range and mask option. In
this form, the Rtt register contains a mask in the lower word and match value in the upper
word. If the Physical Page Number of the cache line anded with the mask is equal to the
match value, then the cacheop is performed. Otherwise, the cacheline is left unchanged.
The semantics are:

for every cacheline in L2:

if (Rtt[23:0] & PA[35:12]) == Rtt[55:32]) do clean/cleaninv on the cacheline

Syntax Behavior
l2gclean l2cache global clean() ;
l2gclean (Rtt) l2cache global clean range (Rtt) ;
l2gcleaninv l2cache global clean inv () ;
l2gcleaninv (Rtt) l2cache global clean inv range (Rtt) ;
12gunlock l2cache global unlock() ;
12kill l2cache inv_all();

Class: SYSTEM (slots 0)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS | Amode | Type |y Parse 15
1(o|1]ojof1|1|of1 (0|1 |-|-|-|-|-|P|P|-|t|t|t|t t|-|-|-]|-|-|-]|-]-]12gclean(Rtt)
1{o|1]ojol1|1|of1|1]o|-|-|-|-|-|P[P|-|t|t|t|t| t|-|-|-|-|=-]|-|-]-]l2gcleaninv(Rit)
ICLASS Amode Type H Parse
1(o|1]of1jojojofo|o|1|-|-|-|-|-|P|P|=-jO|O|O|-|=|-|=-|=|-]-|-]|-]-/ikil
1(o|1]of1lojojofo|o|1|-|-|-|-|-|P|P|-jO|1]0|-|-|=-|-|-|-]-|-]|=-]-12gunlock
1(o|1]of1lojojofo|o|1|-|-|-|-|-|P|P|-|1]0|0|-|-|=-|-|-|=-]-|-|-]-]l2gclean
1(o|1]of1lojofofo|o|1|-|-|-|-|-|P|P|-|1]1]0|-|-|-|-|-]|-]=-|-|-]-=/]12gcleaninv
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
t5 Field to encode register t
Amode Amode
Type Type
UN Unsigned
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L2 cache operations by address

The L2 lock instruction will first allocate a line in L2 based on the address provided in Rs.
It will then set the lock bit so the line will not be replaced in the future, unless explicitly
unlocked. A fetch will be initiated for the data. Finally, the instruction will return a status
result to the destination predicate. The predicate is set to Oxff if the operation was
successful, or 0x00 if the operation did not succeed. The failure state can be returned
either because all the L2 cache ways are already locked, or because of some internal
transient conditions. The software should resolve transient conditions by re-trying the
12locka instruction with a large number of attempts (1000 recommended).

The 12unlocka instruction will clear the lock bit on an L2 cacheline which holds the
provided address.

Syntax Behavior

Pd=12locka (Rs) EA=RS;
Pd=12locka (EA) ;

12unlocka (Rs) EA=Rs;
1l2unlocka (EA) ;

Class: SYSTEM (slots 0)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m  The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Amode Type H s5 Parse d2
1|o|1‘0 0‘0‘0 O|1|11s‘s‘s|s|s P|P1“‘||||““d|d Pd=I2locka(Rs)
ICLASS Amode Type H s5 Parse
1|o|1‘0 0‘1‘10|0|11s‘s‘s|s|s P|P-‘-‘-‘-|-|-|-|-‘-‘-‘-‘-|-|-I2un|ocka(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
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Field name Description
Amode Amode
Type Type
UN Unsigned
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L2 tag read/write

L2tagr reads the tag at indicated by Rs and returns the data into Rd. The L2tagr instruction
can be grouped with A-type and X-type instructions. The L2tagw instruction should not be
grouped in a packet. Register Rs is formatted as

Rs[17:8] = Set

Rs[2:0] = Way

The return register Rd is formatted as
Rd[31]= Al

Rd[30] = A0

Rd[28:8] = Tag address bits 35:15
Rd[4] = Lock bit

Rd[3] = Reserve bit

Rd[2:0] = State[2:0]

The state bits are defined as follows:
0 = Invalid

1,3 = Reserved

4 = Valid & Clean

6 = Valid & Dirty

Syntax Behavior
Rd=12tagr (Rs) l2cache tag read(Rs) ;
12tagw (Rs,Rt) l2cache tag write(Rs,Rt) ;

Class: SYSTEM (slots 0)

Notes

m This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

» This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS | Amode | Type |y 5 Parse 15
1|0|1‘0 0‘1‘0 0|0|105‘s‘s|s|s P|P0t‘t‘t|t|t-|-‘--‘-‘-|-|-I2tagw(Rs,Rt)
ICLASS Amode Type H s5 Parse d5
1|o|1‘0 0‘1‘0 o|0|1 1 s‘s‘s|s|s P|P-‘-‘-‘-|-|-|-|-‘-d‘d‘d|d|d Rd=I2tagr(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Amode Amode
Type Type
UN Unsigned
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Load from physical address

Perform a word load using the 36-bit physical address held in source registers Rt:Rs. Rs
holds PA[10:0] and Rt holds PA[35:11] in the least-significant bits. This instruction will
first look in the L1 and L2 caches for the data. If found, the data will be returned. If the
access misses in cache, it will be treated as a non-allocating (uncached) load. The
hardware will force the two least-significant bits to zero, so will never result in an
alignment violation.

This instruction is used for the monitor software to walk guest mode page tables, and for
easier debugging.

Syntax Behavior

Rd=memw_ phys (Rs,Rt) Rd = *((Rs&O0x7ff) | (Rt<<11)) ;
Class: SYSTEM (slots 0)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS | Amode | Type |y 5 Parse t5 ds
1|o|o‘1 0‘0‘1 o|o|oo s‘s‘s|s|s P|P1 t‘t‘t|t|t -|-‘0 d‘d‘d|d|d Rd=memw_phys(Rs,Rt)
Field name Description

ICLASS Instruction Class

Amode Amode

Type Type

UN Unsigned

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Raise NMI on threads

The low bits of Rs specify a thread mask, where bit 0 corresponds to thread 0. The number
of defined bits depends on the how many HW threads are supported. The NMI instruction
raises a non-maskable NMI interrupt for all threads specified in the mask. This interrupt
will cause the thread jump to the NMI vector at the address specified in EVB.

Syntax Behavior

nmi (Rs) Raise NMI on threads;

Class: SYSTEM (slot 3)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a

packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege

error exception will occur.

Encoding

31/30/20|28|27|2625]24/23|22]21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|o|1 ‘1 s‘s‘s|s|s P|P H‘|||o|1 ‘0“‘|| nmi(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Resume from wait mode

The low bits of Rs specify a thread mask, where bit 0 corresponds to thread 0. The number
of defined bits depends on the how many HW threads are supported. The resume
instruction causes all threads specified in the mask which are in wait mode to exit wait
mode back to either supervisor or user mode (whichever was active when the thread
entered wait mode). If the thread to be resumed is off (stop mode), or already running
(user or supervisor mode), then the resume instruction has no affect.

Syntax Behavior

resume (Rs) for (i = 0; i < THREADS MAX; i++) {
if (Rs.i) {
modectl [(i+16)] = 0O;
b e

b5
Class: SYSTEM (slot 3)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|o|1 ‘0 s‘s‘s|s|s P|P H‘|||o|o‘1H‘|| resume(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Return from exception

This instruction is used to return from an interrupt or exception handler. It clears the EX
bit in SSR and jumps to the location specified in the ELR register. rte clears the
SYSCFGTLBLOCK bit, thus releasing the TLB lock and allowing other threads to
acquire the lock if needed. rte must not be grouped with another exception-causing
instruction. If it is grouped with any other instruction that causes an exception, the
behavior is undefined.

Syntax Behavior

rte SSR.SSR_EX = 0;
PC=ELR;

Class: SYSTEM (slot 2)

Notes

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31|3o|29\28 27\26\25|24|23|22\21\20\19\1a|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0

ICLASS Parse
oftfofrfofafefaftfs]a]-][-]-[-[-][p]rlofof-]-]-[-[ofofo[-[-]-]-[-]ne
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
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Return from exception and unlock TLB

This instruction is used to return from an interrupt or exception handler. It clears the EX
bit in SSR and jumps to the location specified in the ELR register.

Syntax Behavior
rteunlock SSR.SSR _EX = 0;
SYSCFG.TLBLOCK = 0;
PC=ELR;

Class: SYSTEM (slot 2)

Notes

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31|3o|29\28 27\26\25|24|23|22\21\20\19\1a|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0

ICLASS Parse
oftfofrfofufefafefafa]-[-]-[-[-]plrlofa[-]-[-[-[ofofof-[-]-]-]-[neuniock
Field name Description

ICLASS Instruction Class
Parse Packet/Loop parse bits
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Set the interrupt mask for a thread

Each thread contains an IMASK register that holds the interrupt enable/disable for
individual interrupts 0-31. This instruction writes the IMASK for the thread indicated by
the low bits of predicate Pt. The register Rs contains the 32-bit mask value to be written.
For Pt values outside of [0-NUM_THREADS-1], the results are undefined.

Syntax

setimask (Pt,Rs)

Class: SYSTEM (slot 3)

Notes

Behavior

IMASK [Pt&0x7] =Rs;

m This instruction may only be grouped with ALU32 or non floating-point XTYPE

structions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege

error exception will occur.

Encoding

31|3o|29\28 27

2

o

25|24|23|22\21 20\19\1a|17|16 15|14 13\12\11\10

9|8 7|6\5\4\3\2|1|o

ICLASS sm s5 Parse t2
o|1 |1 ‘0 0|1 0|o|1 |0‘0 s‘s‘s|s|s P|P H‘ t|t o|o‘0‘-‘-‘-|-|- setimask(Pt,Rs)
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t2 Field to encode register t
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Set interrupt auto disable

The register Rs specifies a 32-bit mask, where bit 0 corresponds to the highest-priority
interrupt 0, and register bit 31 refers to the lowest-priority interrupt 31. For bits set in Rs,
the corresponding bit in IAD is set. This disables the interrupt. For bits clear in Rs, the

corresponding bit in IAD is unaffected.

Syntax Behavior

siad (Rs) IAD |= Rs;
Class: SYSTEM (slot 3)

Notes

m This instruction may only be grouped with ALU32 or non floating-point XTYPE

structions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege

error exception will occur.

Encoding

31/30/20|28|27|2625]24/23|22]21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|1 |0‘0 s‘s‘s|s|s P|P H‘|||o|1 ‘1”‘|| siad(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Start threads

The low bits of Rs specify a thread mask, where bit 0 corresponds to thread 0. The number
of defined bits depends on the how many HW threads are supported. The start instruction
raises a non-maskable software reset interrupt for all threads specified in the mask. This
interrupt will cause the thread to clear all writable bits in the supervisor status register and
then jump to the start vector at the address specified in EVB. Typically, start should be
used to power up threads after they have been disabled by the stop instruction.

Syntax Behavior
start (Rs) for (i = 0; i < THREADS MAX; i++) {
if (Rs.i && (modectl[i] == 0)) {

modectl[i] = 1;
reset thread(i);

}i
Vi

Class: SYSTEM (slot 3)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|0|1 ‘1 s‘s‘s|s|s P|P H‘|||o|o‘1H‘|| start(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Stop threads

The stop instruction causes the calling thread to enter stop mode. Stop mode is a power off
mode where all register contents for that thread should be assumed lost. The only way out
of stop mode is through a reset interrupt. The reset interrupt can be from another thread
executing the start instruction, or from an external hardware reset signal.

Note that the source register Rs is not used in the instruction. It exists for backwards

compatibility.

Syntax Behavior

stop (Rs) if (!in debug mode) modectl [TNUM] = O;

Class: SYSTEM (slot 3)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|o|1 ‘1 s‘s‘s|s|s P|P ‘ - -|-|-|o|o‘0‘- - || stop(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Software interrupt

Register Rs specifies a 32-bit mask, where bit 0 corresponds to the highest-priority
interrupt 0, and register bit 31 refers to the lowest-priority interrupt 31. This instruction
causes the interrupts indicated in the mask to be raised. Interrupt processing will be
initiated as described in the System Architecture Specification.

This instruction is provided so that threads can very quickly interrupt one another.

Syntax Behavior

swi (Rs) IPEND |= Rs;
Class: SYSTEM (slot 3)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse
o|1 |1 ‘0 0|1 0|o|0|0‘0 s‘s‘s|s|s P|P “‘|||O|O‘O“‘|| Swi(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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TLB read/write/probe operations

These instructions manage the software-programmable Translation Lookaside Buffer.

The TLB Read (tlbr) instruction returns the 64-bit TLB entry at the location specified in
register Rs. The result is written into the 64-bit destination register pair.

The TLB Write (tlbw) instruction writes the 64-bit TLB entry specified by register Rt with
the contents of register pair Rss.

The TLB Probe (tlbp) instruction looks up the TLB based on the virtual page number
contained in register Rs[19:0] together with the 7-bit ASID provided in Rs[26:20]. If the
entry is found and marked valid, its index is placed in Rd, otherwise Rd is set to
0x8000_0000.

The TLB Invalidate ASID (tlbinvasid) instruction invalidates all TLB entries with the
Global bit NOT set and with the ASID matching the Rs[26:20] operand.

The Conditional TLB Write (ctlbw) instruction first checks if the new entry would overlap
the virtual address range of any other entry in the TLB. The overlap check considers page
size and ASID. In the overlap check, the Global bit of the incoming Rss entry is forced to
zero and the Valid bit is forced to 1. If there is no overlap, the entry is written and the
destination register is set to 0x8000_0000. Otherwise, if an overlap occurs, no TLB entry
is written and the index on the overlapping entry is placed in Rd. If multiple entries
overlap, the value Oxffff ffff is returned.

The TLB Overlap Check (tlboc) instruction looks up the TLB based on the VPN, page
size, and ASID contained in register Rss (in the same format as TLBW). The overlap
check considers page size and ASID. In the overlap check, the Global bit of the incoming
Rss entry is forced to zero and the Valid bit is forced to 1. If the Rss entry overlaps virtual
address range of any another entry in the TLB, the index of the overlapping entry is placed
in Rd, otherwise Rd is set to 0x8000_0000. If multiple entries overlap, the value

Oxffff fftf is returned.

For both tlboc and ctlbw, if the PPN[5:0] are all zero, then the behavior is undefined.
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Syntax

Rd=ctlbw (Rss, Rt)

Rd=t1lboc (Rss)

Rd=t1lbp (Rs)
Rdd=tlbr (Rs)

tlbinvasid (Rs)

tlbw (Rss,Rt)

Class: SYSTEM (slot 3)

Notes

Behavior
if (CHECK TLB OVERLAP ((1LL<<63) | Rss)) {
RA=GET OVERLAPPING IDX((1LL<<63) |
Rss) ;
} else {
TLB[Rt] = Rss;
Rd=0x80000000;
}i
if (CHECK TLB_OVERLAP ((1LL<<63) | Rss)) {
RA=GET OVERLAPPING IDX((1LL<<63) |
Rss) ;
} else {
Rd=0x80000000;
}i
Rd=search TLB (Rs) ;
RAd = TLBI[Rs];
for (i = 0; i < NUM _TLB ENTRIES; i++) {
if ((TLBI[1i] .PTE G == 0) &&

(TLB[i] .PTE_ASID == Rs[26:20])) {
TLB[i] = TLB[i] & ~(1ULL << 63);
¥

¥

TLB[Rt] = Rss;

» This is a solo instruction. It must not be grouped with other instructions in a

packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS sm s5 Parse t5

o|1|1‘01 10|o|0|0‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t | - -|-|-tlbw(Rss,Rt)
ICLASS sm s5 Parse d5
ol1[1]of1[1]ofofof1]o]s]s]s]s|s|P[P d | d | Rdd=tibr(Rs)
ol1[1]of1]1/0fol1]ofo]s|s|s|s|s|P|P]- d|d|d|d|Rd=tbp(Rs)
ICLASS sm s5 Parse

o|1|1‘0 111 0|o|1|0‘1 s‘s‘s|s|s P|P S-Sl T - - | ubinvasid(Rs)
ICLASS sm s5 Parse t5 d5

o|1|1‘01 1 0|o|1|1‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t | -d‘d‘d|d|d Rd=ctibw(Rss,Rt)
ICLASS sm s5 Parse d5

o|1|1‘01 1 0|o|1|1‘1 s‘s‘s|s|s P|P A IR R R R I I I -d‘d‘d|d|d Rd=tlboc(Rss)
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Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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System control register transfer

These instructions move data between supervisor control registers and general registers.
Registers can be moved as 32-bit singles or as 64-bit aligned pairs. The figure shows the
system control registers and their register field encodings.

0 SGPO 16 EVB 32 ISDBST 48 PMUCNTO
1 SGP1 17 MODECTL 33 ISDBCFGO 49 PMUCNT1
2 STID 18 SYSCFG 34 ISDBCFG1 50 PMUCNT2
3 ELR 19 - 35 - 51 PMUCNT3
4 BADVAO 20 IPEND 36 BRKPTPCO 52 PMUEVTCFG
5 BADVA1 21 VID 37 BRKPTCFGO 53 PMUCFG
6 SSR 22 IAD 38 BRKPTPC1 54
7 CCR 23 - 39 BRKPTCFG1
Reserved
8 HTID 24 IEL 40 ISDBMBXIN
9 BADVA 25 - 41 ISDBMBXOUT
10 IMASK 26 IAHL 42 ISDBEN
11 27 CFGBASE 43 ISDBGPR
28 DIAG
Reserved 29 REV Reserved
30 PCYCLELO
15 31 PCYCLEHI 4 63
Syntax Behavior
Rd=Ss Rd=Ss;
Rdd=Sss Rdd=Sss;
Sd=Rs Sd=Rs;
Sdd=Rss Sdd=Rss;

Class: SYSTEM (slot 3)

Notes

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s5 Parse dé
of(1|1]ojo|1]1|1]0]0]- s|s|s|s|P[P|-|-]- d|d Sd=Rs
011 1110 |1({0 |0 |- s|s|s|s|P|P|-|-|- = -] - Sdd=Rss
ICLASS sm s6 Parse d5
o1 |1]0|1|1][1|0[1]-]s s|s|s|s|P|[P|-|-]- d|d Rd=Ss
011 1111 ](1(0|-|s s|s|s|s|P|P|-|-]|- E N R Rdd=Sss
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
de Field to encode register d
s5 Field to encode register s
s6 Field to encode register s
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Transition threads to wait mode

The wait instruction causes the calling thread to enter wait mode. Wait mode is a low-
power mode where the thread idles. The thread will not fetch or execute instructions in
wait mode.

When a thread executes wait, the PC is set to the packet after the wait instruction.

To exit wait mode, a waiting thread can either receive an interrupt, or another thread can
execute the resume instruction for the waiting thread. In the case that a thread is woken up
by an interrupt, at the time the interrupt service routine completes and executes an rte
instruction, the thread will remain running.

Note that the source register Rs is not used in the instruction. It exists for backwards

compatibility.

Syntax Behavior

wait (Rs) if (!in debug mode) modectl [ (TNUM+16)] = 1;

Class: SYSTEM (slot 3)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a
packet.

m This is a monitor-level feature. If performed in user or guest mode, a privilege
error exception will occur.

Encoding

31|30|29‘28 27/26 25|24|23|22\21 20‘19‘18|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0

ICLASS sm s5 Parse
o|1 |1 ‘0 01 0|o|o|1 ‘0 s‘s‘s|s|s P|P “‘|||O|O‘O“‘|| wait(Rs)
Field name Description

sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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11.9.3 SYSTEM/USER

The SYSTEM/USER instruction subclass includes instructions which allow user access to
system resources.

Load locked

Perform a word or double-word locked load. This returns the contents of the memory at
address Rs and also reserves a lock reservation at that address. See the section on Atomic
Operations for more information.

Syntax Behavior
Rd=memw_locked (Rs) EA=RS;
Rd = *EA;
Rdd=memd locked (Rs) EA=Rs;
Rdd = *EA;

Class: SYSTEM (slots 0)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE

istructions.

Encoding

31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS Amode Type H s5 Parse d5
1/0/0(1/0|/0O|1|0|0|0O|0O|s|s|s|s|s|PP/O|O|-|-|-|-|-]|=-]0]d|d|d|d]|d|Rd=memw_locked(Rs)
1/0/0/1/0|0|1|/0/0f0O|O|s|s|s|s|s/P/P|O|1T|-|-|-|-|-|-]0|d|d|d]|d]|d|Rdd=memd_locked(Rs)
Field name Description

ICLASS Instruction Class

Amode Amode

Type Type

UN Unsigned

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s
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Store conditional

Perform a word or double-word conditional store operation. If the address reservation is
held by this thread and there have been no intervening accesses to the memory location,
then the store is performed and the predicate is set to true. Otherwise, the store is not
performed and the predicate returns false. See the section on Atomic Operations for more

information.

Syntax

memd locked(Rs, Pd) =Rtt

memw_locked (Rs, Pd) =Rt

Class: SYSTEM (slots 0)

Notes

Behavior
EA=Rs;
if (lock_valid) {
*BEA = Rtt;
Pd = Oxff;
lock valid = 0;
} else {
Pd = 0;
¥
EA=RsS;
if (lock_valid) {
*EA = Rt;
Pd = Oxff;
lock valid = 0;
} else {
Pd = 0;

T

» This instruction may only be grouped with ALU32 or non floating-point XTYPE

instructions.

m The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Encoding
31|30|29‘28 27‘26‘25 24|23|22 21 20‘19‘18|17|16 15|14 3 12\11 \1o| 9 | 8|7 | 6 \ 5 \ 4 \ 3 \ 2[1 | 0
ICLASS | Amode | Type |y s5 Parse t5 d2

1/0[(1/0(0|0O|0|0|1|0|1|s|s|s|s|s

t|t[t|t|-|-|-|-]|-|-|d

o

memw_locked(Rs,Pd)=Rt

1/0[(1/0(0|0O|0O|O0O|1|1|1|s|s|s|s|s

t{t|t|t|-|-|-|-|-|-]|d

o

memd_locked(Rs,Pd)=Rtt

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Field name Description
Amode Amode
Type Type
UN Unsigned
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Zero a cache line

Clears 32-bytes of memory.

If the memory is marked write-back cacheable, a cache line is allocated in the data cache
and 32 bytes are cleared.

If it is write-through or write-back, 32 bytes of zeros are sent to memory.

This instruction is useful for efficiently handling write-only data by pre-allocating lines in
the cache.

The address must be 32-byte aligned. If not, an unaligned error exception is raised.

If this instruction appears in a packet, slot 1 must be A-type or empty.

Syntax Behavior

dczeroa (Rs) EA=Rs;
dcache zero addr (EA) ;

Class: SYSTEM (slots 0)

Notes

= A packet containing this instruction must have slot 1 either empty or executing an
ALU32 instruction.

Encoding
31/30]29]28 27|26 25| 24|23[ 22|21] 20 19]18]17]16 /15[ 14]13[12[ 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS Amode Type H s5 Parse
1|o|1‘0 0‘0‘0 0|1|105‘s‘s|s|s P|P0‘-‘-‘-|-|-|-|-‘-‘-‘-‘-|-|-dczeroa(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
Amode Amode
Type Type
UN Unsigned
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Memory barrier

Establish a memory barrier to ensure proper ordering between accesses before the barrier
instruction and accesses after the barrier instruction. All accesses before the barrier will be
globally observable before any access after the barrier can be observed.

The use of this instruction is system-dependent.

Syntax Behavior

barrier memory barrier;

Class: SYSTEM (slots 0)

Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS Amode Type H Parse
1]of1]ol1]ofolofofolo]-[-|-[-[-]p[P[-|-[-]-]-[-]-]-[-]-]-]-]-]-|varier
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
Amode Amode
Type Type
UN Unsigned
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Breakpoint

Cause the program to enter debug mode if enabled by ISDB. Execution control is handed
to ISDB and the program will not proceed until directed by the debugger.

If ISDB is disabled, this instruction is treated as a NOP.

Syntax Behavior

brkpt Enter debug mode;

Class: SYSTEM (slot 3)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a

packet.
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm Parse
o1 tfolt]1fofofofoft[-[-[-[-]-[P[P[-[-]-]-]-[-[ofoo[-][-[-]-]- o
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
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Data cache prefetch

Prefetch the data at address Rs + unsigned immediate.

This instruction is a hint to the memory system, and is handled in an implementation-
dependent manner.

Syntax Behavior

dcfetch(Rs) Assembler mapped to: "dcfetch (Rs+#0)"

dcfetch (Rs+#ull:3) EA=Rs+#u;
dcache fetch (EA) ;

Class: SYSTEM (slots 0)

Intrinsics
dcfetch(Rs) void Q6 dcfetch A (Address a)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS Amode Type H s5 Parse
1|o|o‘10‘1‘0 O|O|005‘s‘s|s|s P|P0--i|i|i|i|i‘i‘i‘i‘i|i|idcfetch(Rs+#u11:3)
Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Parse Packet/Loop parse bits
s5 Field to encode register s
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Data cache maintenance user operations

Perform maintenance operations on the data cache.

dccleaninva looks up the data cache at address Rs. If this address is in the cache and has
dirty data, then the data is written back out to memory and the line is then invalidated.

dccleana looks up the data cache at address Rs. If this address is in the cache and has dirty
data, then the data is written back out to memory.

dcinva looks up the data cache at address Rs. If this address is in the cache, then the line
containing the data is invalidated.

If these instruction appears in a packet, then slot 1 must be A-type or empty.

In implementations that support L2 cache, these instructions operate on both L1 data and
L2 caches.

Syntax Behavior

dccleana (Rs) EA=RS;
dcache clean addr (EA) ;

dccleaninva (Rs) EA=RS;
dcache cleaninv_addr (ER) ;

dcinva (Rs) EA=RS;
dcache cleaninv_addr (ER) ;

Class: SYSTEM (slots 0)

Notes

= A packet containing this instruction must have slot 1 either empty or executing an
ALU32 instruction.

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Amode Type H s5 Parse
1/0(1|010 0/0(/0|0|s|s|s|s|s|P|/P|-|-|-|-|-|-|-|-]-|-]~-]-]|-+-]-+-|dccleana(Rs)
1/0(11]0|0 0(0|/0|1|s|s|s|s|[s|/P|P|-|-|-|-|=-|=-|=|=]=]=|=-]|=]¢=]=]|dcinva(Rs)
1/0(11]0|0 o|0o(0f1|0|s|s|s|s|s|P/P|-|-|-|-|-|-|=-|=-]|=|=]=]|=]|-=]-=]|dccleaninva(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
Amode Amode
Type Type
UN Unsigned
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Instruction cache maintenance user operations

Look up the address in Rs in the instruction cache. If the address is found, invalidate the
corresponding cache line. If the user does not have proper permissions to the page which

1s to be invalidated, the instruction is converted to a NOP.

icinva (Rs)

Syntax

Class: SYSTEM (slot 2)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a

Behavior

EA=Rs;
icache_inv_addr (EA) ;

packet.
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS s5 Parse
o|1 |o‘1 0‘1 ‘1 |o|1 |1 ‘0 s‘s‘s|s|s P|P 0‘0‘0‘||||HH|| icinva(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Instruction synchronization

Ensure that all prior instructions have committed before continuing to the next instruction.

This instruction should be executed after the following events (when subsequent
instructions need to observe the results of the event):

»  After modifying the TLB with a tlbw instruction

»  After modifying the SSR register

m After modifying the SYSCFG register

m After any instruction cache maintenance operation

m After modifying the TID register

Syntax Behavior

isync instruction_sync;

Class: SYSTEM (slot 2)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a

packet.

Encoding

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Parse
o|1|o‘1 0‘1‘1|1|1|1 ‘0‘0‘0‘0|0|0 P|P 0‘-‘-‘-|o|o|o|o‘0‘0‘0‘0|1|o isync
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits
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L2 cache prefetch

This instruction initiates background prefetching into the L2 cache.
Rs specifies the 32-bit virtual start address.

There are two forms of this instruction. In the first form, the dimensions of the area to
prefetch are encoded in source register Rt as follows:

Rt[15:8] = Width of a fetch block in bytes.
Rt[7:0] = Height: the number of Width-sized blocks to fetch.

Rt[31:16] = Stride: an unsigned byte offset which is used to increment the pointer after
each Width-sized block is fetched.

In the second form, the operands are encoded in register pair Rtt as follows:
Rtt[31:16] = Width of a fetch block in bytes.
Rtt[15:0] = Height: the number of Width-sized blocks to fetch.

Rtt[47:32] = Stride: an unsigned byte offset which is used to increment the pointer after
each Width-sized block is fetched.

Rtt[48] = Direction: if clear, the prefetches should be performed in row major form
meaning all cache lines in a row should be fetched before proceeding to the next row. If
the bit is set, prefetch should be done in column major form, meaning all cache lines in a
column are fetched before proceeding to the next column.

The following figure shows two examples of using the 12fetch instruction. In the box
prefetch, a 2-D range of memory is defined within a larger frame. The second example
shows prefetch for a large linear area of memory, which has size Lines * 128.

L2FETCH for box prefetch L2FETCH for large linear prefetch
31 16 15 87 0 31 16 15 87 0
Rt Stride Width | Height Rt 128 128 | Lines
Rs Start Address Rs Start Address

/ Stride
aL
Y

A -
/ »
£ Width
. Prefetch .
Height fr. 128* Lines
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Syntax Behavior
12fetch (Rs,Rt) 12fetch (Rs, INFO) ;
12fetch (Rs,Rtt) 12fetch (Rs, INFO) ;

12fetch is non-blocking. After the instruction is initiated, the program will continue on to
the next instruction while the prefetching is performed in the background. 12fetch can be
used to bring in either code or data to the L2 cache. If the lines of interest are already in the
L2, no action is performed. If the lines are missing from the L2$, the hardware attempts to
fetch them from the system memory.

The hardware prefetch engine continues to request all lines in the programmed memory
range. The prefetching hardware makes a best-effort to prefetch the requested data, and
attempts to perform prefetching at a lower priority than demand fetches. This prevents
prefetch from adding traffic while the system is under heavy load.

If a program initiates a new 12fetch while an older 12fetch operation is still pending, the
new request is queued, up to 3 deep. If 3 12fetch operations are already pending, the oldest
request is dropped. During the time an L2 prefetch is active for a thread, the USR:PFA
status bit is set to indicate that prefetches are in-progress. This bit can be used by the
programmer to decide whether or not to start a new 12fetch before the previous one
completes. Note that because LZFETCH is uses low priority, it is not guaranteed to
complete in all cases.

Executing an 12fetch instruction with any subfield programmed as zero cancels all pending
prefetches by the calling thread.

The implementation is free to drop prefetches when needed.

Class: SYSTEM (slots 0)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE

istructions.

Encoding

31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS Amode Type H s5 Parse t5
1/0(1]/0|0o|1]1]/0|0|0|0|s|s|s|s|s|/P/P|-|t|t|t|t|t|-|-]-]-]-]-]|-]-]Ifetch(RsRt)
1/0(1]/0]0|1]1]/0|1]|0|0|s|s|s|s|s/ P P|-|t|t|t|t|t|-|-|-]-]-]-]|-]-]|I2fetch(RsRtt)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

s5 Field to encode register s

t5 Field to encode register t
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Field name Description
Amode Amode
Type Type
UN Unsigned
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Pause

Pause execution for a specified period of time.

During the pause duration, the program enters a low-power state and will not fetch and
execute instructions. The instruction provides a short immediate which indicates the pause
duration. The program will pause for at most the number of cycles specified in the
immediate plus 8. The minimum pause is 0 cycles, and the maximum pause is
implementation-defined.

An interrupt to the program exits the paused state.
System events, such as HW or DMA completion, can trigger exits from pause mode.

An implementation is free to pause for durations shorter than (immediate+8), but not
longer.

This instruction is useful for implementing user-level low-power synchronization
operations, such as spin locks or wait-for-event signaling.

Syntax Behavior

pause (#u8) Pause for #u cycles;

Class: SYSTEM (slot 2)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a
packet.

Encoding

31|30|29‘28 27‘26‘25|24|23|22‘21‘20‘19‘18|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 | 0

ICLASS Parse
O|1|O‘10‘1‘0|0|0|1‘-‘-‘----P|P-‘i‘i‘i|i|i---|‘i‘|--pause(#u8)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
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Memory thread synchronization

Synchronizes memory.

All outstanding memory operations, including cached and uncached loads and stores, are
completed before the processor continues to the next instruction. This ensures that certain
memory operations are performed in the desired order (for example, when accessing 1/0
devices).

After performing a syncht operation, the processor ceases fetching and executing
instructions from the program until all outstanding memory operations of that program are
completed.

In multithreaded or multicore environments, syncht is not concerned with other execution
contexts.

The use of this instruction is system-dependent.

Syntax Behavior

syncht memory synch;

Class: SYSTEM (slots 0)

Notes

m This is a solo instruction. It must not be grouped with other instructions in a

packet.
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS Amode Type H Parse
o o oTo o 0Tt o | [o[ [+l e - [o[- T[T [-[- - [T [ ] onen
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
Amode Amode
Type Type
UN Unsigned
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Send value to ETM trace

Take the value of register Rs and emit it to the ETM trace.

The ETM block must be enabled, and the thread must have permissions to perform
tracing. The contents of Rs are user-defined.

Syntax Behavior

trace (Rs) Send value to ETM trace;

Class: SYSTEM (slot 3)

Notes

» This instruction may only be grouped with ALU32 or non floating-point XTYPE
instructions.

Encoding

o

31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS sm s5 Parse

o|1 |1 ‘0 0o 1|o|o|1 ‘0 s‘s‘s|s|s P|P ‘ - ||||‘ ‘ - || trace(Rs)
Field name Description
sm Supervisor mode only
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Trap

Cause a precise exception.

Executing a trap instruction sets the EX bit in SSR to 1, which disables interrupts and
enables supervisor mode. The program then jumps to the vector location (either trap0
location or trap1 location). The instruction specifies an 8-bit immediate field. This field is
copied into the system status register cause field.

Upon returning from the service routine with an rte instruction, execution resumes at the
packet after the trap instruction.

These instructions are generally intended for user code to request services from the
operating system. Two trap instructions are provided so the OS can optimize for fast
service routines and slower service routines.

Syntax Behavior
trapO (#u8) SSR.CAUSE = #u;
TRAP "O";
trapl (#u8) SSR.CAUSE = #u;
TRAP "1";

Class: SYSTEM (slot 2)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a

packet.

Encoding

31|30|29‘28 27‘26‘25|24|23|22‘21‘20‘19‘18|17|16 15|14 13\12\11\10| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2 | 1 |o
ICLASS Parse
ol1fofafolaofolo o l-]-T-T-T-T-Tele|-Tilalalalal-T-T-Tilili]-]-trapoctus)
olt1fofafolalolola al-]-T-1-T-T-Tele|-Tilalalalal-]-1-]ililil-]-traptcus)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits
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11.10 XTYPE

The XTYPE instruction class includes instructions which perform most of the data
processing done by the Hexagon processor.

XTYPE instructions are executable on slot 2 or slot 3.

11.10.1 XTYPE/ALU

The XTYPE/ALU instruction subclass includes instructions which perform arithmetic and
logical operations.

Absolute value doubleword

Take the absolute value of the 64-bit source register and place it in the destination register.

Syntax Behavior

Rdd=abs (Rss) Rdd = ABS(Rss) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=abs (Rss) Wordée4 Q6 P abs P(Wordé64 Rss)

Encoding

31|30|29‘28 27‘26‘25|24 23|22 2

-

20‘19‘18|17|1615|14 13‘12‘11‘10|9|8 7|6‘5 4\3\2|1|0

ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘0 0‘0‘0|O1|005‘s‘s|s|s P|P-‘-‘-‘-|-|-1|1‘0 d‘d‘d|d|d Rdd=abs(Rss)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Absolute value word

Take the absolute value of the source register and place it in the destination register.

The 32-bit absolute value is available with optional saturation. The single case of
saturation is if the source register is equal to 0x8000_0000, the destination saturates to
Ox7fff fftf.

Syntax Behavior

Rd=abs (Rs) [:sat] Rd = [sat;,] (ABS(sxt;,_.64(RS)));
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rd=abs (Rs) Word32 Q6 R abs R(Word32 Rs)
Rd=abs (Rs) :sat Word32 Q6_R_abs_R sat (Word32 Rs)
Encoding
31/30]29]28 27|26 25| 24|23[ 22|21] 20 19]18]17]16 /15[ 14]13[12[ 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/o|o|1|1]|0|0[1|0|0|s|s|s|s|s|P|P|-|-|-]|-|-|-|1]0|0]|d|d|d]|d]|d|Rd=abs(Rs)
1/0/0/0/1|1/0|/0|1/0|0O|s|s|s|s|s/P/P|-|-]-|-|-]|-|1|0|1|d|d]|d]|d]|d|Rd=abs(Rs):sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Add and accumulate

Add Rs and Rt or a signed immediate, then add or subtract the resulting value. The result
is saved in Rx.

Syntax Behavior
Rd=add (Rs, add (Ru, #s6) ) Rd = Rs + Ru + apply extension (#s);
Rd=add (Rs, sub (#s6,Ru) ) Rd = Rs - Ru + apply extension (#s);
Rx+=add (Rs, #s8) apply extension (#s) ;
Rx=Rx + Rs + #s;
Rx+=add (Rs, Rt) Rx=Rx + Rs + Rt;
Rx-=add (Rs, #s8) apply extension (#s) ;
Rx=Rx - (Rs + #s);
Rx-=add (Rs, Rt) Rx=Rx - (Rs + Rt);

Class: XTYPE (slots 2,3)

Intrinsics
Rd=add (Rs, add (Ru, #s6) ) Word32 Q6 R add add RRI (Word32 Rs, Word32
Ru, Word32 Isé6)
Rd=add (Rs, sub (#s6,Ru) ) Word32 Q6 R add sub RIR(Word32 Rs, Word32
Is6, Word32 Ru)
Rx+=add (Rs, #s8) Word32 Q6 R addacc RI (Word32 Rx, Word32 Rs,
Word32 Is8)
Rx+=add (Rs, Rt) Word32 Q6 R addacc RR(Word32 Rx, Word32 Rs,
Word32 Rt)
Rx-=add (Rs, #s8) Word32 Q6 R addnac_ RI (Word32 Rx, Word32 Rs,
Word32 Is8)
Rx-=add (Rs, Rt) Word32 Q6 R addnac_ RR(Word32 Rx, Word32 Rs,
Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse d5 u5
1{1/0(1{1j041|{1/0|i|i|s|s|s|s|s|/P|/P|i|ldjd|d|d|d|i|i|i|u|u|u]|u]|u|Rd=add(Rs,add(Ru,#s6))
1{1j0y1{1j0oy1{1|1|i|i|s|s|s|s|s|/P|/P|i|jdjd|{dfd|d|i|i|i|u|u|u]|u]|u| Rd=add(Rs,sub(#s6,Ru))
ICLASS RegType MajOp s5 Parse MinOp x5
1/1/1/0(0|0O|1|0|0|-|-|s|s|s|s|s|P|P|O|i|i|i|i|i|i|i|i]|x]x]|x]|x]|x|Rx+t=add(Rs,#s8)
1{1{1/0(0|0|1|0|1|-|-|s|s|s|s|[s|P/P|O|i|i]i|i|i|i|i]i]x]|x|x]|x]|x|Rx-=add(Rs,#s8)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1{1/1/0/1}{141|/1/0(0|0|s|s|s|s|s/P/P|O|t|t|t|t|t 0|0 |1 |x|x]|x]|x]|x|Rx+t=add(Rs,Rt)
1{1/1/0/1{141}{1/1/0|0|s|s|s|s|s/P/P|O|t| t|t|t|t 00|11 |x|x]|x]|x]|x|Rx-=add(Rs,Rt)
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Instruction Set

Field name
RegType
ICLASS
MajOp
MinOp
RegType
Parse
ds
s5
t5
ub

x5

Register Type

Instruction Class

Major Opcode

Minor Opcode

Register Type
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register x

Description

80-N2040-36 C
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Add doublewords

The first form of this instruction adds two 32-bit registers. If the result overflows 32 bits,
the result is saturated to 0x7FFF_FFFF for a positive result, or 0x8000_ 0000 for a
negative result. Note that 32-bit non-saturating register add is a ALU32-class instruction
and can be executed on any slot.

The second instruction form sign-extends a 32-bit register Rt to 64-bits and performs a 64-
bit add with Rss. The result is stored in Rdd.

The third instruction form adds 64-bit registers Rss and Rtt and places the result in Rdd.

The final instruction form adds two 64-bit registers Rss and Rtt. If the result overflows 64
bits, it is saturated to Ox7fff ffff ffff ffff for a positive result, or
0x8000_0000 0000 0000 for a negative result.

Syntax Behavior
Rd=add (Rs,Rt) : sat :deprecated Rd=sat;,(Rs+Rt) ;

Rdd=add (Rs,Rtt) if ("Rs & 1") {
Assembler mapped to:
"Rdd=add (Rss,Rtt) :raw:hi";
} else {
Assembler mapped to:
"Rdd=add (Rss,Rtt) :raw:1o";

}i

Rdd=add (Rss, Rtt) Rdd=Rss+Rtt;

Rdd=add (Rss,Rtt) :raw:hi Rdd=Rtt+sxt;,_ _s4 (Rss.w[1l]);
Rdd=add (Rss,Rtt) :raw: 1o Rdd=Rtt+sxt3,_,64 (Rss.w[0]) ;
Rdd=add (Rss,Rtt) :sat Rdd=saté64 (Rss+Rtt) ;

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=add (Rs, Rtt) Wordé4 Q6 P add RP(Word32 Rs, Wordé4 Rtt)
Rdd=add (Rss,Rtt) Wordé64 Q6 P add PP (Wordé4 Rss, Wordée4 Rtt)
Rdd=add (Rss,Rtt) :sat Wordé4 Q6 P add PP _sat (Wordé64 Rss, Wordé4
Rtt)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1(1/0|1]0|0|1|1]/0|0|0|s|s|s|s|s|/P|[P|-|t|t|t|t t|1]1|1]|d|d|d|d]|d]|Rdd=add(Rss,Rtt)
1(1/0|1]0|0|1|1]0|1|1|s|s|s|s|[s|P|[P|-|t|t|t|t|t|1]0|1]|d|d|d|d]|d]|Rdd=add(Rss,Rtt):sat
1{1/0/1/0/0|1{1/0f1|1|s|s|s|s|s|(P/P|-|t|t t|t|t|1]|1]|]0|d|d|d]|d|d|Rdd=add(Rss,Rit):raw:lo
1{1/0(1/0/0|1{1/0f1|1|s|s|s|s|s|(P/P|-|t|t|t|t|t|1]|1]|1|d|d|d]|d|d]|Rdd=add(Rss,Rit):raw:hi
101010101100 |s|s|s|s|s|/P|[P|-|t|t|t t t0|-|-|d|d|d|d|d| " IaddRsRysatdepreca
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Add halfword

Perform a 16-bit add with optional saturation, and place the result in either the upper or
lower half of a register. If the result goes in the upper half, the sources can be any high or
low halfword of Rs and Rt. The lower 16 bits of the result are zeroed.

If the result is to be placed in the lower 16 bits of Rd, the Rs source can be either high or
low, but the other source must be the low halfword of Rt. In this case, the upper halfword
of Rd is the sign-extension of the low halfword.

Rd=add(Rs.[hl],Rt.[hl])[:sat]

Rs.H Rs.L Rs Rt.H Rt.L Rt

16-bit Add
0x7FFF 0x8000

Saturate

Sign-extend Result Rd
Syntax Behavior
Rd=add (Rt .L,Rs. [HL]) [:sat] Rd=[sat;s] (Rt.h[0]+Rs.h[01]) ;
Rd=add (Rt . [HL] ,Rs. [HL]) [:sat] :<<16 Rd=([sat;¢] (Rt.h[01]+Rs.h[01]))<<16;

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics
Rd=add (Rt .H,Rs.H) : <<16 Word32 Q6 R_add RhRh s16 (Word32 Rt, Word32
Rs)
Rd=add (Rt .H,Rs.H) :sat:<<16 Word32 Q6 R add RhRh sat s16 (Word32 Rt,
Word32 Rg)
Rd=add (Rt .H,Rs.L) : <<16 Word32 Q6 R_add RhR1 s16 (Word32 Rt, Word32
Rs)
Rd=add (Rt .H,Rs.L) :sat:<<16 Word32 Q6 R add RhR1 sat s16(Word32 Rt,
Word32 Rg)
Rd=add (Rt .L,Rs.H) Word32 Q6 R add RIRh(Word32 Rt, Word32 Rs)
Rd=add (Rt .L,Rs.H) : <<16 Word32 Q6 R_add RIRh s16 (Word32 Rt, Word32
Rs)
Rd=add (Rt .L,Rs.H) :sat Word32 Q6 R add R1Rh sat (Word32 Rt, Word32
Rs)
Rd=add (Rt.L,Rs.H) :sat:<<16 Word32 Q6 R add RIRh sat sl16(Word32 Rt,
Word32 Rg)
Rd=add (Rt .L,Rs.L) Word32 Q6 R add RI1RI1 (Word32 Rt, Word32 Rs)
Rd=add (Rt.L,Rs.L) : <<16 Word32 Q6 R _add RIR1 s16 (Word32 Rt, Word32
Rs)
Rd=add (Rt.L,Rs.L) :sat Word32 Q6 R add RIR1 sat (Word32 Rt, Word32
Rs)
Rd=add (Rt.L,Rs.L) :sat:<<16 Word32 Q6 R add R1R1 sat s16 (Word32 Rt,
Word32 Rs)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
111lol1lol1lol1]ofofols|s|s|s|s|P|P|-|t]|t]|t][t][t]|o]o]-]|d]|d]|d]|d]d|Rd=addRtLRsL)
111lol1lol1lol1]olofols|s|s|s|s|P|P|-[t][t]|t]|t]|t]|o][1]-]d|d]d]|d|d|Rd=addRLLRs.H)
111/ol1lol1lof1]ofolols|s|s|s|s|P|P|-|t]|t|t|t|t|1]0]-]d|d|d|d]|d|Rd=add(RtL,RsL)sat
111/ol1lol1lol1]ofofo|s|s|s|s|s|P|P|-|t|t|t|t|t|[1][1]-]d|d]|d|d]|d|Rd=add(RLLRs.H)sat
1111ol1lol1lof1]of1]o|s|s|s|s|s|P|P|-|t|t|t|t|t|o]|o|o|d d| d|d| d Rd=add(RtL,Rs.L)<<16
111/o0l1lol1lol1]of1]o]s|s|s|s|s|P|P|-|t|t|t|t|t|o]o]|1]|d|d]|d|d]|d]|Rd=add(RtLRsH):<<16
111/ol1lol1lol1]ol1]o|s|s|s|s|s|P|P|-|t|t|t|t|t|o]1]|0]|d|d]|d|d]|d]|Rd=add(RtH,Rs.L):<<16
111lol1lol1lol1]ol1]o]s|s|s|s|s|P|P|-][t][t]|t|t]|t]|o][1]1]d]|d]d]|d]d|Rd=add(RLH,Rs.H)<<16
11001 o(1]0|1]0/1|0|s|s|s|s/s/P[P|-|t|t t|t|t|10]0 d|d|d|d|d] dddRLRsL)sat<<1
10101010 1]0[1]0]|s|s|s|s|s|[P[P|-|t|t|t t|t1]0[1|d|d|d|d]|d]|Re=addRtLRsH)sat<<1
1010 (1]0[1]0[1]0[1]0]|s|s|s|s|s|P|[P|-|t|t|t t|t|1]1]0|d|d|d|d]|d]| Re=addRtHRsL)sat<<]
1100 1 of1]0|1]0/1|0|s|s|s|s/s/P[P|- t|t|t|t|t{1 1|1 d|d| d|d]d|RdaddRHRsH)sat<<t
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Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Add or subtract doublewords with carry

Add or subtract with carry. Predicate register Px is used as an extra input and output.
For adds, the LSB of the predicate is added to the sum of the two input pairs.

For subtracts, the predicate is considered a not-borrow. The LSB of the predicate is added
to the first source register and the logical complement of the second argument.

The carry-out from the sum is saved in predicate Px.

These instructions allow efficient addition or subtraction of numbers larger than 64 bits.

Syntax Behavior
Rdd=add (Rss,Rtt, Px) :carry Rdd = Rss + Rtt + Px[0];
Px = carry from add(Rss,Rtt,Px[0]) ? Oxff :
0x00;
Rdd=sub (Rss,Rtt, Px) :carry Rdd = Rss + ~Rtt + Px[O0];
Px = carry from add(Rss,~Rtt,Px[0]) ? Oxff
0x00;

Class: XTYPE (slots 2,3)

Notes

m  The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS RegType Maj s5 Parse t5 x2 d5
1/1/0/0/0|/0O|1|0|1(1|0|s|s|s|s|s|P/P|l-|t|t|t|t|t| -|x|x|d|d|d]|d|d|Rdd=add(Rss,RttPx):carry
1/17/0/0/0j0|1|/0|1(1|1|s|s|s|s|s/P/P|-|t|t|t|t|t| -|[x|x|d|d|d]|d]|d| Rdd=sub(Rss,RttPx):carry
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
X2 Field to encode register x
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Logical doublewords

Perform bitwise logical AND, OR, XOR, and NOT operations.
The source and destination registers are 64-bit.

For 32-bit logical operations, see the ALU32 logical instructions.

Syntax Behavior
Rdd=and (Rss, Rtt) Rdd=Rss&Rtt;
Rdd=and (Rtt, ~Rss) Rdd = (Rtt & ~Rss) ;
Rdd=not (Rss) Rdd=~Rss;
Rdd=or (Rss,Rtt) Rdd=Rss |Rtt;
Rdd=or (Rtt, ~Rss) Rdd = (Rtt | ~Rss);
Rdd=xor (Rss,Rtt) RdAd=Rss”Rtt;

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=and (Rss,Rtt) Wordé64 Q6 P and PP (Wordé64 Rss, Wordé64 Rtt)
Rdd=and (Rtt, ~Rss) Wordé64 Q6 P and PnP (Wordé64 Rtt, Wordé4 Rss)
Rdd=not (Rss) Wordé64 Q6 P not P (Wordé64 Rss)
Rdd=or (Rss, Rtt) Wordé4 Q6 P or PP (Wordé4 Rss, Wordé4 Rtt)
Rdd=or (Rtt, ~Rss) Wordé4 Q6 P or PnP(Wordé4 Rtt, Wordé4 Rss)
Rdd=xor (Rss,Rtt) Wordé64 Q6_P_xor_ PP (Wordé64 Rss, Wordé4 Rtt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|0|0‘0 0‘0‘0|01|00 s‘s‘s|s|s P|P - -|-|-1|0‘0 d‘d‘d|d|d Rdd=not(Rss)
ICLASS RegType s5 Parse t5 MinOp d5
1(1/0]|1]0|0|1|1[1|1|1|s|s|s|s|s|/P|[P|-|t|t|t|t t|[0|0|0|d|d|d|d]|d]|Rdd=and(Rss,Rtt)
1(1/0]|1]0|0|1|1[1|1|1|s|s|s|s|s|P|P t{t|t|t|t|o]|0|1|d|d|d]|d]|d|Rdd=and(Rit,~Rss)
1(1/0|1]0|0|1|1[1|1]|1|s|s|s|s|s|P|P t{t|t|t|t|0o|1]|0]|d|d]|d]|d]|d|Rdd=or(Rss,Rtt)
1(1/0|1]0|0|1|1[1|1|1|s|s|s|s|s|P|P|-|t|t|t|t|t|0|1|1]|d|d|d]|d]d]|Rdd=or(Rtt,~Rss)
1(1/0(1]0|0|1|1[1|1|1|s|s|s|s|s|P|[P|-|t|t|t|t|t|1][0|0]|d|d|d|d]|d]|Rdd=xor(RssRtt)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
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Field name Description
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Logical-logical doublewords

Perform a logical operation of the two source operands, then perform a second logical
operation of the result with the destination register Rxx.

The source and destination registers are 64-bit.

Syntax Behavior

Rxx”*=xor (Rss,Rtt) Rxx*=Rss”Rtt;

Class: XTYPE (slots 2,3)

Intrinsics
Rxx”=xor (Rss,Rtt) Wordée4 Q6 P xorxacc PP (Wordé64 Rxx, Wordé64
Rss, Wordé4 Rtt)
Encoding
31/30]29]28 27|26 25] 24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType Maj s5 Parse t5 Min x5
1|1|o‘01‘0‘1|o 1|o . s‘s‘s|s|s P|P0 t‘t‘t|t|t0|00 x‘x‘x|x|x Rxx*=xor(Rss,Rtt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
X5 Field to encode register x
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Logical-logical words

Perform a logical operation of the two source operands, then perform a second logical
operation of the result with the destination register Rx.

The source and destination registers are 32-bit.

Syntax
Rx=or (Ru, and (Rx, #s10) )
Rx [&|”]=and (Rs,Rt)
Rx [&|"]=and (Rs, ~Rt)
Rx [&|"]=or (Rs,Rt)
Rx [&| "] =xor (Rs,Rt)
Rx|=and (Rs, #s10)

Rx|=or (Rs, #s10)
Class: XTYPE (slots 2,3)

Intrinsics

Rx&=and (Rs, Rt)
Rx&=and (Rs, ~Rt)

Rx&=or (Rs,Rt)

Rx&=xo0r (Rs,Rt)

Rx=or (Ru, and (Rx, #s10) )
Rx*=and (Rs,Rt)
Rx*=and (Rs, ~Rt)

Rx*=or (Rs,Rt)

Rx“=xor (Rs,Rt)

Rx|=and (Rs, #s10)

Behavior
Rx = Ru | (Rx & apply extension (#s));
Rx [|&"]1= (Rs [|&"] Rt);
Rx [|&"]= (Rs [|&"] ~Rt);
Rx [|&"]1= (Rs [|&"] Rt);

Rx[|&"]1=Rs[|&"]Rt;
Rx = Rx | (Rs & apply extension (#s));

Rx = Rx | (Rs | apply extension (#s));

Word32 Q6 R andand RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R andand RnR (Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R orand RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R xorand RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R or and RRI (Word32 Ru, Word32
Rx, Word32 Isl0)

Word32 Q6 R andxacc_RR(Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R andxacc RnR(Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R orxacc_RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R xorxacc RR(Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R andor_ RI (Word32 Rx, Word32 Rs,
Word32 Isl0)
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Instruction Set

Rx|=and (Rs,Rt)
Rx|=and (Rs, ~Rt)
Rx|=or (Rs, #s10)
Rx|=or (Rs,Rt)

Rx|=xor (Rs,Rt)

Word32 Q6 R andor RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R andor_ RnR (Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R oror RI(Word32 Rx, Word32 Rs,
Word32 IslO0)

Word32 Q6 R oror RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Word32 Q6 R xoror RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse x5
1|1|0‘1 1‘0‘1|0 0|0‘i s‘s‘s|s|s P|Pi‘i‘i‘i|i|i|i|i‘i x‘x‘x|x|x Rx|=and(Rs #s10)
ICLASS RegType x5 Parse u5
1|1|o‘1 1‘0‘1|o 0|1‘i x‘x‘x|x|x P|P i‘i‘i‘i|i|i|i|i‘i u‘u‘u|u|u Rx=or(Ru,and(Rx#s10))
ICLASS RegType s5 Parse x5
1|1|o‘1 1‘0‘1|o 1|0‘i s‘s‘s|s|s P|P i i‘i‘i|i|i i|i‘i x‘x‘x|x|x Rx|=or(Rs #s10)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1{1{1/0/1}141{1/0(0|1|s|s|s|s|s/P/P|O|t|t|t|t|t 0|0|0|x|x|x]|x]|x | Rxl=and(Rs,~Rt)
1{1/1/0/1{141}{1/0(0|1|s|s|s|s|s/ P/P|O|t|t|t|t|t 0|01 |x|x]|x]|x]|x | Rx&=and(Rs,~Rt)
1{1{1j0(11{1{1/0(0(1|s|s|s|s|(s/P/P/O|t|t|t|t|t|0|1]|0]|x|x|x|x|x|Rx*=and(Rs,~Rt)
1{1{1jo0(1(1|1{1/0(1/0|s|s|s|s|(s/P/P/O|t|t|t|t|t 0]|0|0|x|x]|x]|x|x|Rx&and(Rs,Rt)
1{1{1/0(11{1{1/0(1/0|s|s|s|s|(s|(P/P|O|t|t|t|t|t|0|0]|1T]|x|x|x|x]|x|Rx&=or(Rs,Rt)
1{1/1/0/1{141}{1/0(1|0|s|s|s|s|s/P/P|O|t|t|t|t|t 0[1]|0|x|x]|x]|x]|x | Rx&=xor(Rs,Rt)
1{1/1/0/1/141}{1/0(1|0|s|s|s|s|s/P/P|O|t|t|t|t|t 0[1]|1|x|x]|x]|x]|x|Rxl=and(Rs,Rt)
1{1/1/0{1{141{1/1/0|0|s|s|s|s|s/P/P|O|t|t|t|t|t 01|11 |x|x]|x]|x]|x | Rx'=xor(Rs,Rt)
1{1}{1jo(11|1{1{1{1/0|s|s|s|s|(s|(P/P/O|t|t|t|t|t 0]|0|0|x|x|x]|x]|x|Rx|=or(Rs,Rt)
1{1{1j0(141|1}{1{1{1/0|s|s|s|s|s|P/P|O|t|t|t|t|[t|0|0|1]|x]|x]|x]|x]|x|Rx]=xor(Rs,Rt)
1{1{1/0(11{1{1{1{1/0|s|s|s|s|(s|(P/P/O|t|t|t|[t|t 0|1]|0]|x]|x|x]|x|x|Rx*=and(Rs,Rt)
1{1{1/0(1}{141{1|1[(1|/0|s|s|s|s|s P/P|O|t|t|t|t|t 01|11 |x|x]|x]|x]|x|Rx'=or(Rs,Rt)
Field name Description
RegType Register Type
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
us Field to encode register u
X5 Field to encode register x
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Maximum words

Select either the signed or unsigned maximum of two source registers and place in a
destination register Rdd.

Syntax Behavior
Rd=max (Rs, Rt) Rd = max(Rs,Rt) ;
Rd=maxu (Rs, Rt) Rd = max(Rs.uw[0] ,Rt.uw([0]) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rd=max (Rs, Rt) Word32 Q6 R max RR(Word32 Rs, Word32 Rt)

Rd=maxu (Rs

,Rt) UWord32 Q6 R maxu RR(Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22] 21|20 19]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1/1]/0(1[0[1|/0[1|1|[1|0|s|s|s|[s|s/P|P|-|[t|t|t|t|t|0|-|-|d|d|d]|d]d]|Rd=max(RsRt)
1/1]/0(1]0[1|0[1|1|[1]|0|s|s|s|[s|[s/P|P|-|t|t|t|t|t|1|-|-|d|d|d]|d]|d]|Rd=maxu(RsRt)
Field name Description

RegType Register Type

MinOp Minor Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Maximum doublewords

Select either the signed or unsigned maximum of two 64-bit source registers and place in a
destination register.

Syntax Behavior
Rdd=max (Rss,Rtt) Rdd = max(Rss,Rtt) ;
Rdd=maxu (Rss, Rtt) Rdd = max(Rss.u64,Rtt.u64) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=max (Rss,Rtt) Wordée4 Q6 P max PP (Wordé4 Rss, Wordé4 Rtt)
Rdd=maxu (Rss, Rtt) UWord64 Q6 P maxu PP (Wordé64 Rss, Wordé64
Rtt)
Encoding
31/30]29]28 27|26 25] 24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType s5 Parse t5 MinOp d5
1/1]/0]1]/0]o|1|1]|1]|1|0|s|s|s|s|s|P|[P|-|t|t|t|t|t|1]/0]|0]|d]|d]|d]|d]|d]|Rdd=max(Rss,Rtt)
1/1]/0(1]/0|0|1]|1]|1]|1|/0|s|s|s|s|s/PP|-|t|t|t|[t|[t|[1][0]1]|d|d]|d]|d]|d]|Rdd=maxu(Rss,Rit)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 404

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Minimum words

Select either the signed or unsigned minimum of two source registers and place in
destination register Rd.

Syntax Behavior
Rd=min (Rt,Rs) Rd = min (Rt,Rs) ;
Rd=minu (Rt, Rs) Rd = min(Rt.uw[0],Rs.uw[0]) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rd=min (Rt,Rs) Word32 Q6 R min RR(Word32 Rt, Word32 Rs)
Rd=minu (Rt,Rs) UWord32 Q6 R minu RR(Word32 Rt, Word32 Rs)
Encoding
31/30/29|28|27|2625/24/23|22] 21|20 19]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1(1/0|1]0|1]|0|1[1|/0|1|s|s|s|s|s|P|P|-|t|t|t|t|t|0|-|-|d|d|d|d]|d]|Rd=min(RtRs)
1(1/0|1]0|1]|0[1[1]|0|1|s|s|s|s|s|P|P|-|t|t|t|t|t|1]|-|-|d|d|d]|d]|d]|Rd=minu(RtRs)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Minimum doublewords

Select either the signed or unsigned minimum of two 64-bit source registers and place in
the destination register Rdd.

Syntax Behavior

Rdd=min (Rtt,Rss) Rdd

min (Rtt,Rss) ;

Rdd=minu (Rtt,Rss) Rdd min (Rtt.u64,Rss.u64) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=min (Rtt,Rss) Wordé4 Q6 P min PP (Wordé4 Rtt, Wordé4 Rss)
Rdd=minu (Rtt,Rss) UWord64 Q6 P minu PP (Wordé64 Rtt, Wordé64
Rss)
Encoding
31/30]29]28 27|26 25] 24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType s5 Parse t5 MinOp d5
1/1]/0]1]/0|o|1|1]|1]|0|1|s|s|s|s|s|P|P|[-|t|t|t|t|t|1]1]|0]|d|d]|d]|d]d]|Rdd=min(Rtt,Rss)
1/1]/0(1]ofof1|1]|1]/0|1|s|s|s|s|s/P/P|-|t|t|t|t|[t|1[1]1]|d|d]|d]|d]|d]|Rdd=minu(RttRss)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Modulo wrap

Wrap the Rs value into the modulo range from 0 to Rt.

If Rs is greater than or equal to Rt, wrap it to the bottom of the range by subtracting Rt.
If Rs is less than zero, wrap it to the top of the range by adding Rt.

Otherwise, when Rs fits within the range, no adjustment is necessary. The result is

returned in register Rd.

Syntax Behavior

Rd=modwrap (Rs, Rt) if (Rs < 0) {
Rd = Rs + Rt.uwlO0];
} else if (Rs.uw[0] >= Rt.uwl[0]) {

Rd = Rs - Rt.uw[O0];

} else {
Rd = Rs;

¥

Class: XTYPE (slots 2,3)

Intrinsics

Rd=modwrap (Rs, Rt) Word32 Q6 R modwrap RR(Word32 Rs, Word32

Rt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1 |1 |o ‘1 0‘0‘1 |1 1 |1 ‘1 s‘s‘s|s|s P|P ; t‘t‘t|t|t 1 |1 ‘1 d‘d‘d|d|d Rd=modwrap(Rs,Rt)
Field name Description

RegType Register Type

MinOp Minor Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Negate

The first form of this instruction performs a negate on a 32-bit register with saturation. If
the input is 0x80000000, the result is saturated to Ox7fffffff. Note that the non-saturating
32-bit register negate is a ALU32-class instruction and can be executed on any slot.

The second form of this instruction negates a 64-bit source register and place the result in
destination Rdd.

Syntax Behavior
Rd=neg (Rs) :sat Rd = sat;,(-Rs.s64);

Rdd=neg (Rss) Rdd = -Rss;
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rd=neg (Rs) :sat Word32 Q6 R neg R sat (Word32 Rs)
Rdd=neg (Rss) Wordé4 Q6_P_neg_ P (Wordé64 Rss)
Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12[ 1110/ 9 [8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS RegType |MajOp s5 Parse MinOp d5
11010 0 0/0(1/0|0|s|s|s|s|s|P/P|-|-|-]-|-|-|1T]0|1]|d|d|d|d]|d]|Rdd=neg(Rss)
11010 1 0(0|1/0|0|s|s|s|s|[s|P/P|-|-|-]-|-|-]|1|1]0|d|d|d|d]|d]|Rd=neg(Rs):sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Round

Perform either arithmetic (.5 is rounded up) or convergent (.5 is rounded towards even)
rounding to any bit location.

Arithmetic rounding has optional saturation. In this version, the result is saturated to a 32-
bit number after adding the rounding constant. After the rounding and saturation have
been performed, the final result is right shifted using a sign-extending shift.

Syntax Behavior
Rd=cround (Rs, #u5) Rd = (#u==0) ?Rs:convround (Rs, 2** (#u-
1)) >>#u;
Rd=cround (Rs, Rt) Rd = (zxtg._
532 (Rt)==0) ?Rs:convround (Rs, 2** (zxt_

32 (RE) -1) ) >>zxty__5, (RE) ;

Rd=round (Rs, #u5) [:sat] Rd = ([satj;,] ((#u==0)? (Rs) :round (Rs, 2** (#u-
1))))>>#u;

Rd=round (Rs,Rt) [:sat] Rd = ([sat;,] ((zxtg_
.32 (RE)==0) ? (Rs) :round (Rs, 2** (zxtg_, 4, (RE) -
1))))>>zxts_ .35 (RE) ;

Rd=round (Rss) :sat tmp=saté64 (Rss+0x080000000ULL) ;

Rd = tmp.wl[1];
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=cround (Rs, #u5) Word32 Q6 R cround RI(Word32 Rs, Word32
Tub)

Rd=cround (Rs, Rt) Word32 Q6 R cround RR(Word32 Rs, Word32 Rt)

Rd=round (Rs, #ub) Word32 Q6 R round RI (Word32 Rs, Word32 Iu5)

Rd=round (Rs, #u5) : sat Word32 Q6 R round RI sat (Word32 Rs, Word32
Tub)

Rd=round (Rs, Rt) Word32 Q6 R round RR(Word32 Rs, Word32 Rt)

Rd=round (Rs,Rt) :sat Word32 Q6 R round RR sat (Word32 Rs, Word32
Rt)

Rd=round (Rss) : sat Word32 Q6 R round P sat (Wordé4 Rss)
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/o/jo/o0j1jojojo|1(1/0|s|s|s|s|s/P/P|-|-|-|-|-]-/0[|0|1|d|d|d]|d]|d|Rd=round(Rss):sat
1/o0jojoj1|1/0j/o0|1(1|1|s|s|s|s|s/ P/P|O|i|i|i|i|i|0O|0O]|-|d|d d | d | Rd=cround(Rs,#u5)
1/0/0(0f1/1/0|0{1|1|1|s|s|s|s|s|(P/P/O|i|i]i|ilil1]|0]-|d]|d d | d | Rd=round(Rs,#u5)
1/0(0(0f1|/1|0|0 1|11 |s|s|s|s|s|(P/P/O|i|i]i|ilil1]|1]-]d]d d | d | Rd=round(Rs,#u5):sat
ICLASS RegType Maj s5 Parse t5 Min d5
1/1/0j0(0|1|1]|0|1|1|-|s|s|s|s|s - t|t|t|{t|t/0|0O|-|d|d d | d | Rd=cround(Rs,Rt)
1/1]/0]0f0{1|{1]|0|1|1|-|s|s|s|s|s/P/P|-|t|t|t|[t|[t|[1[0]-|d|d]|d]|d]d]|Rd=round(Rs,Rt)
1{17/0/0/0{141/0|1(1|-|s|s|s|s|s/P/P|-|t|t|t|t |t 1|1]|-|d d|d]|d]|d|Rd=round(Rs,Rt):sat
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

MajoOp Major Opcode

MinOp Minor Opcode

Maj Major Opcode

Min Minor Opcode

RegType Register Type

RegType Register Type
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Subtract doublewords

Subtract the 64-bit register Rss from register Rtt.

Syntax Behavior
Rd=sub (Rt ,Rs) : sat :deprecated Rd=sat;,(Rt - Rs);

Rdd=sub (Rtt,Rss) Rdd=Rtt-Rss;
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=sub (Rtt,Rss) Wordé64 Q6 P sub PP (Wordé64 Rtt, Wordé64 Rss)
Encoding
31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|1615|14 13 12‘11‘10|9|8 7|6‘5 4\3\2|1|0
ICLASS RegType s5 Parse t5 MinOp d5
11101 o 11001 ]s]s]s|s|s|P[P|-|tlt|t]t|t[1]1][1]a]d]d]d]d|Rdd=sub(ritRss)
1111010 ol1]1]0]0|s|s|s|s|s|P|P| -|t|t|t t|t 1 -|-|dd|d d d| R IsubRiRs)satdepreca

Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Subtract and accumulate words

Subtract Rs from Rt, then add the resulting value with Rx. The result is saved in Rx.

Syntax Behavior

Rx+=sub (Rt,Rs) Rx=Rx + Rt - Rs;

Class: XTYPE (slots 2,3)

Intrinsics

Rx+=sub (Rt,Rs) Word32 Q6 R subacc RR(Word32 Rx, Word32 Rt,
Word32 Rg)

Encoding

w

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1|1|1‘01‘1‘1|1 o|0‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|1‘1 x‘x‘x|x|x Rx+=sub(RLRS)

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
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Subtract halfword

Perform a 16-bit subtract with optional saturation and place the result in either the upper or
lower half of a register. If the result goes in the upper half, then the sources can be any
high or low halfword of Rs and Rt. The lower 16 bits of the result are zeroed.

If the result is to be placed in the lower 16 bits of Rd, then the Rs source can be either high
or low, but the other source must be the low halfword of Rt. In this case, the upper
halfword of Rd is the sign-extension of the low halfword.

Rd=sub(Rt.[hl],Rs.])[:sat] Rd=sub(Rt.[hl],Rs.[hl])[:sat]:<<16
Rt.H Rt.L Rt Rt.H Rt.L Rt
Rs Rs
Rs.L Rs.L
16-bit Sub 16-bit Sub
0x7FFF 0x8000 0x7FFF 0x8000
Sign-extend Result Rd Result 0x0000 Rd
Syntax Behavior
Rd=sub (Rt .L,Rs. [HL]) [:sat] Rd=[sat;¢] (Rt.h[0]-Rs.h[01]);
Rd=sub (Rt . [HL] ,Rs. [HL]) [:sat] :<<16 Rd=([sat;¢] (Rt.h[01]-Rs.h[01]))<<16;

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics
Rd=sub (Rt .H,Rs.H) : <<16 Word32 Q6 R sub RhRh sl6(Word32 Rt, Word32
Rs)
Rd=sub (Rt .H,Rs.H) :sat:<<16 Word32 Q6 R sub RhRh sat s16(Word32 Rt,
Word32 Rg)
Rd=sub (Rt .H,Rs.L) : <<16 Word32 Q6 R sub RhR1 sl6(Word32 Rt, Word32
Rs)
Rd=sub (Rt .H,Rs.L) :sat:<<16 Word32 Q6 R sub RhR1 sat s16(Word32 Rt,
Word32 Rg)
Rd=sub (Rt .L,Rs.H) Word32 Q6 R sub RIRh(Word32 Rt, Word32 Rs)
Rd=sub (Rt.L,Rs.H) : <<16 Word32 Q6 R sub RIRh sl6(Word32 Rt, Word32
Rs)
Rd=sub (Rt .L,Rs.H) :sat Word32 Q6 R sub R1Rh sat (Word32 Rt, Word32
Rs)
Rd=sub (Rt.L,Rs.H) :sat:<<16 Word32 Q6 R sub RIRh sat sl16(Word32 Rt,
Word32 Rg)
Rd=sub (Rt.L,Rs.L) Word32 Q6 R sub RIRI (Word32 Rt, Word32 Rs)
Rd=sub (Rt.L,Rs.L) : <<16 Word32 Q6 R sub RIR1 s16 (Word32 Rt, Word32
Rs)
Rd=sub (Rt.L,Rs.L) :sat Word32 Q6 R sub RIR1 sat (Word32 Rt, Word32
Rs)
Rd=sub (Rt.L,Rs.L) :sat:<<16 Word32 Q6 R sub R1R1 sat s16(Word32 Rt,
Word32 Rs)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
111lol1lol1lof1]ofol1]s]s|s|s|s|P[P|-|t]|t]|t|t|t|o]o]|-]d|d|d|d]|d|Rd=subRtLRsL)
111lol1lol1lof1]ofol1]s|s|s|s|s|P|P|-|t]|t|t|t|t|o|1]-]d|d|d]|d]|d]|Rd=subRtLRs.H)
1110ol1lol1lof1]olof1]s|s|s|s|s|P|P|-[t]|t]|t|t]|t][1]o]-]d|d]d]|d|d|Rd=sub(RtLRsLysat
111lol1lol1lof1]ofol1]s|s|s|s|s|P|[P|-]|t]|t]|t|t|t|1]1]-]d| d|d|d| d| Rd=sub(RtLRs.H)sat
1110ol1lol1lof1]of1]1]s|s|s|s|s|P|P|-|t|t|t|t]|t|o]o]o|d|d|d]|d| d| Rd=sub(RtLRsL)<<16
111lol1lol1lof1]of1]1]s|s|s|s|s|P|P|-|t|t|t|t|t|o]o]1]|d|d|d| d| d| Rd=sub(RtLRs.H):<<16
111lol1lol1lof1]ol1]1]s|s|s|s|s|P|P|-|t|t|t|t|t|o]|1]0]d|d|d| d| d| Rd=sub(RtHRsL):<<16
111lol1lol1lol1]ol1]1]s|s|s|s|s|pP[P|-|t]|t|t|t|t|o|1]1]d|d|d|d]|d]|Rd=sub(RtHRs.H)<<16
1/1]0 1 of1]01]0/1|1]s|s|s|s s PIP|-|t|t|t t|t|1]0[0|d d|d|d| d] gI=subRLLRs.L)sat<<T
101010 1]0[1[0[1[1]s|s|s|s|s[PP|-[t|t|t|t|t|1]o[1]|d d|d|d| | RI=SubRLLRsH)sat<<t
101001010101 ]1]s|s|s|s|s[PP|-[t|t|t|t|t1[1]0|d d|d|d|a RISubRLHRsL)sat<<t
111001 o(1]o|1]0/1|1]s|s|s|s|s/P[P|-|t|t t|t|t|1 1|1 d|d|d|d|d] d=subRHRsH)sat<<t
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Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Sign extend word to doubleword
Sign-extend a 32-bit word to a 64-bit doubleword.

Syntax Behavior

Rdd=sxtw (Rs) Rdd = sxt;,_.64 (RS);

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=sxtw (Rs) Wordée4 Q6 P sxtw R(Word32 Rs)
Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘0 0‘1‘0|0 o|1 -s‘s‘s|s|s P|P-‘-‘-‘-|-|-O|O‘-d‘d‘d|d|d Rdd=sxtw(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector absolute value halfwords

Take the absolute value of each of the four halfwords in the 64-bit source vector Rss. Place
the result in Rdd.

Saturation is optionally available.

Syntax Behavior

Rdd=vabsh (Rss) for (i=0;i<4;i++)
RdAd.h[i]=ABS (Rss.h[i]) ;
b e

Rdd=vabsh (Rss) :sat for (i=0;i<4;i++)
RAd.h[i] =sat,, (ABS (Rss.h[il));
}i

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vabsh (Rss) Wordée4 Q6 P vabsh P(Wordé64 Rss)
Rdd=vabsh (Rss) :sat Wordée4 Q6 P vabsh P sat (Wordé4 Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|ofofo|oj0o|0|1|0|s|s|s|[s|[s/P|P|-|-|-|-|-|-[1]|0|0|d|d|d]|d]|d|Rdd=vabsh(Rss)
1/o/jojojojojojojo(1/0|s|s|s|(s|s/P/P|-|-|-|-|-]|-|/1[/0|1|d|d]|d]|d]|d|Rdd=vabsh(Rss):sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector absolute value words

Take the absolute value of each of the two words in the 64-bit source vector Rss. Place the
result in Rdd.

Saturation is optionally available.

Syntax Behavior

Rdd=vabsw (Rss) for (i=0;i<2;i++)
RdAd.w[i] =ABS (Rss.w[i]) ;
b e

Rdd=vabsw (Rss) :sat for (i=0;i<2;i++)
Rdd.w([i] =sat;, (ABS(Rss.w[i])) ;
¥

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vabsw (Rss) Wordée4 Q6 P vabsw P (Wordé64 Rss)
Rdd=vabsw (Rss) :sat Wordée4 Q6 P vabsw P sat (Wordé4 Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/o0/jojojojojojo/o(1/0|/s|s|s|s|s/P/P|-|-]|-|-|-]|-|1[1]0|d|d]|d]|d]|d|Rdd=vabsw(Rss)
1/ojojojojojojo/o(1/0|s|s|s|s|s/P/P|-|-]-|-|-|-|1T[1]1|d|d]|d]|d]|d|Rdd=vabsw(Rss):sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector absolute difference bytes

For each element in the source vector Rss, subtract the corresponding element in source
vector Rtt. Take the absolute value of the results, and store into Rdd.

Syntax Behavior

Rdd=vabsdiffb (Rtt,Rss) for (i=0;i<8;i++)
Rdd.b[i]=ABS (Rtt.b[i] - Rss.bl[i]);
}i

Rdd=vabsdiffub (Rtt,Rss) for (i=0;i<8;i++) {
Rdd.b[i]=ABS (Rtt.ub[i] - Rss.ubl[i]);
}i

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vabsdiffb (Rtt, Rss) Wordé64 Q6 P vabsdiffb PP (Wordé4 Rtt, Worde4
Rsg)
Rdd=vabsdiffub (Rtt,Rss) Wordée4 Q6 P vabsdiffub PP (Wordé4 Rtt,
Wordé4 Rss)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1{1[(1]o|1]|ofofo|1|o|1|s|s|s|s|s|P|P|O|t|t|t|t|t|o|0o|0|d|d]|d]|d]|d]|Rdd=vabsdiffub(RttRss)

o

1|/1/1/0}1|0|{0|0|1|1|1|s|s|s|s|/s/P/P/O|t t|t|t t|0|0O|0|dddd Rdd=vabsdiffb(Rtt,Rss)

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector absolute difference halfwords

For each element in the source vector Rss, subtract the corresponding element in source
vector Rtt. Take the absolute value of the results, and store into Rdd.

Syntax Behavior

Rdd=vabsdiffh (Rtt,Rss) for (i=0;i<4;i++)
Rdd.h[i]=ABS(Rtt.h[i] - Rss.h[i]);
}i

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vabsdiffh (Rtt, Rss) Wordé64 Q6 P vabsdiffh PP (Wordé4 Rtt, Worde4
Rss)

Encoding

31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|16 15|14 1

w

12‘11‘10|9|8 7|6‘5 4\3\2|1|0

ICLASS

RegType MajOp s5 Parse t5 MinOp d5

1|1|1‘0 1‘0‘0|o o|1‘1 s‘s‘s|s|s P|P 0 t‘t‘t|t|t o|o‘o d‘d‘d|d|d Rdd=vabsdiffh(Rtt,Rss)

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector absolute difference words

For each element in the source vector Rss, subtract the corresponding element in source
vector Rtt. Take the absolute value of the results, and store into Rdd.

Syntax Behavior

Rdd=vabsdiffw (Rtt,Rss) for (i=0;i<2;i++)
Rdd.w([i] =ABS (Rtt.w[i] - Rss.w[i]);
}i

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vabsdiffw(Rtt, Rss) Wordé64 Q6 P vabsdiffw PP (Wordé4 Rtt, Worde4
Rss)

Encoding

31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|16 15|14 1

w

12‘11‘10|9|8 7|6‘5 4\3\2|1|0

ICLASS

RegType MajOp s5 Parse t5 MinOp d5

1|1|1‘0 1‘0‘0|o o|o‘1 s‘s‘s|s|s P|P 0 t‘t‘t|t|t o|o‘o d‘d‘d|d|d Rdd=vabsdiffw(Rtt,Rss)

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Instruction Set

Vector add compare and select maximum bytes

Add each byte element in Rxx and Rtt, and compare the resulting sums with the
corresponding differences between Rss and Rtt. Store the maximum value of each
compare in Rxx, and set the corresponding bits in a predicate destination to '1' if the
compare result is greater, '0' if not. Each sum and difference is saturated to 8 bits before
the compare, and the compare operation is a signed byte compare.

‘ satlé ‘ ‘ satl6 ‘

‘ satlé ‘ ‘ satlé ‘

‘ satl6 ‘ ‘ satlé ‘

‘ satlé ‘ ‘ satlé ‘

Rxx.H3 Rxx.H2 Rxx.H1 Rxx.HO Rxx
Rss.H3 Rss.H2 Rss.H1 Rss.HO Rss
Rtt.H3 Rtt.H2 Rtt.H1 Rtt.HO Rtt

Rxx,Pd=vacsh(Rss,Rtt)

Y A
1
> 1bit
16bits| vl Y
A A
1
|
Y Y
1
A A
Rxx.H3 Rxx.H2 Rxx.H1 Rxx.HO Pd
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Instruction Set

Vector add compare and select maximum halfwords

Add each halfword element in Rxx and Rtt, and compare the resulting sums with the
corresponding differences between Rss and Rtt. Store the maximum value of each
compare in Rxx, and set the corresponding bits in a predicate destination to '11' if the
compare result is greater, '00' if not. Each sum and difference is saturated to 16 bits before
the compare, and the compare operation is a signed halfword compare.

‘ satlé ‘ ‘ satl6 ‘

‘ satlé ‘ ‘ satlé ‘

‘ satl6 ‘ ‘ satlé ‘

‘ satlé ‘ ‘ satlé ‘

Rxx.H3 Rxx.H2 Rxx.H1 Rxx.HO Rxx
Rss.H3 Rss.H2 Rss.H1 Rss.HO Rss
Rtt.H3 Rtt.H2 Rtt.H1 Rtt.HO Rtt

Rxx,Pd=vacsh(Rss,Rtt)

\ 4 A
1
1bit
16bits vl T
A \
1
|
Y Y
A A
Rxx.H3 Rxx.H2 Rxx.H1 Rxx.HO Pd
Syntax Behavior
Rxx, Pe=vacsh (Rss,Rtt) for (i = 0; 1 < 4; i++) {
xv = (int) Rxx.h[i];
sv = (int) Rss.hl[i];
tv = (int) Rtt.h[i];
XV = XV + tv;
sv = sv - tv;
Pe.i*2 = (xv > sv);
Pe.i*2+1 = (xv > sv);
Rxx.h[i]=sat 4 (max(xv,sv)) ;
}i
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Class: XTYPE (slots 2,3)

Notes

m The predicate generated by this instruction can not be used as a .new predicate,

nor can it be automatically ANDed with another predicate.

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Encoding

31|30|29‘28 27‘26‘25|24 23|22\21

w

20‘19‘18|17|16 15|141

12‘11‘10|9|8 7 6‘5 4\3\2|1|0

ICLASS

RegType MajOp

s5 Parse t5 e2

x5

1|1|1‘01

‘0‘1|o 1|o‘1

s‘s‘s|s|s P|P 0 t‘t‘t|t|t 0 e‘e x‘x‘x|x|x

Rxx,Pe=vacsh(Rss,Rtt)

Field name
ICLASS
MajOp
MinOp
RegType
Parse
e2
s5
t5

x5

Description
Instruction Class
Major Opcode
Minor Opcode
Register Type
Packet/Loop parse bits
Field to encode register e
Field to encode register s
Field to encode register t
Field to encode register x

80-N2040-36 C

424

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector add halfwords

Add each of the four halfwords in 64-bit vector Rss to the corresponding halfword in
vector Rit.

Optionally saturate each 16-bit addition to either a signed or unsigned 16-bit value.
Applying saturation to the vaddh instruction clamps the result to the signed range 0x8000
to 0x7fff, whereas applying saturation to the vadduh instruction ensures that the unsigned
result falls within the range 0 to Oxffff. When saturation is not needed, the vaddh form
should be used.

For the 32-bit version of this vector operation, see the ALU32 instructions.

Syntax Behavior

Rdd=vaddh (Rss,Rtt) [:sat] for (i=0;i<4;i++)
Rdd.h[i]=[sat 4] (Rss.h[i]+Rtt.h[i]);
}i

Rdd=vadduh (Rss,Rtt) :sat for (i=0;i<4;i++) {
Rdd.h[i] =usat ¢ (Rss.uh[i]+Rtt.uh[i]) ;
b5

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vaddh (Rss, Rtt) Wordé64 Q6 P vaddh PP (Wordé4 Rss, Wordé4
Rtt)
Rdd=vaddh (Rss,Rtt) :sat Wordée4 Q6 P vaddh PP sat (Wordé4 Rss, Wordé4
Rtt)
Rdd=vadduh (Rss, Rtt) :sat Wordé64 Q6 P vadduh PP sat (Wordé4 Rss,
Wordé64 Rtt)
Encoding
31|30/ 20|28/ 27|2625/24/23|22]21/20/19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1{17/0/1/0|0f|1|1/0(0|0O|s|s|s|s|s/P/P|-|t|t|t|t |t 0[1]|0|d|d|d]|d]|d|Rdd=vaddh(Rss,Rtt)
1{1/0(1/0|/0|1|1|/0|0|0|s|s|s|s|s|P/P|l-|t|t|t|t|t 0|1]|1|d|d|d]|d|d|Rdd=vaddh(Rss,Rtt):sat
1{1/0(1/0|/0|1|{1]/0(0|0|s|s|s|s|[s|P/P|-|t|t|t|t|t|1]|0]|0|d|d|d]|d|d|Rdd=vadduh(Rss,Rit):sat
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Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 426

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector add halfwords with saturate and pack to unsigned
bytes

Add the four 16-bit halfwords of Rss to the four 16-bit halfwords of Rtt. The results are
saturated to unsigned 8-bits and packed in destination register Rd.

Syntax Behavior

Rd=vaddhub (Rss, Rtt) :sat for (i=0;i<4;i++)
Rd.b[i]=usatg(Rss.h[i]l+Rtt.h[i]);
¥

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rd=vaddhub (Rss,Rtt) :sat Word32 Q6_R_vaddhub_PP_sat (Wordé64 Rss,
Word64 Rtt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS RegType Maj s5 Parse t5 Min d5
1|1|o‘0 0‘0‘0|1 o|1 -s‘s‘s|s|s P|P- t‘t‘t|t|t0|01 d‘d‘d|d|d Rd=vaddhub(Rss,Rtt):sat
Field name Description

ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector reduce add unsigned bytes

For each byte in the source vector Rss, add the corresponding byte in the source vector Ritt.
Add the four upper intermediate results and optionally the upper word of the destination.
Add the four lower results and optionally the lower word of the destination.

Rss

Rtt

LTI T

D D D &ED (D G Gk

E»( 32bit Add ) [ 32bit Add
v Rdd

Syntax Behavior

Rdd=vraddub (Rss, Rtt) Rdd = 0;

for (i=0;i<4;i++) {
Rdd.w([0]=(Rdd.w[0] +

(Rss.ub[i]l+Rtt.ubl[il)) ;

}i

for (i=4;1<8;i++) {
Rdd.w([l]=(Rdd.w[1] +

(Rss.ub[i]+Rtt.ub[i])) ;

T

Rxx+=vraddub (Rss, Rtt) for (i = 0; i < 4; i++) {
Rxx.w[0]=(Rxx.w[0] +
(Rss.ub[i]+Rtt.ub[i])) ;

Iz

for (i = 4; 1 < 8; i++) {
Rxx.wl[l]l=(Rxx.w[1l] +
(Rss.ub[i]l+Rtt.ubl[il)) ;
¥
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=vraddub (Rss, Rtt) Wordé64 Q6 P vraddub PP (Wordé4 Rss, Wordé4
Rtt)
Rxx+=vraddub (Rss, Rtt) Wordée4 Q6 P vraddubacc PP (Wordé64 Rxx,
Word64 Rss, Wordé4 Rtt)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1 |1 |1 ‘0 1 ‘0‘0|0 o|1 ‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t o|o ‘1 d‘d‘d|d|d Rdd=vraddub(Rss,Rtt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1 |1 |1 ‘0 1 ‘0 ‘1 |o 0 |1 ‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t 0 |o ‘1 x‘x‘x|x|x Rxx+=vraddub(Rss, Rit)
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
X5 Field to encode register x

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

429



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector reduce add unsigned halfwords

For each halfword in the source vector Rss, add the corresponding halfword in the source
vector Rtt. Add these intermediate results together, and place the result in Rd.

Rss
Ritt
Rd
Syntax Behavior
Rd=vraddh (Rss, Rtt) Rd = 0;
for (i=0;i<4;i++) {
Rd += (Rss.h[i]+Rtt.h[i]) ;
¥
Rd=vradduh (Rss, Rtt) Rd = 0;
for (i=0;i<4;i++) {
Rd += (Rss.uh[i]+Rtt.uh[i]) ;
b
Class: XTYPE (slots 2,3)
Intrinsics
Rd=vraddh (Rss,Rtt) Word32 Q6 R vraddh PP (Wordé64 Rss, Wordé4
Rtt)
Rd=vradduh (Rss, Rtt) Word32 Q6 R vradduh PP (Wordé64 Rss, Wordé64
Rtt)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1/1/1/0[1]0|0[1|0|-|-|s|s|s|[s|[s|P|/P|lO|t|t|t|t|t|-|0|1]|d|d|d]|d]d|Rd=vradduh(Rss,Rtt)
1/1]/1/0[1]|0|0|1]|0|-|1|s|s|s|[s|s|P|P|O|t|t|t|t|t|[1[1|1]|d d|d]|d]|d]|Rd=vraddh(Rss,Rtt)
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector add bytes

Add each of the eight bytes in 64-bit vector Rss to the corresponding byte in vector Ritt.
Optionally, saturate each 8-bit addition to an unsigned value between 0 and 255. The eight
results are stored in destination register Rdd.

Syntax Behavior
Rdd=vaddb (Rss, Rtt) Assembler mapped to: "Rdd=vaddub (Rss,Rtt)"
Rdd=vaddub (Rss,Rtt) [:sat] for (i = 0; i < 8; i++) {

Rdd.b[i]=[usatg] (Rss.ub[i]+Rtt.ub[i]) ;

b5
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vaddb (Rss, Rtt) Wordée4 Q6 P vaddb PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=vaddub (Rss, Rtt) Wordé4 Q6_P_vaddub_PP(Wordé64 Rss, Wordé4
Rtt)
Rdd=vaddub (Rss,Rtt) :sat Wordé4 Q6 P vaddub PP sat (Wordé4 Rss,
Wordé4 Rtt)
Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1/1/0/1]0|0|1|1]|0|0|0|s|s|s|s|s|P|P|-|t|t|t|t|t|0|0|0|d| d|d]|d]|d|Rdd=vaddub(Rss,Rit)
1/1/0/1]0|0|1|1]|0|0|0|s|s|s|[s|[s|/P|P|-|t|t|t|t|t|0|0|1]|d|d|d]|d]|d|Rdd=vaddub(Rss,Rtt):sat
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector add words

Add each of the two words in 64-bit vector Rss to the corresponding word in vector Rit.
Optionally, saturate each 32-bit addition to a signed value between 0x80000000 and
Ox7{ftfttt. The two word results are stored in destination register Rdd.

Syntax Behavior

Rdd=vaddw (Rss,Rtt) [:sat] for (i=0;i<2;i++) {
Rdd.w[i]=[sat;,] (Rss.w[i]l+Rtt.w[i]);
b5

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vaddw (Rss,Rtt) Wordé4 Q6 P vaddw_ PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=vaddw (Rss,Rtt) :sat Wordée4 Q6 P vaddw PP sat (Wordé4 Rss, Wordé4
Rtt)
Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS RegType s5 Parse t5 MinOp d5
1/1/0/1]0|0o|1|1]|/0|0|0|s|s|s|s|s|P|P|-|t|t|t|t|t|[1][0|1]|d d|d]|d]|d]|Rdd=vaddw(RssRtt)
1/1]/0/1]0|0|1|1]|0|0|0|s|s|s|[s|s|/P|P|-|t|t|t|t|t|1]1|0]|d|d|d]|d]|d|Rdd=vaddw(Rss,Rtt):sat
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector average halfwords

Average each of the four halfwords in the 64-bit source vector Rss with the corresponding
halfword in Rtt. The average operation performed on each halfword adds the two
halfwords and shifts the result right by 1 bit. Unsigned average uses a logical right shift
(shift in 0), whereas signed average uses an arithmetic right shift (shift in the sign bit). If
the round option is used, a 0x0001 is also added to each result before shifting. This
operation does not overflow. In the case that a summation (before right shift by 1) causes
an overflow of 32 bits, the value shifted in is the most-significant carry out.

The signed average and negative average halfwords is available with optional convergent
rounding. In convergent rounding, if the two LSBs after the addition/subtraction are 11, a
rounding constant of 1 is added, otherwise a 0 is added. This result is then shifted right by
one bit. Convergent rounding accumulates less error than arithmetic rounding.

Syntax Behavior

Rdd=vavgh (Rss,Rtt) for (i=0;i<4;i++)
Rdd.h[i]l=(Rss.h[i]+Rtt.h[i])>>1;

Rdd=vavgh (Rss,Rtt) :crnd for (i=0;i<4;i++) {
Rdd.h[i] =convround (Rss.h[i] +Rtt.h[i]) >
>1;
}i
Rdd=vavgh (Rss,Rtt) :rnd for (i=0;i<4;i++)
Rdd.h[i]=(Rss.h[i]+Rtt.h[i]+1) >>1;
}i
Rdd=vavguh (Rss,Rtt) for (i=0;i<4;i++) {
Rdd.h[i]l=(Rss.uh[i]+Rtt.uh[i])>>1;
}i
Rdd=vavguh (Rss,Rtt) :rnd for (i=0;i<4;i++) {
Rdd.h[i]l=(Rss.uh[i]+Rtt.uh[i]+1) >>1;
¥
Rdd=vnavgh (Rtt,Rss) for (i=0;i<4;i++) {

Rdd.h[i]=(Rtt.h[i]-Rss.h[i])>>1;

Rdd=vnavgh (Rtt,Rss) :crnd:sat for (i=0;i<4;i++) {
Rdd.h[i]=sat,s (convround (Rtt.h[i] -
Rss.h[i])>>1);

T

Rdd=vnavgh (Rtt,Rss) :rnd:sat for (i=0;i<4;i++) {
RAd.h([i]=satqs ( (Rtt.h[i]-
Rss.h[i]+1)>>1);

b5
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics

Rdd=vavgh (Rss,Rtt) Wordée4 Q6 P vavgh PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=vavgh (Rss,Rtt) :crnd Wordé4 Q6_P_vavgh PP_crnd(Wordé4 Rss,
Wordé64 Rtt)
Rdd=vavgh (Rss,Rtt) :rnd Wordé64 Q6 P _vavgh PP rnd(Wordé4 Rss, Wordé4
Rtt)
Rdd=vavguh (Rss,Rtt) Wordé64 Q6 P vavguh PP (Wordé64 Rss, Wordé4
Rtt)
Rdd=vavguh (Rss,Rtt) : rnd Wordé4 Q6_P_vavguh_ PP_rnd(Wordé4 Rss,
Wordé4 Rtt)
Rdd=vnavgh (Rtt,Rss) Wordé64 Q6 P vnavgh PP (Wordé64 Rtt, Wordé4
Rss)
Rdd=vnavgh (Rtt,Rss) :crnd:sat Wordé64 Q6 P vnavgh PP crnd sat (Wordé64 Rtt,
Wordé64 Rss)
Rdd=vnavgh (Rtt,Rss) :rnd:sat Wordé4 Q6 P vnavgh PP rnd sat (Wordé4 Rtt,
Wordé64 Rss)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType s5 Parse t5 MinOp d5
1{1/0(1/0/0|1|1/0[1|0|s|s|s|s|s|P/P|l-|t|t|t|t|[t|0|1|0|d|d|d]|d]|d|Rdd=vavgh(Rss,Rtt)
1{1/0(1/0|/0|1|{1|/0[|1|0|s|s|s|s|s|P/P|l-|t|t|t|t|t 0|1]|1|d|d|d]|d|d]|Rdd=vavgh(Rss,Rit):rnd
1{17/0(1/0|0|1|{1/0(1|0|s|s|s|s|s/P/P|-|t|t|t|t|t|1|0|0|d|d|d]|d]|d]|Rdd=vavgh(Rss,Rtt):crnd
1/17/0/1/0|0|1|{1|/0(1|0|s|s|s|s|s/P/P|-|t|t|t|t|t|1|0|1|d d|d|d]|d|Rdd=vavguh(Rss,Rtt)
1/17/0/1/0/0|1|{1/0(1|0|s|s|s|s|s/P/P|-|t|t t|t|t 1|1]-|d d|d]|d]|d|Rdd=vavguh(Rss,Rtt):rnd
1{1/0(1/0/0|1{1{1/0|0|s|s|s|s|(s|P/P|l-|t|t|t|t|t 0]|0|0|d|d|d]|d|d|Rdd=vnavgh(Rtt,Rss)
1/1]0 1 ofof1|1]1/00|s|s|s|s/s/P[P|- t|t|t t|t[o0|1 d|d| d|d]| d|Rdd=vnaveh(RitRssymd:s
1010100 [1]1]1]0]0]|s|s|s|s|s|[P[P|-|[t|t|t|t|t|o[1]0|d|d| d|d|d|Rdo=vnavgh(RitRss)cma:
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector average unsigned bytes

Average each of the eight unsigned bytes in the 64-bit source vector Rss with the
corresponding byte in Rtt. The average operation performed on each byte is the sum of the
two bytes shifted right by 1 bit. If the round option is used, then a 0x01 is also added to
each result before shifting. This operation does not overflow. In the case that a summation
(before right shift by 1) causes an overflow of 8 bits, the value shifted in is the most-
significant carry out.

Syntax Behavior

Rdd=vavgub (Rss,Rtt) for (i = 0; i < 8; i++) {
RAd.b[i]=((Rss.ub[i] + Rtt.ubl[i])>>1);
b e

Rdd=vavgub (Rss,Rtt) : rnd for (1 = 0; 1 < 8; 1i++) {
RAd.b[i]l=((Rss.ub[i]+Rtt.ub[i]+1) >>1) ;
}i

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vavgub (Rss, Rtt) Wordé4 Q6_P_vavgub_PP(Wordé64 Rss, Wordé4
Rtt)
Rdd=vavgub (Rss,Rtt) : rnd Wordé64 Q6 _P_vavgub_PP_rnd(Wordé4 Rss,
Wordé64 Rtt)
Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS RegType s5 Parse t5 MinOp d5
1{1/0(1/0/0|1{1/0(1|0|s|s|s|s|s|P/P|-|t|t|t|t|t 0]|0|0|d|d|d]|d|d|Rdd=vavgub(Rss,Rtt)
1{17/0/1/0/0|1{1/0(1|0|s|s|s|s|s/P/P|-|t|t|t|t|t 0[0|1|d|d|d]|d]|d|Rdd=vavgub(Rss,Rtt):rnd
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 436

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Vector average words

Average each of the two words in the 64-bit source vector Rss with the corresponding
word in Rtt. The average operation performed on each halfword adds the two words and
shifts the result right by 1 bit. Unsigned average uses a logical right shift (shift in 0),
whereas signed average uses an arithmetic right shift (shift in the sign bit). If the round
option is used, a 0x1 is also added to each result before shifting. This operation does not
overflow. In the case that a summation (before right shift by 1) causes an overflow of 32
bits, the value shifted in is the most-significant carry out.

The signed average and negative average words is available with optional convergent
rounding. In convergent rounding, if the two LSBs after the addition/subtraction are 11,
then a rounding constant of 1 is added, otherwise a 0 is added. This result is then shifted
right by one bit. Convergent rounding accumulates less error than arithmetic rounding.

Syntax Behavior

Rdd=vavguw (Rss,Rtt) [:rnd] for (i=0;1<2;1i++) {
Rdd.w([i]=(zxt3,5_ .33 (Rss.uw[i]) +zxt,,_
o33 (Rt uw[i]) +1) >>1;

Rdd=vavgw (Rss,Rtt) :crnd for (i=0;1<2;1i++) {
Rdd.w([i] = (convround (sxts,_
o33 (Rss.wli]) +sxty, .33 (Ret.w[i]))>>1) ;

1

Rdd=vavgw (Rss,Rtt) [:rnd] for (i=0;1<2;1i++) {
Rdd.w[i]=(sxt3,_.33(Rss.wli])+sxt3,_
o33 (REt.w([il) +1) >>1;

1

Rdd=vnavgw (Rtt,Rss) for (i=0;i<2;i++) {
RAd.w[i] = (sxtsy .43 (REE.W[i]) -SXts,
.33 (Rss.wli]))>>1;

I

Rdd=vnavgw (Rtt,Rss) :crnd:sat for (i=0;i<2;i++) {
Rdd.w[i] =sat,, (convround (sxts,_
33 (REt.wli]) -sxt,y .33 (Rss.wli]))>>1);

7

Rdd=vnavgw (Rtt,Rss) :rnd:sat for (i=0;i<2;i++) {
Rdd.w([i]=sat,, ((sxt3,5_ .33 (REt.w[i]) -
SXt3s_ .33 (Rss.wlil)+1)>>1);

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics

Rdd=vavguw (Rss,Rtt) Wordé64 Q6 P vavguw PP (Wordé64 Rss, Wordé4
Rtt)
Rdd=vavguw (Rss,Rtt) : rnd Wordé4 Q6_P_vavguw_PP_rnd(Wordé4 Rss,
Wordé64 Rtt)
Rdd=vavgw (Rss,Rtt) Wordée4 Q6 P vavgw PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=vavgw (Rss,Rtt) :crnd Wordé64 Q6 P vavgw_ PP crnd(Wordé4 Rss,
Wordé64 Rtt)
Rdd=vavgw (Rss,Rtt) :rnd Wordé4 Q6_P_vavgw_PP_rnd (Wordé4 Rss, Wordé4
Rtt)
Rdd=vnavgw (Rtt,Rss) Wordé64 Q6 P vnavgw PP (Wordé64 Rtt, Wordé4
Rss)
Rdd=vnavgw (Rtt,Rss) :crnd:sat Worde4 Q6 P vnavgw PP crnd sat (Wordé64 Rtt,
Wordé64 Rss)
Rdd=vnavgw (Rtt,Rss) :rnd:sat Wordé4 Q6 P vnavgw PP rnd sat (Wordé4 Rtt,
Wordé64 Rss)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType s5 Parse t5 MinOp d5
1{1/0/1/0|/0|1{1/0[1|1|s|s|s|s|s|P/P|l-|t|t|t|t|[t|0|0|0|d|d|d]|d]|d|Rdd=vavgw(Rss,Rtt)
1{1/0(1/0/0|1{1/0f1|1|s|s|s|s|s|P/P|-|t|t|t|t|t 0|0|1|d|d|d]|d|d|Rdd=vavgw(Rss,Rtt):rnd
1{17/0/1/0|0|1|{1/0(1|1|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]|0|d|d|d]|d]|d|Rdd=vavgw(Rss,Rtt):crnd
1{17/0(1/0/0|1{1/0(1|1|s|s|s|s|s/P/P|-|t|t|t|t|t 01|11 |d|d|d]|d]|d|Rdd=vavguw(Rss,Rtt)
1{17/0/1/0|0|1|{1/0(1|1|s|s|s|s|s/P/P|-|t|t|t|t|t|1|0|0|d|d|d]|d]|d|Rdd=vavguw(Rss,Rtt):rnd
1/1/0(1/0/0|1{1|{1/0|0|s|s|s|s|(s|/P/P|-|t|t|t|t|t 0|1|1|d|d|d]|d]|d]|Rdd=vnavgw(RittRss)
11100 1 ofof1|1][1/00|s|s|s|s/s|/PP|-/t|t|t t|t|1]0]-|d d| d|d]| d|Rdd=vnavow(RitRss:md:s
101010011 [1]0[0]|s|s|s|s|s|[PP|-|t|t|t|t t[1[1|-|d| d| d|d|d|Rdo=vnavow(RitRss)cma:
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector conditional negate
Based on bits in Rt, conditionally negate halves in Rss.

Syntax Behavior

Rdd=vcnegh (Rss, Rt) for (i = 0; i < 4; i++) {
if (Rt.i) {
Rdd.h[i]=sat s (-Rss.h[i]);
} else {
Rdd.h[i]=Rss.h[i];

b
¥
Rxx+=vrcnegh (Rss, Rt) for (1 = 0; 1 < 4; 1i++) {
if (Rt.i) {
Rxx += -Rss.hl[il;
} else {
RxxX += Rss.h[i];
¥
¥

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vcnegh (Rss, Rt) Wordé4 Q6 P vcnegh PR (Wordé64 Rss, Word32
Rt)
Rxx+=vrcnegh (Rss, Rt) Wordé4 Q6 P vrcneghacc PR (Wordé64 Rxx,
Wordé4 Rss, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1 |1 |o ‘0 0‘0‘1 |1 1 |1 ; s‘s‘s|s|s P|P ; t‘t‘t|t|t o|1 ; d‘d‘d|d|d Rdd=vcnegh(Rss,Rt)
ICLASS RegType Maj s5 Parse t5 Min x5

-

1|1|o‘0 1‘0‘1|1 0|0 1 s‘s‘s|s|s P|P1 t‘t‘t|t|t |1 1 x‘x‘x|x|x Rxx+=vrcnegh(Rss,RY)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Field name Description
X5 Field to encode register x
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector maximum bytes

Compare each of the eight unsigned bytes in the 64-bit source vector Rss to the

corresponding byte in Rtt. For each comparison, select the maximum of the two bytes and

place that byte in the corresponding location in Rdd.

Rdd=vmaxb (Rtt,Rss) for (i = 0; 1 < 8; 1+4+)

Rdd=vmaxub (Rtt,Rss) for (i = 0; 1 < 8; 1i+4+)

Syntax Behavior

Rdd.b[i]=max (Rtt.b[i] ,Rss.b[i]);

b

Rdd.b[i]=max (Rtt.ub[i] ,Rss.ubl[i]) ;

Iz

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vmaxb (Rtt,Rss)

Rdd=vmaxub (Rtt,Rss)

Rss)

Rss)

Wordée4 Q6 P vmaxb PP (Wordé64 Rtt, Wordé64

Wordé4 Q6 P vmaxub PP (Wordé64 Rtt, Wordé4

Encoding

31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1{1/0/1/0/0|1{1{1{1/0|s|s|s|s|(s/PP|-|t|t t|t| t|0O|0|0|d|dd d | Rdd=vmaxub(Rtt,Rss)
111010 |0 |1 |1 |11 s|s|s|s|s|(P/P|-|t|t|t|t|t|1 1 d | Rdd=vmaxb(Rtt,Rss)
Field name Description

RegType Register Type

MinOp Minor Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Vector maximum halfwords

Compare each of the four halfwords in the 64-bit source vector Rss to the corresponding
halfword in Rtt. For each comparison, select the maximum of the two halfwords and place
that halfword in the corresponding location in Rdd. Comparisons are available in both
signed and unsigned form.

Syntax Behavior

Rdd=vmaxh (Rtt,Rss) for (i = 0; 1 < 4; i++) {
Rdd.h[i]=max(Rtt.h[i] ,Rss.h[i]) ;
¥

Rdd=vmaxuh (Rtt,Rss) for (i = 0; 1 < 4; i++) {
Rdd.h[i] =max (Rtt.uh[i] ,Rss.uh[i]) ;
b e

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vmaxh (Rtt,Rss) Wordée4 Q6 P vmaxh PP (Wordé64 Rtt, Wordé64
Rss)
Rdd=vmaxuh (Rtt,Rss) Wordé64 Q6 P vmaxuh PP (Wordé64 Rtt, Wordé4
Rss)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType s5 Parse t5 MinOp d5
1(1/0|1]0|0|1|1|1|1]|0|s|s|s|s|s|P|P|-|t|t|t|t|t|0|0|1]|d|d|d]|d]d]|Rdd=vmaxh(RitRss)
1/1/0(1/0/0|1{1{1{1/0|s|s|s|s|s|(P/P|-|t|t t|t|t 0|1|0|d|d|d]|d|d]|Rdd=vmaxuh(Rtt,Rss)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector reduce maximum halfwords

Register Rxx contains a maximum value in the low word and the address of that maximum
value in the high word. Register Rss contains a vector of four halfword values, and register
Ru contains the address of this data. The instruction finds the maximum halfword between
the previous maximum in Rxx[0] and the four values in Rss. The address of the new
maximum is stored in Rxx[1].

Syntax Behavior
Rxx=vrmaxh (Rss, Ru) max = Rxx.h[0];
addr = Rxx.wl[1];

for (1 = 0; 1 < 4; 1i++) {

if (max < Rss.h[i]) {
max = Rss.h[i];
addr = Ru | i<<1;
}i
}i
Rxx.w[0] =max;
Rxx.w[1l] =addr;

Rxx=vrmaxuh (Rss, Ru) max = Rxx.uh[O0];
addr = Rxx.wl[1l];
for (1 = 0; 1 < 4; 1i++) {
if (max < Rss.uh[i]) {
max = Rss.uh[i];

addr = Ru | i<<1;

Rxx.w[0] =max;
Rxx.w[1l] =addr;

Class: XTYPE (slots 2,3)

Intrinsics

Rxx=vrmaxh (Rss, Ru) Wordé4 Q6 P vrmaxh PR (Wordé64 Rxx, Wordé4
Rss, Word32 Ru)

Rxx=vrmaxuh (Rss, Ru) Wordée4 Q6 P vrmaxuh PR (Wordé64 Rxx, Wordé64
Rss, Word32 Ru)

Encoding

e

31/30/29|28| 27|26 25/ 24|23 22| 21/20 19]18/17 16 12/11/10/9 8 |7]6|5/4[3]2]1]0
ICLASS RegType Maj s5 Parse x5 Min ub

=Y
| @ |
—
N
—
w

1/1/0/0{1|0|1|1/0(0|1|s|s|s|s|s|/P|/P|0|x|x|x|[x|x|0[0|1|u|u|u]|u]|u| Rxx=vrmaxh(Rss,Ru)

1{1/0/0/1j0|1|1/0(0|1|s|s|s|s|s/ P|/P|1|x|x|x|[x|x|0[0|1|u|u|u]|u]|u  Rxx=vrmaxuh(Rss,Ru)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
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Field name Description
u5 Field to encode register u
x5 Field to encode register x
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector reduce maximum words

Find the maximum word between the previous maximum in Rxx[0] and the two values in
Rss. The address of the new maximum is stored in Rxx[1].

Register Rxx contains a maximum value in the low word and the address of that maximum
value in the high word. Register Rss contains a vector of two word values, and register Ru
contains the address of this data.

Syntax

Rxx=vrmaxuw (Rss, Ru)

Behavior

max = Rxx.uwl[0] ;
addr = Rxx.wl[1l];

for (i =

0;

1 < 2; 1i++4) {

if (max < Rss.uwl[i]) {

max

Rss.uwl[i];

addr = Ru | 1<<2;

T
T

Rxx.w[0] =max;
Rxx.w[1l] =addr;

Rxx=vrmaxw (Rss, Ru) max = Rxx.w[O0];
addr = Rxx.wl[1l];
for (i = 0; 1 < 2; 1i+4+) {

if (max < Rss.w([i]) {
max = Rss.wl(i];
addr = Ru | i<<2;
¥
¥
Rxx.w[0] =max;
Rxx.w[1l] =addr;

Class: XTYPE (slots 2,3)

Intrinsics

Rxx=vrmaxuw (Rss, Ru) Wordée4 Q6 P vrmaxuw PR (Wordé64 Rxx, Wordé64
Rss, Word32 Ru)

Rxx=vrmaxw (Rss, Ru) Wordé4 Q6 P vrmaxw PR (Wordé64 Rxx, Wordé4
Rss, Word32 Ru)

Encoding

-

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16 12/11/10/9]8|7]6]5/4[3]2]1]0
ICLASS RegType Maj s5 Parse x5 Min u5

=Y
| O
—
N
-—
w

1{1/0/0(1/0|1|1]/0[|0|1|s|s|s|s|[s|P/P|O0O|x|{x|x|[x|[x|0|1]|0|u|u|u]|u|u|Rxx=vrmaxw(Rss,Ru)

1{1/0/0(1|/0|1|1]|0|0|1|s|s|s|s|s|P|P|1|x|x|x|[x|[x|0|1|0|u|u|u]|u]|u|Rxx=vrmaxuw(Rss,Ru)
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Field name

ICLASS
Parse
s5

ub

x5

Maj
Min

RegType

Instruction Class
Packet/Loop parse bits
Field to encode register s
Field to encode register u
Field to encode register x
Major Opcode

Minor Opcode

Register Type

Description
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Vector maximum words

Compare each of the two words in the 64-bit source vector Rss to the corresponding word
in Rtt. For each comparison, select the maximum of the two words and place that word in
the corresponding location in Rdd.

Comparisons are available in both signed and unsigned form.

Syntax Behavior

Rdd=vmaxuw (Rtt,Rss) for (i = 0; i < 2; i++) {
Rdd.w[i] =max (Rtt.uw[i] ,Rss.uw[i]) ;
}i

Rdd=vmaxw (Rtt,Rss) for (i = 0; i < 2; i++) {
Rdd.w[i]=max (Rtt.w[i] ,Rss.w[i]) ;
}i

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vmaxuw (Rtt,Rss) Wordé4 Q6 P vmaxuw_ PP (Wordé64 Rtt, Wordé4
Rss)
Rdd=vmaxw (Rtt,Rss) Wordée4 Q6 P vmaxw PP (Wordé64 Rtt, Wordé64
Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1{17/0/1/0/0|1{1|1/0|1|s|s|s|s|s/P/P|-|t t| t|t|t 1|0|1|d d|d]|d]|d|Rdd=vmaxuw(RttRss)
1{17/041/0/0|1|{1|1(1|/0|s|s|s|s|s/P/P|-|t|t|t|t|t 01|11 |d|d|d]|d]|d|Rdd=vmaxw(RttRss)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector minimum bytes

Compare each of the eight unsigned bytes in the 64-bit source vector Rss to the
corresponding byte in Rtt. For each comparison, select the minimum of the two bytes and
place that byte in the corresponding location in Rdd.

Syntax Behavior

Rdd, Pe=vminub (Rtt,Rss) for (i = 0; i < 8; i++) {
Pe.1 = (Rtt.ub[i] > Rss.ubl[il]) ;
Rdd.b[i] =min (Rtt.ub[i] ,Rss.ubl[i]) ;

b
Rdd=vminb (Rtt, Rss) for (i = 0; i < 8; i++) {
Rdd.b[i]=min (Rtt.b[i] ,Rss.b[i]) ;
¥
Rdd=vminub (Rtt,Rss) for (i = 0; i < 8; i++) {

Rdd.b[i]=min(Rtt.ub[i] ,Rss.ub[i]) ;

b5
Class: XTYPE (slots 2,3)

Notes

m  The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Intrinsics
Rdd=vminb (Rtt,Rss) Wordée4 Q6 P vminb PP (Wordé64 Rtt, Wordé64
Rss)
Rdd=vminub (Rtt,Rss) Wordé64 Q6 P_vminub_ PP (Wordé64 Rtt, Wordé4
Rsg)
Encoding
31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|1615|14 13 12‘11‘10|9|8 7|6‘5 4\3\2|1|0
ICLASS RegType s5 Parse t5 MinOp d5
111fof1lofof1[1[1]ol1]s][s]s|s|s|P[P|-Tt|t|t[t]|t|o]o]o|d|d]|d|d]d]|Rdd=vminub(Rtt,Rss)
111]of1lofol1[1[1]1]o]s|s|s|s|s|P|P|-|t|t|t|t|t|1]1]1]d|d| d|d]|d]|Rdd=vminb(RttRss)
ICLASS RegType MajOp s5 Parse t5 e2 d5
1|1|1‘01‘0‘1|01|1‘1 s‘s‘s|s|s P|P0 t‘t‘t|t|t0 e‘e d‘d‘d|d|d Rdd,Pe=vminub(Rtt,Rss)

Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
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Field name
RegType
Parse
ds
e2
s5
t5

Register Type
Packet/Loop parse bits
Field to encode register d
Field to encode register e
Field to encode register s
Field to encode register t

Description
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Vector minimum halfwords

Compare each of the four halfwords in the 64-bit source vector Rss to the corresponding
halfword in Rtt. For each comparison, select the minimum of the two halfwords and place
that halfword in the corresponding location in Rdd.

Comparisons are available in both signed and unsigned form.

Syntax Behavior

Rdd=vminh (Rtt,Rss) for (i = 0; i < 4; i++) {
Rdd.h[i]=min (Rtt.h[i] ,Rss.h[i]) ;
}i

Rdd=vminuh (Rtt,Rss) for (i = 0; i < 4; i++) {
Rdd.h[i]=min(Rtt.uh[i] ,Rss.uh[i]) ;
}i

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vminh (Rtt, Rss) Wordé64 Q6 P_vminh PP (Wordé4 Rtt, Wordé4
Rss)
Rdd=vminuh (Rtt,Rss) Wordée4 Q6 P vminuh PP (Wordé64 Rtt, Wordé4
Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1/1/0(1]0|0o|1[1]|1|0|1|s|s|s|[s|[s|P|P|-|t|t|t|t|t|0|0|1]|d|d|d]|d]|d]|Rdd=vminh(RttRss)
1/1]/0/1]0|0|1|[1]|1|0|1|s|s|s|[s|[s|/P|P|-|t|t|t|t|t|0|1|0]|d|d|d]|d]|d|Rdd=vminuh(Rtt,Rss)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector reduce minimum halfwords

Find the minimum halfword between the previous minimum in Rxx[0] and the four values
in Rss. The address of the new minimum is stored in Rxx[1].

Register Rxx contains a minimum value in the low word and the address of that minimum
value in the high word. Register Rss contains a vector of four halfword values, and register
Ru contains the address of this data.

Syntax Behavior
Rxx=vrminh (Rss, Ru) min = Rxx.h[0];
addr = Rxx.wl[1l];

for (i1 = 0; 1 < 4; 1i++) {

if (min > Rss.h[i]) {
min = Rss.h[i];
addr = Ru | i<<1;
¥
¥
Rxx.w([0] =min;
Rxx.w[1l] =addr;

Rxx=vrminuh (Rss, Ru) min = Rxx.uh[O0] ;
addr = Rxx.w([1l];
for (i1 = 0; 1 < 4; 1i++) {

if (min > Rss.uh[i]) {
min = Rss.uh[i];
addr = Ru | i<<1;
¥
¥
Rxx.w([0] =min;
Rxx.w[1l] =addr;

Class: XTYPE (slots 2,3)

Intrinsics

Rxx=vrminh (Rss, Ru) Wordé64 Q6 P vrminh PR (Wordé64 Rxx, Wordé4
Rss, Word32 Ru)

Rxx=vrminuh (Rss, Ru) Wordée4 Q6 P vrminuh PR (Wordé64 Rxx, Wordé4
Rss, Word32 Ru)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType Maj s5 Parse x5 Min u5
1/1/0/0(1/0|1|1]|0|0|1|s|s|s|s|[s|P|/P|O0O|x|x|x|[x|[x|1]|0|1|u|u|u]|u|u|Rxx=vrminh(Rss,Ru)

-
w

1/1/0/0(1|/0|1|{1]|0[0|1|s|s|s|s|[s|P/P|1|x|{x|x|[x|[x|1]|0|1|u|u|u]|u|u]|Rxx=vrminuh(Rss,Ru)
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Instruction Set

Field name

ICLASS
Parse
s5

ub

x5

Maj
Min

RegType

Instruction Class
Packet/Loop parse bits
Field to encode register s
Field to encode register u
Field to encode register x
Major Opcode

Minor Opcode

Register Type

Description
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Vector reduce minimum words

Find the minimum word between the previous minimum in Rxx[0] and the two values in
Rss. The address of the new minimum is stored in Rxx[1].

Register Rxx contains a minimum value in the low word and the address of that minimum
value in the high word. Register Rss contains a vector of two word values, and register Ru
contains the address of this data.

Syntax

Rxx=vrminuw (Rss, Ru)

Behavior

min = Rxx.uwl[0] ;
addr = Rxx.wl[1l];

for (i =

0;

1 < 2; 1i++4) {

if (min > Rss.uwl[i]) {

min

Rss.uwl[i];

addr = Ru | 1<<2;
}i
}i

Rxx.w([0] =min;
Rxx.w[1l] =addr;

Rxx=vrminw (Rss, Ru) min = Rxx.w[O0];
addr = Rxx.wl[1l];
for (i = 0; 1 < 2; 1i+4+) {

if (min > Rss.w([i]) {
min = Rss.wl[i];
addr = Ru | i<<2;
¥
¥
Rxx.w([0] =min;
Rxx.w[1l] =addr;

Class: XTYPE (slots 2,3)

Intrinsics

Rxx=vrminuw (Rss, Ru) Wordée4 Q6 P vrminuw PR (Wordé64 Rxx, Wordé64
Rss, Word32 Ru)

Rxx=vrminw (Rss, Ru) Wordé64 Q6 P_vrminw_ PR (Wordé64 Rxx, Wordé64
Rss, Word32 Ru)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType Maj s5 Parse x5 Min u5

-
w

1/1/0/0(1/0|1|1]|0[|0|1|s|s|s|s|[s|P|/P|O0O|x|x|x|[x|[x|1|1]|0|u|u|u]|u|u|Rxx=vrminw(Rss,Ru)

1{1/0/0(1|/0|1|1]|0[0|1|s|s|s|s|[s|P/P|1T|x|{x|x|[x|[x|1|1]0]|u|u|u]|u|u]|Rxx=vrminuw(Rss,Ru)
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Instruction Set

Field name

ICLASS
Parse
s5

ub

x5

Maj
Min

RegType

Instruction Class
Packet/Loop parse bits
Field to encode register s
Field to encode register u
Field to encode register x
Major Opcode

Minor Opcode

Register Type

Description
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Vector minimum words

Compare each of the two words in the 64-bit source vector Rss to the corresponding word
in Rtt. For each comparison, select the minimum of the two words and place that word in
the corresponding location in Rdd.

Comparisons are available in both signed and unsigned form.

Syntax Behavior

Rdd=vminuw (Rtt,Rss) for (i = 0; i < 2; i++) {
RAd.w[i] =min (Rtt.uw[i] ,Rss.uw[i]) ;
}i

Rdd=vminw (Rtt,Rss) for (i = 0; i < 2; i++) {
Rdd.w[i]l=min(Rtt.w[i] ,Rss.w[i]) ;
}i

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vminuw (Rtt,Rss) Wordé64 Q6 P_vminuw_PP (Wordé64 Rtt, Wordé4
Rss)
Rdd=vminw (Rtt,Rss) Wordée4 Q6 P vminw PP (Wordé64 Rtt, Wordé64
Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1/1]/0(1(0f0|1[1]|1|0|1|s|s|s|[s|s/P|P|-|t|t|t|t|t|0|1|1]|d|d|d]|d]|d]|Rdd=vminw(Rtt,Rss)
1/1]/0/1]0|0|1[1]|1|0|1|s|s|s|[s|[s|/P|P|-|t|t|t|t|t|1]0|0|d|d|d]|d]|d|Rdd=vminuw(RttRss)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector sum of absolute differences unsigned bytes

For each byte in the source vector Rss, subtract the corresponding byte in source vector
Rtt. Take the absolute value of the intermediate results, and the upper four together and
add the lower four together. Optionally, add the destination upper and lower words to these
results.

This instruction is useful in determining distance between two vectors, in applications
such as motion estimation.

Rss

Rtt

32bit Add :) 32bit Add
+ + Rdd

Syntax Behavior
Rdd=vrsadub (Rss, Rtt) Rdd = 0;
for (i1 = 0; 1 < 4; 1i++) {
Rdd.w[0]=(Rdd.w[0] + ABS((Rss.ub[i] -
Rtt.ubl[i])));
¥
for (i = 4; i < 8; i++) {
Rdd.w[l]=(Rdd.w[1l] + ABS((Rss.ub[i] -
Rtt.ubl[i]))) ;
b
Rxx+=vrsadub (Rss, Rtt) for (1 = 0; 1 < 4; 1i++) {
Rxx.w[0]=(Rxx.w[0] + ABS((Rss.ub[i] -
Rtt.ubl[i]))) ;
¥
for (i = 4; 1 < 8; i++) {
Rxx.w[l]=(Rxx.w[1l] + ABS((Rss.ub[i] -
Rtt.ubl[i])));
¥
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Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vrsadub (Rss, Rtt) Wordée4 Q6 P vrsadub PP (Wordé64 Rss, Wordé64
Rtt)

Rxx+=vrsadub (Rss,Rtt) Wordé64 Q6 P vrsadubacc PP (Wordé4 Rxx,
Word64 Rss, Wordé4 Rtt)

Encoding

w

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

1|1|1‘01‘0‘0|0 0|1‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|1‘0 d‘d‘d|d|d Rdd=vrsadub(Rss,Rtt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5

1|1|1‘0 1‘0‘1|0 0|1‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|1‘0 x‘x‘x|x|x Rxx+=vrsadub(Rss,Rtt)

Field name Description

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x
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Vector subtract halfwords

Subtract each of the four halfwords in 64-bit vector Rss from the corresponding halfword
in vector Ritt.

Optionally, saturate each 16-bit addition to either a signed or unsigned 16-bit value.
Applying saturation to the vsubh instruction clamps the result to the signed range 0x8000
to 0x7fff, whereas applying saturation to the vsubuh instruction ensures that the unsigned
result falls within the range 0 to Oxffff.

When saturation is not needed, vsubh should be used.

Syntax Behavior

Rdd=vsubh (Rtt,Rss) [:sat] for (i=0;i<4;i++)
Rdd.h[i]l=[sat ] (Rtt.h[i]-Rss.h[i]);
}i

Rdd=vsubuh (Rtt,Rss) :sat for (i=0;i<4;i++)
Rdd.h[i]=usat g (Rtt.uh[i]-Rss.uh[i]) ;
¥

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vsubh (Rtt,Rss) Wordée4 Q6 P vsubh PP (Wordé64 Rtt, Wordé64
Rss)
Rdd=vsubh (Rtt,Rss) :sat Wordé4 Q6 P _vsubh PP_sat (Wordé4 Rtt, Wordé4
Rss)
Rdd=vsubuh (Rtt,Rss) :sat Wordée4 Q6 P vsubuh PP sat (Wordé4 Rtt,
Wordé4 Rss)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1{17/0/1/0|0|1|{1/0(0|1|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]|0|d|d|d]|d]|d|Rdd=vsubh(RttRss)
1{17/0/1/0/0|1|{1/0(0|1|s|s|s|s|s/P/P|-|t|t|t|t |t 0[1]|1|d|d|d]|d]|d|Rdd=vsubh(RttRss):sat
1{1/0(1/0|/0|1|{1]/0(0|1|s|s|s|s|[s|/PP|-|t|t|t|t|t|1]|0]|0|d|d|d]|d]|d]|Rdd=vsubuh(Rtt,Rss):sat
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Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector subtract bytes

Subtract each of the eight bytes in 64-bit vector Rss from the corresponding byte in vector
Ritt.

Optionally, saturate each 8-bit subtraction to an unsigned value between 0 and 255. The
eight results are stored in destination register Rdd.

Syntax Behavior
Rdd=vsubb (Rss, Rtt) Assembler mapped to: "Rdd=vsubub (Rss,Rtt)"
Rdd=vsubub (Rtt,Rss) [:sat] for (i = 0; i < 8; i++) {

Rdd.b[i]=[usatg] (Rtt.ub[i]l-Rss.ub[i]) ;

}i
Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vsubb (Rss, Rtt) Wordée4 Q6 P vsubb PP (Wordé64 Rss, Wordé64
Rtt)

Rdd=vsubub (Rtt, Rss) Wordé4 Q6_P_vsubub_PP(Wordé64 Rtt, Wordé4
Rss)

Rdd=vsubub (Rtt,Rss) :sat Wordé64 Q6 _P_vsubub_PP_sat (Wordé64 Rtt,
Wordé64 Rss)

Encoding

31/30]29]28 27|26 25]24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 ] 2[1] 0
ICLASS RegType s5 Parse t5 MinOp d5
1/1]/0(1]0o|0o|1|1]|0(0|1|s|s|s|[s|s|P|P|-|t|t|t|t|t|0|0|0|d|d|d]|d]|d|Rdd=vsubub(Rit,Rss)
1{1/0|1(0|0|1|1|0|0|1|s|s|s|s|s|P/P|-|t|t|t|t t|0|0|1|d|d|d]|d]|d|Rdd=vsubub(Rtt,Rss):sat
Field name Description

RegType Register Type

MinOp Minor Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t
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Vector subtract words

Subtract each of the two words in 64-bit vector Rss from the corresponding word in vector
Ritt.

Optionally, saturate each 32-bit subtraction to a signed value between 0x8000 0000 and
Ox7fff_ffff. The two word results are stored in destination register Rdd.

Syntax Behavior

Rdd=vsubw (Rtt,Rss) [:sat] for (i=0;i<2;i++)
RAd.w[i] = [sats,] (Rtt.wlil -Rss.wlil);
}i

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vsubw (Rtt,Rss) Wordée4 Q6 P vsubw PP (Wordé64 Rtt, Wordé64
Rss)
Rdd=vsubw (Rtt,Rss) :sat Wordé4 Q6_P vsubw_PP_sat (Word64 Rtt, Wordé4
Rss)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType s5 Parse t5 MinOp d5
1(1/0|1]0|0|1|1]/0|0|1|s|s|s|s|s|P|P|-|t|t|t|t|t|1[0|1]|d|d|d]|d]|d]|Rdd=vsubw(RitRss)
1{1/0(1/0/0|1|{1/0[|0|1|s|s|s|s|s|P/P|l-|t|t|t|t|t 1]|1]|]0|d|d|d]|d|d]|Rdd=vsubw(Rtt,Rss):sat
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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11.10.2 XTYPE/BIT

The XTYPE/BIT instruction subclass includes instructions for bit manipulation.

Count leading

Count leading zeros (cl0) counts the number of consecutive zeros starting with the most
significant bit.

Count leading ones (cl1) counts the number of consecutive ones starting with the most
significant bit.

Count leading bits (clb) counts both leading ones and leading zeros and then selects the
maximum.

The NORMAMT instruction returns the number of leading bits minus one.

For a two's-complement number, the number of leading zeros is zero for negative
numbers. The number of leading ones is zero for positive numbers.

The number of leading bits can be used to judge the magnitude of the value.

Syntax Behavior

Rd=add (clb (Rs) , #s6) Rd =
(max (count leading ones(Rs),count leading
ones (~Rs) ) ) +#s;

Rd=add (clb (Rss) , #s6) Rd =
(max (count leading ones(Rss),count leading
_ones (~Rss)) ) +#s;

Rd=cl0 (Rs) Rd = count leading ones (~Rs) ;

Rd=cl0 (Rss) Rd = count leading ones (~Rss) ;

Rd=cl1 (Rs) Rd = count_leading ones(Rs) ;
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Instruction Set

Syntax
Rd=cl1 (Rss)

Rd=clb (Rs)

Rd=clb (Rss)

Rd=normamt (Rs)

Rd=normamt (Rss)

Class: XTYPE (slots 2,3)

Intrinsics

Rd=add (clb (Rs) , #s6)
Rd=add (clb (Rss) , #s6)

Rd=c10 (Rs)
Rd=cl0 (Rss)
Rd=cl1 (Rs)
Rd=cl1 (Rss)
Rd=clb (Rs)
Rd=clb (Rss)
Rd=normamt (Rs)

Rd=normamt (Rss)

Behavior
Rd = count leading ones (Rss) ;
Rd =
max (count leading ones (Rs),count_leading o
(

count_leading ones (Rss),count leading
(~Rss)) ;

(max (count leading ones(Rs),count leading
ones (~Rg)))-1;

1

if (Rss == 0) {
Rd = 0;

} else {
Rd =

(max (count leading ones(Rss),count leading
_ones (~Rss)))-1;

5

Word32 Q6 R add clb RI (Word32 Rs, Word32
Is6)

Word32 Q6 R add clb_ PI (Wordé64 Rss, Word32
Is6)

Word32 Q6 R cl0 R(Word32 Rs)
Word32 Q6 R clO P (Wordé64 Rss)
Word32 Q6 _R cll R(Word32 Rs)
Word32 Q6 R cll P(Wordé64 Rss)
Word32 Q6 _R clb R(Word32 Rs)
Word32 Q6 R clb P(Wordé64 Rss)
Word32 Q6 R normamt R (Word32 Rs)

Word32 Q6 R normamt P (Wordé64 Rss)

80-N2040-36 C

463

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|o|1]|0|0|0|0|1|0|s|s|s|s|s|P|P|-|-|-|-|-]|-]/0[0|0|d|d|d]d]d]|Rd=clb(Rss)
1/0/0|o|1|0|0|0|0|1|0|s|s|s|s|s|P|P|-|-|-|-|-]|-]|0[1]|0]|d|d|d]d]d]|Rd=clO(Rss)
1]/0/o|o|1]|o|o|0o|0|1|0|s|s|s|s|s|P|P|-|-|-|-|-]|-]|1]/0]|0]|d|d|d]d]d]|Rd=cl1(Rss)
1/0/0j0f1/0|0O|O0O|O0Of1|1|s|s|s|s|s|P/P|-|-|-]-|-|-/0|0]|0|d|d|d]|d|d]|Rd=normamt(Rss)
1/0/0|0f1|/0O|0O|O|Of1|1|s|s|s|s|s|P/P|i|i|i|]i|i|i|0]|1]|]0|d|d|d]|d|d|Rd=add(clb(Rss)#s6)
1/0/0|0O}1|1|/0|0|0O|0O|1|s|s|s|s|s|/P|P|i|i|i|i|i|i|0|0|0|d|d|d]|d]|d|Rd=add(clb(Rs)#s6)
1/0/0|0|1|1]|0|0|0|0|O|s|s|s|s|s|P|P|-|-|-|-|-]|-]1]/0]|0|d|d]|d]|d]|d|Rd=clb(Rs)
1/0/0|0|1|1]|0|0|0|0|0O|s|s|s|s|s|P|P|-|-|-|-]|-]|-][1]0]1]|d|d]|d]|d]d]|Rd=clO(Rs)
1/0/0|o|1|1]|0|/0|0|0|0|s|s|s|s|s|P|P|-|-|-|-|-]|-]1][1]0]|d|d]|d]|d]d]|Rd=cl1(Rs)
1/o0/0j0Of1|1|0|0|0|0O|O0O|s|s|s|s|s|/P/P|-|-|-]|-|-|-|1T]|1]|1]d|d|d|d]|d]|Rd=normamt(Rs)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Count population

Population Count (popcount) counts the number of bits in Rss that are set.

Syntax Behavior

Rd=popcount (Rss) Rd = count ones (Rss) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rd=popcount (Rss) Word32 Q6 R popcount P (Wordé4 Rss)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘01‘0‘0|0 o|1 1 s‘s‘s|s|s P|P-‘- -|-|-o|1‘1 d‘d‘d|d|d Rd=popcount(Rss)

Py

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
80-N2040-36 C 465

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Count trailing

Count trailing zeros (ct0) counts the number of consecutive zeros starting with the least

significant bit.

Count trailing ones (ct1) counts the number of consecutive ones starting with the least

significant bit.

Syntax
Rd=ct0 (Rs)

Rd=ctO (Rss)

Rd=ctl (Rs)

Rd=ct1l (Rss)
Class: XTYPE (slots 2,3)

Intrinsics

Rd=ctO0 (Rs)
Rd=ctO (Rss)
Rd=ctl (Rs)

Rd=ctl (Rss)

Rd

Rd =

Behavior

count leading ones (~reverse bits(Rs)) ;

count_leading ones (~reverse bits(Rss)) ;

Rd = count leading ones (reverse bits(Rs));

Rd = count leading ones(reverse bits(Rss)) ;

Word32
Word32
Word32

Word32

Q6_R_ctO0_R(Word32 Rs)

Q6 R ct0 P (Wordé64 Rss)

Q6_R_ctl_R(Word32 Rs)

Q6 _R ctl P(Wordé64 Rss)

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
10010 0/0/0[1[1|1|s|s|s|s|s|P|P - - -|/0|1]0|d|d|d|d]|d|Rd=ctO(Rss)
10010 0/0/0[1[1|1|s|s|s|s|s|P|P - - -|/1]/0]0|d|d|d|d]|d|Rd=ctl(Rss)
10010 1/0(0|0|1]0|s|s|s|s|s|P|P - - -|/1]/0]0|d|d|d|d]|d]|Rd=ctO(Rs)
10010 1/0(0|0|1]/0|s|s|s|s|s|P|P - -|/1]/0]1|d|d|d|d]|d]|Rd=ct1(Rs)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Extract bitfield

Extract a bitfield from the source register (or register pair) and deposit into the least
significant bits of the destination register (or register pair). The other, more significant bits
in the destination are either cleared or sign-extended, depending on the instruction.

The width of the extracted field is obtained from the first immediate or from the most-
significant word of Rtt. The field offset is obtained from either the second immediate or
from the least-significant word of Ritt.

For register-based extract, where Rtt supplies the offset and width, the offset value is
treated as a signed 7-bit number. If this value is negative, the source register Rss is shifted
left (the reverse direction). Width number of bits are then taken from the least-significant
portion of this result.

If the shift amount and/or offset captures data beyond the most significant end of the input,
these bits will be taken as zero.

Width Offset
L

Rs

Rd

Zero Extension
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Syntax

Rd=extract (Rs, #u5, #U5)

Rd=extract (Rs,Rtt)

Rd=extractu (Rs, #u5, #U5)

Rd=extractu (Rs,Rtt)

Rdd=extract (Rss, #ué6, #U6)

Rdd=extract (Rss,Rtt)

Rdd=extractu (Rss, #ué, #U6)

Rdd=extractu (Rss,Rtt)

Class: XTYPE (slots 2,3)

Intrinsics

Rd=extract (Rs, #u5, #U5)
Rd=extract (Rs,Rtt)

Rd=extractu (Rs, #u5, #U5)

Behavior

width=#u;
offset=#U;
Rd = sxtyigeh--32((Rs >> offset));

width=zxtgs_ 5, ((Rtt.w[1]));
offset=sxt,__ 5, ((REt.w[0]));

Rd = sXtyigch-»64 ((0ffset>0)? (2xt3,5_ g4 (ZXE55_
.64 (R8) ) >>>0ffset) : (zxt3, g4 (2XE4,.

.64 (Rs) ) <<offset)) ;

width=#u;
offset=#U;
Rd = zxt,igen--32((Rs >> offset));

width=zxts 3, ((REt.w[1]));

offset=sxt;_,3, ((REt.w[0]));

Rd = zZXt,igch-s64 ((0ffset>0)? (zxt3, g4 (ZXE55_
.64 (Rs) ) >>>0ffset) : (zxti,_ g4 (ZXE4,.

.64 (Rs) ) <<offset)) ;

width=#u;
offset=#U;
Rdd = sxt,iqth-s64((Rss >> offset));

width=zxts_ .3, ((REt.w[1]));

offset=sxt,;__;, ((REL.w[0]));

Rdd = Sthidthf

.64 ((0ffset>0) ? (Rss>>>0ffset) : (Rss<<offset)
)i

width=#u;
offset=#U;
Rdd = zxXtigth--64 ((RSs >> offset));

width=zxtgs_ 5, ((Rtt.w[1]));

offset=sxt,__3, ((REt.w[0]));

Rdd = Zthidth-

.64 ((offset>0)? (Rss>>>0ffset) : (Rss<<offset)
) 8

Word32 Q6 R extract RII(Word32 Rs, Word32
Iu5, Word32 IUS)

Word32 Q6 R extract RP(Word32 Rs, Wordé4
Rtt)

Word32 Q6 R extractu RII(Word32 Rs, Word32
Iu5, Word32 IUS)
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Rd=extractu (Rs,Rtt) Word32 Q6 R extractu RP(Word32 Rs, Wordé64
Rtt)

Rdd=extract (Rss, #u6, #U6) Wordé64 Q6 P extract PII (Wordé4 Rss, Word32
Iu6, Word32 IUe6)

Rdd=extract (Rss,Rtt) Wordée4 Q6 P extract PP (Wordé64 Rss, Wordé4
Rtt)

Rdd=extractu(Rss, #u6, #U6) Wordé64 Q6 P extractu PII (Wordé64 Rss, Word32
Iu6, Word32 IUe6)

Rdd=extractu(Rss,Rtt) Wordé64 Q6 P extractu PP (Wordé4 Rss, Wordé4
Rtt)

Encoding

e

31|3o|29\28 27\26\25|24 23|222 20\19\1a|17|1615|14 13\12\11\1o|9|8 7|6\5 4\3\2|1|o

ICLASS RegType |MajOp s5 Parse MinOp d5
110lololololof1|1|1|1|s|s|s|s|s|P|P|ililililililt|1]|1]|d|d d|d|d ;*dd:ex"aCt”(Rss'#”&#UG
1lofofolalol1]o[alt|1]s]s|s|s|s|p[Plililililililt]1]1]d|d| d]d]|d]|Rdd=extract(Rss#u6#USs)
1lofofol1l1]ol1]olt|1]s]s|s|s|s|p[Plolilililililt|1]1]d|d|d]|d]|d]|Rd=extractu(Rs#us#U5)

-
o
o
o
-
-
o
-
-
b
'
[}
o
o
o
o

Il |l |s|s|s|s|s

ICLASS RegType Maj s5 Parse t5 Min d5

Rd=extract(Rs,#u5,#U5)

1/17/0/0/0|0|0O|1|/0Of0O|-|s|s|s|s|s/P/P|-|t|t|t|t|t 0|0]|-|d|d|d]|d]|d|Rdd=extractu(Rss,Rtt)
1/17/0/0/0|0|0O|{1|1(1|-|s|s|s|s|s/P/P|-|t|t|t|t|t 1|0]|-|d|d|d]|d]|d|Rdd=extract(Rss,Rtt)
1/1/0/0(1/0|0|1|0(0|-|s|s|s|s|[s|/PP|-|t|t|t|t|t|0|0]|-]|d|d|d|d]|d]|Rd=extractu(Rs,Rtt)
1/1/0/0(1/0|0|1|0|0|-|s|s|s|s|s|P/P|l-|t|t|t|t|t 0|1]|-|d|d|d]|d|d|Rd=extract(Rs,Rtt)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

MajOp Major Opcode

MinOp Minor Opcode

Maj Major Opcode

Min Minor Opcode

RegType Register Type

RegType Register Type
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Insert bitfield

Replace a bitfield in the destination register (or register pair) with bits from the least
significant portion of Rs/Rss. The number of bits is obtained from the first immediate or
the most-significant word of Rtt. The bits are shifted by the second immediate or the least

significant word of Rtt.

If register Rtt specifies the offset, then the low 7-bits of Rtt are treated as a signed 7-bit
value. If this value is negative, the result is zero.

Shift amounts and offsets that are too large may push bits beyond the end of the
destination register, in this case the bits will not appear in the destination register.

Width
Rs
Offset
Rd
Unchanged Unchanged
Syntax Behavior
Rx=1insert (Rs, #u5, #U5) width=#u;
offset=#U;
Rx &= ~(((l<<width)-1)<<offset) ;
Rx |= ((Rs & ((l<<width)-1)) << offset);

Rx=1insert (Rs,Rtt)

Rxx=1insert (Rss, #u6, #U6)

Rxx=1insert (Rss,Rtt)

1))
01));

width=zxt,__ 3, ((Rtt.w[1l
offset=sxt,;__3, ((Rtt.w(

mask = ((l<<width)-1)
if (offset < 0) {

Rx 0;
} else

{
Rx &= ~ (mask<<offset) ;
| =

Rx ((Rs & mask) << offset);
}i
width=#u;
offset=#U;
Rxx &= ~(((l<<width)-1)<<offset) ;
Rxx |= ((Rss & ((l<<width)-1)) << offset);

1))
offset=sxt,;_ .3, ((REt.w[0])) ;
mask = ((l<<width)-1)
if (offset < 0) {

Rxx = 0;
} else {
Rxx &= ~ (mask<<offset) ;
Rxx |= ((Rss & mask) << offset);

width=zxt,_ 3, ((Rtt.w[1l
[

¥
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Class: XTYPE (slots 2,3)

Intrinsics

Rx=1insert (Rs, #u5, #U5)

Rx=insert (Rs,Rtt)

Rxx=1insert (Rss, #u6, #U6)

Rxx=insert (Rss,Rtt)

Word32 Q6 R insert RII (Word32 Rx, Word32

Rs, Word32

Tub,

Word32 IUS)

Word32 Q6 R _insert RP (Word32 Rx, Word32 Rs,

Word64 Rtt)

Wordée4 Q6 P insert PII (Wordé64 Rxx, Wordé64

Rss,

Word32 Iué,

Word32 IU6)

Wordé64 Q6 P_insert PP (Wordé64 Rxx, Word64

Rss,

Word64 Rtt)

Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp x5
1100 (00|01 |1 |0 |[01]]1 s|s|s|s|P[P|i|i|i|ili|i|lll X | X | X | x | x | Rxx=insert(Rss,#u6,#U6)
11000 (1|1 (1|1 (0|1 |1 s|s|s|s|P[P|O|i|i|i|il|il[lll X | x | x | x | x | Rx=insert(Rs,#u5,#U5)
ICLASS RegType s5 Parse t5 x5
1|1|o‘01‘0‘0|0 .- -s‘s‘s|s|s P|P . t‘t‘t|t|t .- x‘x‘x|x|x Rx=insert(Rs,Rtt)
ICLASS RegType Maj s5 Parse t5 x5
1|1|0‘01‘0‘1|0 0|- -s‘s‘s|s|s P|P0 t‘t‘t|t|t | x‘x‘x|x|x Rxx=insert(Rss,Rtt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
X5 Field to encode register x
MajoOp Major Opcode
MinOp Minor Opcode
Maj Major Opcode
RegType Register Type
RegType Register Type
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Interleave/deinterleave

For interleave, bits [+32 of Rss (which are the bits from the upper source word) get placed
in the odd bits (I*2)+1 of Rdd, while bits I of Rss (which are the bits from the lower source
word) get placed in the even bits (I*2) of Rdd.

For deinterleave, the even bits of the source register are placed in the even register of the
result pair, and the odd bits of the source register are placed in the odd register of the result
pair.

Note that "r1:0 = deinterleave(r1:0)" is the inverse of "r1:0 = interleave(r1:0)".

Syntax Behavior
Rdd=deinterleave (Rss) Rdd = deinterleave (ODD, EVEN) ;
Rdd=interleave (Rss) Rdd = interleave(Rss.w[1l],Rss.wl[0]) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=deinterleave (Rss) Wordée4 Q6 P deinterleave P (Wordé64 Rss)
Rdd=interleave (Rss) Wordé64 Q6 P_interleave P (Wordé64 Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/o/jo0/ojojojojo|1(1/0|s|s|s|s|s/P/P|-|-|-]|-|-|-|1/0]|0|d|d]|d]|d]|d|Rdd=deinterleave(Rss)
1/o/jojojojojojo|1(1/0|s|s|s|s|s/P/P|-|-|-|-|-]|-/1]/0|1|d|d]|d]|d]|d|Rdd=interleave(Rss)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Linear feedback-shift iteration

Count the number of ones of the logical AND of the two source input values, and take the
least significant value of that sum. The first source value is shifted right by one bit, and the
parity is placed in the MSB.

Syntax Behavior
Rdd=1fs (Rss,Rtt) Rdd = (Rss.u64 >> 1) | ((l&count ones (Rss &

Rtt)) .u64<<63) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=1fs (Rss,Rtt) Wordée4 Q6 P 1fs PP (Wordé4 Rss, Wordé4 Rtt)
Encoding

31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS RegType Maj s5 Parse t5 Min d5
1|1|o‘0 0‘0‘0|1 1|0 -s‘s‘s|s|s P|P- t‘t‘t|t|t1|1 Od‘d‘d|d|d Rdd=lfs(Rss,Rtt)
Field name Description

ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Masked parity

Count the number of ones of the logical AND of the two source input values, and take the
least significant bit of that sum.

Syntax Behavior

Rd=parity (Rs,Rt) Rd

l&count_ones (Rs & Rt);

Rd=parity (Rss,Rtt) Rd l&count ones(Rss & Rtt);

Class: XTYPE (slots 2,3)

Intrinsics
Rd=parity (Rs,Rt) Word32 Q6 R parity RR(Word32 Rs, Word32 Rt)
Rd=parity (Rss,Rtt) Word32 Q6 R parity PP (Wordé64 Rss, Wordé4
Rtt)
Encoding
31/30]29]28 27|26 25] 24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType s5 Parse t5 d5
1/1/0/1/0/0|0|0O|-|-|-|s|s|s|s|s|P/P|l-|t|t|t|t|t| -]|-]-|d|d|d]|d|d|Rd=parity(Rss,Rtt)
1/1]/o0f1]o|1]0o|1]|1]|1|1|s|s|s|s|s|P|P|-|t|t|t|t|t|-|-|-|d|d]|d]|d]d]|Rd=parity(Rs,Rt)
Field name Description
RegType Register Type
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 474

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Bit reverse

Reverse the order of bits. The most significant gets swapped with the least significant, bit
30 gets swapped with bit 1, and so on.

Syntax Behavior
Rd=brev (Rs) Rd = reverse bits(Rs) ;
Rdd=brev (Rss) Rdd = reverse bits(Rss) ;

Class: XTYPE (slots 2,3)

Intrinsics
Rd=brev (Rs) Word32 Q6 R brev R(Word32 Rs)
Rdd=brev (Rss) Wordée4 Q6 P brev P (Wordé4 Rss)
Encoding
31/30/29|28|27|2625/24/23|22] 21|20 19]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|0f0|0|0|0O|1[1|0|s|s|s|[s|[s|/P|P|-|-|-|-|-|-[1]1|0]|d|d|d]|d]|d|Rdd=brev(Rss)
1/0/0|0f1|1|/0|0|0[1|0|s|s|s|s|s|P[P|-|-|-|-|-|-[1]1|0|d|d|d]|d]|d|Rd=brev(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Set/clear/toggle bit

Set (to 1), clear (to 0), or toggle a single bit in the source, and place the resulting value in
the destination. The bit to be manipulated can be indicated using an immediate or register
value.

If a register is used to indicate the bit position, and the value of the least-significant 7 bits
of Rt is out of range, then the destination register will be unchanged.

Syntax Behavior

Rd=clrbit (Rs, #u5b) Rd = (Rs & (~(l<<#u)));

Rd=clrbit (Rs,Rt) Rd = (Rs & (~((sxty_.35(Rt)>0)7? (zxts,_
264 (1) <<sxt, 35 (RE)) : (Zxtyy .64 (1) >>>8xE,_
532 (RE))) ) )

Rd=setbit (Rs, #u5) Rd = (Rs | (l<<#u));

Rd=setbit (Rs,Rt) Rd = (Rs | (sxtq_.35(Rt)>0)? (2xts,_
264 (1) <<sxt, 35 (RE)) : (Zxtyy g4 (1) >>>8xE,_
>32 (Rt))) i

Rd=togglebit (Rs, #u5) Rd = (Rs * (l<<#u));

Rd=togglebit (Rs,Rt) Rd = (Rs * (sxtq_.35(Rt)>0)? (2xts,_
264 (1) <<sxt, 35 (RE)) : (ZxXtyy g4 (1) >>>8xE,_
>32 (Rt))) i

Class: XTYPE (slots 2,3)

Intrinsics
Rd=clrbit (Rs, #u5) Word32 Q6 R clrbit RI(Word32 Rs, Word32
Tu5)
Rd=clrbit (Rs,Rt) Word32 Q6 R clrbit RR(Word32 Rs, Word32 Rt)
Rd=setbit (Rs, #u5) Word32 Q6 R setbit RI(Word32 Rs, Word32
Tub)
Rd=setbit (Rs,Rt) Word32 Q6 R setbit RR(Word32 Rs, Word32 Rt)
Rd=togglebit (Rs, #u5) Word32 Q6 R togglebit RI (Word32 Rs, Word32
Tub)
Rd=togglebit (Rs,Rt) Word32 Q6 R togglebit RR(Word32 Rs, Word32
Rt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0(0f1|/1|0|0|1|1|0|s|s|s|s|s|P/P|O|i|i|i|[i|i|l0|0]|0|d|d|d]|d|d|Rd=setbit(Rs#u5)
1/0(0/0f1|1]0|0|1|1|0|s|s|s|s|s|P|/P|O|i|i|i|i|[i|O0|0|1|d|d]|d]|d]|d|Rd=clrbit(Rs#u5)
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31(30|29(28|27(26|25(24|23(22|21|20(19(18 /1716|1514 1312|1110 8(7|6|5|4 2
1/0/0|01|1|0|0 |1 (1|0 |s|s|s|s|s|P[P|O|i]|i]i il0o(1]0 d Rd=togglebit(Rs,#u5)
ICLASS RegType Maj s5 Parse t5 Min d5
1010 oOf1|1]/0[1]|0|-|s|s|s|s]|s -ttt t{o]0]- Rd=setbit(Rs,Rt)
11110 0/1(1/0|1]|0|-|s|s|s|s|s -ttt t(0|1]|- Rd=clrbit(Rs,Rt)
11110 0/1(1/0|1]|0|-|s|s|s|s|s -ttt t(1/0]- d Rd=togglebit(Rs,Rt)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

MajoOp Major Opcode

MinOp Minor Opcode

Maj Major Opcode

Min Minor Opcode

RegType Register Type

RegType Register Type

80-N2040-36 C

477

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Split bitfield

Split the bitfield in a register into upper and lower parts of variable size. The lower part is
placed in the lower word of a destination register pair, and the upper part is placed in the
upper word of the destination. An immediate value or register Rt is used to determine the
bit position of the split.

Bits

Rdd[0]
-
Zero
Rdd[1]
-
Zero
Syntax Behavior

Rdd=bitsplit (Rs, #u5) Rdd.w[1l]=(Rs>>#u) ;
Rdd.w[0] =zxty,-.35 (Rs) ;

Rdd=bitsplit (Rs,Rt) shamt = zxtc_ 3, (Rt);
Rdd.w[1l] = (Rs>>shamt) ;
RdAd.w([0] =zXtgpamt->32 (RS) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=bitsplit (Rs, #u5) Wordée4 Q6 P bitsplit RI(Word32 Rs, Word32
Tu5)

Rdd=bitsplit (Rs,Rt) Wordée4 Q6 P bitsplit RR(Word32 Rs, Word32
Rt)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|0‘01‘0‘0|01|1 0 s‘s‘s|s|s P|P0 i‘i‘i|i|i1|0‘0 d‘d‘d|d|d Rdd=bitsplit(Rs,#u5)
ICLASS RegType s5 Parse t5 d5
1|1|o‘10‘1‘0|o |‘1 s‘s‘s|s|s P|P- t‘t‘t|t|t -|-‘-d‘d‘d|d|d Rdd=bitsplit(Rs,Rt)
Field name Description
RegType Register Type
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Table index

The table index instruction supports fast lookup tables where the index into the table is
stored in a bit-field. The instruction forms the address of a table element by extracting the
bit-field and inserting it into the appropriate bits of a pointer to the table element.

Tables are defined to contain entries of bytes, halfwords, words, or doublewords. The table
must be aligned to a power-of-2 size greater than or equal to the table size. For example, a
4Kbyte table should be aligned to a 4Kbyte boundary. This instruction supports tables
with a maximum of 32K table entries.

Register Rx contains a pointer to within the table. Register Rs contains a field to be
extracted and used as a table index. This instruction first extracts the field from register Rs
and then inserts it into register Rx. The insertion point is bit O for tables of bytes, bit 1 for
tables of halfwords, bit 2 for tables of words, and bit 3 for tables of doublewords.

In the assembly syntax, the width and offset values represent the field in Rs to be
extracted. Unsigned constants should be used to specify the width and offsets in assembly.
In the encoded instruction, however, these values are adjusted by the assembler as follows.

» For tableidxb, no adjustment is necessary.
m For tableidxh, the assembler encodes offset-1 in the signed immediate field.
m For tableidxw, the assembler encodes offset-2 in the signed immediate field.

= For tableidxd, the assembler encodes offset-3 in the signed immediate field.

Rx=TABLEIDXD(Rs,#width,#offset)

Width Offset
- > >
Rs
Unchanged Rx
-4
Unchanged
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Syntax

Rx=tableidxb (Rs, #u4, #S6)

Rx=tableidxb (Rs, #u4, #U5)

Rx=tableidxd (Rs, #u4, #S6)

Rx=tableidxd (Rs, #u4, #U5)

Rx=tableidxh (Rs, #u4, #S6)

Rx=tableidxh (Rs, #u4, #U5)

Rx=tableidxw (Rs, #u4, #S6) :

Rx=tableidxw (Rs, #u4, #U5)

Class: XTYPE (slots 2,3)

Intrinsics

Rx=tableidxb (Rs, #u4, #U5)
Rx=tableidxd (Rs, #u4, #U5)
Rx=tableidxh (Rs, #u4, #U5)

Rx=tableidxw (Rs, #u4, #U5)

raw

raw

raw

raw

Behavior
width=#u;
offset=#S;
field = Rs[(width+offset-1) :offset];

Rx [ (width-1+0) : 0] =field;

Assembler mapped to:
"Rx=tableidxb (Rs, #u4, #U5) :raw"

width=#u;
offset=#S+3;
field = Rs[(width+offset-1) :offset];

Rx [ (width-1+3) :3]=field;

Assembler mapped to:

"Rx=tableidxd (Rs, #u4, #U5-3) : raw"

width=#u;

offset=#S+1;

field = Rs[(width+offset-1)
Rx [ (width-1+1) :1]=field;

Assembler mapped to:

"Rx=tableidxh (Rs, #u4, #U5-1) :raw"

width=#u;

offset=#S+2;

field = Rs[(width+offset-1)
Rx [ (width-1+2) :2] =field;

Assembler mapped to:

"Rx=tableidxw (Rs, #u4, #U5-2) : raw"

Word32 Q6 R tableidxb RII (Word32 Rx,
Rs, Word32 Iu4, Word32 IU5)

Word32 Q6 R tableidxd RII (Word32 Rx,
Rs, Word32 Iu4, Word32 IUS)

Word32 Q6 R tableidxh RII (Word32 Rx,
Rs, Word32 Iu4, Word32 IU5)

Word32 Q6 R tableidxw RII (Word32 Rx,
Rs, Word32 Iu4, Word32 IUS)

:offset] ;

:offset] ;

Word32

Word32

Word32

Word32
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp x5
17000011100 ]i|s|s|s|s|s|[P[P|L|1|1|1[1[1][il]il]i]|x|x]|x]|x|x|Rxtableidb(Rs#us#SE)r
1700 00|11 ]1]01|i|s|s|s|s/s/ P[P0 1|t] 0 0[1]ili]i x|x|x]|x]|x]|Rxstableidh(Rs#ud#Se)r
17000011110 ]i|s|s|s|s|s|[P[P|1|1|1[1[1[1][ilili]|x|x|x]|x]|x|Rxctableidw(Rs#udH#SO)
170100011111 i|s|s|s|s|s|[P[P| 1| 1| 1|1 1][1][il]il]i|x|x|x]|x|x|Rxtableidxd(Rs#us#SE)r
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
X5 Field to encode register x
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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11.10.3 XTYPE/COMPLEX

The XTYPE/COMPLEX instruction subclass includes instructions which are for complex
math, using imaginary values.

Complex add/sub halfwords

Cross vector add-sub or sub-add used to perform X+jY and X-jY complex operations.
Each 16-bit result is saturated to 16-bits.

Rdd=vxaddsubh(Rss,Rtt):sat

| | Rss
[ | Ritt
| | [ R | | [ R | Rdd
I R I Rss
/
I R / | Rt
>>1
R
4

I I I R I l I R |
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Syntax

Rdd=vxaddsubh (Rss, Rtt)

Rdd=vxaddsubh (Rss, Rtt)

:sat

Rdd=vxsubaddh (Rss, Rtt)

Rdd=vxsubaddh (Rss, Rtt) :sat

Class: XTYPE (slots 2,3)

Notes

:rnd:>>1:sat

:rnd:>>1:sat

Rdd.
Rdd.
Rdd.
Rdd.

Rdd.
Rdd.
Rdd.
Rdd.

Rdd.
Rdd.
Rdd.
Rdd.

Rdd.
Rdd.
Rdd.
Rdd.

Behavior
h[0]=sat g ((Rss.h[0]+Rtt.h[1]+1) >>1) ;
h[l]l=sat;g((Rss.h[1]-Rtt.h[0]+1) >>1) ;
hl[2]=sat;g((Rss.h[2]+Rtt.h[3]+1)>>1) ;
h[3]=satg((Rss.h[3]-Rtt.h[2]+1)>>1) ;
h[0]=sat gz (Rss.h[0]+Rtt.h[1]);
h[l]=satig(Rss.h[1]-Rtt.h[0]);
h[2]=sat,g(Rss.h[2]+Rtt.h[3]);
h[3]=sat g (Rss.h[3]-Rtt.h[2]);
h[0]=sat g ((Rss.h[0] -Rtt.h[1]+1) >>1) ;
hlll=sat;g((Rss.h[1]+Rtt.h[0]+1)>>1);
h[2]=sat g ((Rss.h[2] -Rtt.h[3]+1) >>1) ;
h[3]=satg((Rss.h[3]+Rtt.h[2]+1) >>1) ;
h[0]=sat g (Rss.h[0]-Rtt.h[1]) ;

( ) 8

hlll=sat,g(Rss.h[1]+Rtt.h[0]);

h[2]=sat g (Rss.h[2]-Rtt.h[3])
( )

h[3]=sat g (Rss.h[3]+Rtt.h[2]

1

1

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vxaddsubh (Rss, Rtt)
Rdd=vxaddsubh (Rss, Rtt) :sat
Rdd=vxsubaddh (Rss, Rtt)

Rdd=vxsubaddh (Rss,Rtt) :sat

:rnd:>>1:sat

:rnd:>>1:sat

Wordé64 Q6 P vxaddsubh PP rnd rsl sat (Word64

Rss,

Wordé64 Rtt)

Wordé64 Q6 P vxaddsubh PP_sat (Wordé4 Rss,
Word64 Rtt)

Wordé64 Q6 P vxsubaddh PP rnd rsl sat (Word64

Rss,

Wordé64 Rtt)

Wordé64 Q6 P vxsubaddh PP_sat (Wordé4 Rss,
Wordé4 Rtt)

Encoding

31|30|29‘28 27‘26‘25|24 23|22 21 20‘19‘18|17|1615|14 13 12‘11‘10|9|8 7|6 5 4\3\2|1|0

ICLASS RegType Maj s5 Parse t5 Min d5

111]o]olololof1]ol1]|-|s|s|s|s|s|P|P t|t|t|t|t 1[0 0 d|d|d| d|aq] Rdd=vxaddsubh(RssRit)s

111]o]olololof1]ol1|-|s|s|s|s|s|P|P t|t|t|t|t|1]1]0|d|d| d|d]|a Rad=vxsubaddn(Rss,Rit)s
Rdd=vxaddsubh(Rss,Rtt):r

10100000111 ]-|s|s|s|s|s|[P[P|-|t|t|t|t|t0[0]|-|d|d|d|d|dRddvxaddsubh( )
Rdd=vxsubaddh(Rss,Rtt):r

11000 jolofo|1]1/1|-|s|s|s|s/s/P[P|-|t|t t|t|t|0o1|- d|d|d| d|d|Rdvxsubaddn )
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Field name

ICLASS
Parse
ds

s5

t5

Maj

Min
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Major Opcode

Minor Opcode

Register Type

Description
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Complex add/sub words

Cross vector add-sub or sub-add used to perform X+jY and X-jY complex operations.
Each 32-bit result is saturated to 32-bits.

Rdd=vxaddsubw(Rss,Rt):sat
I ! I R

7
L\ | I R_/ |

I | I R

Syntax

Rdd=vxaddsubw (Rss, Rtt) : sat

Rdd=vxsubaddw (Rss, Rtt) :sat

Class: XTYPE (slots 2,3)

Notes

| Rss [

| Rdd

Rdd=vxsubaddw(Rss,Rt):sat

| | R | Rss
\ /
Rtt | \ | | R / | Rt
| | Rdd

Behavior

Rdd.w[0] =sat;, (Rss.w[0]+Rtt.w([1l]) ;
Rdd.w[1l] =sat;, (Rss.w[l] -Rtt.w[0]) ;

Rdd.w[0] =sat,, (Rss.w[0]-Rtt.w[1l]) ;
Rdd.w([l]=sat;,(Rss.w[l]+Rtt.w[0]) ;

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vxaddsubw (Rss, Rtt) :sat

Rdd=vxsubaddw (Rss,Rtt) :sat

Worde4
Worde4

Wordé4
Wordé4

Q6 P vxaddsubw PP sat (Wordé64 Rss,
Rtt)

Q6 P _vxsubaddw PP_sat (Wordé4 Rss,
Rtt)
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1{1]o]ojolojol1|ol1]|-|s|s|s|s|s|P|P|-|t|t]t t|ofo|o|d|d|d Rd=vxaddsubw(Rss,Rtt):s
1{1]o]ojolojol1|o|1]|-|s|s|s|s|s|P|P t]t]t t|o[1/0|d|d|d Rda=vxsubaddw(Rss Rit):s
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

Maj Major Opcode

Min Minor Opcode

RegType Register Type
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Complex multiply

Multiply complex values Rs and Rt. The inputs have a real 16-bit value in the low
halfword and an imaginary 16-bit value in the high halfword. Optionally, scale the result
by 0-1 bits. Optionally, add a complex accumulator. Saturate the real and imaginary
portions to 32-bits. The output has a real 32-bit value in the low word and an imaginary
32-bit value in the high word. The Rt input can be optionally conjugated. Another option
is that the result can be subtracted from the destination rather than accumulated.

Rxx+=cmpy(Rs,Rt):sat

Rs | R I R Rs

AN /
Rt I N\J /R | R Rt

' l

32 32 32 32
<<0-1 <<0-1 <<0-1 <<0-1
> Add Add -«
Sat_32 Sat_32 A2
L
Ta2
Imaginary Accumulation Real Accumulation
Rxx
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Syntax

Rdd=cmpy (Rs,Rt) [:<<1] :sat

Rdd=cmpy (Rs,Rt*) [:<<1] : sat

Rxx+=cmpy (Rs,Rt) [:<<1] : sat

Rxx+=cmpy (Rs,Rt*) [:<<1] :sat

Rxx-=cmpy (Rs,Rt) [:<<1] :sat

Rxx-=cmpy (Rs,Rt*) [:<<1] :sat

Class: XTYPE (slots 2,3)

Notes

Behavior

I

Rdd.w([l]=sat;,; ((Rs.h[1l] * Rt.h[0]) [<<1]
(Rs.h[0] * Rt.h[1]) [<<1]);
Rdd.w([0] =sat;, ((Rs.h[0] * Rt.h[0]) [<<1] -
(Rs.h[1] * Rt.h[1]) [<<1]);

Rdd.w[l]l=sat;, ((Rs.h[1] * Rt.h[0]) [<<1]
(Rs.h[0] * Rt.h[1]) [<<1]);
Rdd.w([0]=sat;, ((Rs.h[0] * Rt.h[0]) [<<1]

I

(Rs.h[1] * Rt.h[1]) [<<1]);

Rxx.w[l]=sat;, (Rxx.w[1] + (Rs.h[1] *
Rt.h[0]) [<<1] + (Rs.h[0] * Rt.h[1]) [<<1]);
Rxx.w([0]=sat;, (Rxx.w[0] + (Rs.h[0] *

Rt.h[0]) [<<1] - (Rs.h[1] * Rt.h[1]) [<<1]);

(Rs.h[1] *
* Rt.h[1]) [<<1]);
(Rs.h[0] *
* Rt.h[1]) [<<1]);

Rxx.w[l]=sats, (Rxx.w[1] +
Rt.h[0]) [<<1] - (Rs.h[O]
Rxx.w[0] =sat;, (Rxx.w[0] +
Rt.h[0]) [<<1] + (Rs.h[1]

((Rs.h[1] =*
* Rt.h[1]) [<<1]));
((Rs.h[0] =*
* Rt.h[1]) [<<1]));

Rxx.w[l]=sat;, (Rxx.w[1l] -
Rt.h[0]) [<<1] + (Rs.h[O0]
Rxx.w[0] =sat;, (Rxx.w[0] -
Rt.h[0]) [<<1] - (Rs.h[1]

((Rs.h[1] =*
* Rt.h[1]) [<<1]));
((Rs.h[0] *
* Rt.h[1]) [<<1]));

Rxx.w[l]=sat;, (Rxx.w[1l] -
Rt.h[0]) [<<1] - (Rs.h[0]
Rxx.w[0] =sat;, (Rxx.w[0] -
Rt.h[0]) [<<1] + (Rs.h[1]

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=cmpy (Rs,Rt) :<<l:sat

Rdd=cmpy (Rs,Rt) :sat

Rdd=cmpy (Rs,Rt*) : <<l:sat
Rdd=cmpy (Rs,Rt*) : sat
Rxx+=cmpy (Rs,Rt) :<<1l:sat
Rxx+=cmpy (Rs,Rt) :sat

Rxx+=cmpy (Rs,Rt*) :<<l:sat

Wordé4 Q6 P cmpy RR sl sat (Word32 Rs,
Word32 Rt)

Wordé4 Q6 P cmpy RR sat (Word32 Rs, Word32
Rt)

Wordé64 Q6 P cmpy RR conj sl sat (Word32 Rs,
Word32 Rt)

Wordé64 Q6 P _cmpy RR conj_sat (Word32 Rs,
Word32 Rt)

Wordée4 Q6 P cmpyacc RR sl sat (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P cmpyacc RR_ sat (Wordé64 Rxx,
Word32 Rg, Word32 Rt)

Wordée4 Q6 P cmpyacc RR conj sl sat (Wordée4

Rxx, Word32 Rs, Word32 Rt)
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Rxx+=cmpy (Rs,Rt*) :sat

Rxx-=cmpy (Rs,Rt) :<<l:sat

Rxx-=cmpy (Rs, Rt) :sat

Rxx-=cmpy (Rs,Rt*) :<<l:sat

Rxx-=cmpy (Rs,Rt*) :sat

Worde4

Word32 Rs, Word32 Rt)
Wordé4

Word32 Rs, Word32 Rt)
Worde4

Word32 Rs, Word32 Rt)
Wordé4

Rxx, Word32 Rg,

Q6 P cmpyacc RR conj sat (Wordé64 Rxx,

Q6 P cmpynac RR sl sat (Wordé64 Rxx,

Q6 P cmpynac RR sat (Wordé64 Rxx,

Q6 P cmpynac RR conj sl sat (Wordé64

Word32 Rt)

Wordé64 Q6 P cmpynac RR conj sat (Wordé64 Rxx,

Word32 Rs, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1/1{1/0|0|1|0|1|N|O|O|s|s|s|s|[s|P/P|O|t|t]|t t(1/1/0]|d d Rdd=cmpy(Rs,Rt)[:<<N]:sat
1{1(1]ojo/1]ol1|N|1]0o|s|s|s|s|s|P|Plo|t|t]t t|1(1/0/d|d|d Rdd=cmpy(Rs.RU)[<<NJ:s
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1111 ]olol1|1|1|N|ojo]|s|s|s|s|s|P|P|o|t|t]t t)1]1]0x|x|x Ruocr=cmpy(Rs,ROL:<<N:s
Rxx-
111 /10olol1l1[1|N|ojo|s|s|s|s|s|P|P|o|t]|t]|t t11 0111 | x|x|x Domoy(Rs.RUL:<<N]:sat
1111 ]olol1|1|1|[N|1|0|s|s|s|s|s|P|P|o|t]t]t t11]1]0]x x Rucr=cmpy(Rs,RE)L<<N:
1/1]/1/0]0|1|1|[1|N[1]|0|s|s|s|s|s|P|P|O|t|t]|t t1[1]1]x x Rxx-
=cmpy(Rs,Rt*)[:<<N]:sat

Field name
ICLASS
MajOp
MinOp
RegType
Parse
ds
s5
t5

x5

Instruction Class

Major Opcode

Minor Opcode

Register Type
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x

Description
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Complex multiply real or imaginary

Multiply complex values Rs and Rt. The inputs have a real 16-bit value in the low
halfword and an imaginary 16-bit value in the high halfword. Take either the real or
imaginary result and optionally accumulate with a 64-bit destination.

Rxx+=cmpyi(Rs,Rt)

| R Rs

AN /
N[ /7 ] =

32

32
Add
A 64
: : Rxx
Imaginary Accumulation
Syntax Behavior
Rdd=cmpyi (Rs,Rt) Rdd = (Rs.h[1] * Rt.h[0]) + (Rs.h[0] *
Rt.h[1]);
Rdd=cmpyr (Rs, Rt) Rdd = (Rs.h[0] * Rt.h[0]) - (Rs.h[1] *
Rt.h[1]);
Rxx+=cmpyi (Rs, Rt) Rxx = Rxx + (Rs.h[1] * Rt.h[0]) + (Rs.h[O]
* Rt.h[1]);
Rxx+=cmpyr (Rs,Rt) Rxx = Rxx + (Rs.h[0] * Rt.h[0]) - (Rs.h[1]
* Rt.h[1]);
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Class: XTYPE (slots 2,3)

Intrinsics

Rdd=cmpyi (Rs, Rt) Wordée4 Q6 P cmpyi RR(Word32 Rs, Word32 Rt)

Rdd=cmpyr (Rs,Rt) Wordé64 Q6 P cmpyr RR(Word32 Rs, Word32 Rt)

Rxx+=cmpyi (Rs,Rt) Wordée4 Q6 P cmpyiacc RR(Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx+=cmpyr (Rs, Rt) Wordée4 Q6 P cmpyracc RR(Wordé4 Rxx, Word32
Rs, Word32 Rt)

Encoding

31/30/29|28| 27|26 25/ 24/23|22|21/20 19]18/17 16 12/11/10/9 |8 |7]6|5/4[3]2]1]0

ICLASS RegType MajOp s5 Parse t5 MinOp d5
1{1/1/0/0|1|/0|1|/0(0O|0O|s|s|s|s|s/P/P|O|t|t|t|t|t 0[0|1|d|d|d|d]|d| Rdd=cmpyi(Rs,Rt)
O|ls|s|s|s|s/P/P/O|t|t|t|t|t 0[1]|0|d|d|d]|d]|d|Rdd=cmpyr(Rs,Rt)
p s5 Parse t5 MinOp x5
O|s|(s|s|s|s|/P|/P/O|t t|t|t|t|[0|0|1]|x]|x]|x]|x]|x|Rxx+t=cmpyi(Rs,Rt)
0

=Y
| @ |
—
N
—
w

s|s|s|s|s|P/P[O|t|t|t|t|t[0|1|0]|x]|x]|x]|x]|x|Rxx+t=cmpyr(Rs,Rt)

Field name Description

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x
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Complex multiply with round and pack

Multiply complex values Rs and Rt. The inputs have a real 16-bit value in the low
halfword and an imaginary 16-bit value in the high halfword. The Rt input is optionally
conjugated. The multiplier results are optionally scaled by 0-1 bits. A rounding constant is
added to each real and imaginary sum. The real and imaginary parts are individually
saturated to 32bits. The upper 16-bits of each 32-bit results are packed in a 32-bit

destination register.

Rd=cmpy(Rs,Rt):rnd:sat

Rs [ R [ R Rs
Rt | \ / R | R Rt
32 32 32 32
0x8000 <<0-1 <<0-1 <<0-1 <<0-1 0x8000
Add Add
Sat_32 Sat_32

High 16bits

High 16bits

Rd

Syntax

Rd=cmpy (Rs,Rt) [:<<1] :rnd:sat

Rd=cmpy (Rs,Rt*) [:<<1] :rnd:sat

Behavior

Rd.h[1]=(sat;, ((Rs.h[1]
(Rs.h[0] * Rt.h[1]) [<<1]
RA.h[0]=(sat;, ((Rs.h[0]
(Rs.h[1] * Rt.h[1]) [<<1]

* Rt.h[0]) [<<1] +
+ 0x8000)) .h[1];
* Rt.h[0]) [<<1] -
+ 0x8000)) .h[1];

Rd.h[1]=(sat;,((Rs.h[1]
(Rs.h[0] * Rt.h[1]) [<<1]
Rd.h[0]=(sat;,((Rs.h[0]
(Rs.h[1] * Rt.h[1]) [<<1]

* Rt.h[0]) [<<1] -
+ 0x8000)) .h[1];
* Rt.h[0]) [<<1] +
+ 0x8000)) .h[1];
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Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=cmpy (Rs,Rt) :<<l:rnd:sat Word32 Q6 R cmpy RR sl rnd sat (Word32 Rs,
Word32 Rt)

Rd=cmpy (Rs,Rt) :rnd:sat Word32 Q6 R cmpy RR rnd sat (Word32 Rs,
Word32 Rt)

Rd=cmpy (Rs,Rt*) :<<l:rnd:sat Word32 Q6 R cmpy RR conj_ sl rnd sat (Word32
Rs, Word32 Rt)

Rd=cmpy (Rs,Rt*) : rnd:sat Word32 Q6 R cmpy RR conj rnd sat (Word32 Rs,
Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

o

101101101 |N[0[1]s|s|s|s|s|[PPlo[t|t|t|t|t|1/1]0|d| d|d|d]|d RI=mpyRsRYL<<NLmd:

1010101101 |N[1[1]s|s|s|s|s|[PPlo|[t|t|t t t[1[1/0|d| d| d|d|d| RICmpyRSROL<<NEmd

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Instruction Set

Complex multiply 32x16

Multiply 32 by 16 bit complex values Rss and Rt. The inputs have a real value in the low
part of a register and the imaginary value in the upper part. The multiplier results are
scaled by 1 bit and accumulated with a rounding constant. The result is saturated to 32bits.

Rd=cmpyrwh(Rss,Rt):<<1:rnd:sat

| | | R | Rss
AN
LN R | Rt
48 48
0x8000
=]
| Add |
| Sat_32 |
| Real result | Rd
Syntax

Rd=cmpyiwh (Rss,Rt) :<<l:rnd:sat Rd =

(Rss.

Rd=cmpyiwh (Rss,Rt*) :<<l:rnd:sat Rd =

(Rss.

Rd=cmpyrwh (Rss,Rt) :<<l:rnd:sat Rd =

(Rss.

Rd=cmpyrwh (Rss,Rt*) :<<l:rnd:sat Rd =

(Rss.

Class: XTYPE (slots 2,3)

Notes

Rd=cmpyiwh(Rss,Rt):<<1:rnd:sat

| ! | R |
AN
L [ R\ _Irt
48 0

| <<1 | | <<1 |
| Add |
[ Sataz |

[ Imag result | Rd

Behavior

sat;, (( (Rss.w[0] * Rt.h[1]) +

* Rt.h[0]) + 0x4000)>>15);

sat;, (( (Rss.w[1l] * Rt.h[0]) -

* Rt.h[1]) + 0x4000) >>15) ;

sat;, (( (Rss.w[0] * Rt.h[0]) -

* Rt.h[1]) + 0x4000)>>15);

sat;, (( (Rss.w[0] * Rt.h[0]) +

* Rt.h[1]) + 0x4000) >>15) ;

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Instruction Set

Intrinsics

Rd=cmpyiwh (Rss,Rt) :<<l:rnd:sat

Rd=cmpyiwh (Rss,Rt*) :<<1l:rnd:sat

Rd=cmpyrwh (Rss,Rt) :<<l:rnd:sat

Rd=cmpyrwh (Rss,Rt*) :<<l:rnd:sat

Word32 Q6 R cmpyiwh PR sl rnd sat (Wordé4
Rss,

Word32

Word32 Rt)

Q6 R cmpyiwh PR conj sl rnd sat (Wordé64 Rss,
Word32 Rt)

Word32 Q6 R cmpyrwh PR sl rnd sat (Wordé4
Rss,

Word32

Word32 Rt)

Q6 R cmpyrwh PR conj sl rnd sat (Wordé64 Rss,
Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 Min d5
1{1]ofofo|1]ol1]|-|-]- s|s|s|s|P Sttt t|1(o/o|d|d|d Rd=cmpyiwh(Rss,Rt):<<t:r
111]ololol1]of1]-|-- s|s|s|s|P Sttt t|1]o0]1]d d Rd=cmpyiwh(Rss Rt'):<<1:
1{1fofolol1]ol1]|-|-]- s|s|s|s|P Sttt t|1(1/0/d|d|d Rd=cmpyrwh(RssRt):<<:r
1{1fofolol1]ol1]|-|-]- s|s|s|s|P Sttt t|1(1/1]d|d|d Rd=cmpyrwh(Rss,Rt"):<<1:
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

Min Minor Opcode

RegType Register Type
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Vector complex multiply real or imaginary

The inputs Rss and Rtt are a vector of two complex values. Each complex value is
composed of a 16-bit imaginary portion in the upper halfword and a 16-bit real portion in
the lower halfword. Generate two complex results, either the real result or the imaginary
result. These results are optionally shifted left by 0-1 bits, and optionally accumulated
with the destination register.

Rxx+=vempyi(Rss,Rtt):sat

| R | R Rss

N / N\ /
INWA A VAR

32 32 32 32
<<0-1 <<0-1 <<0-1 <<0-1
> Add Add -
Sat_32 Sat_32 A2
L
132
Imag Accumulation Imag Accumulation
Rxx
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Instruction Set

Syntax

Rdd=vcmpyi (Rss,Rtt) [:<<1l] :sat Rdd.w[0]=sat;,((Rss.h[1l] * Rtt.h[0])
* Rtt.h[1]) [<<1]);

Rdd=vcmpyr (Rss,Rtt) [:<<1] :sat

Rxx+=vcmpyi (Rss,Rtt) :sat

Rxx+=vcmpyr (Rss,Rtt) :sat

Class: XTYPE (slots 2,3)

Notes

(Ress.h[0]

Behavior

I

Rdd.w([l]=sat;, ((Rss.h[3] * Rtt.h[2]) +

(Rss.h[2]

Rdd.w[0] =sat;, ((Rss.h[0] * Rtt.h[O0])
* Rtt.h[1]) [<<1]);
RdAd.w[1l] =sat;, ((Rss.h[2] * Rtt.h[2])
* Rtt.h[3]) [<<1]);

(Ress.h[1]

(Res.h[3]

* Rtt.h([3]) [<<1]);

Rxx.w[0]=sat;, (Rxx.w[0] + (Rss.h[1] *

Rtt.h[0])

+

(Rss.h[0] * Rtt.h[1])<<0);

Rxx.w([l]=sat;,; (Rxx.w[1l] + (Rss.h[3] *

Rtt.h[2])

Rxx.w[0]=sat;, (Rxx.w[0] + (Rss.h[0] *
)

+

(Rss.h[2] * Rtt.h[3])<<0);

Rtt.h[0]) - (Rss.h[1l] * Rtt.h[1])<<0);
Rxx.w[l]=sat;, (Rxx.w[1l] + (Rss.h[2] *
Rtt.h[2]) - (Rss.h[3] * Rtt.h[3])<<0);

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vcmpyi (Rss,Rtt) :<<l:sat Wordé4 Q6 P vcmpyi PP sl sat (Wordé4 Rss,
Wordée4 Rtt)

Rdd=vcmpyi (Rss,Rtt) :sat Wordé64 Q6 P_vcmpyi PP sat (Wordé4 Rss,
Wordé4 Rtt)

Rdd=vcmpyr (Rss,Rtt) :<<l:sat Wordé4 Q6 P vcmpyr PP sl sat (Wordé4 Rss,
Wordée4 Rtt)

Rdd=vcmpyr (Rss,Rtt) :sat Wordé4 Q6 P vcmpyr PP_sat (Wordé4 Rss,
Wordé4 Rtt)

Rxx+=vcmpyi (Rss,Rtt) :sat Wordé64 Q6 _P_vcmpyiacc PP_sat (Wordé4 Rxx,
Wordé4 Rss, Wordé4 Rtt)

Rxx+=vcmpyr (Rss,Rtt) :sat Wordé4 Q6 P vcmpyracc PP _sat (Word64 Rxx,
Wordé64 Rss, Wordé4 Rtt)

80-N2040-36 C 498

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

101101000 [N0[1]|s|s|s|s|s[PPlo|[t|t|t t|t|1/1]0|d|d|d|d| a Rdo=vempyr(Rss.RI)L<<N]

Rdd=vcmpyi(Rss,Rtt)[:<<N]
:sat

ICLASS RegType MajOp s5 Parse t5 MinOp x5
1{1/1/0}(1/0|1]/0|/0(0|1|s|s|s|s|s/P/P|O|t|t|t|t|t|1|0|0|x|x]|x]|x]|x | Rxxt=vempyr(Rss,Rtt):sat

1{1/1/0}(1|0|1/0|/0(1|0|s|s|s|s|s|/P/P|O|t|t|t|t|t| 1|0|0|x]|x]|x]|x]|x | Rxxt=vempyi(Rss,Rtt):sat

Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x
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Vector complex conjugate

Perform a vector complex conjugate of both complex values in vector Rss. This is done by
negating the imaginary halfwords, and placing the result in destination Rdd.

Syntax Behavior

Rdd=vconj (Rss) :sat Rdd.h[1]=sat;z(-Rss.h[1]);
Rdd.h[0]=Rss.h[0];
Rdd.h[3]=sat g (-Rss.h[3]);
Rdd.h[2]=Rss.h[2];

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vconj (Rss) :sat Wordée4 Q6 P vconj P sat (Wordé4 Rss)

Encoding

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘0 0‘0‘0|01|00 s‘s‘s|s|s P|P-‘- -|-|-1|1‘1 d‘d‘d|d|d Rdd=vconj(Rss):sat

Py

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector complex rotate

Take the least significant bits of Rt, and use these bits to rotate each of the two complex
values in the source vector a multiple of 90 degrees. Bits 0 and 1 control the rotation factor
for word 0, and bits 2 and 3 control the rotation factor for word 1.

If the rotation control bits are 0, the rotation is 0: the real and imaginary halves of the
source appear unchanged and unmoved in the destination.

If the rotation control bits are 1, the rotation is -pi/2: the real half of the destination gets the
imaginary half of the source, and the imaginary half of the destination gets the negative
real half of the source.

If the rotation control bits are 2, the rotation is pi/2: the real half of the destination gets the
negative imaginary half of the source, and the imaginary half of the destination gets the
real half of the source.

If the rotation control bits are 3, the rotation is pi: the real half of the destination gets the
negative real half of the source, and the imaginary half of the destination gets the negative
imaginary half of the source.

Syntax Behavior

Rdd=vcrotate (Rss, Rt) tmp = Rt[1:0];
if (tmp == 0) {
Rdd.h[0]=Rss.h[0];
Rdd.h[1]=Rss.h[1];
} else if (tmp == 1) {
Rdd.h[0]=Rss.h[1];
Rdd.h[1]=sat;s(-Rss.h[0]);

} else if (tmp == 2) {
Rdd.h[0]=sat;s(-Rss.h[1]);
Rdd.h[1]=Rss.h[0];

} else {
Rdd.h[0]=sat;s(-Rss.h[0]) ;
Rdd.h[1l]=sat;s(-Rss.h[1]);

Iz

tmp = Rt[3:2];

if (tmp == 0) {
Rdd.h[2]=Rss.hl
Rdd.h[3]=Rss.hl

} else if (tmp == 1) {
Rdd.h[2]=Rss.h[3];
Rdd.h[3]=sat;s(-Rss.h[2]);

} else if (tmp == 2) {
Rdd.h[2]=sat;s(-Rss.h[3]);
Rdd.h[3]=Rss.h[2];

} else {
Rdd.h[2]=sat;s(-Rss.h[2]);
Rdd.h[3]=sat;s(-Rss.h[3]);

I
I

2
3
)
3

T

80-N2040-36 C

501

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vcrotate (Rss,Rt) Wordé4 Q6_P_vcrotate PR (Wordé4 Rss, Word32
Rt)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0

ICLASS RegType Maj s5 Parse t5 Min d5
1|1|o‘0 0‘0‘1|1 1|1 -s‘s‘s|s|s P|P- t‘t‘t|t|t0|0 -d‘d‘d|d|d Rdd=verotate(Rss,Rt)
Field name Description

ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector reduce complex multiply real or imaginary

The input vectors are two packed complex values, each with a real low halfword and
imaginary high halfword. Compute either the real or imaginary products, add the
intermediate results together and optionally accumulate with the destination. The Rtt input
is optionally conjugated (negate the imaginary portion) before multiplication.

Using vrempyr and vrempyi, it is possible to sustain an average of one full complex
multiply per cycle in a complex FIR, while also keeping both the real and imaginary
accumulators in full precision 64-bit values.

Rxx+=vrcmpyi(Rss,Rtt)

| R | R Rss
AN / AN /
| \ / R | \ / R Rt

32
32 32
3
Add -
164
: : Rxx
Imaginary Accumulation
Syntax Behavior
Rdd=vrcmpyi (Rss,Rtt) Rdd = (Rss.h[1] * Rtt.h[0]) + (Rss.h[0] *
Rtt.h([1]) + (Rss.h[3] * Rtt.h[2]) +
(Rss.h[2] * Rtt.h([3]);
Rdd=vrcmpyi (Rss,Rtt¥*) Rdd = (Rss.h[1] * Rtt.h[0]) - (Rss.h[0] *
Rtt.h[1]) + (Rss.h[3] * Rtt.h[2]) -
(Rss.h[2] * Rtt.h[3]);
Rdd=vrcmpyr (Rss,Rtt) Rdd = (Rss.h[0] * Rtt.h[0]) - (Rss.h[1l] *
Rtt.h[1]) + (Rss.h[2] * Rtt.h[2]) -
(Rss.h[3] * Rtt.h[3]);
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Instruction Set

Syntax

Rdd=vrcmpyr (Rss,Rtt¥*)

Rxx+=vrcmpyi (Rss,Rtt)

Rxx+=vrcmpyi (Rss,Rtt*)

Rxx+=vrcmpyr (Rss,Rtt)

Rxx+=vrcmpyr (Rss,Rtt*)

Class: XTYPE (slots 2,3)

Intrinsics

Behavior
Rdd = (Rss.h[0] * Rtt.h[0]) + (Rss.h[1l] *
Rtt.h[1]) + (Rss.h[2] * Rtt.h[2]) +
(Rss.h[3] * Rtt.h[3]);
Rxx = Rxx + (Rss.h[1l] * Rtt.h[0]) +

(Rss.h[0] * Rtt.h[1]) + (Rss.h[3] *
Rtt.h[2]) + (Rss.h[2] * Rtt.h[3]);
Rxx = Rxx + (Rss.h[1l] * Rtt.h[O0]) -
(Rss.h[0] * Rtt.h[1]) + (Rss.h[3] *
Rtt.h[2]) - (Rss.h[2] * Rtt.h[3]);
Rxx = Rxx + (Rss.h[0] * Rtt.h[O0]) -
(Rss.h[1] * Rtt.h[1]) + (Rss.h[2] *
Rtt.h[2]) - (Rss.h[3] * Rtt.h[3]);
Rxx = Rxx + (Rss.h[0] * Rtt.h[0]) +
(Rss.h[1] * Rtt.h[1]) + (Rss.h[2] *
Rtt.h[2]) + (Rss.h[3] * Rtt.h[3]);

Rdd=vrcmpyi (Rss,Rtt) Wordée4 Q6 P vrcmpyi PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=vrcmpyi (Rss,Rtt*) Wordée4 Q6 P vrcmpyi PP conj (Wordé4 Rss,
Wordé4 Rtt)
Rdd=vrcmpyr (Rss,Rtt) Wordée4 Q6 P vrcmpyr PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=vrcmpyr (Rss,Rtt¥*) Wordée4 Q6 P vrcmpyr PP conj (Wordé4 Rss,
Wordé4 Rtt)
Rxx+=vrcmpyi (Rss,Rtt) Wordée4 Q6 P vrcmpyiacc PP (Wordé64 Rxx,
Wordé4 Rss, Wordé4 Rtt)
Rxx+=vrcmpyi (Rss,Rtt*) Worde4 Q6 P vrcmpyiacc PP conj (Wordé4 Rxx,
Word64 Rss, Wordé4 Rtt)
Rxx+=vrcmpyr (Rss,Rtt) Wordé64 Q6 P vrcmpyracc PP (Wordé64 Rxx,
Wordé4 Rss, Wordé4 Rtt)
Rxx+=vrcmpyr (Rss,Rtt*) Wordée4 Q6 P vrcmpyracc PP conj (Wordé4 Rxx,
Wordé64 Rss, Wordé4 Rtt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1/1/1/0(1/0|0|0|0|0|0O|s|s|s|s|(s|(P/P/O|t|t t|t|t 0|0|0|d|d|d]|d|d]|Rdd=vrcmpyi(Rss,Rtt)
1/1/1/0(1/0|0|0|0|0|0O|s|s|s|s|(s|P/P|O|t|t|t|t|t 0|0|1|d|d|d]|d]|d]|Rdd=vrcmpyr(Rss,Rtt)
1{1{1/j0(1/0|0|0|0f1|0|s|s|s|s|[s|/PP|O|t|t|t|t|t|0|0]|0|d|d|d|d]|d|Rdd=vrcmpyi(Rss,Rtt*)
1/1/1/0/1/j0|/0|0|0(1|1|s|s|s|s|s/P/P|O|t|t|t|t|t 0|0|1|d|d|d]|d]|d | Rdd=vrcmpyr(Rss,Rtt*)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1{1/1/0}(1/0|1/0|0(0|0|s|s|s|(s|s|/P/P|O|t|t|t|t| |t 0|0|0|x|x]|x]|x]|x Rxxt=vrcmpyi(Rss,Rtt)
1{1/1/0}(1|0|1|/0|/0(0|0|s|s|s|s|s/P/P|O|t | t|t|t|t 0|0|1|x]|x]|x]|x]|x | Rxxt=vrcmpyr(Rss,Rtt)
1{1{1j0(1/0|1|/0|0[1|0|s|s|s|s|s|P/P/O|t|t|t|t|t 0|0]|0]|x|x|x]|x|x|Rxx+=vrcmpyi(Rss,Rtt*)
1{1{1j0(1/0|1|/0|0[1|1|s|s|s|s|s|P/P/O|t|t|t|t|t O0|0]|1T]|x]|x]|x]|x]|x|Rxx+t=vrcmpyr(Rss,Rtt*)
Field name Description

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

X5 Field to encode register x
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Instruction Set

Vector reduce complex multiply by scalar

Multiply a complex number by a scalar. Rss contains two complex numbers. The real
portions are each multiplied by two scalars contained in register Rt, scaled, summed,
optionally accumulated, saturated, and stored in the lower word of Rdd. A similar

operation is done on the two imaginary portions of Rss.

Rdd=vrcmpys(Rss,Rt):<<1:sat

| R | R Rss
Rt b a N b Rt
32 32 32 32
<< << << <<1
Add Add
Sat_32 Sat_32
Rdd
80-N2040-36 C 506

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Syntax Behavior

Rdd=vrcmpys (Rss,Rt) :<<1:sat if ("Rt & 1")

Assembler mapped to:
"Rdd=vrcmpys (Rss,Rtt) :<<l:sat:raw:hi";
} else {

Assembler mapped to:
"Rdd=vrcmpys (Rss,Rtt) :<<l:sat:raw:1lo";

¥

Rdd=vrcmpys (Rss,Rtt) :<<l:sat:raw:hi Rdd.w[l]=sat;,((Rss.h[1] *

Rtt.w([l] .h[0])<<1l + (Rss.h[3] *
Rtt.w([l] .h[1])<<1);
Rdd.w([0] =sat;, ((Rss.h[0] *
Rtt.w([l] .h[0])<<1l + (Rss.h[2] *
Rtt.w([l] .h[1])<<1);

Rdd=vrcmpys (Rss,Rtt) :<<l:sat:raw:lo Rdd.w[l]=sat;,;((Rss.h[1] *

Rtt.w([0] .h[0])<<1l + (Rss.h[3] *
Rtt.w([0] .h[1])<<1);
Rdd.w[0] =sat;, ((Rss.h[0] *
Rtt.w([0] .h[0])<<1l + (Rss.h[2] *
Rtt.w([0] .h[1])<<1);

Rxx+=vrcmpys (Rss,Rt) :<<1l:sat if ("Rt & 1") {

Assembler mapped to:
"Rxx+=vrcmpys (Rss,Rtt) :<<l:sat:raw:hi";
} else {

Assembler mapped to:
"Rxx+=vrcmpys (Rss,Rtt) :<<l:sat:raw:1lo";

¥

Rxx+=vrcmpys (Rss,Rtt) :<<l:sat:raw:hi Rxx.w[l]=sat;, (Rxx.w[1l] + (Rss.h[1] *

Rtt.w([l] .h[0])<<1l + (Rss.h[3] *
Rtt.w([l] .h[1])<<1);
Rxx.w[0] =sat;, (Rxx.w[0] + (Rss.h[0] *
Rtt.w([l] .h[0])<<1l + (Rss.h[2] *
Rtt.w([l] .h[1])<<1);

Rxx+=vrcmpys (Rss,Rtt) :<<l:sat:raw:1lo Rxx.w[l]=sat;, (Rxx.w[1l] + (Rss.h[1] *

Rtt.w([0] .h[0])<<1l + (Rss.h[3] *
Rtt.w([0] .h[1])<<1);
Rxx.w([0] =sat;, (Rxx.w[0] + (Rss.h[0] *
Rtt.w([0] .h[0])<<1l + (Rss.h[2] *
Rtt.w[0] .h[1])<<1);

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics

Rdd=vrcmpys (Rss,Rt) :<<l:sat Wordé64 Q6 P vrcmpys PR sl sat (Wordé4 Rss,
Word32 Rt)

Rxx+=vrcmpys (Rss,Rt) :<<l:sat Wordé64 Q6 P vrcmpysacc_ PR sl sat (Wordé64
Rxx, Wordé4 Rss, Word32 Rt)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

Rdd=vrcmpys(Rss,Rit):<<1
1110 (1]{0/0j0[1|0|1|s|s|s|s|s P/PO |ttt t|t|1]/0)0|d|ddjdd]f .. "

Rdd=vrcmpys(Rss,Rtt):<<1
1111 ]0|1]j0j0|0 1|1 1|s|s|s|s|s|/P|PO |t t t| t|t|1/0)0 ddddfd .

ICLASS RegType MajOp s5 Parse t5 MinOp x5

Rxx+=vrcmpys(Rss,Rtt):<<
11101010101sssssPPOttttt100xxxxx1:sat:raw:hi

Rxx+=vrcmpys(Rss,Rtt):<<
’11101010’1’11sssssPPOttttt100xxxxx.]:sat:raw:l0

Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x
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Vector reduce complex multiply by scalar with round and
pack

Multiply a complex number by scalar. Rss contains two complex numbers. The real
portions are each multiplied by two scalars contained in register Rt, scaled, summed,
rounded, and saturated. The upper 16bits of this result are packed in the lower halfword of
Rd. A similar operation is done on the two imaginary portions of Rss.

Rd=vrcmpys(Rss,Rt):<<1:rnd:sat

| R Rss
Rt b Rt
;“ 32 32
0x8000 <<0-1 <<0-1 <<0-1 <<0-1 0x8000
Add Add

Sat_32 Sat_32

High 16bits High 16bits

| R Rd
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Syntax Behavior

Rd=vrcmpys (Rss,Rt) :<<1:rnd:sat if ("Rt & 1")
Assembler mapped to:
"Rd=vrcmpys (Rss,Rtt) :<<l:rnd:sat:raw:hi";
} else {
Assembler mapped to:
"Rd=vrcmpys (Rss,Rtt) :<<l:rnd:sat:raw:1o";

¥

Rd=vrcmpys (Rss,Rtt) :<<l:rnd:sat:raw:hi Rd.h[1l]=sat;,((Rss.h[1l] * Rtt.w[1] .h[0])<<1
+ (Rss.h[3] * Rtt.w[1l].h[1])<<1 +
0x8000) .h([1];
Rd.h[0]=sat;, ((Rss.h[0] * Rtt.w[1l] .h[0])<<1
+ (Rss.h[2] * Rtt.w[1l].h[1])<<1 +
0x8000) .h([1];

Rd=vrcmpys (Rss,Rtt) :<<l:rnd:sat:raw:lo Rd.h[1l]=sat,,((Rss.h[1l] * Rtt.w[0] .h[0])<<1
+ (Rss.h[3] * Rtt.w[0] .h[1])<<1l +
0x8000) .h([1];
Rd.h[0]=sat3,((Rss.h[0] * Ret.w[0] .h[0])<<1
+ (Rss.h[2] * Rtt.w[0] .h[1])<<1l +
0x8000) .h[1];

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=vrcmpys (Rss,Rt) :<<l:rnd:sat Word32 Q6 R vrcmpys PR sl rnd sat (Wordé4 Rss,
Word32 Rt)

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
Rd=vrcmpys(Rss,Rtt):<<1:r
t{1f1]joj1 /0o |1|{1|-|1|s|s|s|s|s|P[PO|t|t t|t|t|1[1]0]|d d|d|d]|d| 5T
Rd=vrcmpys(Rss,Rtt):<<1:r
1]1]1]of1)0]0{1|1|-|1|s|s|s|s|s|P|PO|t| t|t|t|t|1|1]|1]|d|d|d|d]|d]| j 2"
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
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Field name Description
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector reduce complex rotate

This instruction is useful for CDMA despreading. An unsigned 2-bit immediate specifies a
byte to use in Rt. Each of four 2-bit fields in the specified byte selects a rotation amount
for one of the four complex numbers in Rss. The real and imaginary products are
accumulated and stored as a 32-bit complex number in Rd. Optionally, the destination
register can also be accumulated.

Rxx += vrcrotate(Rss,Rt,#0)

Rt

Im3 Re3 Im3 Re2 Im Re1 Im0 Re0 Rss

Rxx
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Syntax

Rdd=vrcrotate (Rss, Rt, #u2)

Rxx+=vrcrotate (Rss,Rt, #u2)

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vrcrotate (Rss, Rt, #u2)

Rxx+=vrcrotate (Rss,Rt, #u2)

Behavior
sumr = 0;
sumi = 0;
control = Rt.ub[#u];
for(i:O;i<8;i+=2){

tmpr = Rss.bl[i];

tmpi = Rss.b[i+1];

switch (control & 3)
case 0: sumr += tmpr;
sumi += tmpi;

break;

case 1: sumr += tmpi;
sumi -= tmpr;

break;

case 2: sumr -= tmpi;
sumi += tmpr;

break;

case 3: sumr -= tmpr;
sumi -= tmpi;

break;

¥

control = control >> 2;
}i
Rdd.w[0] =sumr;
RdAd.w[1l] =sumi;

sumr = 0;

sumi = 0;

control = Rt.ub[#u];

for (i = 0; 1 < 8; 1 += 2) {
tmpr = Rss.bl[i];

tmpi = Rss.b[i+1];

switch (control & 3)
case 0: sumr += tmpr;
sumi += tmpi;

break;
case 1: sumr += tmpi;
sumi -= tmpr;
break;
case 2: sumr -= tmpi;
sumi += tmpr;
break;
case 3: sumr -= tmpr;
sumi -= tmpi;
break;
¥
control = control >> 2;

Rxx.w[0]=Rxx.w[0] + sumr;
Rxx.w[l]=Rxx.w[l] + sumi;

Wordé4 Q6 P vrcrotate PRI (Wordé4 Rss,
Word32 Rt, Word32 ITu2)

Wordé4 Q6 P vrcrotateacc PRI (Wordé64 RxX,
Wordé64 Rss, Word32 Rt, Word32 Iu2)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1|1|0‘0 0‘0‘1|1 1|1 -s‘s‘s|s|s P|P i t‘t‘t|t|t1|1 i d‘d‘d|d|d Rdd=vrcrotate(Rss,Rt#u2)
ICLASS RegType Maj s5 Parse t5 x5
1{1(ofof1]ol1|1]1]0]1]|s|s|s|s|s|P|P|lil|t|t]t t-]-1i|x|x|x Roc+=vrorotate(Rss, Rt #u2
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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11.10.4 XTYPE/FP

The XTYPE/FP instruction subclass includes instructions which are for floating point
math.
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Floating point addition

Add two floating point values

Syntax Behavior

Rd=sfadd (Rs, Rt) Rd=Rs+Rt;
Class: XTYPE (slots 2,3)

Intrinsics

Rd=sfadd (Rs,Rt) Word32 Q6 R sfadd RR(Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1|1|1‘01‘0‘1|1 o|o‘o s‘s‘s|s|s P|P0 t‘t‘t|t|t0|0‘0 d‘d‘d|d|d Rd=sfadd(Rs,Rt)

w

Field name Description
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Classify floating-point value

Classify floating point values. Classes are Normal, Subnormal, Zero, NaN, or Infinity. If
the number is one of the specified classes, return true.

Syntax Behavior

Pd=dfclass (Rss, #ub) Pd = 0;
class = fpclassify(Rss);
if (#u.0 && (class == FP_ZERO)) Pd = Oxff;
if (#u.l && (class == FP_NORMAL)) Pd =
oxff;
if (#u.2 && (class == FP_SUBNORMAL)) Pd =
oxff;
if (#u.3 && (class == FP_INFINITE)) Pd =
0xff;
if (#u.4 && (class == FP_NAN)) Pd = Oxff;
cancel flags() ;

Pd=sfclass (Rs, #ub) Pd = 0;
class = fpclassify(Rs) ;
if (#u.0 && (class == FP_ZERO)) Pd = Oxff;
if (#u.l && (class == FP_NORMAL)) Pd =
0xff;
if (#u.2 && (class == FP_SUBNORMAL)) Pd =
0xff;
if (#u.3 && (class == FP_INFINITE)) Pd =
oxff;
if (#u.4 && (class == FP_NAN)) Pd = Oxff;

cancel flags();

Class: XTYPE (slots 2,3)

Intrinsics

Pd=dfclass (Rss, #u5) Byte Q6 p dfclass PI (Wordé64 Rss, Word32

Tu5)

Pd=sfclass (Rs, #ub) Byte Q6 p sfclass RI(Word32 Rs, Word32 Iu5)

Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse d2
1|o|o‘0 0‘1‘0|1 1|1 1 s‘s‘s|s|s P|P O‘i‘i‘i|i|i|-|- - -d|d Pd=sfclass(Rs #u5)
ICLASS RegType s5 Parse d2
1 |1 |o ‘1 1 ‘1 ‘0|o 1 |o ‘0 s‘s‘s|s|s P|P -‘0‘0‘0|i|i|i|i‘i‘1 ‘0 . d|d Pd=dfclass(Rss,#u5)
Field name Description
RegType Register Type
MajOp Major Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits

80-N2040-36 C 517

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Field name Description
dz2 Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
RegType Register Type
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Compare floating-point value

Compare floating point values. p0 returns true if at least one value is a NaN, zero

otherwise.
Syntax Behavior
Pd=dfcmp.eq(Rss,Rtt) Pd=Rss==Rtt ? Oxff 0x00;
Pd=dfcmp.ge (Rss,Rtt) Pd=Rss>=Rtt ? Oxff 0x00;
Pd=dfcmp.gt (Rss,Rtt) Pd=Rss>Rtt ? Oxff 0x00;
Pd=dfcmp.uo (Rss,Rtt) Pd=isunordered (Rss,Rtt) ? Oxff 0x00;
Pd=sfcmp.eq(Rs,Rt) Pd=Rs==Rt ? O0Oxff 0x00;
Pd=sfcmp.ge (Rs,Rt) Pd=Rs>=Rt ? Oxff 0x00;
Pd=sfcmp.gt (Rs,Rt) Pd=Rs>Rt ? Oxff 0x00;
Pd=sfcmp.uo (Rs,Rt) Pd=isunordered (Rs,Rt) ? Oxff 0x00;
Class: XTYPE (slots 2,3)
Intrinsics
Pd=dfcmp.eq(Rss,Rtt) Byte Q6 p dfcmp eq PP (Wordé64 Rss, Wordé64
Rtt)
Pd=dfcmp.ge (Rss,Rtt) Byte Q6 p dfcmp ge PP (Wordé4 Rss, Wordé4
Rtt)
Pd=dfcmp.gt (Rss,Rtt) Byte Q6 p dfcmp gt PP (Wordé64 Rss, Wordé4
Rtt)
Pd=dfcmp.uo(Rss,Rtt) Byte Q6 p dfcmp _uo PP (Wordé4 Rss, Wordé4
Rtt)
Pd=sfcmp.eq(Rs,Rt) Byte Q6 p sfcmp eqg RR(Word32 Rs, Word32 Rt)
Pd=sfcmp.ge (Rs,Rt) Byte Q6 p sfcmp ge RR(Word32 Rs, Word32 Rt)
Pd=sfcmp.gt (Rs,Rt) Byte Q6 p sfcmp gt RR(Word32 Rs, Word32 Rt)
Pd=sfcmp.uo(Rs,Rt) Byte Q6 p sfcmp uo RR(Word32 Rs, Word32 Rt)
Encoding
31/30]29]28 27|26 25| 24|23] 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3]2[1] 0
ICLASS RegType Maj s5 Parse t5 Min d2
1/1/0(0|0 1|1 |1[1 (1|1 |s|s|s]|s P|P t |ttt t|0O|0|0|-|-|-|d]d]|Pd=sfcmp.ge(Rs,Rt)
1{1/0]|0 (0|1 (1|1 [1]|1]|1|s|s|s]|s P|P t|t| t|t|t|0O0|1|-]|-|-]|d]|d]|Pd=sfcmp.uo(Rs,Rt)
1(1/0(0j0 |1 1|1 |1 [1]|1|s|s|s|s PP t| t|t|t|t|0|1]1]|-|-]-|d]|d]|Pd=sfcmp.eq(Rs,Rt)
11000 |1 |1 |1 |1 (1|1 |s|s|s]|s P|P t| t|t|t|t|1/0|0]|-|-]-|d]|d]|Pd=sfcmp.gt(Rs,Rt)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d2
1{1/0(1/0/0|1|/0|1[1|1|s|s|s|s|s|P|P t |ttt t 0(0|0|-]|-]|-|d]|d|Pd=dfcmp.eq(Rss,Rtt)
1(1/0|1]0|0|1|0[1|1|1|s|s|s|s|s|P|P tit|t t|{0|0|1]-|-]|-]|d]|d|Pd=dfcmp.gt(Rss,Rtt)
1/1/0(1(0|0|1|0|1|1|1|s|s|s|s|s|P|P t|t|t t(0/1|/0]|-]-]-|d]|d|Pd=dfcmp.ge(Rss,Rtt)
1/1/0(1(0|0|1|0|1|1|1|s|s|s|s|s|P|P t|t|t t(0|/1|1]-]-]-|d]|d|Pd=dfcmp.uo(Rss,Rtt)
Field name Description

RegType Register Type

MinOp Minor Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

dz2 Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

Maj Major Opcode

Min Minor Opcode

RegType Register Type
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Convert floating-point value to other format

Convert floating point values. If rounding is required, it happens according to the rounding

mode.

Syntax Behavior
Rd=convert df2sf (Rss) Rd = conv_df to sf (Rss);
Rdd=convert sf2df (Rs) Rdd = conv_sf to df(Rs);

Class: XTYPE (slots 2,3)

Intrinsics
Rd=convert df2sf (Rss) Word32 Q6 R convert df2sf P(Wordé4 Rss)
Rdd=convert sf2df (Rs) Wordée4 Q6 P convert sf2df R(Word32 Rs)
Encoding
31/30/29|28|27|2625/24/23|22] 21|20 19]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
t1/o/jo/ojojt1/ojo/1|(-|-|s|s|s|s|s/P/P|-|-|-|-|-|-/0[|0|0|d|d|d]|d]|d|Rdd=convert_sf2df(Rs)
1/o0/o0/0j1jojojojoj0|0|s|s|s|s|s/P/P|-|-|-]|-|-]|-/0[|0|1|d|d]|d]|d]|d|Rd=convert_df2sf(Rss)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Convert integer to floating-point value

Convert floating point values. If rounding is required, it happens according to the rounding
mode unless the :chop option is specified.

Syntax
Rd=convert d2sf (Rss)
Rd=convert ud2sf (Rss)
Rd=convert uw2sf (Rs)
Rd=convert w2sf (Rs)
Rdd=convert d2df (Rss)
Rdd=convert ud2df (Rss)
Rdd=convert uw2df (Rs)

Rdd=convert w2df (Rs)

Class: XTYPE (slots 2,3)

Intrinsics

Rd=convert d2sf (Rss)
Rd=convert ud2sf (Rss)
Rd=convert_uw2sf (Rs)
Rd=convert_w2sf (Rs)
Rdd=convert_d2df (Rss)
Rdd=convert ud2df (Rss)
Rdd=convert uw2df (Rs)

Rdd=convert w2df (Rs)

Behavior

Rd = conv_8s to sf(Rss.s64);

Rd = conv_8u to sf(Rss.u64);

Rd = conv 4u to sf(Rs.uw([0]);

Rd = conv_4s to sf(Rs.s32);

Rdd = conv_8s to df (Rss.s64) ;

Rdd = conv_8u to df (Rss.u64) ;

Rdd = conv_4u to df (Rs.uwl[0]) ;

Rdd = conv_4s to df(Rs.s32);

Word32 Q6 R convert d2sf P(Wordé4 Rss)

Word32 Q6 R convert ud2sf P(Wordé4 Rss)

Word32 Q6 R convert uw2sf R(Word32 Rs)

Word32 Q6 R convert w2sf R(Word32 Rs)

Wordé4 Q6 P convert d2df P (Wordé64 Rss)

Wordée4 Q6 P convert ud2df P(Wordé4 Rss)

Wordée4 Q6 P convert uw2df R(Word32 Rs)

Wordée4 Q6 P convert w2df R (Word32 Rs)

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5

1/o0/jojojojojojo|1(1|1|s|s|s|s|s/P/P|O|-|-|-|-]|-]|0]|1 d|d|d|d|d|Rdd=convert_ud2df(Rss)
1/0/0|/0O|0|O0O|IO|O0O|1T[1|1|s|s|s|s|s|P|P -l -] -]-]-1011 d|d|d|d|d|Rdd=convert_d2df(Rss)
1/0/0|0f0|1|0|0O|1|-|-|s|s|s|s|s|P|P = -|=-]-]/010 d|d|d|d|d|Rdd=convert_uw2df(Rs)
1/0/0/0f0O|1|0|0O|1|-|-|s|s|s|s|s|P|P =l -] =-]-1011 d|d|d|d|d|Rdd=convert_w2df(Rs)
1/0/0(0(1|/0|0O|0O|0|0|1|s|s|s|s|s|P|P -l -|=-]-]/0]0 d|d|d|d| d|Rd=convert_ud2sf(Rss)
1/0/0|0}1|0|0O|0|O0O(1|0|s|s|s|s|s|P|P -l -|-]-]0/0 d|d|d|d|d|Rd=convert_d2sf(Rss)
1/0/0|/0}1|0|1|1|/0(0|1|s|s|s|s|s|P|P -l -|-]/-]010 d|d|d|d|d|Rd=convert_uw2sf(Rs)
1/o/jo/0j1/j0f1|{1/0(1/0|s|s|s|s|s/P/P|-|-]|-|-|-]|-/0]0 d|d|d|d|d|Rd=convert_ w2sf(Rs)
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Field name

ICLASS
Parse
ds

s5
MajOp
MinOp
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Major Opcode

Minor Opcode

Register Type

Description
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Convert floating-point value to integer

Convert floating point values. If rounding is required, it happens according to the rounding
mode unless the :chop option is specified. If the value is out of range of the destination
integer type, the INVALID flag is raised and closest integer is chosen, including for
infinite inputs. For NaN inputs, the INVALID flag is also raised, and the output value is

IMPLEMENTATION DEFINED.

Syntax
Rd=convert_df2uw (Rss)

Rd=convert df2uw(Rss) :chop

Rd=convert df2w(Rss)

Rd=convert df2w(Rss) :chop

Rd=convert_sf2uw (Rs)

Rd=convert sf2uw (Rs) :chop

Rd=convert_sf2w(Rs)

Rd=convert sf2w(Rs) :chop

Rdd=convert df2d(Rss)

Rdd=convert df2d(Rss) :chop

Rdd=convert df2ud(Rss)

Rdd=convert df2ud(Rss) :chop

Rdd=convert_ sf2d(Rs)

Rdd=convert sf2d(Rs) :chop

Rdd=convert sf2ud(Rs)

Rdd=convert sf2ud(Rs) :chop

Behavior
Rd = conv_df to 4u(Rss).uw([0];

round to zero() ;
Rd = conv_df to 4u(Rss).uw[O0];

Rd = conv_df to 4s(Rss).s32;

round to zero() ;
Rd = conv_df to_4s(Rss) .s32;

Rd = conv_sf to 4u(Rs) .uwl[0];

round to zero() ;
Rd = conv_sf to 4u(Rs).uwl[0];

Rd = conv_sf to 4s(Rs) .s32;

round to_ zero() ;
Rd = conv_sf to 4s(Rs).s32;

Rdd = conv_df to 8s(Rss) .s64;

round to zero() ;
Rdd = conv_df to 8s(Rss) .s64;

Rdd = conv_df to 8u(Rss) .u64;

round to zero() ;
Rdd = conv_df to 8u(Rss) .u64;

Rdd = conv_sf to 8s(Rs).s64;

round to_ zero() ;
Rdd = conv_sf to 8s(Rs).s64;

Rdd = conv_sf to 8u(Rs).u64;

round to zero() ;
Rdd = conv_sf to 8u(Rs) .u64;
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Class: XTYPE (slots 2,3)

Intrinsics
Rd=convert df2uw(Rss) Word32 Q6 R convert df2uw P (Wordé4 Rss)
Rd=convert df2uw(Rss) :chop Word32 Q6 R convert df2uw P chop (Wordé4
Rss)
Rd=convert df2w(Rss) Word32 Q6 R convert df2w P (Wordé4 Rss)
Rd=convert df2w(Rss) :chop Word32 Q6 R convert df2w P chop (Wordé4 Rss)
Rd=convert sf2uw(Rs) Word32 Q6 R convert sf2uw R(Word32 Rs)
Rd=convert sf2uw(Rs) :chop Word32 Q6 R convert sf2uw R chop(Word32 Rs)
Rd=convert sf2w(Rs) Word32 Q6 R convert sf2w R(Word32 Rs)
Rd=convert sf2w(Rs) :chop Word32 Q6 R convert sf2w R chop (Word32 Rs)
Rdd=convert df2d(Rss) Wordée4 Q6 P convert df2d P(Wordé4 Rss)

Rdd=convert df2d(Rss) :chop Wordé64 Q6 P convert df2d P chop (Wordé4 Rss)

Rdd=convert df2ud(Rss) Wordée4 Q6 P convert df2ud P(Wordé4 Rss)

Rdd=convert df2ud(Rss):chop Wordé4 Q6 P convert df2ud P chop (Wordé4
Rss)

Rdd=convert sf2d(Rs) Wordée4 Q6 P convert sf2d R(Word32 Rs)

Rdd=convert sf2d(Rs) :chop Wordée4 Q6 P convert sf2d R chop (Word32 Rs)

Rdd=convert sf2ud(Rs) Wordée4 Q6 P convert sf2ud R(Word32 Rs)

Rdd=convert sf2ud(Rs) :chop Wordé64 Q6 P convert sf2ud R chop(Word32 Rs)

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS RegType |MajOp s5 Parse MinOp d5
1/o/j0/ojojojojo/1{1|1|/s|s|s|s|s/ P/P|O|-|-|-|-|-/0[|0|0|d|d|d]|d]|d|Rdd=convert_df2d(Rss)
1/o0/j0/ojojojojo/1(1|1|s|/s|s|s|s/P/P|O|-|-|-|-|-/0[|0|1|d|d]|d]|d]|d|Rdd=convert_df2ud(Rss)
1/0/olojojolojo/1|1]1]s|s|s|s|s|P|Plo|-|-|-|-|-|1]/1]/0|d|d|d|d]|d 5§d=°°“"e"—df2d(Rss):°h
1]{ofolojojojolo|1|1]|1]s|s|s|s|s|P|P|lo|-|-|-|-|-[1/1]|1|d|d|d|d]d Eg‘fzco""e“—m“d(RSS):c
t1/o/j0/ojojt1/ojo/1|(-|-|s|s|s|s|s/P/P|-|-|-|-|-|-/0[1]1|d|d|d]|d]|d|Rdd=convert_sf2ud(Rs)
t1/o/jo/ojojt/ojo/1|(-|-|s|s|s|s|s/P/P|-|-/-]-|-|-/1/0]|0|d|d|d]|d]|d|Rdd=convert_sf2d(Rs)
11ofojolol1lofo|1 | -|-|s|s|s|s|s|P|P - -|-|-|-|-1]0]1]d d d|d| d|qddconvertsfzudRs)ch
1]{ofolojo/1]olo|1|-|-|s|s|s|s|s|P|P|-|-|-|-|-|-[1/1]|0|d|d|d|d]d ?dd:con"e“—Sde(RS):Cho
1/o0/0/0/1j0/0j0|0Of1|1|s|s|s|s|s/P/P|-|-]-|-|-]|-/0[|0|1|d|d]|d]|d]|d|Rd=convert_df2uw(Rss)
1/o0/j0/0j1j0j0j0|1/0|0|s|s|s|s|s/P/P|-|-]|-|-|-]|-/0[|0|1|d|d]|d]|d]|d|Rd=convert_df2w(Rss)
10001 0001 0]1]s|s s|s|s|P /P -|-| |-~ -0/01dd|d|d] d goconverdunRss)ch
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31(30|29(28|27|26|25(24|23(22|21|20/19(18|17(16|15(14|13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 |1 |0
10001000111sssssPP------001dddddsdzconven—dfzw(Rss):Cho
1/o/jo/o0j1jof1{1/0(1|1|s|s|s|s|s/P/P|-|-|-|-|-|-/0[|0|0|d|d]|d]|d]|d|Rd=convert_sf2uw(Rs)
170100 1[0 1 1]01]1|s|s|s|s s/ PP |-/ - -/-/-/0/01dddd]d dconertsumRscho
1/o0/0j0f1/0|1{1{1/0/0|s|s|s|s|s|(P/P|-|-|-]-|-|-/0]|0]|0|d|d|d]|d]|d]|Rd=convert_sf2w(Rs)
1/0/0|0f1|O0Of|1|1(1|0|0O|s|s|s|s|s|P|/P|-|-]|-|=-|=-|=-]|0|0|1|d|d|d]|d]|d]|Rd=convert_sf2w(Rs):chop
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Floating point extreme value assistance

For divide and square root routines, certain values are problematic for the default routine.
These instructions appropriately fix up the numerator (fixupn), denominator (fixupd), or
radicand (fixupr) for proper calculations when combined with the divide or square root
approximation instructions.

Syntax Behavior
Rd=sffixupd (Rs,Rt) (Rs,Rt,Rd, adjust) =recip common (Rs,Rt) ;
Rd = Rt;
Rd=sffixupn (Rs,Rt) (Rs,Rt,Rd, adjust) =recip common (Rs,Rt) ;
Rd = Rs;
Rd=sffixupr (Rs) (Rs,Rd,adjust) =invsgrt common (Rs) ;
Rd = Rs;

Class: XTYPE (slots 2,3)

Intrinsics

Rd=sffixupd(Rs,Rt) Word32 Q6 R sffixupd RR(Word32 Rs, Word32
Rt)

Rd=sffixupn (Rs,Rt) Word32 Q6 R _sffixupn RR(Word32 Rs, Word32
Rt)

Rd=sffixupr (Rs) Word32 Q6 R sffixupr R(Word32 Rs)

Encoding

-

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘01‘0‘1|1 1|o 1 s‘s‘s|s|s P|P -o|o‘o d‘d‘d|d|d Rd=sffixupr(Rs)
ICLASS RegType MajOp s5 Parse t5 MinOp d5
11 T1Jol1lo1l1[1]1]o]s]|s|s|s|s|P[Plo]t]|t|t[t|t|ofo]o|d][ald]d
11 l1Jol1lol1]1[1]1]o]s|s|s|s|s|P[Plo]t]|t|t|t|t|ofo]1]d]a|d]d

(=}

Rd=sffixupn(Rs,Rt)
Rd=sffixupd(Rs,Rt)

o

Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Floating point fused multiply-add

Multiply two values, and add to (or subtract from) the accumulator. Full intermediate
precision is kept.

Syntax Behavior
Rx+=sfmpy (Rs, Rt) Rx=fmaf (Rs,Rt,Rx) ;
Rx-=sfmpy (Rs, Rt) Rx=fmaf (-Rs,Rt,Rx) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rx+=sfmpy (Rs, Rt) Word32 Q6 R sfmpyacc RR(Word32 Rx, Word32
Rs, Word32 Rt)

Rx-=sfmpy (Rs, Rt) Word32 Q6 R sfmpynac_ RR(Word32 Rx, Word32
Rs, Word32 Rt)

Encoding

w

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp x5

1{1{1j0(1(1|1{1/0|0|0|s|s|s|s|s|(P/P/O|t|t|t|[t|t|1]|0]|0]|x]|x|x]|x|x|Rx+t=sfmpy(Rs,Rt)

1{1{1/j0(1/1|1}{1/0|0|0|s|s|s|s|s|(P/P/O|t|t|t|t|t|1]|0]|1]|x]|x]|x]|x]|x|Rx-=sfmpy(Rs,Rt)

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
X5 Field to encode register x
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Floating point fused multiply-add with scaling

Multiply two values, and add to (or subtract from) the accumulator. Full intermediate
precision is kept. Additionally, scale the output. This instruction has special handling of
corner cases. If a multiplicand source is zero, the accumulator is left unchanged; this is
important as -0.0 + 0.0*x yields -0.0. The scaling factor is the predicate taken as a two's
compliment number for single precision. The scaling factor is twice the predicate taken as
a two's compliment number for double precision.

Syntax Behavior

Rx+=sfmpy (Rs, Rt, Pu) :scale if (isnan(Rx) || isnan(Rs) || isnan(Rt)) Rx
= NaN;

tmp=fmaf (Rs,Rt,Rx) * 2%*(Pu) ;

if ((tmp != Rx) || ((Rs != 0.0) && (Rt !=
0.0))) Rx = tmp;

Class: XTYPE (slots 2,3)

Intrinsics

Rx+=sfmpy (Rs,Rt, Pu) : scale Word32 Q6 R sfmpyacc RRp scale (Word32 Rx,
Word32 Rs, Word32 Rt, Byte Pu)

Encoding

w

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 u2 x5

101101111011 ]s|s|s|s|s[P[P0o|t|t|t|t|t1|u]u|x|x|x]|x]|x]|Rx=smpyRsRtPu)scal

Field name Description

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

s5 Field to encode register s

t5 Field to encode register t

u2 Field to encode register u

X5 Field to encode register x
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Floating point reciprocal square root approximation

Provides an approximation of the reciprocal square root of the radicand (Rs), if combined
with the appropriate fixup instruction. Certain values (such as infinities or zeros) in the
numerator or denominator may yield values that are not reciprocal approximations, but
yield the correct answer when combined with fixup instructions and the appropriate
routines.

For compatibility, exact results of these instructions can not be relied on. The precision of
the approximation for this architecture and later is at least 6.6 bits.

Syntax Behavior
Rd, Pe=sfinvsqgrta (Rs) if ((Rs,Rd,adjust)=invsqgrt common (Rs)) {
Pe = adjust;
idx = (Rs >> 17) & O0x7f;
mant = (invsgrt lut[idx] << 15);
exp = 127 - ((exponent (Rs) - 127) >> 1)
- 1;
Rd = -1**Rs.31 * 1.MANT * 2%* (exp-

BIAS) ;

}i
Class: XTYPE (slots 2,3)

Notes

» This instruction provides a certain amount of accuracy. In future versions the
accuracy may increase. For future compatibility, dependence on exact values must
be avoided.

m  The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Encoding

31|30|29‘28 27‘26‘25|24 23|22 2 20‘19‘18|17|16 15|14 13\12\11 \1o| 9 | 8 | 7]6 \ 54 \ 3 \ 2 | 1 | 0
ICLASS RegType |MajOp s5 Parse e2 d5
1|o|o‘01‘0‘1|1 1|1 1 s‘s‘s|s|s P|P ‘ 0 e‘e d‘d‘d|d|d Rd,Pe=sfinvsgrta(Rs)

-

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
e2 Field to encode register e
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Floating point fused multiply-add for library routines

Multiply two values, and add to (or subtract from) the accumulator. Full intermediate
precision is kept. This instruction has special handling of corner cases. Addition of
infinities with opposite signs, or subtraction of infinities with like signs, is defined as
(positive) zero. Rounding is always Nearest-Even, except that overflows to infinity round
to maximal finite values. If a multiplicand source is zero, the accumulator is left
unchanged; this is important as -0.0 + 0.0*x yields -0.0. Flags and exceptions are not

generated.
Syntax Behavior
Rx+=sfmpy (Rs,Rt) : 1ib round to nearest () ;
infminusinf = ((isinf (Rx)) &&
(isinf (Rs*Rt)) && (Rs * Rx ~ Rt.31 != 0));
infinp = (isinf(Rx)) || (isinf(Rt)) ||
(isinf (Rs)) ;
if (isnan(Rx) || isnan(Rs) || isnan(Rt)) Rx
= NaN;
if ((Rs != 0.0) && (Rt != 0.0)) {
Rx=fmaf (Rs, Rt,Rx) ;
} else {
if (isinf(Rs) || isinf(Rt)) Rx = NaN;
¥
cancel flags();
if (isinf (Rx) && !infinp) Rx = Rx - 1;
if (infminusinf) Rx = 0;
Rx-=sfmpy (Rs,Rt) :1ib round to nearest () ;
infinp = (isinf(Rx)) || (isinf(Rt)) ||
(isinf (Rs)) ;
infminusinf = ((isinf(Rx)) &&
(isinf (Rs*Rt)) && (Rs * Rx ~ Rt.31 == 0));
if (isnan(Rx) || isnan(Rs) || isnan(Rt)) Rx
= NaN;
if ((Rs != 0.0) && (Rt != 0.0)) {
Rx=fmaf (-Rs,Rt,Rx) ;
} else {
if (isinf(Rs) || isinf(Rt)) Rx = NaN;

¥

cancel flags();

if (isinf (Rx) && !infinp) Rx = Rx - 1;
if (infminusinf) Rx = 0;

Class: XTYPE (slots 2,3)

Intrinsics
Rx+=sfmpy (Rs,Rt) :1ib Word32 Q6 R sfmpyacc RR lib(Word32 Rx,
Word32 Rs, Word32 Rt)
Rx-=sfmpy (Rs,Rt) : 1ib Word32 Q6 R sfmpynac RR_1lib (Word32 Rx,
Word32 Rs, Word32 Rt)
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Encoding

w

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1117(1/01}/1{1/1/0|0|0|s|s|s|(s|s|/P|/P|O|t|t|t|t|[t|1|1]0|x|x|x]|X
1117(1/01}/1{1/1/0|0|0|s|s|s|(s|s|/P|/P|O|¢t |t |t |t|[t|1T |1 ]|1T|x|x|x]|X

x

Rx+=sfmpy(Rs,Rt):lib
Rx-=sfmpy(Rs,Rt):lib

x

Field name Description
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
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Instruction Set

Create floating-point constant

Using ten bits of immediate, form a floating-point constant.

Syntax

Rd=sfmake (#ul0) :neg

Rd=sfmake (#ul0) : pos

Rdd=dfmake (#ul0) :neg

Rdd=dfmake (#ul0) :pos

Class: XTYPE (slots 2,3)

Intrinsics

Rd=sfmake (#ul0) :neg

Rd=sfmake (#ul0) :pos

Rdd=dfmake (#ul0) :neg

Rdd=dfmake (#ul0) :pos

Rd =
Rd +=
R4 |

Rd =
Rd +=

Rdd

Rdd
Rdd =

Rdd +=

Word32
Word32
Worde4

Worde4

127 - 6)

Rdd +=
|

Behavior

(1023ULL - 6)
(#u) << 46;
( (1ULL)

(1023ULL - 6)
(#u) << 46;

<< 23;

<< 23;

<< 52;

<< 63);

<< 52;

Q6_R sfmake I neg(Word32 IuloO)
Q6_R sfmake I pos (Word32 IuloO)
Q6 P dfmake I neg(Word32 IuloO)

Q6 P dfmake I pos(Word32 IuloO)

Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Parse MinOp d5
111101 1100 (0 |i I e N N I i Rd=sfmake(#u10):pos
11110 |1 110(0 |1 ]i sl - - =[PP iR ili|li|d|d|d Rd=sfmake(#u10):neg
ICLASS RegType Parse d5
11110 |1 0|1]0|0|i sl - - =[PP R0 il d|d Rdd=dfmake(#u10):pos
11110 1 0 (1|01 i sl === PP i d|d Rdd=dfmake(#u10):neg
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
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Floating point maximum
Maximum of two floating point values. If one value is a NaN, the other is chosen.

Syntax Behavior

Rd=sfmax (Rs, Rt) Rd = fmaxf (Rs,Rt) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rd=sfmax (Rs, Rt) Word32 Q6 R sfmax RR(Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1|1|1‘01‘0‘1|1 1|o‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|0‘0 d‘d‘d|d|d Rd=sfmax(Rs,Rt)

w

Field name Description
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 534

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Floating point minimum
Minimum of two floating point values. If one value is a NaN, the other is chosen.

Syntax Behavior

Rd=sfmin (Rs, Rt) Rd = fmin(Rs,Rt) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rd=sfmin (Rs,Rt) Word32 Q6 R sfmin RR(Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1|1|1‘01‘0‘1|1 1|o‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|0‘1 d‘d‘d|d|d Rd=sfmin(Rs,Rt)

w

Field name Description
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Floating point multiply

Add two floating point values

Syntax Behavior

Rd=sfmpy (Rs, Rt) Rd=Rs*Rt;
Class: XTYPE (slots 2,3)

Intrinsics

Rd=sfmpy (Rs,Rt) Word32 Q6 R sfmpy RR(Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1|1|1‘01‘0‘1|1 o|1‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|0‘0 d‘d‘d|d|d Rd=sfmpy(Rs,Rt)

w

Field name Description
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Floating point reciprocal approximation

Provides an approximation of the reciprocal of the denominator (Rt), if combined with the
appropriate fixup instructions. Certain values (such as infinities or zeros) in the numerator
or denominator may yield values that are not reciprocal approximations, but yield the
correct answer when combined with fixup instructions and the appropriate routines.

For compatibility, exact results of these instructions can not be relied on. The precision of
the approximation for this architecture and later is at least 6.6 bits.

Syntax Behavior

Rd, Pe=sfrecipa (Rs,Rt) if ((Rs,Rt,Rd,adjust)=recip common (Rs,Rt))

{

Pe = adjust;

idx = (Rt >> 16) & O0x7f;

mant = (recip lut[idx] << 15) | 1;

exp = 127 - (exponent (Rt) - 127) - 1;

Rd = -1**Rt.31 * 1.MANT * 2** (exp-
BIAS) ;

b5
Class: XTYPE (slots 2,3)

Notes

» This instruction provides a certain amount of accuracy. In future versions the
accuracy may increase. For future compatibility, dependence on exact values must
be avoided.

m The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Encoding

31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|16 15|14 1 12\11 \1o| 9 | 87]6 \ 54 \ 3 \ 2 | 1 | 0
ICLASS RegType MajOp s5 Parse t5 e2 d5
1|1|1‘01‘0‘1|1 1|1‘1 s‘s‘s|s|s P|P0 t‘t‘t|t|t e‘e d‘d‘d|d|d Rd,Pe=sfrecipa(Rs,Rt)

w

-

Field name Description

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

e2 Field to encode register e

s5 Field to encode register s

t5 Field to encode register t
80-N2040-36 C 537

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Floating point subtraction

Subtract two floating point values.

Syntax Behavior

Rd=sfsub (Rs, Rt) Rd=Rs-Rt;
Class: XTYPE (slots 2,3)

Intrinsics

Rd=sfsub (Rs,Rt) Word32 Q6 R sfsub RR(Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1|1|1‘01‘0‘1|1 o|o‘o s‘s‘s|s|s P|P0 t‘t‘t|t|t0|0‘1 d‘d‘d|d|d Rd=sfsub(Rs,Rt)

w

Field name Description
ICLASS Instruction Class
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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11.10.5 XTYPE/MPY

The XTYPE/MPY instruction subclass includes instructions which perform
multiplication.

Multiply and use lower result

Multiply the signed 32-bit integer in Rs by either the signed 32-bit integer in Rt or an
unsigned immediate value. The 64-bit result is optionally accumulated with the 32-bit
destination, or added to an immediate. The least-significant 32-bits of the result are written
to the single destination register.

This multiply produces the correct results for the ANSI C multiplication of two signed or
unsigned integers with an integer result.

Rs
Rt /#u8
64
Add <
. L~
Low 32-bits| “132
Rx
Syntax Behavior
Rd=+mpyi (Rs, #u8) apply extension (#u) ;
Rd=Rs*#u;
Rd=-mpyi (Rs, #u8) Rd=Rs*-#u;
Rd=add (#u6, mpyi (Rs, #U6) ) apply extension (#u) ;
Rd = #u + Rs*#U;
Rd=add (#u6,mpyi (Rs,Rt)) apply extension (#u) ;
Rd = #u + Rs*Rt;
Rd=add (Ru, mpyi (#u6:2,Rs)) Rd = Ru + Rs*#u;
Rd=add (Ru, mpyi (Rs, #u6)) apply extension (#u) ;

Rd = Ru + Rs*#u;
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Syntax Behavior

Rd=mpyi (Rs, #m9) if (" ((#m9<0) && (#m9>-256))")
Assembler mapped to: "Rd=-
mpyi (Rs, #mo* (-1))";
} else {
Assembler mapped to:
"Rd=+mpyi (Rs, #m9) " ;

1

Rd=mpyi (Rs,Rt) Rd=Rs*Rt;
Rd=mpyui (Rs,Rt) Assembler mapped to: "Rd=mpyi (Rs,Rt)"
Rx+=mpyi (Rs, #u8) apply extension (#u) ;
Rx=Rx + (Rs*#u);
Rx+=mpyi (Rs,Rt) Rx=Rx + Rs*Rt;
Rx-=mpyi (Rs, #u8) apply extension (#u) ;
Rx=Rx - (Rs*#u);
Ry=add (Ru, mpyi (Ry,Rs)) Ry = Ru + Rs*Ry;

Class: XTYPE (slots 2,3)

Intrinsics

Rd=add (#u6,mpyi (Rs, #U6) ) Word32 Q6 R add mpyi IRI (Word32 Iu6, Word32
Rs, Word32 IU6)

Rd=add (#u6,mpyi (Rs,Rt)) Word32 Q6 R add mpyi IRR(Word32 Iu6, Word32
Rs, Word32 Rt)

Rd=add (Ru, mpyi (#u6:2,Rs)) Word32 Q6 R add mpyi RIR(Word32 Ru, Word32
Tu6 2, Word32 Rs)

Rd=add (Ru, mpyi (Rs, #u6)) Word32 Q6 R add mpyi RRI (Word32 Ru, Word32
Rs, Word32 Iu6)

Rd=mpyi (Rs, #m9) Word32 Q6 R mpyi RI(Word32 Rs, Word32 Im9)

Rd=mpyi (Rs,Rt) Word32 Q6 R mpyi RR(Word32 Rs, Word32 Rt)

Rd=mpyui (Rs,Rt) Word32 Q6 R mpyui RR(Word32 Rs, Word32 Rt)

Rx+=mpyi (Rs, #u8) Word32 Q6 R mpyiacc RI (Word32 Rx, Word32
Rs, Word32 Iu8)

Rx+=mpyi (Rs,Rt) Word32 Q6 R mpyiacc RR(Word32 Rx, Word32
Rs, Word32 Rt)

Rx-=mpyi (Rs, #u8) Word32 Q6 R mpyinac RI (Word32 Rx, Word32
Rs, Word32 Iu8)

Ry=add (Ru, mpyi (Ry,Rs)) Word32 Q6 R add mpyi RRR(Word32 Ru, Word32
Ry, Word32 Rs)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d5
1|1|0‘1 0‘1‘1|1 0|i‘i s‘s‘s|s|s P|P i t‘t‘t|t|t i|i‘i d‘d‘d|d|d Rd=add(#u6,mpyi(Rs,Rt))
ICLASS RegType s5 Parse d5
1|1|o‘1 1‘0‘0|0 I|i‘i s‘s‘s|s|s P|P i d‘d‘d|d|d i|i‘i I‘I‘I|I|IRd=add(#u6,mpyi(Rs,#U6))
ICLASS RegType s5 Parse d5 ub
111]of1|1|1]1]1]olili|s|s|s|s|s|P|P|ild|d|d|d|d| i|il|ilulululu|u ;*d:add(R”'mpyi(#ueiz'RS)
1{(1jo(1 (1|11 {1|1|i|i|s|s|s|s|s|/P|/P|i|ld{d|dfd|d|i|i|i|u|u]|u]|u]|u|Rd=add(Rumpyi(Rs#u6))
ICLASS RegType MajOp s5 Parse y5 u5
1|1|1‘0 0‘0‘1|1 o|o‘0 s‘s‘s|s|s P|P -y‘y‘y|y|y - ‘ u‘u‘u|u|u Ry=add(Ru,mpyi(Ry,Rs))
ICLASS RegType MajOp s5 Parse MinOp d5
1111 ]ololofofofo]-|-|s|s|s|s|s|p[Plolilililililililild|ld]d]|d]|d]|Rd=+rmpyiRsH#us)
111]1]olololofof1|-|-|s|s|s|s|s|p|Plo|i|ililililililild|d|d]|d]|d|Rd=mpyiRs#us)
ICLASS RegType MajOp s5 Parse MinOp x5
1/1/1/0/0|0|0O|1|0|-|-|s|s|s|s|s| P[P|O i |i|i|i|i|i|i]i|x]|x]|x]|x]|x|Rx+t=mpyi(Rs,#u8)
1/1(1j0(0|0O|0O|1|1|-|-|s|s|s|s|s|[P|P|O|i|i|i|il|i|i|i]|i|x]x]|x]|x]|x]|Rx-=mpyi(Rs,#u8)
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1|1|1‘01‘1‘0|1 o|o‘0 s‘s‘s|s|s P|P0 t‘t‘t|t|t0|0‘0 d‘d‘d|d|d Rd=mpyi(Rs,Rt)

ICLASS RegType MajOp s5 Parse t5 MinOp x5
1|1|1‘0 1‘1‘1|1 0|0‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t o|0‘0 x‘x‘x|x|x Rx+=mpyi(Rs,Rt)

Field name Description

RegType Register Type

MajoOp Major Opcode

MinOp Minor Opcode

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

us Field to encode register u

x5 Field to encode register x

v5 Field to encode register y
80-N2040-36 C 541

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector multiply word by signed half (32x16)

Perform mixed precision vector multiply operations. A 32-bit word from vector Rss is
multiplied by a 16-bit halfword (either even or odd) from vector Rtt. The multiplication is
performed as a signed 32x16, which produces a 48-bit result. This result is optionally
scaled left by one bit. This result is then shifted right by 16 bits, optionally accumulated
and then saturated to 32-bits. This operation is available in vector form
(vmpyweh/vmpywoh) and non-vector form (mpyweh/mpywoh).

Rtt

s16 s16 s16 s16
32 / 32 / Rss

? 0x0  0x8000 ; i“s 0x0  0x8000
<<0-1 +
Add

<<0-1

Add

>>16 >>16
. Add Add -
Sat_32 Sat_32 A2
e
132
Rxx
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Syntax Behavior

Rdd=vmpyweh (Rss,Rtt) [:<<1] :rnd:sat Rdd.w[l]l=sat;,(((Rss.w[1l] *
Rtt.h[2]) [<<1]+0x8000) >>16) ;
Rdd.w[0] =sat;, (((Rss.w[0] *
Rtt.h[0]) [<<1]+0x8000)>>16) ;

Rdd=vmpyweh (Rss,Rtt) [:<<1] :sat Rdd.w([1l]=sats;,
Rtt.h[2]) [<<1]
Rdd.w([0] =sats;,
Rtt.h[0]) [<<1]

((Rss.w([1l] *
>>16) ;
((Rss.w([0] *
>>16) ;

Rdd=vmpywoh (Rss,Rtt) [:<<1] :rnd:sat Rdd.w[l]l=sat;,(((Rss.w[1l] *
Rtt.h[3]) [<<1]+0x8000) >>16) ;
Rdd.w[0]=sat;, (((Rss.w[0] *
Rtt.h[1]) [<<1]1+0x8000)>>16) ;

Rdd=vmpywoh (Rss,Rtt) [:<<1] :sat Rdd.w([1l]=sats;,
Rtt.h[3]) [<<1]
Rdd.w([0] =sat;,
Rtt.h[1]) [<<1]

((Rss.w([1l] *
>>16) ;
((Rss.w[0] *
>>16) ;

Rxx+=vmpyweh (Rss,Rtt) [:<<1] :rnd:sat Rxx.w[l]=sat;, (Rxx.w[1] + (((Rss.w[1l] *
Rtt.h[2]) [<<1]+0x8000)>>16)) ;

Rxx.w[0]=sat,, (Rxx.w([0] + ((

))

Rtt.h[0]) [<<1]+0x8000) >>16

(Rss.w([0] *

I

Rxx+=vmpyweh (Rss,Rtt) [:<<1] :sat Rxx.w[l]=sat;, (Rxx.w[1l] + (((Rss.w[1l] *
Rtt.h[2]) [<<1])>>16));
Rxx.w[0]=sat;, (Rxx.w[0] + (((Rss.w[0] *
Rtt.h[0]) [<<1])>>16));
Rxx+=vmpywoh (Rss,Rtt) [:<<1] :rnd:sat Rxx.w[l]=sat,,(Rxx.w[1l] + (((Rss.w[1l] *
Rtt.h[3]) [<<1]+0x8000) >>16)) ;
Rxx.w[0] =sat;, (Rxx.w[0] + (((Rss.w[0] *
)

Rtt.h[1]) [<<1]+0x8000)>>16 )) ;

Rxx+=vmpywoh (Rss,Rtt) [:<<1] :sat Rxx.w[l]=sat;, (Rxx.w([1] + (((Rss.w[1l] *
Rtt.h[3]) [<<1])>>16));
Rxx.w[0] =sat;, (Rxx.w[0] + (((Rss.w[0] *
Rtt.h[1]) [<<1])>>16 ));

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

80-N2040-36 C 543

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Intrinsics

Rdd=vmpyweh (Rss,Rtt) :<<1l:rnd:sat

Rdd=vmpyweh (Rss,Rtt) :<<1l:sat

Rdd=vmpyweh (Rss,Rtt) :rnd:sat

Rdd=vmpyweh (Rss,Rtt) :sat

Rdd=vmpywoh (Rss,Rtt) :<<l:rnd:sat

Rdd=vmpywoh (Rss,Rtt) :<<1l:sat

Rdd=vmpywoh (Rss, Rtt) :rnd:sat

Rdd=vmpywoh (Rss,Rtt) :sat

Rxx+=vmpyweh (Rss,Rtt) :

Rxx+=vmpyweh (Rss,Rtt)

Rxx+=vmpyweh (Rss, Rtt)

Rxx+=vmpyweh (Rss,Rtt) : sat

Rxx+=vmpywoh (Rss,Rtt)

Rxx+=vmpywoh (Rss,Rtt)

Rxx+=vmpywoh (Rss,Rtt)

Rxx+=vmpywoh (Rss,Rtt) : sat

:<<l:sat

:rnd:sat

:<<l:sat

:rnd:sat

<<l:rnd:sat

:<<l:rnd:sat

Word64 Q6 P vmpyweh PP sl rnd sat (Wordé4

Rss, Wordé64 Rtt)

Wordé64 Q6 P vmpyweh PP sl sat (Wordé4 Rss,
Wordé4 Rtt)

Wordé64 Q6 P vmpyweh PP rnd sat (Wordé4 Rss,
Wordé4 Rtt)

Wordé64 Q6 P vmpyweh PP_sat (Wordé4 Rss,
Wordé4 Rtt)

Word64 Q6 P vmpywoh PP sl rnd sat (Wordé4

Rss, Wordé64 Rtt)

Wordé64 Q6 P vmpywoh PP sl sat (Wordé4 Rss,
Wordé4 Rtt)

Word64 Q6 P vmpywoh PP rnd sat (Wordé4 Rss,
Wordé4 Rtt)

Wordé64 Q6 P vmpywoh PP_sat (Wordé4 Rss,
Wordé4 Rtt)

Wordé64 Q6 P vmpywehacc PP sl rnd sat (Wordé64
Word64 Rtt)

Rxx, Wordé4 Rss,

Wordé64 Q6 P vmpywehacc PP sl sat (Wordé4
Wordé4 Rtt)

Rxx, Wordé4 Rss,

Word64 Q6 P vmpywehacc PP rnd sat (Wordé4
Word64 Rtt)

Rxx, Wordé4 Rss,

Wordé64 Q6 P vmpywehacc PP sat (Word64 Rxx,

Wordée4 Rss,

Wordé4 Rtt)

Wordé64 Q6 P vmpywohacc PP sl rnd sat (Wordé4
Word64 Rtt)

Rxx, Wordé4 Rss,

Wordé64 Q6 P vmpywohacc PP sl sat (Wordé4
Wordé4 Rtt)

Rxx, Wordé4 Rss,

Word64 Q6 P vmpywohacc PP rnd sat (Wordé4
Word64 Rtt)

Rxx, Wordé4 Rss,

Wordé64 Q6 P vmpywohacc PP sat (Word64 Rxx,

Wordée4 Rss, Wordé4 Rtt)
Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
11101000NOOsssssPP0ttttt101dddddE?g;tvmpyweh(Rss’Rn)[:«
11101000N0055555PP0ttttt111dddddEﬁg;\/mpyWOh(Rss’Rn)[:«
Rdd=vmpyweh(Rss,Rtt)[:<<
11111 ]01]0/0 /0N 0|1 |s|s|s|s|s PIPO|t|t| t t t|1/01/dddddgiemm
Rdd=vmpywoh(Rss,Rtt)[:<<
1711 ]01]0/0 0 |N0|1s|s|s|s|s PIPo|t|t|t t t|1/1|1/dd|dddRImE
80-N2040-36 C 544

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual

Instruction Set

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp x5
11110 /1]o]1]o/Njojo|s|s|s|s|s|P[P|o|t|t|t t|t 101 x|x x R ikeat TPyweh(Res Rit):<
1101]1]0f1]/0o/1]o/Njoj0|s|s|s|s|s/P/Plo|t|t|t|t t|1[1|1]x|x|x Rbeat Y won(Res, R«
101]1]0f1]0o1]o/Njo|1|s|s|s|s|s/P/Plo|t|t|t|t t|1[0|1]x|x]|x b apyweh(Rss Rit):<
101 ]1]0l1]o]1]o/Njo|1|s|s|s|s|s|P[Plo|t|t|t t|t 11 1| x|x x by woh(Res Rit):<
Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

X5 Field to encode register x
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Vector multiply word by unsigned half (32x16)

Perform mixed precision vector multiply operations. A 32-bit signed word from vector
Rss is multiplied by a 16-bit unsigned halfword (either odd or even) from vector Rtt. This
multiplication produces a 48-bit result. This result is optionally scaled left by one bit, and
then a rounding constant is optionally added to the lower 16-bits. This result is then shifted
right by 16 bits, optionally accumulated and then saturated to 32-bits. This is a dual vector
operation and is performed for both high and low word of Rss.

Rtt

ul6 u16 u16 ul6

32/ 32/ Rss

? 0x0  0x8000 ; i“s 0x0  0x8000
<<0-1 +
Add

<<0-1

Add

>>16 >>16
. Add Add -
Sat_32 Sat_32 A2
e
132
Rxx
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Syntax
Rdd=vmpyweuh (Rss,Rtt) [:<<1] :rnd:sat
Rdd=vmpyweuh (Rss,Rtt) [:<<1] :sat
Rdd=vmpywouh (Rss,Rtt) [:<<1] :rnd:sat
Rdd=vmpywouh (Rss,Rtt) [:<<1] :sat
Rxx+=vmpyweuh (Rss,Rtt) [:<<1] :rnd:sat
Rxx+=vmpyweuh (Rss,Rtt) [:<<1] :sat
Rxx+=vmpywouh (Rss,Rtt) [:<<1] :rnd:sat
Rxx+=vmpywouh (Rss,Rtt) [:<<1] :sat

Class: XTYPE (slots 2,3)

Notes

Rdd.
Rtt.
Rdd.
REE o

Rdd.
Rtt.
Rdd.
Rtt.

Rdd.
REE o
Rdd.
Rtt.

Rdd.
REE o
Rdd.
Rtt.

Rxx.
Rtt.
Rxx.
Rtt.

Rxx.
Rtt.
Rxx.
Rtt.

Rxx.
Rtt.
Rxx.
Rtt.

Rxx.
Rtt.
Rxx.
Rtt.

Behavior

w[l]=sat;, (((Rss.w[1l] *
uh[2]) [<<1]+0x8000)>>16) ;
w[0]=sat;, (((Rss.w[0] *
uh[0]) [«<<1]+0x8000)>>16) ;

w[l]=sat,, (((Rss.w[l] *
uh[2]) [<<1])>>16) ;
w[0]=sat;, (((Rss.w[0] *
uh[0]) [<<1])>>16) ;

w[l]l=sat;, (((Rss.w[l] *
uh[3]) [«<<1]+0x8000)>>16) ;
w[0]=sat;, (((Rss.w[0] *
uh[1]) [<<1]+0x8000) >>16) ;

w[l]=sat;, (((Rss.w[l] *
uh[3]) [<<1])>>16) ;
w[0]=sat,, (((Rss.w[0] *
uh[1]) [<<1])>>16) ;

w[l]=sat,, (Rxx.w[1l] + (((Rss
uh[2]) [<<1]+0x8000)>>16)) ;
w[0]=sat,, (Rxx.w[0] + (((Rss
uh[0]) [<<1]+0x8000)>>16)) ;
w[l]=sat,, (Rxx.w[1l] + (((Rss
uh[2]) [<<1])>>16)) ;
w[0]=sat,, (Rxx.w[0] + (((Rss
uh[0]) [<<1])>>16));
w[l]=sat;, (Rxx.w[1l] + (((Rss
uh[3]) [<<1]+0x8000)>>16)) ;
w[0]=sat,, (Rxx.w[0] + (((Rss
uh[1]) [«<<1]+0x8000)>>16 )) ;
w[l]=sat,, (Rxx.w[1l] + (((Rss
uh[3]) [<<1])>>16)) ;
w[0]=sat,, (Rxx.w[0] + (((Rss

uh[1]) [<<1])>>16 ));

.will] *

.w[0] *

.wll] *

.w[0] *

.wll] *

.w[0] =*

w(ll] *

.w[0] =*

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics

Rdd=vmpyweuh (Rss,Rtt) :<<l:rnd:sat Wordé64 Q6 P vmpyweuh PP sl rnd sat (Wordé64
Rss, Wordé4 Rtt)

Rdd=vmpyweuh (Rss,Rtt) :<<l:sat Wordé64 Q6 P vmpyweuh PP sl sat (Wordé4 Rss,
Wordé64 Rtt)

Rdd=vmpyweuh (Rss,Rtt) :rnd:sat Wordé64 Q6 P vmpyweuh PP rnd sat (Wordé4 Rss,
Wordé64 Rtt)

Rdd=vmpyweuh (Rss,Rtt) :sat Wordé64 Q6 P vmpyweuh PP sat (Wordé4 Rss,
Wordé64 Rtt)

Rdd=vmpywouh (Rss,Rtt) :<<l:rnd:sat Wordé64 Q6 P vmpywouh PP sl rnd sat (Wordé64
Rss, Wordé4 Rtt)

Rdd=vmpywouh (Rss,Rtt) :<<l:sat Wordé64 Q6 P vmpywouh PP sl sat (Wordé4 Rss,
Wordé64 Rtt)

Rdd=vmpywouh (Rss,Rtt) :rnd:sat Wordé64 Q6 P vmpywouh PP rnd sat (Wordé4 Rss,
Wordé4 Rtt)

Rdd=vmpywouh (Rss,Rtt) :sat Wordé64 Q6 P vmpywouh PP sat (Wordé4 Rss,
Word64 Rtt)

Rxx+=vmpyweuh (Rss,Rtt) :<<l:rnd:sat Wordée4
Q6 P vmpyweuhacc PP sl rnd sat (Wordé64 Rxx,
Wordé64 Rss, Wordé4 Rtt)

Rxx+=vmpyweuh (Rss,Rtt) :<<l:sat Wordé64 Q6 P vmpyweuhacc PP_sl sat (Wordé4
Rxx, Wordé4 Rss, Wordé64 Rtt)

Rxx+=vmpyweuh (Rss,Rtt) :rnd:sat Wordé64 Q6 P_vmpyweuhacc_PP_rnd_sat (Wordé64
Rxx, Wordé4 Rss, Wordé64 Rtt)

Rxx+=vmpyweuh (Rss,Rtt) :sat Wordé64 Q6 P vmpyweuhacc PP_sat (Wordé4 Rxx,
Wordé64 Rss, Wordé4 Rtt)

Rxx+=vmpywouh (Rss,Rtt) :<<l:rnd:sat Wordé64
Q6 P vmpywouhacc PP sl rnd sat (Wordé64 Rxx,
Wordé64 Rss, Wordé4 Rtt)

Rxx+=vmpywouh (Rss,Rtt) :<<l:sat Word64 Q6 P vmpywouhacc PP sl sat (Wordé4
Rxx, Wordé4 Rss, Wordé64 Rtt)

Rxx+=vmpywouh (Rss,Rtt) :rnd:sat Wordé64 Q6 P vmpywouhacc PP_rnd sat (Wordé64
Rxx, Wordé4 Rss, Wordé64 Rtt)

Rxx+=vmpywouh (Rss,Rtt) :sat Wordé64 Q6 P_vmpywouhacc_PP_sat (Wordé64 Rxx,
Wordé4 Rss, Wordé4 Rtt)

Encoding

w

31|30/ 20|28/ 27|2625/24/23|22]21/20/19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

Rdd=vmpyweuh(Rss,Rtt)[:<
<N]:sat

Rdd=vmpywouh(Rss,Rit)[:<

1/1/1/0|1|{0|0|0|N|1T O|s|s|s| s s/P/P|O|t|t|t| t|t|101|d dd d|d

1/1/1/0|1|{0|0|0|N|1T O|s|s|s| s s/P/P|O|t|t|t t|t|11|1|d dd d|d

<N]:sat
Rdd=vmpyweuh(Rss,Rtt)[:<
11101000N11sssssPPOttttt1O1ddddd<N]:md:sat
Rdd=vmpywouh(Rss,Rtt)[:<
11101000N11sssssPPOttttt111ddddd<N]:md:Sat
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1011001 0[1/0|/N[1|0|s|s|s|s|s/P[Plo|t|t|t|t|tl1]0[1]x|x]|x R T Pyweuh(Ree, R:
101101010 /N[1|0|s|s|s|s|s/P/Plo|t|t|t|t t|1[1|1]x|x]|x RN Traa Py wouh(Rss,RUL:
1011001 01 0/ N1|1]s|s|s|s|s|P[Plo|t t|t t t|10/1]|x|x|x RNy weuh(Res, Rk
1011001 0[1/0|/N[1|1]s|s|s|s|s/P[Plo|t|t|t|t|tl1]1[1]x|x]|x R Tmpywouh(Res, R:
Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

X5 Field to encode register x
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Multiply signed halfwords

Multiply two signed halfwords. Optionally shift the multiplier result by 1 bit. This result
can be accumulated or rounded. The destination/accumulator can be either 32 or 64-bits.
For 32-bit results, saturation is optional.

Rx+=mpy(Rs.[HL],Rt.[HL])[:<<1][:sat]
Rd = mpy(Rs.[HL],Rt.[HL])[:<<1][:rnd][:sat]

Rs Rt

0x0 0x8000

32-bit
Add/Sub
Optional Sat

to 32-bits

Syntax

Rd=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:rnd] [:sat]

Rxx+=mpy(Rs.[HL],Rt.[HL])[:<<1]
Rdd = mpy(Rs.[HL],Rt.[HL])[:<<1][:rnd]

Rs Rt

0x0 0x8000

Behavior

Rd=[sat;,] ([round] ((Rs.h[01] *
Rt.h[01]) [<<1]1));

Rdd=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:rnd] Rdd=[round] ((Rs.h[01] * Rt.h[01]) [<<1]);
Rx+=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:sat] Rx=[sat;,] (Rx+ (Rs.h[01] * Rt.h[01]) [<<1]);
Rx-=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:sat] Rx=[sat;,] (Rx- (Rs.h[01] * Rt.h[01]) [<<1]);
Rxx+=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] Rxx=Rxx+ (Rs.h[01] * Rt.h[01]) [<<1];
Rxx-=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] Rxx=Rxx- (Rs.h[01] * Rt.h[01]) [<<1];
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Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=mpy (Rs.H,Rt.H) Word32 Q6 R mpy RhRh(Word32 Rs, Word32 Rt)

Rd=mpy (Rs.H,Rt.H) : <<1 Word32 Q6_R mpy RhRh sl (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.H,Rt.H) : <<1l:rnd Word32 Q6 R mpy RhRh sl rnd(Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.H) :<<l:rnd:sat Word32 Q6 R mpy RhRh sl rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.H) :<<l:sat Word32 Q6 R mpy RhRh sl sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt .H) : rnd Word32 Q6 R mpy RhRh rnd(Word32 Rs, Word32
Rt)

Rd=mpy (Rs.H,Rt.H) :rnd:sat Word32 Q6 R mpy RhRh rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.H) :sat Word32 Q6 R mpy RhRh sat (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.H,Rt.L) Word32 Q6 R mpy RhRI1 (Word32 Rs, Word32 Rt)

Rd=mpy (Rs.H,Rt.L) : <<1 Word32 Q6 R mpy RhR1 sl (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.H,Rt.L) : <<l:rnd Word32 Q6 R mpy RhR1 sl rnd(Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.L) :<<l:rnd:sat Word32 Q6 R mpy RhR1 sl rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.L) :<<l:sat Word32 Q6 R mpy RhR1 sl sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.L) : rnd Word32 Q6 R mpy RhR1 rnd(Word32 Rs, Word32
Rt)

Rd=mpy (Rs.H,Rt.L) :rnd:sat Word32 Q6 R mpy RhR1 rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.H,Rt.L) :sat Word32 Q6 R mpy RhR1 sat (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.L,Rt.H) Word32 Q6 R mpy RI1Rh(Word32 Rs, Word32 Rt)

Rd=mpy (Rs.L,Rt.H) : <<1 Word32 Q6 R mpy RIRh sl (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.L,Rt.H) :<<1l:rnd Word32 Q6 R mpy R1Rh sl rnd(Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.H) :<<l:rnd:sat Word32 Q6 R mpy RIRh sl rnd sat (Word32 Rs,
Word32 Rt)
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Rd=mpy (Rs.L,Rt.H) :<<1l:sat Word32 Q6 R mpy R1Rh sl sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.H) : rnd Word32 Q6 R mpy R1Rh rnd(Word32 Rs, Word32
Rt)

Rd=mpy (Rs.L,Rt.H) :rnd:sat Word32 Q6 R mpy RIRh rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.H) :sat Word32 Q6 R mpy R1Rh sat (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.L,Rt.L) Word32 Q6 R mpy RIRI1 (Word32 Rs, Word32 Rt)

Rd=mpy (Rs.L,Rt.L) : <<1 Word32 Q6 R mpy RIR1 sl (Word32 Rs, Word32
Rt)

Rd=mpy (Rs.L,Rt.L) :<<1l:rnd Word32 Q6 R mpy RIR1 sl rnd(Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.L) :<<l:rnd:sat Word32 Q6 R mpy RIR1l sl rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.L) :<<l:sat Word32 Q6 R mpy RIR1 sl sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.L) : rnd Word32 Q6 R mpy RIR1 rnd(Word32 Rs, Word32
Rt)

Rd=mpy (Rs.L,Rt.L) :rnd:sat Word32 Q6 R mpy RIR1 rnd sat (Word32 Rs,
Word32 Rt)

Rd=mpy (Rs.L,Rt.L) :sat Word32 Q6 R mpy RIR1 sat (Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.H,Rt .H) Wordé64 Q6 P mpy RhRh(Word32 Rs, Word32 Rt)

Rdd=mpy (Rs.H, Rt .H) :<<1 Wordé64 Q6 P mpy RhRh sl (Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.H,Rt .H) :<<1l:rnd Wordé64 Q6 P mpy RhRh sl rnd(Word32 Rs,
Word32 Rt)

Rdd=mpy (Rs.H, Rt .H) :rnd Wordé64 Q6 P mpy RhRh rnd(Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.H,Rt.L) Word64 Q6 P mpy RhRI1 (Word32 Rs, Word32 Rt)

Rdd=mpy (Rs.H,Rt.L) :<<1 Wordé64 Q6 P mpy RhR1 sl (Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.H,Rt.L) :<<1l:rnd Wordé64 Q6 P mpy RhR1 sl rnd(Word32 Rs,
Word32 Rt)

Rdd=mpy (Rs.H,Rt.L) :rnd Wordé64 Q6 P mpy RhR1 rnd(Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.L,Rt .H) Word64 Q6 P mpy RI1Rh(Word32 Rs, Word32 Rt)

Rdd=mpy (Rs.L,Rt .H) : <<1 Word64 Q6 P mpy RIRh sl (Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.L,Rt.H) :<<1:rnd Wordé64 Q6 P mpy R1Rh sl rnd(Word32 Rs,
Word32 Rt)

Rdd=mpy (Rs.L, Rt .H) : rnd Word64 Q6 P mpy RIRh rnd(Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.L,Rt.L) Wordé64 Q6 P mpy RI1R1 (Word32 Rs, Word32 Rt)
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Rdd=mpy (Rs.L,Rt.L) :<<1 Word64 Q6 P mpy RIR1 sl (Word32 Rs, Word32
Rt)

Rdd=mpy (Rs.L,Rt.L) :<<1l:rnd Wordé64 Q6 P mpy RIR1 sl rnd(Word32 Rs,
Word32 Rt)

Rdd=mpy (Rs.L,Rt.L) :rnd Word64 Q6 P mpy RIR1 rnd(Word32 Rs, Word32
Rt)

Rx+=mpy (Rs.H, Rt .H) Word32 Q6 R mpyacc_ RhRh (Word32 Rx, Word32

Rs, Word32 Rt)

Rx+=mpy (Rs.H,Rt .H) :<<1 Word32 Q6 R mpyacc RhRh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.H,Rt .H) :<<1l:sat Word32 Q6 R mpyacc_RhRh sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.H, Rt .H) : sat Word32 Q6 _R_mpyacc_RhRh_sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.H,Rt.L) Word32 Q6 R mpyacc_ RhRI1 (Word32 Rx, Word32
Rs, Word32 Rt)

Rx+=mpy (Rs.H,Rt.L) :<<1 Word32 Q6 R mpyacc RhR1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.H,Rt.L) :<<1l:sat Word32 Q6 R mpyacc_RhR1 sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.H,Rt.L) : sat Word32 Q6 _R_mpyacc_RhR1_sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt .H) Word32 Q6 R mpyacc RI1Rh(Word32 Rx, Word32
Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt.H) :<<1 Word32 Q6 R mpyacc RIRh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt.H) :<<1l:sat Word32 Q6_R mpyacc_RIRh sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.L, Rt .H) : sat Word32 Q6 _R_mpyacc_RIRh_sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt.L) Word32 Q6 R mpyacc_ RIR1 (Word32 Rx, Word32
Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt.L) :<<1 Word32 Q6 R mpyacc RIR1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt.L) :<<1l:sat Word32 Q6_R mpyacc_RIR1 sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpy (Rs.L,Rt.L) : sat Word32 Q6 _R_mpyacc_RIR1l_sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.H, Rt .H) Word32 Q6 R mpynac_ RhRh (Word32 Rx, Word32
Rs, Word32 Rt)

Rx-=mpy (Rs.H,Rt .H) :<<1 Word32 Q6 R mpynac RhRh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.H,Rt .H) :<<1l:sat Word32 Q6_R mpynac_RhRh sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.H, Rt .H) : sat Word32 Q6 R mpynac_ RhRh sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.H,Rt.L) Word32 Q6 R mpynac_ RhRI1 (Word32 Rx, Word32
Rs, Word32 Rt)
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Rx-=mpy (Rs.H,Rt.L) :<<1 Word32 Q6 R mpynac RhR1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.H,Rt.L) :<<1l:sat Word32 Q6 R mpynac_RhR1 sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.H,Rt.L) : sat Word32 Q6 R mpynac_RhR1 sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.H) Word32 Q6 R mpynac_ RI1Rh (Word32 Rx, Word32
Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.H) :<<1 Word32 Q6 R mpynac RIRh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.H) :<<1l:sat Word32 Q6_R mpynac_RIRh sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt .H) : sat Word32 Q6 R mpynac_ RIRh sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.L) Word32 Q6 R mpynac_ RIR1 (Word32 Rx, Word32
Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.L) :<<1 Word32 Q6 R mpynac RIR1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.L) :<<1l:sat Word32 Q6_R mpynac_RIR1 sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx-=mpy (Rs.L,Rt.L) : sat Word32 Q6 R mpynac_ RIR1 sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Rxx+=mpy (Rs.H, Rt .H) Wordé64 Q6 P mpyacc_RhRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx+=mpy (Rs.H,Rt.H) : <<1 Wordé64 Q6 P mpyacc RhRh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx+=mpy (Rs.H,Rt.L) Wordé64 Q6 P mpyacc_RhRI (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx+=mpy (Rs.H,Rt.L) : <<1 Wordé64 Q6 P mpyacc RhR1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx+=mpy (Rs.L,Rt .H) Wordé64 Q6 P mpyacc_RIRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx+=mpy (Rs.L,Rt.H) : <<1 Wordé64 Q6 P mpyacc RIRh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx+=mpy (Rs.L,Rt.L) Wordé64 Q6 P mpyacc_RIRI (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx+=mpy (Rs.L,Rt.L) : <<1 Wordé64 Q6 P mpyacc RIR1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx-=mpy (Rs.H,Rt .H) Wordé64 Q6 P mpynac_RhRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx-=mpy (Rs.H,Rt.H) : <<1 Wordé64 Q6 P mpynac_ RhRh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx-=mpy (Rs.H,Rt.L) Wordé64 Q6 P mpynac_RhRI1 (Wordé4 Rxx, Word32
Rs, Word32 Rt)
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Rxx-=mpy (Rs.H,Rt.L) :<<1

Rxx-=mpy (Rs.L,Rt.H)

Rxx-=mpy (Rs.L,Rt.H) :<<1

Rxx-=mpy (Rs.L,Rt.L)

Rxx-=mpy (Rs.L,Rt.L) : <<1

Wordé64 Q6 P mpynac_ RhR1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé64 Q6 P mpynac_RIRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordé64 Q6 P mpynac RIRh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé64 Q6 P mpynac_RIRI (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordé64 Q6 P mpynac RIR1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[12]11]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0

ICLASS RegType MajOp s5 Parse t5 sH|tH d5

1111 ]ofof1]ofo[N]ofo]s]s|s|s|s|P|P tlt|t|t|t|-lo]o|d|d|d|d]d]|Rdd=mpy(Rs.LRtL):<<N]
1111 ]ofol1]ofo[N|olo]|s|s|s|s|s|P|P t|t|t|t|t|-|0o|1|d|d|d]|d]|d]|Rdd=mpy(Rs.LRLH):<<N]
1111 ]ofol1]o]o[N|olo]|s|s|s|s|s|P|P t|t|t|t|t|-|1]0|d|d|d]|d]|d]|Rdd=mpy(Rs.HRLL):<<N]
1111 ]ofol1]o]o[N|olo]|s|s|s|s|s|P|P tlt|t|t|t|-]1]1]d|d|d|d]|d]|Rdd=mpy(Rs.HRLH):<<N]
111(1]olol1]|ofo|N|o|1]|s|s|s|s|s|P|P t|t|t|t|t|-|0|0|d|d|d]|d]|d|Rdd=mpyRs.LRLI<<NI
1111 ]olol1]ofo|N|o|1]|s|s|s|s|s|P|P t|t|t|t|t -|[01|d|d|d|d|a RdI=mpy(Rs.LREH)<<N]
111/1]olol1]|ofo|N|o|1]|s|s|s|s|s|P|P t|t|t|t|t|-|1]0|d|d|d|d]|a|RA=mpyRsHRLLI<NL
111(1]olol1]|ofo|N|o|1]|s|s|s|s|s|P|P t|t|t|t|t|-|1]1|d|d|d|d]|ad|RI=mpyRsHRH)L<<N]

ICLASS RegType MajOp s5 Parse t5 sH|tH x5

1111 ]olol1|1]o|N|olo]|s|s|s|s|s|P|P tlt|t|t|tlo|o]o|x|x|x|x|x ]RX”:mpy(RS-'-'Rt-'-)[:«N
111(1]olol1]|1]o|N|ojo]|s|s|s|s|s|P|P tle|t|t|tlolo]1|x|x|x|x|x FXX":’“"V(RS-'—'Rt-H)[:«N
1{1(1]ojo/1]1]o|N|ojo|s|s|s|s|s|P|P|[-|t|t|t|t|t|ol1]0]x|x|x|x]|x FXX":’“"V(RS'H’Rt-'—)F«N
1111 ]olol1]|1]o|N|olo]|s|s|s|s|s|P|P tle|t|t[elo|1]1 ] x|x|x|x|x ﬁi‘”:mpy(RS-H*Rt-H)[:«
1/1(1]0|0|1|1]0 0|1|s|s|s|s|s t|t| t|t|t|0|0|0|x|x|x|x|x|Rxx-=mpy(Rs.L,Rt.L)[:<<N]
1/1}(1]0|0|1|1]0 0|1|s|s|s|s|s t|t|t|t|t|0 |0 |1]|x|x]|x|Xx|x|Rxx-=mpy(Rs.L,Rt.H)[:<<N]
11100 |1|1]0 0|1|s|s|s|s|s t|t|t|t|t|0|1]|0]|x|x|x|x|x|Rxx-=mpy(Rs.H,Rt.L)[:<<N]

Rxx-

111/1]0|0|{1|{1|0|N|O|1|s|s|s|s|s P|P t|jt|t|t|t|{0[1 |1 x| x|[xX|[X|X =mpy(Rs.H,RLH)[:<<N]

ICLASS RegType MajOp s5 Parse t5 sH|tH d5

1111 o1 ]1]Jofo[N]ofo]s]s|s|s|s|P|P tlt|t[t|t]o|o]o|d|d|d]d]d]|Rd=mpy(Rs.LRtL):<<N]
1111 o1 ]1]ofo[Nlolo]s|s|s|s|s|P|P tlt|t|t|t]o|o]1]d|d|d|d]|d]|Rd=mpy(Rs.LRLH):<<N]
1111 o1 ]1]ofo[Nlolo]s|s|s|s|s|P|P tlt|t|t|t]o|1]o]d|d|d|d]|d]|Rd=mpy(Rs.HRLL<<N]
111101 ]1]ofo[Nlolo]|s|s|s|s|s|P|P tlt|t|t|tlo|1]1]d|d|d|d]|d]|Rd=mpyRsHRLH):<<N]
111](1]ol1|1]ofo|N|ojo]|s|s|s|s|s|P|P t|t|t|t|t|1/0]0 d|d|d| d| d|Rd=mpyRsLRULL<<N]s
111]/1]ol1|1]o]o|N|ojo]|s|s|s|s|s|P|P t|t|t|t|t|1]0]1|d|d|d|a|a|Re=mPyRsLRAL<<NL:s
111](1]ol1|1]ofo|N|ojo]|s|s|s|s|s|P|P t|t|t|t|t|1]1]0|d|d|d|al|a|Re=mPyRSHRLLL<<NLs
111](1]ol1|1]ofo|N|ojo]|s|s|s|s|s|P|P t|t/t|t|t 1]11|d|d|d d|d Rd=mpyRsHRHL<N
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31/30|29 /28|27 |26|25|24|23|22|21/2019/18(17|16|15/14/13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 (1|0

101101100 |N[0[1]|s|s|s|s|s|[P[P|-|t|t|t|t t0[0]0]|d| d|d|d| d| RI=mpyRsLRILL<<NLr
101101100 |N[0[1]|s|s|s|s|s|[P[P|-|t|t|t|t|t|0o[0[1|d| d|d|d| d| RI=mpyRsLRUH)<<NLr
1/1]1 01 [1]00|N0|1|s|s|s|s/s/PIP|-|t|t|t t|to1]0|d d|d|d|d| RSMPYRSHRLLL<<NLr
101101100 [N[0[1]s|s|s|s|s|[PP|-|[t|t|t/t|t|ol1/1|d|d| d|d| d RImPYRSHRLH)L<<NIr
1011 10]1]1]0/0N0|1|s|s|s|s/s|P/P|-|t t|t|t t[1 0 0|d d|d| d d RImPYRSLRILI<<NLr
101101100 |NJ0[1]|s|s|s|s|s|[P[P|-|t|t|t|t|t|1/0[1|d| d|d|d| d| RempyRsLRUH)L<<NLr
1011 00|1]1]0(0N0|1|s|s|s|s/s|P/P|-|t t|t|t t[1 1 0|d d| d| d d RIMPYRSHRILIL<<NEr
1011 )of1]1]0fo|N0|[1]s|s|s|s|s|P P|-t|t|t|t t|1|1|1 d|d| d|d|d RI=mpyRSHRH)L<NLr
ICLASS RegType MajOp s5 Parse t5 sH|tH x5
1{1{1/0(1|/1|1|0|N|O|O|s|s|s|s|s|P/P|l-|t|t|t|[t|[t 0|0]|0|x|x|x]|x|x|Rx+=mpy(Rs.L,Rt.L)[:<<N]
1{1{1/0}{1|{1|/1|0|/N(O|O|s|s|s|s|s/P/P|-|t|t|t|t|t 00|11 |x]|x]|x]|x]|x|Rxt=mpy(Rs.L,Rt.H)[:<<N]
1{1/1/0{1|{1|/1|0|N/O|O|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]|0|x|x]|x]|x]|x|Rxt=mpy(Rs.HRt.L)[:<<N]
1{1{1/0{1|1|/1|0|N/O|O|s|s|s|s|s|/P/P|-|t|t|t|t|t 01|11 |x]|x]|x]|x]|x|Rx+t=mpy(Rs.HRt.H)[:<<N]
11101 [1]1]0|N0|0|s|s|s|s s/ P[P|- t|t|t t|t{10]0 x| x| x|x| x]|R=mpyRsLRIL<<NL
101101110 [N[0[0]|s|s|s|s|s|[P[P|-|t|t|t|t|t|1[0]1]|x|x|x]|x]|x]|Rxr=mpyRsLRUAL<<N]:
1010101110 [N[0[0]|s|s|s|s|s|[P[P|-|t|t|t|t|t[1[1]0]|x|x|x]|x]|x]|Rxr=mpyRsHRLL<<N]:
101101 [1]10|N0|o|s|s|s|s|s/PIP|-|t|t|t t|t|11]1]x x|x|x|x| X=mpyRsHRLHL<<N]
1/1{1j0(1/1|1|0|N|O|1|s|s|s|s|s|P/P|l-|t|t|t|t|[t|0|0|0]|x]|x|x|x|x|Rx-=mpy(Rs.L,Rt.L)[:<<N]
1{1/1/0}{1|1|/1|0|NO|1|s|s|s|s|s/P/P|-|t|t|t|t|t 00|11 |x]|x]|x]|x]|x|Rx-=mpy(Rs.L,Rt.H)[:<<N]
1{1/1/0}{1|1|/1|0|NO|1|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]|0|x]|x]|x]|x]|x|Rx-=mpy(Rs.H,Rt.L)[:<<N]
1{1{1/0}{1|1|/1|0|NO|1|s|s|s|s|s/P/P|-|t t|t|t|t 0[1]|1|x]|x]|x]|x]|x|Rx-=mpy(Rs.H,RtH)[:<<N]
Rx-
111/1/0{1{1{1|0|NJO |1 |s|s|s|s|s/P/P|-|t|t|t|t|t|1[0|0|x x| x| x|Xx =mpy(Rs.L,Rt.L)[:<<N]:sat
Rx-
1/1/1/0(1|1|1|0[N|O|1T|s|s|s|s|s|P/P|- |t |t t|t t|1 /0|1 |x|[x x|x|X =mpy(Rs.L,RtH)[:<<N]:sat
Rx-
1{1{1/0(1|/1|1|0|N|O|1|s|s|s|s|(s|(P/P|-|t|t t|t| [t 1]|1|0|x|x|x|x|X =mpy(Rs.H,Rt.L)[:<<N]:sat
Rx-
111/1]0|1{1|{1|0|NJO |1 |s|s|s|s|s|/P|/P|-|t|t|t|t|t|1[1T|1T|x x| x| x|Xx =mpy(Rs.H,RtH)[:<<N]:sat
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
sH Rs is High
tH Rt is High
sH Rs is High
tH Rt is High
sH Rs is High
tH Rt is High
sH Rs is High
tH Rt is High
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Field name
Parse
ds
s5
t5

x5

Packet/Loop parse bits

Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x

Description
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Multiply unsigned halfwords

Multiply two unsigned halfwords. Scale the result by 0-3 bits. Optionally, add or subtract
the result from the accumulator.

Rx+=mpyu(Rs.[HL],Rt.[HL])[:<<1]
Rd = mpyu(Rs.[HL],Rt.[HL])[:<<1]

Rs Rt

Rxx-+=mpyu(Rs.[HL],Rt.[HL])[:<<1]
Rdd = mpyu(Rs.[HL],Rt.[HL])[:<<1]

Rs Rt

Soon 64-bit Add/
Add/Sub Sub

Syntax

Behavior

Rd=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] Rd=(Rs.uh[01] * Rt.uh[01]) [<<1];

Rdd=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] Rdd=(Rs.uh[01] * Rt.uh[01]) [<<1];

Rx+=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] Rx=Rx+ (Rs.uh[01] * Rt.uh[01]) [<<1];

Rx-=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] Rx=Rx- (Rs.uh[01] * Rt.uh[01]) [<<1];

Rxx+=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] Rxx=Rxx+ (Rs.uh[01] * Rt.uh[01]) [<<1];
Rxx-=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] Rxx=Rxx- (Rs.uh[01] * Rt.uh[01]) [<<1];
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Class: XTYPE (slots 2,3)

Intrinsics

Rd=mpyu (Rs.H, Rt .H) UWord32 Q6 R mpyu RhRh(Word32 Rs, Word32
Rt)

Rd=mpyu (Rs.H,Rt.H) :<<1 UWord32 Q6 R mpyu RhRh sl (Word32 Rs, Word32
Rt)

Rd=mpyu (Rs.H,Rt.L) UWord32 Q6 R mpyu RhR1 (Word32 Rs, Word32
Rt)

Rd=mpyu (Rs.H,Rt.L) :<<1 UWord32 Q6 R mpyu RhR1 sl (Word32 Rs, Word32
Rt)

Rd=mpyu (Rs.L,Rt.H) UWord32 Q6 R mpyu R1Rh(Word32 Rs, Word32
Rt)

Rd=mpyu (Rs.L,Rt.H) :<<1 UWord32 Q6 R mpyu RI1Rh sl (Word32 Rs, Word32
Rt)

Rd=mpyu (Rs.L,Rt.L) UWord32 Q6 R mpyu RIR1 (Word32 Rs, Word32
Rt)

Rd=mpyu(Rs.L,Rt.L) :<<1 UWord32 Q6 R mpyu RI1R1 sl (Word32 Rs, Word32
Rt)

Rdd=mpyu (Rs.H,Rt.H) UWordé64 Q6 P mpyu RhRh(Word32 Rs, Word32
Rt)

Rdd=mpyu (Rs.H,Rt.H) : <<1 UWordé64 Q6 P mpyu RhRh sl (Word32 Rs, Word32
Rt)

Rdd=mpyu (Rs.H,Rt.L) UWordé64 Q6 P mpyu RhR1 (Word32 Rs, Word32
Rt)

Rdd=mpyu (Rs.H,Rt.L) : <<1 UWordé64 Q6_P mpyu RhR1 sl (Word32 Rs, Word32
Rt)

Rdd=mpyu (Rs.L,Rt.H) UWordé64 Q6 P mpyu R1Rh(Word32 Rs, Word32
Rt)

Rdd=mpyu (Rs.L,Rt.H) : <<1 UWord64 Q6 P mpyu RI1Rh sl (Word32 Rs, Word32
Rt)

Rdd=mpyu(Rs.L,Rt.L) UWordé64 Q6 P mpyu RIR1 (Word32 Rs, Word32
Rt)

Rdd=mpyu(Rs.L,Rt.L) : <<1 UWordé64 Q6 P mpyu RIR1 sl (Word32 Rs, Word32
Rt)

Rx+=mpyu (Rs.H,Rt.H) Word32 Q6 R mpyuacc_ RhRh (Word32 Rx, Word32
Rs, Word32 Rt)

Rx+=mpyu (Rs.H,Rt.H) : <<1 Word32 Q6 R mpyuacc_RhRh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpyu(Rs.H,Rt.L) Word32 Q6 R mpyuacc_ RhR1 (Word32 Rx, Word32
Rs, Word32 Rt)

Rx+=mpyu(Rs.H,Rt.L) : <<1 Word32 Q6 R mpyuacc RhR1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Rx+=mpyu(Rs.L,Rt.H) Word32 Q6 R mpyuacc R1Rh(Word32 Rx, Word32
Rs, Word32 Rt)
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Rx+=mpyu (Rs.

Rx+=mpyu (Rs.

Rx+=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu (Rs.

Rx-=mpyu(Rs.L,Rt.L) :

Rxx+=mpyu (Rs.H,Rt .H)

Rxx+=mpyu (Rs.

Rxx+=mpyu (Rs.

Rxx+=mpyu (Rs.

Rxx+=mpyu (Rs.

Rxx+=mpyu (Rs.

Rxx+=mpyu (Rs.

Rxx+=mpyu (Rs.

Rxx-=mpyu (Rs.

Rxx-=mpyu (Rs.

Rxx-=mpyu (Rs.

.H)

i<l

i<l

i<l

t<<l

t<<l

<<l

<<l

<<l

<<l

<<l

<<l

Word32 Q6 R mpyuacc R1Rh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Word32 Q6 R mpyuacc_RI1R1 (Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R mpyuacc R1R1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Word32 Q6 R mpyunac_RhRh (Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R mpyunac RhRh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Word32 Q6 R mpyunac_RhR1 (Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R mpyunac RhR1 sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Word32 Q6 R mpyunac_R1Rh (Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R mpyunac R1Rh sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Word32 Q6 R mpyunac_RI1R1 (Word32 Rx, Word32
Rs, Word32 Rt)

Word32 Q6 R mpyunac R1R1l sl (Word32 Rx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P _mpyuacc_RhRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordé64 Q6 P mpyuacc RhRh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P mpyuacc_RhRI1 (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordé64 Q6 P mpyuacc RhR1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P _mpyuacc_RIRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordée4 Q6 P mpyuacc R1Rh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P mpyuacc_RIRI (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordé64 Q6 P mpyuacc R1R1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P _mpyunac_RhRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordé64 Q6 P mpyunac RhRh sl (Wordé4 Rxx,
Word32 Rs, Word32 Rt)

Wordé4 Q6 P _mpyunac_RhRI1 (Wordé4 Rxx, Word32
Rs, Word32 Rt)

80-N2040-36 C

560

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Rxx-=mpyu(Rs.H,Rt.L) :<<1 Wordé64 Q6 P mpyunac RhR1 sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx-=mpyu (Rs.L,Rt.H) Wordé4 Q6 P _mpyunac_ RIRh (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx-=mpyu(Rs.L,Rt.H) :<<1 Wordé64 Q6 P mpyunac R1Rh sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx-=mpyu(Rs.L,Rt.L) Wordé4 Q6 P mpyunac_ RIRI (Wordé4 Rxx, Word32
Rs, Word32 Rt)

Rxx-=mpyu(Rs.L,Rt.L) :<<1 Wordé64 Q6 P mpyunac R1R1l sl (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 sH|tH d5
111](1]olo|1]|ofo|N|1|o|s|s|s|s|s|P|P|-|t|t|t|t|t|-|o|o|d|d d| d|d Fdd:mpV“(RS-'-'Rt-'-)[:«N
1111 ]olo|1|ofo|[N[1|o]|s|s|s|s|s|P|P|-|t|t|t|t|t|-|o|1|d|d d|d|d Fdd:mpV“(RS-'—'Rt-H)[:«N
111](1]olo|1]|ofo|N|1|o|s|s|s|s|s|P|P|-|t|t|t|t|t|-|1]|0|d|d d|d|d Fdd:mpV“(Rs-H'R‘-'-)[:«N
111](1]olol1]|ofo|N|1|o]|s|s|s|s|s|P|P|-|t|t|t|t|t|-|1]1]|d|d d|d|d ﬁ?dzmpV“(Rs-H’R‘-H)[:«
ICLASS RegType MajOp s5 Parse t5 sH|tH x5
1111 ]olol1|1]o|N[1|o]|s|s|s|s|s|P|P|-|t t|t|t|tloo]o|x|x|x|x|x m"”:mpyu(RS-'—'Rt-'—)[:«
1111 ]olol1|1]o|N|1|o|s|s|s|s|s|P|P|-|t t|t|t|tlo|o]1|x|x|x|x|x Ef"”mpy“(Rs-'-'Rt-H)[:«
1{1(1]ofol1]1]o|N|1]0|s|s|s|s|s|P|P|[-|t|t|t|t|t|ol1]0o]x|x|x|x]|x ﬁf”zmpyu(Rs-H'Rt-'—){:«
1111 ]olol1|1]o|N[1|o|s|s|s|s|s|P|P|-|t t|t|t|tlo|1]1]x|x|x|x|x ﬁi‘”:mpyu(RS-H'Rt-H)[:«
Rxx-
1{1/1/0f0 (1|1 |0N|1 |1 |s|s|s|s|s(P|P|-|t|t|t|t|t|0|0|0 | x|x|x|X| Xx|_ pyu(Rs.L,RtL)[:<<N]
Rxx-
111/1/0|0{1|{1|0|N|1T 1 |s|s|s|s| s/P/P|-|t|t|t|t|t|0[0 1T |x x| x| x|Xx =mpyu(Rs.L,RLH)[:<<N]
Rxx-
111/1/0|0{1{1|0|N|1T 1 |s|s|s|s| s/P/P|-|t|t|t|t|t|01T|0|x x| x| x|Xx =mpyu(Rs.H,RLL)[:<<N]
Rxx-
1/1/1/0(0|1|1|0(N|1T |1 |s|s|s|s|s|P|/P|- |t |t t|t t|0 1|1 |x|[x| x|x|X =mpyu(Rs.H,RtLH)[:<<N]
ICLASS RegType MajOp s5 Parse t5 sH|tH d5
111 o1 ]1]ofo[N]1]o]s]s]s]s]s ltltle|t[t]|ololod]d]d]|d]d]|Rd=mpyuRs.LREL):<<N]
1111 ]ol1l1]ofo[N[1]0]s|s|s]|s]|s ltlelt|t]|t]lofol1]d|d|d]|d]d]|Rd=mpyuRs.LREH):<<N]
1111 o1 l1]ofo[N[1]0]s|s|s]|s]|s ltlelt|t]|t]lol1]o]d|d|d]|d]d]|Rd=mpyuRsHRLL:<<N]
1111 o1 l1]ofo[N]1]0]s|s|s]|s]|s lefele|t]tflol1]1]a]d]d]|d]d]Rd=mpyuRs.H,RLH):<<N]
ICLASS RegType MajOp s5 Parse t5 sH|tH x5
11101 11 o|N|1]0|s|s|s|s|s|P|P|[-|t|t|t|t|t|olo]o]|x|x|x|x]|x FX":m”V“(RS-'—’R“—)[:«N
1111001 |1]1]o|N[1|o|s|s|s|s|s|P|P|-|t t|t|t|tloo]1|x|x|x|x|x FXHmPVU(R&LRtH){:«N
111101 |1]1]o|N|1|o]|s|s|s|s|s|P|P|-|t t|t|t|tlo|1]0]x|x|x|x|x FX":mpV“(RS-H'R‘-'—)[:«N
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31(30|29(28|27(26|25(24|23(22|21|20(19(18 /1716|1514 1312|1110 8(7|6|5|4
1110100111 /0/N[1]0|s|s|s|s|s/P/P|-|t t]|t tio1[1]x ﬁf":mpyu(Rs-H'Rt-H)[:«
111011110 1/1|s|s|s|s|s t |ttt t| 00|00 |x Rx-=mpyu(Rs.L,Rt.L)[:<<N]
111 (1 1]11(11]0 1|1 |s|s|s|s|s t|t|t t(0|0|1]|x Rx-=mpyu(Rs.L,Rt.H)[:<<N]
111 (1 1/1[1|0[N[1T |1 |s|s|s|s|s t|t|t t(0|1|0]|x Rx-=mpyu(Rs.H,Rt.L)[:<<N]
1{1/1]0[1|1|1|0|[N|1|1|s|s|s|s|s|P|P tt|t t{o|1]1]x Sr):l-pyu(Rs.H,Rt.H)[:«N]
Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

sH Rs is High

tH Rt is High

sH Rs is High

tH Rt is High

sH Rs is High

tH Rt is High

sH Rs is High

tH Rt is High

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

X5 Field to encode register x
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Polynomial multiply words

Perform a 32x32 carryless polynomial multiply using 32-bit source registers Rs and Rt.
The 64-bit result is optionally accumulated (XORed) with the destination register. Finite
field multiply instructions are useful for many algorithms including scramble code
generation, cryptographic algorithms, convolutional, and Reed Solomon codes.

Rxx += pmpyw(Rs,Rt)

Rs

Rt

32x32
Carryless
Polynomial
mpy

P
o)

Rxx

Syntax Behavior
Rdd=pmpyw (Rs, Rt) x = Rs.uwl[0];
y = Rt.uw[0] ;
prod = 0;
for(i=0; i < 32; i++) {
if ((y >> 1) & 1) prod *= (x << 1i);
b 5
Rdd = prod;
Rxx " =pmpyw (Rs, Rt) x = Rs.uwl[0];
y = Rt.uwl[O0];
prod = 0;
for(i=0; i < 32; i++) {
if ((y >> i) & 1) prod *= (x << 1i);

¥

Rxx “= prod;
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Class: XTYPE (slots 2,3)

Intrinsics
Rdd=pmpyw (Rs, Rt) Wordé4 Q6 P pmpyw RR(Word32 Rs, Word32 Rt)
Rxx”=pmpyw (Rs, Rt) Wordé64 Q6 P pmpywxacc RR(Wordé4 Rxx, Word32
Rs, Word32 Rt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1 |1 |1 ‘0 0‘1 ‘0|1 0|1 ‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t 1 |1 ‘1 d‘d‘d|d|d Rdd=pmpyw(Rs,Rt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5

1|1|1‘0 0‘1‘1|1 0|0‘1 s‘s‘s|s|s P|P 0 t‘t‘t|t|t 1|1‘1 x‘x‘x|x|x Rxx*=pmpyw(Rs,Rt)

Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x
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Instruction Set

Vector reduce multiply word by signed half (32x16)

Perform mixed precision vector multiply operations and accumulate the results. A 32-bit
word from vector Rss is multiplied by a 16-bit halfword (either even or odd) from vector
Rtt. The multiplication is performed as a signed 32x16, which produces a 48-bit result.
This result is optionally scaled left by one bit. A similar operation is performed for both
words in Rss, and the two results are accumulated. The final result is optionally

accumulated with Rxx.

s16 s16 s16 s16 Rit
s32 / Rss

32 /

%

<<0-1

\

¥

<<0-1

Z,

Add

Rxx
Syntax Behavior

Rdd=vrmpyweh (Rss,Rtt) [:<<1] Rdd = (Rss.w[l] * Rtt.h[2]) [<<1] +
(Rss.w[0] * Rtt.h[0]) [<<1];

Rdd=vrmpywoh (Rss,Rtt) [:<<1] Rdd = (Rss.w[l] * Rtt.h[3]) [<<1] +
(Rss.w([0] * Rtt.h[1]) [<<1];

Rxx+=vrmpyweh (Rss,Rtt) [:<<1] Rxx += (Rss.w[l] * Rtt.h[2]) [<<1] +
(Rss.w[0] * Rtt.h[0]) [<<1];

Rxx+=vrmpywoh (Rss,Rtt) [:<<1l] Rxx += (Rss.w[l] * Rtt.h([3]) [<<1l] +
(Rss.w([0] * Rtt.h[1]) [<<1];
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Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vrmpyweh (Rss, Rtt)

Rdd=vrmpyweh (Rss,Rtt) :<<1

Rdd=vrmpywoh (Rss, Rtt)

Rdd=vrmpywoh (Rss,Rtt) :<<1

Rxx+=vrmpyweh (Rss,Rtt)

Rxx+=vrmpyweh (Rss,Rtt) : <<1

Rxx+=vrmpywoh (Rss,Rtt)

Rxx+=vrmpywoh (Rss,Rtt) : <<1

Wordée4 Q6 P vrmpyweh PP (Wordé4 Rss, Wordé4

Rtt)

Wordé4 Q6 P vrmpyweh PP sl (Wordé64 Rss,

Word64 Rtt)

Wordée4 Q6 P vrmpywoh PP (Wordé4 Rss, Wordé4

Rtt)

Wordé4 Q6 P vrmpywoh PP sl (Wordé64 Rss,

Word64 Rtt)

Wordée4 Q6 P vrmpywehacc PP (Wordé64 Rxx,

Wordé4 Rss,

Word64 Rtt)

Wordé4 Q6 P vrmpywehacc PP_sl (Wordé64 Rxx,

Wordé4 Rss,

Word64 Rtt)

Wordée4 Q6 P vrmpywohacc PP (Wordé64 Rxx,

Wordé4 Rss,

Word64 Rtt)

Wordé4 Q6 P vrmpywohacc PP_sl (Wordé4 Rxx,

Word64 Rtt)

Wordé4 Rss,

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
111001 0/0/0o|/No|1|s|s|s|s|s|P|Po|t t|t|t t|o 1|o|d|d|d Ru-mpywoh(Res Rt):<
11]1]ol1]/0o/ojo/N[1|0|s|s|s|s|s/P/Plo|t|t|t|t t/1]0|0|d|d|d Ry mPyweh(Rss Rt <
ICLASS RegType MajOp s5 Parse t5 MinOp x5
111 ]1]0l1]o]1]o/Njo|1|s|s|s|s|s|P[Plo|t|t|t t|t 110 x|x x Ry /meyweh(Res, Rl
101101010 /N[1|1|s|s|s|s|s/P/Plo|t|t|t|t t|1[1|0]x|x]|x RNy mPywon(Res, RA:
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
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Multiply and use upper result

Multiply two signed or unsigned 32-bit words. Take the upper 32-bits of this results store
to a single destination register. Optional rounding is available.

Rs
Rt
64
Rd
Syntax Behavior

Rd=mpy (Rs,Rt.H) :<<1l:rnd:sat Rd = sat3,(((Rs * Rt.h[1])<<1+0x8000)>>16) ;
Rd=mpy (Rs,Rt.H) :<<1l:sat Rd = sat3,(((Rs * Rt.h[1])<<1)>>16);

Rd=mpy (Rs,Rt.L) :<<l:rnd:sat Rd = sat;,(((Rs * Rt.h[0])<<1+0x8000)>>16) ;

Rd=mpy (Rs,Rt.L) :<<l:sat Rd = sat;,(((Rs * Rt.h[0])<<1)>>16);
Rd=mpy (Rs, Rt) Rd=(Rs * Rt)>>32;

Rd=mpy (Rs,Rt) :<<1 Rd=(Rs * Rt)>>31;

Rd=mpy (Rs,Rt) :<<l:sat Rd=sat;, ((Rs * Rt)>>31);

Rd=mpy (Rs,Rt) : rnd Rd=((Rs * Rt)+0x80000000)>>32;
Rd=mpysu (Rs, Rt) Rd=(Rs * Rt.uw[0])>>32;

Rd=mpyu (Rs, Rt) Rd=(Rs.uw[0] * Rt.uw[0])>>32;
Rx+=mpy (Rs,Rt) : <<l:sat Rx=sat,, ((Rx) + ((Rs * Rt)>>31));
Rx-=mpy (Rs,Rt) :<<l:sat Rx=sat;, ((Rx) - ((Rs * Rt)>>31));

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.
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Instruction Set

Intrinsics

Rd=mpy (Rs,Rt.
Rd=mpy (Rs, Rt .
Rd=mpy (Rs,Rt.
Rd=mpy (Rs, Rt

L)

Rd=mpy (Rs, Rt)

Rd=mpy (Rs,Rt) :<<1

i<l

<<l

i<<l:

<<1

:sat

:rnd:sat

rnd:sat

:sat

Rd=mpy (Rs,Rt) :<<1l:sat

Rd=mpy (Rs,Rt) : rnd

Rd=mpysu (Rs, Rt)

Rd=mpyu (Rs, Rt)

Rx+=mpy (Rs,Rt) :<<l:sat

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Rt)

Word32
Rt)

Q6 R mpy RRh sl rnd sat (Word32 Rs,

Rt)

Q6 R mpy RRh sl sat (Word32 Rs,

Rt)

Q6 R mpy RR1 sl rnd sat (Word32 Rs,

Rt)

Q6 R mpy RR1 sl sat (Word32 Rs,

Rt)

Q6 R mpy RR(Word32 Rs, Word32 Rt)

Q6 R mpy RR sl (Word32 Rs, Word32 Rt)

Q6 R mpy RR sl sat (Word32 Rs, Word32

Q6_R mpy RR rnd(Word32 Rs, Word32

Word32 Q6 R mpysu RR(Word32 Rs, Word32 Rt)

UWord32 Q6 R mpyu RR(Word32 Rs, Word32 Rt)

Word32 Q6 R mpyacc RR sl sat (Word32 Rx,

Word32 Rs, Word32 Rt)
Rx-=mpy (Rs,Rt) :<<l:sat Word32 Q6 R mpynac RR sl sat (Word32 Rx,
Word32 Rs, Word32 Rt)

Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1(1/1]0[1|1]|0[1|0|0|1]|s|s]|s s/P|P|O|t|t|t|t|t|0o|0|1]|d|d|d|d]d]|Rd=mpy(RsRt):rnd
1(1/1]0[1|1]|0[1|0|1|0]|s|s]|s s/P|P|O|t|t|t|t|t|0[0|1|d|d|d|d]|d]|Rd=mpyu(Rs,Rt)
1(1|1]0[1|1]0[1|0|1]|1]|s|s]|s s|/P|P|O|t|t|t|t|t|0|0|1]|d|d|d| d]|d]|Rd=mpysu(RsRt)
1/1{1]0(1|1]0|1[1]|0 |1 |s|s|s s/P/P/O|t|t|t|t|t 0|0|0|d|d|d]|d|d|Rd=mpy(Rs,Rt.H):<<1:sat
1/1{1]0(1|1]0|1[1]|0|1|s|s|s s/P/P/O|t|t|t|t|t O0O|0|1|d|d|d|d]|d|Rd=mpy(Rs,RtL):<<1:sat
1010101 ]1]01[1]0[1|s|s|s|s|s|[P[P[0o|[t|t|t|t|t1/0[0|d|d| d|d|d|RI=mpyRsRLH)<<tma:
11 |1]0[1|1]0[1[1]|1]1]s|s]|s s/P|P|O|t|t|t|[t|t|0|0|0|d|d|d|d]|d|Rd=mpy(RsRt):<<1:sat
101101101111 ]s|s|s|s|s|[P[Po|t|t|t|t|t|1(0]0]|d|d|d|d|d| RE=mPyRsRtL)<<tmd:s
1(1/1]0[1|1]|0[1|N|O|N|s|s]|s s/P|P|O|t|t|t|[t|t|0O|[N|N|d|d|d|d]|d]|Rd=mpy(RsRt):<<N]
ICLASS RegType MajOp s5 Parse t5 MinOp x5
111011 |1|{1]/0[1|1|s|s|s s PIO|t|t| t|t| t|0O|0|0|x|x|x|x|x |Rx+t=mpy(Rs,Rt):<<1:sat
101 |1 1111 [1]0[|1]1|s|s|s s P t|t|t|t|t 0|0 |1]|x|x]|x|Xx|x|Rx-=mpy(Rs,Rt):<<1:sat
Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Field name
Parse
ds
s5
t5

x5

Packet/Loop parse bits

Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x

Description

80-N2040-36 C
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Multiply and use full result

Multiply two signed or unsigned 32-bit words. Optionally, add or subtract this value from
the 64-bit accumulator. The result is a full-precision 64-bit value.

Rs

Rt

T /
C64-bit Add/Sub)

Y

Rxx
Syntax Behavior

Rdd=mpy (Rs, Rt) Rdd=(Rs * Rt) ;

Rdd=mpyu (Rs, Rt) Rdd=(Rs.uw[0] * Rt.uwl[0]) ;

Rxx [+-]=mpy (Rs, Rt) Rxx= Rxx[+-] (Rs * Rt);

Rxx [+-]=mpyu (Rs, Rt) Rxx= Rxx[+-] (Rs.uw[0] * Rt.uwl[0]) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=mpy (Rs, Rt) Wordée4 Q6 P mpy RR(Word32 Rs, Word32 Rt)

Rdd=mpyu (Rs,Rt) UWord64 Q6 P mpyu RR(Word32 Rs, Word32 Rt)

Rxx+=mpy (Rs, Rt) Wordé64 Q6 P mpyacc RR (Wordé64 Rxx, Word32
Rs, Word32 Rt)

Rxx+=mpyu (Rs, Rt) Wordée4 Q6 P mpyuacc RR(Wordé64 Rxx, Word32
Rs, Word32 Rt)

Rxx-=mpy (Rs, Rt) Wordé64 Q6 P mpynac_ RR (Wordé64 Rxx, Word32
Rs, Word32 Rt)

Rxx-=mpyu (Rs, Rt) Wordée4 Q6 P mpyunac RR(Wordé64 Rxx, Word32
Rs, Word32 Rt)
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1/1]/1]/0|0|1]|0|1]/0|0|0|s|s|s|s|s|P|P[O|[t|t|t|t|[t|0]|O0]O d|d|d|d |Rdd=mpy(Rs,Rt)
1/1]/1]/0|0|1]|0|1]|0|1|0|s|s|s|s|s|P|P[O|[t|t|t|t|[t|0]|O0]O d Rdd=mpyu(Rs,Rt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1{1{1/j0(0|1|1|{1]/0|0|0|s|s|s|s|s|P/P/O|t|t|t|t|[t|0|0|0]|x]|x|x]|x]|x|Rxx+t=mpy(Rs,Rt)
1{1{1j0/01|{1{1/0(0f1|s|s|s|s|(s|(P/P/O|t|t|t|t|t|0]|0]|0]|x|x|x|x|x|Rxx-=mpy(Rs,Rt)
1{1/14/0/0|1|1|{1/0(1|0|s|s|s|s|s/P/P|O|t|t|t|t|t 0|0|0|x|x]|x]|x]|x | Rxxt=mpyu(Rs,Rt)
1{1/1/0/0}{141{1/0(1|1|s|s|s|s|s/P/P|O|t|t|t|t|t 0|0|0|x|x]|x]|x]|x | Rxx-=mpyu(Rs,Rt)
Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x
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Vector dual multiply

Multiply four 16-bit halfwords in Rss by the corresponding 16-bit halfwords in Rtt. The

two lower results are scaled and added. The lower word of the accumulator is optionally
added. This result is saturated to 32-bits and stored in the lower word of the accumulator.
The same operation is performed on the upper two products using the upper word of the

accumulator.

Rxx+=vdmpy(Rss,Rtt):sat

Rss
Rtt
j- 32 32 j- 32 32
<<0-1 <<0-1 <<0-1 <<0-1
> Add Add -
Sat_32 Sat_32 A2
.
32
— High Accumulation Low Accumulation
Rxx
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Syntax

Behavior

Rdd=vdmpy (Rss,Rtt) :<<1l:sat Rdd.w[0]=sat;, ((Rss.h[0] * Rtt.h[0])<<1l +
(Rss.h[1] * Rtt.h[1])<<1);
Rdd.w([l]=sat;, ((Rss.h[2] * Rtt.h[2])<<l +
(Rss.h[3] * Rtt.h[3])<<1);

Rdd=vdmpy (Rss,Rtt) :sat Rdd.w([0]=sat;, ((Rss.h[0] * Rtt.h[0])<<0 +
(Rss.h[1] * Rtt.h[1])<<0);
Rdd.w([l]=sat;, ((Rss.h[2] * Rtt.h[2])<<0 +
(Rss.h[3] * Rtt.h[3])<<0);

Rxx+=vdmpy (Rss,Rtt) :<<l:sat Rxx.

Rtt

Rxx.

Rtt

Rxx+=vdmpy (Rss,Rtt) :sat Rxx.

Rtt

Rxx.

Rtt

Class: XTYPE (slots 2,3)

Notes

w[0]=sat,, (Rxx.w[0] + (Rss.h[0] *

.h[0])<<1 + (Rss.h[1l] * Rtt.h[1])<<1);

w[l]=sat;, (Rxx.w[1l] + (Rss.h[2] *

.h[2])<<1 + (Rss.h[3] * Rtt.h[3])<<1);

w[0]=sat,, (Rxx.w[0] + (Rss.h[0] *

.h[0])<<0 + (Rss.h[1] * Rtt.h[1])<<0);

w[l]=sat,, (Rxx.w[1l] + (Rss.h[2] *

.h[2])<<0 + (Rss.h[3] * Rtt.h[3])<<0);

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vdmpy (Rss,Rtt) :<<l:sat Wordé64
Wordé64

Rdd=vdmpy (Rss,Rtt) :sat Wordé64

Rtt)

Rxx+=vdmpy (Rss,Rtt) :<<l:sat Wordé4
Wordé64

Rxx+=vdmpy (Rss,Rtt) :sat Wordé64
Wordé64

Encoding

Q6 P vdmpy PP sl sat (Wordé4 Rss,
Rtt)

Q6 P vdmpy PP sat (Wordé64 Rss, Wordé64

Q6 P vdmpyacc PP sl sat (Wordé64 Rxx,
Rss, Wordé64 Rtt)

Q6 P vdmpyacc PP sat (Wordé64 Rxx,
Rss, Wordée4 Rtt)

w

31|3o|29\28 27\26\25|24 23|22\21 20\19\1a|17|16 15|14 1

12\11\1o|9|8 7|6\5 4\3\2|1|o

ICLASS RegType MajOp s5 Parse

t5

1/1/1/0|1|0|0|0|N|O|O|s|s|s|s| s P|/P|O0O|t]|t

t

t/1lololdldldldld sRz;1td=vdmpy(Rss,Rtt)[:<<N]:

ICLASS RegType MajOp s5 Parse

t5

11/1/1/0|1|0|{1|0|N|O|O|s|s|s|s| s P|/P|O0O|t]|t

Rxx+=vdmpy(Rss,Rtt)[:<<N
]:sat
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Field name
ICLASS
MajOp
MinOp
RegType
Parse
ds
s5
t5

x5

Instruction Class

Major Opcode

Minor Opcode

Register Type
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x

Description

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

574



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector dual multiply with round and pack

Multiply four 16-bit halfwords in Rss by the corresponding 16-bit halfwords in Rtt. The
two lower results are scaled and added together with a rounding constant. This result is
saturated to 32-bits, and the upper 16-bits of this result are stored in the lower 16-bits of
the destination register. The same operation is performed on the upper two products and
the result is stored in the upper 16-bit halfword of the destination.

Rd=vdmpy(Rss,Rtt):rnd:sat

Rss
Rtt
32 32 32 32
0x8000 <<0-1 <<0-1 <<0-1 <<0-1 0x8000
Add Add
Sat_32 Sat_32
High 16bits High 16bits
Rd
Syntax Behavior

Rd=vdmpy (Rss,Rtt) [:<<1] :rnd:sat RdA.h[0]=(sat;,((Rss.h[0] * Rtt.h[0]) [<<1] +
(Rss.h[1] * Rtt.h[1]) [<<1] + 0x8000)) .h[1];
Rd.h[1]=(sat;, ((Rss.h[2] * Rtt.h[2]) [<<1] +
(Rss.h[3] * Rtt.h[3]) [<<1] + 0x8000)).h[1];
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Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=vdmpy (Rss,Rtt) :<<l:rnd:sat Word32 Q6 R vdmpy PP sl rnd sat (Wordé4 Rss,
Wordé64 Rtt)

Rd=vdmpy (Rss,Rtt) :rnd:sat Word32 Q6 R vdmpy PP rnd sat (Wordé4 Rss,
Wordée4 Rtt)

Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
101101001 |N|-|-|s|s|s|s|s|[PP0o|t|t|t|t|t|-[0]0|d|d|d|d| | Revampy(RssRIi<<NLr
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector reduce multiply bytes

Multiply eight 8-bit bytes in Rss by the corresponding 8-bit bytes in Rtt. The four lower
results are accumulated. The lower word of the accumulator is optionally added. This
result is stored in the lower 32-bits of the accumulator. The same operation is performed
on the upper four products using the upper word of the accumulator. The eight bytes of
Rss can be treated as either signed or unsigned.

\

ve
32 l

%216 %iw % 16 § 16 %éw %16 §16 é 16
> Add Add <

Rss

Rtt

:

High Accumulation

Low Accumulation

Rxx
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Syntax

Rdd=vrmpybsu (Rss,Rtt)

Rdd=vrmpybu (Rss, Rtt)

Rxx+=vrmpybsu (Rss,Rtt)

Rxx+=vrmpybu (Rss, Rtt)

Behavior

Rdd.w([0]=((Rss.b[0] * Rtt.ub[0]) +
(Rss.b[1] * Rtt.ub[1l]) + (Rss.b[2] *
Rtt.ub[2]) + (Rss.b[3] * Rtt.ub[3]));
Rdd.w([l]=((Rss.b[4] * Rtt.ubl[4]) +
(Rss.b[5] * Rtt.ub[5]) + (Rss.b[6] *
Rtt.ub[6]) + (Rss.b[7] * Rtt.ub[7]));

Rdd.w([0]=((Rss.ub[0] * Rtt.ub[0]) +
(Rss.ub[1l] * Rtt.ub[1l]) + (Rss.ub[2] *
Rtt.ub[2]) + (Rss.ub[3] * Rtt.ubl[3]));
Rdd.w([l]=((Rss.ub[4] * Rtt.ub[4]) +
(Rss.ub[5] * Rtt.ub[5]) + (Rss.ub[6] *
Rtt.ub[6]) + (Rss.ub[7] * Rtt.ubl[7]));

Rxx.w[0]=(Rxx.w[0] + (Rss.b[0] * Rtt.ub[0])
+ (Rss.b[1l] * Rtt.ub[1l]) + (Rss.b[2] *
Rtt.ub[2]) + (Rss.b[3] * Rtt.ubl[3]));
Rxx.w[l]=(Rxx.w[1l] + (Rss.b[4] * Rtt.ub[4])
+ (Rss.b[5] * Rtt.ub[5]) + (Rss.b[6] *
Rtt.ub[6]) + (Rss.b[7] * Rtt.ub[7]));

Rxx.w[0]=(Rxx.w[0] + (Rss.ub[0] *
Rtt.ub[0]) + (Rss.ub[l] * Rtt.ubl[1])
(Rss.ub[2] * Rtt.ub[2]) + (Rss.ub[3]
Rtt.ub[3]));
Rxx.wl[l]l=(Rxx.w([1l] +
Rtt.ub[4]) + (Rss.ub[5]

* +

(Rss.ub[4] *
* Rtt.ubl[5])

4

(Rss.ub[6] * Rtt.ub[6]) + (Rss.ub[7] *
Rtt.ubl[7])) ;
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=vrmpybsu (Rss, Rtt) Wordé64 Q6 P vrmpybsu PP (Wordé64 Rss, Wordé4
Rtt)
Rdd=vrmpybu (Rss, Rtt) Wordée4 Q6 P vrmpybu PP (Wordé64 Rss, Wordé64
Rtt)
Rxx+=vrmpybsu (Rss,Rtt) Wordé64 Q6 P vrmpybsuacc PP (Wordé64 Rxx,
Word64 Rss, Wordé4 Rtt)
Rxx+=vrmpybu (Rss, Rtt) Wordée4 Q6 P vrmpybuacc PP (Wordé64 Rxx,
Wordé4 Rss, Wordé4 Rtt)
Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1/1{1/0(1/0|0|0|1|0|0|s|s|s|s|s|P|P t|t t|t|0|0 |1 d|d|d|d | Rdd=vrmpybu(Rss,Rtt)
111 (1 1/0/0(0[1|(1|0|s|s|s|s|s|P|P t|t t|t|0|0 |1 d Rdd=vrmpybsu(Rss,Rtt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1/1{1/0(1|/0|1]|0|1|0|0|s|s|s|s|s P t|t| t|t|0|0 |1 |x|x]|x|x|x|Rxxt=vrmpybu(Rss,Rtt)
111 (1 1/0{1]/0(1|(1|0|s|s|s|s|s P t|t| t|t|0|0 |1 |x|x]|x|x]|x |Rxx+t=vrmpybsu(Rss,Rit)
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Field name
ICLASS
MajOp
MinOp
RegType
Parse
ds
s5
t5

x5

Instruction Class

Major Opcode

Minor Opcode

Register Type
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x

Description

80-N2040-36 C
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Vector dual multiply signed by unsigned bytes

Multiply eight 8-bit signed bytes in Rss by the corresponding 8-bit unsigned bytes in Rtt.
Add the results in pairs, and optionally add the accumulator. The results are saturated to
signed 16-bits and stored in the four halfwords of the destination register.

Rss
I ] I | I ] I |
Rtt
16 16 16 16 £§16 ém é{e §16
Add Add Add Add
[ sat 16 | | | Sat_16 | | sat 16 | | [ Sat_16 |
Rxx
Syntax Behavior
Rdd=vdmpybsu (Rss,Rtt) :sat Rdd.h[0]=sat s (((Rss.b[0] * Rtt.ub[0]) +

(Rss.b[1] * Rtt.ub[1])));
Rdd.h[1]=sat;z(((Rss.b[2] * Rtt.ub[2])
(Rss.b[3] * Rtt.ubl[3])));
Rdd.h[2]=sat s (((Rss.b[4] * Rtt.ub[4]) +
(Rss.b[5] * Rtt.ub[5])));
Rdd.h[3]=sat s (((Rss.b[6] * Rtt.ubl6]) +
(Rss.b[7] * Rtt.ub[7]1)));

a5

Rxx+=vdmpybsu (Rss,Rtt) :sat Rxx.h[0]=sat s ((Rxx.h[0] + (Rss.b[0] *
Rtt.ub[0]) + (Rss.b[1l] * Rtt.ubl[1])));
Rxx.h[l]=sat s ((Rxx.h[1] + (Rss.b[2] *
Rtt.ub[2]) + (Rss.b[3] * Rtt.ub[3])));
Rxx.h[2]=sat s ((Rxx.h[2] + (Rss.b[4] *
Rtt.ub[4]) + (Rss.b[5] * Rtt.ub[5])));
Rxx.h[3]=sat s ((Rxx.h[3] + (Rss.b[6] *
Rtt.ub[6]) + (Rss.b[7] * Rtt.ubl[7])));

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics

Rdd=vdmpybsu (Rss,Rtt) :sat Wordé64 Q6 P vdmpybsu PP sat (Wordé64 Rss,
Wordé4 Rtt)

Rxx+=vdmpybsu (Rss,Rtt) :sat Wordé64 Q6 P vdmpybsuacc PP sat (Wordé64 Rxx,
Wordé64 Rss, Wordé4 Rtt)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

1 /1)1 01 ]ojojo|1/0|1|s|s|s|s/s/P[Pjo|t|t|t t|t|o]0|1|d d| d|d]|d]|Rdd=vdmpybsu(RssRit)sa

ICLASS RegType MajOp s5 Parse t5 MinOp x5

1/1{1/0(1/0|1|/0|0[0|1|s|s|s|s|(s(P/P|O|t|t t|t|t 0|0|1T|x|x|x|x|X

Rxx+=vdmpybsu(Rss,Rtt):s
at

Field name Description

ICLASS Instruction Class

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

X5 Field to encode register x
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Vector multiply even halfwords

Multiply the even 16-bit halfwords from Rss and Rtt separately. Optionally accumulate
with the low and high words of the destination register pair and optionally saturate.

Rxx+=vmpyeh(Rss,Rtt):sat

Rss
) Rtt
M l
32 32
<<0-1 <<0-1
> Add Add -«
P Sat_32 Sat_32 A 32
132 ¢ ¢
— High Accumulation Low Accumulation
Rxx
Syntax Behavior

Rdd=vmpyeh (Rss,Rtt) :<<l:sat Rdd.w([0] =sat;, ((Rss.h[0] * Rtt.h[0])<<1);
Rdd.w([l]=sat;, ((Rss.h[2] * Rtt.h[2])<<1);

Rdd=vmpyeh (Rss,Rtt) :sat Rdd.w([0]=sat;, ((Rss.h[0] * Rtt.h[0])<<O0);
Rdd.w[l]=sat;,((Rss.h[2] * Rtt.h[2])<<0);

Rxx+=vmpyeh (Rss,Rtt) Rxx.w[0]=Rxx.w[0] + (Rss.h[0] * Rtt.h[O0]);
Rxx.w[l]=Rxx.w[1] + (Rss.h[2] * Rtt.h([2]);

Rxx+=vmpyeh (Rss,Rtt) :<<l:sat Rxx.w[0]=sat,,(Rxx.w[0] + (Rss.h[0] *
Rtt.h[0])<<1) ;
Rxx.w([l]=sat;,; (Rxx.w[1l] + (Rss.h[2] *
Rtt.h[2])<<1);

Rxx+=vmpyeh (Rss,Rtt) :sat Rxx.w[0] =sat;, (Rxx.w[0] + (Rss.h[0] *
Rtt.h[0])<<0) ;
Rxx.w[l]=sat;, (Rxx.w[1l] + (Rss.h[2] *
Rtt.h[2])<<0);
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Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vmpyeh (Rss,Rtt) :<<l:sat

Rdd=vmpyeh

(Rss,Rtt) :sat

Rxx+=vmpyeh (Rss,Rtt)

Rxx+=vmpyeh (Rss,Rtt) : <<l:sat

Rxx+=vmpyeh (Rss,Rtt) :sat

Encoding

Wordé64 Q6 P vmpyeh PP sl sat (Wordé4 Rss,
Wordé4 Rtt)

Wordée4 Q6 P vmpyeh PP sat (Wordé4 Rss,
Wordé4 Rtt)

Wordé4 Q6 P _vmpyehacc PP (Wordé4 Rxx, Wordé4
Rss, Wordé4 Rtt)

Wordée4 Q6 P vmpyehacc PP sl sat (Wordé64 Rxx,
Wordé4 Rss, Wordé4 Rtt)

Wordé4 Q6 P vmpyehacc PP _sat (Word64 Rxx,
Word64 Rss, Wordé4 Rtt)

31|30|29‘28 27‘26‘25|24 23|22\21

20‘19‘18|17|16 15|14

w

12‘11‘10|9|8 7|6‘5 4\3\2|1|0

ICLASS RegType MajOp

s5 Parse

s|s|s|s|s|P|P

Rdd=vmpyeh(Rss,Rtt)[:<<N
]:sat

s5 Parse

s|s|s|s|s|P|P

t|t|t|t|t|0|1]0]|x|x|x|x|x|Rxxt=vmpyeh(Rss,Rtt)

s|s|s|s|s|P|P

Rxx+=vmpyeh(Rss,Rtt)[:<<
N]:sat

Field name
ICLASS
MajOp
MinOp
RegType
Parse
ds
s5
t5

x5

Instruction Class
Major Opcode
Minor Opcode
Register Type

Description

Packet/Loop parse bits

Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x
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Vector multiply halfwords

Multiply two 16-bit halfwords separately, and optionally accumulate with the low and
high words of the destination. Optionally saturate, and store the results back to the
destination register pair.

Rxx+=vmpyh(Rs,Rt):sat

Rs
Rt
\ M
%32 %32
<<0-1 <<0-1
> Add Add <
P Sat_32 Sat_32 A 32
132 ¢ ¢
— High Accumulation Low Accumulation
Rxx
Syntax Behavior

Rdd=vmpyh (Rs,Rt) [:<<1] : sat Rdd.w([0]=sat;, ((Rs.h[0] * Rt.h[0]) [<<1]);
Rdd.w[l]=sat;,; ((Rs.h[1] * Rt.h[1]) [<<1]);

Rxx+=vmpyh (Rs, Rt) Rxx.w[0]=Rxx.w[0] + (Rs.h[0] * Rt.h[O0]);
Rxx.w[l]=Rxx.w[1] + (Rs.h[1l] * Rt.h[1]);

Rxx+=vmpyh (Rs,Rt) [:<<1] :sat Rxx.w([0] =sat;, (Rxx.w[0] + (Rs.h[O0] *
Rt.h[0]) [<<1]);
Rxx.w[l]=sat;, (Rxx.w[1] + (Rs.h[1] *
Rt.h([1]) [<<1]);
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Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vmpyh (Rs,Rt) :<<1l:sat

Rdd=vmpyh (Rs, Rt) :sat

Rxx+=vmpyh
Rxx+=vmpyh

Rxx+=vmpyh

Encoding

(Rs,Rt)

(Rs,Rt) :<<l:sat

(Rs,Rt) :sat

Wordé64 Q6 P vmpyh RR sl sat (Word32 Rs,
Word32 Rt)

Wordée4 Q6 P vmpyh RR sat (Word32 Rs, Word32
Rt)

Wordé4 Q6 P vmpyhacc_ RR(Wordé4 Rxx, Word32
Rs, Word32 Rt)

Wordée4 Q6 P vmpyhacc RR sl sat (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Wordé64 Q6 P vmpyhacc RR sat (Wordé64 Rxx,
Word32 Rs, Word32 Rt)

31|30|29‘28 27‘26‘25|24 23|22\21

20‘19‘18|17|16 15|14

w

12‘11‘10|9|8 7|6‘5 4\3\2|1|0

ICLASS RegType MajOp

s5 Parse

s|s|s|s|s|P|P

Rdd=vmpyh(Rs,Rt)[:<<N]:s
at

s5 Parse

s|s|s|s|s|P|P

t|t|t|t|t|0|0|1]|x|x]|x|x|x|Rxx+t=vmpyh(Rs,Rt)

s|s|s|s|s|P|P

Rxx+=vmpyh(Rs,Rt)[:<<N]:
sat

Field name
ICLASS
MajOp
MinOp
RegType
Parse
ds
s5
t5

x5

Instruction Class
Major Opcode
Minor Opcode
Register Type

Description

Packet/Loop parse bits

Field to encode register d
Field to encode register s
Field to encode register t
Field to encode register x
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Vector multiply halfwords with round and pack

Multiply two 16-bit halfwords separately. Round the results, and store the high halfwords
packed in a single register destination.

Rd=vmpyh(Rs,Rt):rnd:sat

Rt

Vl Vl
t 3

<<0-1 <<0-1 0x8000

B
v v

Sat_32 Sat_32

0x8000

High 16-bits High 16-bits

Rd

Syntax Behavior

Rd=vmpyh (Rs,Rt) [:<<1] :rnd:sat Rd.h[1l]=(sat;,((Rs.h[1] * Rt.h[1]) [<<1] +
0x8000)) .h[1];

RA.h[0]=(sat;, ((Rs.h[0] * Rt.h[0]) [<<1] +
0x8000)) .h[1];

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.
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Intrinsics

Rd=vmpyh (Rs,Rt) :<<l:rnd:sat Word32 Q6 R vmpyh RR sl rnd sat (Word32 Rs,
Word32 Rt)

Rd=vmpyh (Rs,Rt) : rnd:sat Word32 Q6 R vmpyh RR rnd sat (Word32 Rs,
Word32 Rt)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

1/1/1/0}|1{1|{0|{1|N|O |1 |s|s|s|s| s/ P/P/O|t t|t|t t|1]|1]|1]|dddd

[}

Rd=vmpyh(Rs,Rt)[:<<N]:rn
d:sat

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector multiply halfwords, signed by unsigned
Multiply two 16-bit halfwords. Rs is considered signed, Ru unsigned.

Syntax Behavior

Rdd=vmpyhsu (Rs,Rt) [:<<1] :sat Rdd.w[0]=sat;,((Rs.h[0] * Rt.uh[0]) [<<1]);
Rdd.w[l]=sat;,((Rs.h[1] * Rt.uh[1]) [<<1]);

Rxx.w[0] + (Rs.h[0] *

I

Rxx.w([l] + (Rs.h[1] *

I

Rxx+=vmpyhsu (Rs,Rt) [:<<1] :sa Rxx.w[0]=sat,,
t Rt.uh[0]) [<<1]
Rxx.w[l]=sat;,
Rt.uh[1]) [<<1]

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rdd=vmpyhsu (Rs,Rt) :<<1l:sat Wordée4 Q6 P vmpyhsu RR sl sat (Word32 Rs,
Word32 Rt)

Rdd=vmpyhsu (Rs,Rt) : sat Wordé4 Q6 P vmpyhsu RR sat (Word32 Rs,
Word32 Rt)

Rxx+=vmpyhsu (Rs,Rt) :<<l:sat Wordé64 Q6 P vmpyhsuacc RR sl sat (Word64
Rxx, Word32 Rs, Word32 Rt)

Rxx+=vmpyhsu (Rs,Rt) :sat Wordé64 Q6 P vmpyhsuacc RR sat (Wordé4 Rxx,
Word32 Rg, Word32 Rt)

Encoding

31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|16 15|14 1 12\11 \1o| 9 | 8|7 | 6 \ 54 \ 3 \ 2 | 1 | 0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

1 1)1 /0/0o[1]0|1|N0|0o|s|s|s|s/s/P[P[o|t|t t|t|t|1 1|1 d|d|d|d| d|Rdd=vmpyhsuRsROL:<<N]

ICLASS RegType MajOp s5 Parse t5 MinOp x5

11100111N11sssssPPOttttt1O1xxxxxﬁfgfvmpyhsu(Rs’Rt)[:<<

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
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Field name Description
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
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Vector reduce multiply halfwords

Multiply each halfword of Rss by the corresponding halfword in Rtt. Add the intermediate
products together and then optionally add the accumulator. Store the full 64-bit result in
the destination register pair.

This instruction is known as "big mac".

Rss
Rtt
\) i v i \) i \J
2 isz ;32 32
Add -
64
Rdd
64-bit Register Pair
Syntax Behavior
Rdd=vrmpyh (Rss, Rtt) Rdd = (Rss.h[0] * Rtt.h[0]) + (Rss.h[1] *

Rtt.h[1]) + (Rss.h[2] * Rtt.h[2]) +
(Rss.h[3] * Rtt.h[3]);

Rxx+=vrmpyh (Rss,Rtt) Rxx = Rxx + (Rss.h[0] * Rtt.h[0]) +

(Rss.h[1] * Rtt.h[1]) + (Rss.h[2] *
Rtt.h[2]) + (Rss.h[3] * Rtt.h[3]);

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vrmpyh (Rss,Rtt) Wordé64 Q6 P vrmpyh PP (Wordé64 Rss, Wordé4
Rtt)
Rxx+=vrmpyh (Rss,Rtt) Wordée4 Q6 P vrmpyhacc PP (Wordé4 Rxx, Wordé4
Rss, Wordé4 Rtt)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1 |1 |1 ‘0 1 ‘0‘0|0 o|o ‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t o|1 ‘0 d‘d‘d|d|d Rdd=vrmpyh(Rss,Rtt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1 |1 |1 ‘0 1 ‘0 ‘1 |o 0 |0 ‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t 0 |1 ‘0 x‘x‘x|x|x Rxx+=vrmpyh(Rss, Rit)
Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
X5 Field to encode register x

80-N2040-36 C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

591



Hexagon V62 Programmer’s Reference Manual

Instruction Set

Vector multiply bytes

Four 8-bit bytes from register Rs are multiplied by four 8-bit bytes from Rt. The product is
optionally accumulated with the 16-bit value from the destination register. The 16-bit
results are packed in the destination register pair. The bytes of Rs can be treated as either

signed or unsigned.

Add

A

.

:

Rs

Rt
Add Add A

Y

dd

.

Rxx
Syntax Behavior

Rdd=vmpybsu (Rs, Rt) Rdd.h[0]=((Rs.b[0] * Rt.ub[0]));
Rdd.h[1]=((Rs.b[1] * Rt.ub[1]));
Rdd.h[2]=((Rs.b[2] * Rt.ub[2]));
Rdd.h[3]=((Rs.b[3] * Rt.ub[3]));

Rdd=vmpybu (Rs, Rt) Rdd.h[0]=((Rs.ub[0] * Rt.ubl[0]));
Rdd.h[1]=((Rs.ub[1] * Rt.ub[1]));
Rdd.h[2]=((Rs.ub[2] * Rt.ub[2]));
Rdd.h[3]=((Rs.ub[3] * Rt.ub[3]));

Rxx+=vmpybsu (Rs, Rt) Rxx.h[0]=(Rxx.h[0]+(Rs.b[0] * Rt.ubl[0]));
Rxx.h[1]=(Rxx.h[1]+(Rs.b[1] * Rt.ubl[1]));
Rxx.h[2]=(Rxx.h[2]+(Rs.b[2] * Rt.ub[2]));
Rxx.h[3]=(Rxx.h[3]+(Rs.b[3] * Rt.ub[3]));

Rxx+=vmpybu (Rs, Rt) Rxx.h[0]=(Rxx.h[0]+(Rs.ub[0] * Rt.ub[0]));
Rxx.h[1l]=(Rxx.h[1]+(Rs.ub[1l] * Rt.ub[1]));
Rxx.h[2]=(Rxx.h[2]+(Rs.ub[2] * Rt.ubl[2]));
Rxx.h[3]=(Rxx.h[3]+(Rs.ub[3] * Rt.ubl[3]));
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Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vmpybsu (Rs, Rt) Wordé64 Q6 P vmpybsu RR(Word32 Rs, Word32
Rt)

Rdd=vmpybu (Rs, Rt) Wordé64 Q6 P vmpybu RR(Word32 Rs, Word32 Rt)

Rxx+=vmpybsu (Rs, Rt) Wordée4 Q6 P vmpybsuacc RR(Wordé64 Rxx,
Word32 Rs, Word32 Rt)

Rxx+=vmpybu (Rs, Rt) Wordé4 Q6 P vmpybuacc RR(Wordé64 Rxx, Word32
Rs, Word32 Rt)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5

w

1{1{1j0(0(1/0{1/0(1|0|s|s|s|s|(s|(P/P/O|t|t|t|t|t 0|0|1|d|d|d]|d|d|Rdd=vmpybsu(Rs,Rt)
1(1|/1]|0j0|1|0|1|1|0|0|s|s|s|s|s|P|P|O|t|t|t|t|t|0|0|1]|d|d|d]|d]|d|Rdd=vmpybu(Rs,Rt)
ICLASS RegType MajOp s5 Parse t5 MinOp x5
1{1/14/0/0|1|1|/1/1/0|0|s|s|s|s|s/P/P|O|t|t|t|t|t 0|0|1|x|x]|x]|x]|Xx | Rxxt=vmpybu(Rs,Rt)
1{17/1/0/0{141{1/1(1|0|s|s|s|s|s/P/P|O |t t| t|t|t 0|0|1|x|x]|x]|x|x | Rxxt=vmpybsu(Rs,Rt)
Field name Description

ICLASS Instruction Class

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

X5 Field to encode register x
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Vector polynomial multiply halfwords

Perform a vector 16x16 carryless polynomial multiply using 32-bit source registers Rs and
Rt. The 64-bit result is stored in packed H,H,L,L. format in the destination register. The
destination register can also be optionally accumulated (XOR’d). Finite field multiply
instructions are useful for many algorithms including scramble code generation,
cryptographic algorithms, convolutional, and Reed Solomon codes.

Rxx += vpmpyh(Rs,Rt)

Rs

Rt

16x16
Carryless
Polynomial
Mpy

16x16
Carryless
Polynomial

Mpy

Rxx

80-N2040-36 C 594

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Syntax Behavior

Rdd=vpmpyh (Rs, Rt) x0 = Rs.uh[0];

x1 = Rs.uh[1l];

y0 = Rt.uh[O0];

vyl = Rt.uh[1];

prod0 = prodl = 0;

for(i=0; 1 < 16; i++) {
if((y0 >> i) & 1) prod0 "= (x0 << 1i);
if ((yl >> i) & 1) prodl *= (x1 << 1i);

Rdd.h[0] =prod0.uh[0] ;
Rdd.h[1] =prodl.uh[0] ;
Rdd.h[2] =prodO.uh[1];
Rdd.h[3]=prodl.uh[1];

Rxx " =vpmpyh (Rs, Rt) x0 = Rs.uh([0];

x1 = Rs.uh[1];

y0 = Rt.uh[0];

yl = Rt.uh[1];

prod0 = prodl = 0;

for(i=0; 1 < 16; i++) {
if ((yO >> i) & 1) prod0d *= (x0 << 1i);
if ((yl >> i) & 1) prodl *= (x1 << 1i);

Rxx.h[0] =Rxx.uh[0] * prod0.uh[0];
Rxx.h[1]=Rxx.uh[1] * prodil.uhl[0];
Rxx.h[2] =Rxx.uh[2] * prod0.uh[1];
Rxx.h[3]=Rxx.uh[3] * prodl.uh[1];

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vpmpyh (Rs, Rt) Wordé64 Q6 P vpmpyh RR(Word32 Rs, Word32 Rt)
Rxx"=vpmpyh (Rs, Rt) Wordé64 Q6 P vpmpyhxacc RR(Wordé4 Rxx,
Word32 Rg, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType MajOp s5 Parse t5 MinOp d5
1 |1 |1 ‘0 0‘1 ‘0|1 1 |1 ‘0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t 1 |1 ‘1 d‘d‘d|d|d Rdd=vpmpyh(Rs,RY)
ICLASS RegType MajOp s5 Parse t5 MinOp x5

1|1|1‘0 0‘1‘1|1 1|0‘1 s‘s‘s|s|s P|P 0 t‘t‘t|t|t 1|1‘1 x‘x‘x|x|x Rxx*=vpmpyh(Rs,Rt)

Field name Description
ICLASS Instruction Class
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
Parse Packet/Loop parse bits
as Field to encode register d
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Field name Description
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
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11.10.6 XTYPE/PERM

The XTYPE/PERM instruction subclass includes instructions which perform
permutations.

CABAC decode bin

This is a special-purpose instruction to support H.264 Context Adaptive Binary
Arithmetic Coding (CABAC). See Section 4.8.1 for a complete description.

Syntax Behavior

Rdd=decbin (Rss,Rtt) state = Rtt.w[1l] [5:0];

valMPS = Rtt.w[1l] [8:8];

bitpos = Rtt.w[0] [4:0];

range = Rss.wl[0];

offset = Rss.wl[l];

range <<= bitpos;

offset <<= bitpos;

rLPS = rLPS table 64x4[state] [ (range

>>29) &3] ;
rLPS = rLPS << 23;
rMPS= (range&0xff800000) - rLPS;

if (offset < rMPS) ({
Rdd = AC next state MPS 64 [state];
RdAd [8:8] =valMPS;
RAd[31:23]=(rMPS>>23) ;
Rdd.w[l] =offset;

P0=valMPS;

} else {
Rdd = AC next state LPS 64 [state];
Rdd[8:8]=((!state)?(1-

valMPS) : (valMPS)) ;
RdAd [31:23] = (rLPS>>23) ;
Rdd.w[l] =(offset-rMPS) ;
PO=(valMPS"1) ;

}i
Class: XTYPE (slots 2,3)

Notes

m The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Encoding
31|30/ 20|28/ 27|2625/24/23|22]21/20/19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1|1|o‘0 0‘0‘0|1 1|1 -s‘s‘s|s|s P|P- t‘t‘t|t|t1|1 -d‘d‘d|d|d Rdd=decbin(Rss,Rtt)
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Instruction Set

Field name

ICLASS
Parse
ds

s5

t5

Maj

Min
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Major Opcode

Minor Opcode

Register Type

Description

80-N2040-36 C
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Saturate

Saturate a single scalar value.

sath saturates a signed 32-bit number to a signed 16-bit number, which is sign-extended
back to 32 bits and placed in the destination register. The minimum negative value of the
result is 0xffff8000 and the maximum positive value is 0x00007fff.

satuh saturates a signed 32-bit number to an unsigned 16-bit number, which is zero-
extended back to 32 bits and placed in the destination register. The minimum value of the
result is 0 and the maximum value is 0x0000ffft.

satb saturates a signed 32-bit number to an signed 8-bit number, which is sign-extended
back to 32 bits and placed in the destination register. The minimum value of the result is
Oxffftff80 and the maximum value is 0x00000071.

satub saturates a signed 32-bit number to an unsigned 8-bit number, which is zero-
extended back to 32 bits and placed in the destination register. The minimum value of the
result is 0 and the maximum value is 0x000000ff.

Syntax Behavior
Rd=sat (Rss) Rd = satj,(Rss);
Rd=satb (Rs) Rd = satg(Rs);
Rd=sath (Rs) Rd = satq,4(Rs);
Rd=satub (Rs) Rd = usatg(Rs);
Rd=satuh (Rs) Rd = usatq4(Rs);

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=sat (Rss) Word32 Q6 R sat P(Wordé64 Rss)

Rd=satb (Rs) Word32 Q6 R satb R(Word32 Rs)

Rd=sath (Rs) Word32 Q6 R sath R(Word32 Rs)

Rd=satub (Rs) Word32 Q6 R satub R (Word32 Rs)

Rd=satuh (Rs) Word32 Q6 R satuh R (Word32 Rs)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|0of1|0o|0o|0|1|1|0|s|s|s|[s|[s|/P|P|-|-|-|-|-|-|0|0|0|d|d|d]|d]|d|Rd=sat(Rss)
1/0/0/0f1[1|/0]0|1[1|0|s|s|s|s|s|P[P|-|-|-|-]|-]|-[1]0 d|d|d|d|d|Rd=sath(Rs)
1/0/0|0[1|1|0|0|1|[1|0|s|s|s|[s|s|P|P|-|-|-|-|-|-[1]0|1]|d|d|d]|d]|d|Rd=satuh(Rs)
1/0/0|0[1]1|/0[0|1[1|0|s|s|s|[s|s|P|P|-|-|-|-|-|-[1]1|0]|d|d|d]|d]|d|Rd=satub(Rs)
1/0/0|0[1|1|/0|0|1[1|0|s|s|s|[s|s|P|P|-|-|-|-|-|-[1]1|1]|d|d|d]|d]|d|Rd=satb(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
MajoOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Swizzle bytes

Swizzle the bytes of a word. This instruction is useful in converting between little and big
endian formats.

Rd=swiz(Rs)

Rs

Rd

Syntax Behavior

Rd=swiz (Rs) Rd.b[0]=Rs.b[3];
Rd.b[1]=Rs.b[2];
Rd.b[2]=Rs.b[1];
Rd.b[3]=Rs.b[0];

Class: XTYPE (slots 2,3)

Intrinsics
Rd=swiz (Rs) Word32 Q6 R swiz R(Word32 Rs)

Encoding

-

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘01‘1‘0|o1|00 s‘s‘s|s|s P|P 1|1‘1 d‘d‘d|d|d Rd=swiz(Rs)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector align

Align a vector. Use the immediate amount, or the least significant 3 bits of a Predicate
register, as the number of bytes to align. Shift the Rss register pair right by this number of
bytes. Fill the vacated positions with the least significant elements from Rtt.

#u3/P
—
Rtt Rss
Rdd
Syntax Behavior
Rdd=valignb (Rtt,Rss, #u3) Rdd = (Rss >>> #u*8) | (Rtt << ((8-#u)*8));
Rdd=valignb (Rtt,Rss, Pu) Rdd = Rss >>> (Pu&0x7)*8| (Rtt << (8-
(Pu&0x7) ) *8) ;
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=valignb (Rtt,Rss, #u3) Wordée4 Q6 P valignb PPI (Wordé4 Rtt, Wordé4
Rss, Word32 Iu3l)
Rdd=valignb (Rtt,Rss, Pu) Wordé64 Q6 P _valignb PPp (Wordé4 Rtt, Wordé64
Rss, Byte Pu)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1 |1 |o ‘0 0‘0‘0|o ol-|- s‘s‘s|s|s P|P ; t‘t‘t|t|t ilili d‘d‘d|d|d Rdd=valignb(Rtt,Rss #u3)
ICLASS RegType Maj s5 Parse t5 u2 d5
1 |1 |o ‘0 0‘0‘1 |o of-]- s‘s‘s|s|s P|P . t‘t‘t|t|t . u‘u d‘d‘d|d|d Rdd=valignb(Rtt,Rss,Pu)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
u2 Field to encode register u
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Field name Description
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector round and pack

Add the constant 0x00008000 to each word in the 64-bit source vector Rss. Optionally
saturate this addition to 32bits. Pack the high halfwords of the result into the
corresponding halfword of the 32-bit destination register.

Rss.w[1] Rss.w[0] Rss
0x8000 0x8000
32-bit Add 32-bit Add
Y Y
Rd.h[1] Rd.h[0] Rd
Syntax Behavior
Rd=vrndwh (Rss) for (i=0;i<2;i++) {

RA.h[i]l=(Rss.w([i1]+0x08000) .h[1];
¥

Rd=vrndwh (Rss) :sat for (i=0;i<2;i++) {
Rd.h[i]=sat,, (Rss.wli] +0x08000) .h[1];
b e

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=vrndwh (Rss) Word32 Q6 R vrndwh P (Wordé4 Rss)

Rd=vrndwh (Rss) :sat Word32 Q6 R vrndwh P sat (Wordé64 Rss)
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Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0/0j1j0j0j0|1/0|0|s|s|s|s|s/P/P|-|-|-]-|-]|-|1/0]|0|d|d|d]|d]|d]|Rd=vrndwh(Rss)
1/0/0|0|1|0|0|0O|1|0O|0O|s|s|s|s|s|P|P|-|=-|-]|=-|-|-[1[1]0|d|d|d|d]|d]|Rd=vrndwh(Rss):sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector saturate and pack

For each element in the vector, saturate the value to the next smaller size. VSATHUB
saturates signed halfwords to unsigned bytes, while VSATHB saturates signed halfwords
to signed bytes.

Rd=vsathub(Rss) Rd=vsathub(Rs)

[ s16 | s16 | s16 | s16 | Rss _st6 [ 16 |rs

(Sat_u@ (Sat_uS) (Sat_uB) (Sat_u8) (Sat_us)

u8|u8|u8|u8 Rd |0|O|U8|U8|Rd

Rd=vsathb(Rss) Rd=vsathb(Rs)
[ st6 | st6 | s16 | s16 |Rss [ s16 | s16 ] rs

(Sat_sB) (Sat_sB) (Sat_sB) (Sat_sB) (Sat_sB)

s8 | s8 | s8 [ s8 | Rrd [ o] o] s8] s8] rd

VSATWH saturates signed words to signed halfwords, while VSATWUH saturates signed
words to unsigned halfwords. The resulting values are packed together into destination

register Rd.
Rd=vsathwh(Rss) Rd=vsathwuh(Rss)
[ 532 [ $32 | Rss [ $32 [ $32 | Rss
| _s16 [ s16 |rd ut6 | ui6 |Rd
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Syntax Behavior

Rd=vsathb (Rg) Rd.b[0]=satg(Rs.h[0]) ;
Rd.b[1l]l=satg(Rs.h[1]);
Rd.b[2]=0;
Rd.b[3]=0;

Rd=vsathb (Rss) for (i=0;i<4;i++)
Rd.b[i]l=satg(Rss.h[i]);
¥

Rd=vsathub (Rs) Rd.b[0] =usatg(Rs.h[0]) ;
Rd.b[1l]=usatg(Rs.h[1]);
Rd.b[2]=0;
Rd.b[3]1=0;

Rd=vsathub (Rss) for (i=0;i<4;i++)
Rd.b[i] =usatg(Rss.h[i]) ;
¥

Rd=vsatwh (Rss) for (i=0;i<2;i++) {
Rd.h[il=sat s (Rss.w[i]);
¥

Rd=vsatwuh (Rss) for (i=0;i<2;i++) {
Rd.h[i]=usat ¢ (Rss.w[i]);
¥

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=vsathb (Rs) Word32 Q6 R vsathb R(Word32 Rs)
Rd=vsathb (Rss) Word32 Q6 R vsathb P(Wordé4 Rss)
Rd=vsathub (Rs) Word32 Q6 R vsathub R (Word32 Rs)
Rd=vsathub (Rss) Word32 Q6 R vsathub P (Wordé64 Rss)
Rd=vsatwh (Rss) Word32 Q6 R vsatwh P (Wordé4 Rss)
Rd=vsatwuh (Rss) Word32 Q6 R vsatwuh P (Wordé64 Rss)
Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘01‘0‘0|0 0|00 s‘s‘s|s|s P|P-‘- -|-|-o|o‘0 d‘d‘d|d|d Rd=vsathub(Rss)

e
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31(30|29(28|27|26|25(24|23(22|21|20/19(18|17(16|15(14|13|12|11|10/ 9 |8 |7 |6 |54 |3 |2 |1 |0
1/0/0|0|1]|0 |0 |0 |0 |O s|s|s|s|s|P|P|- -/ -|-]1-]0|1]0|d|d|d|d]|d|Rd=vsatwh(Rss)
1/0/0|0|1]|0 |0 |0 |0 (O s|s|s|s|s|/P|P|-|-|-|-|-|-[1]0|0]|d|d|d|d|d|Rd=vsatwuh(Rss)
1/0|/0|0o|1|/0|0|0|0|0|0O|s|s|s|s|s|P|P|-|-|-|-|-|-|1[1|0]|d|d|d]|d]d|Rd=vsathb(Rss)
1/0/0|0|1|1|0|0[1|0|-|s|s|s|s|[s|P|P|-|-|-|-|-|-|0]|0|-|d|d|d]|d]d|Rd=vsathb(Rs)
1/0/0|0|1|1|0|0[1|0|-|s|s|s|s|s|P|P|-|-|-|-|-|-|0|1|-|d|d|d]|d]|d|Rd=vsathub(Rs)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type

80-N2040-36 C
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Vector saturate without pack

Saturate each element of source vector Rss to the next smaller size. VSATHUB saturates
signed halfwords to unsigned bytes. VSATWH saturates signed words to signed
halfwords, and VSATWUH saturates signed words to unsigned halfwords. The resulting
values are placed in destination register Rdd in unpacked form.

Rdd=vsathub(Rss)

s16 s16 s16 s16 Rss

0 u8 0 u8 0 u8 0 u8 Rdd
Rdd=vsathb(Rss)

s16 s16 s16 s16 Rss

= s8 = s8 = s8 = s8 Rdd

Syntax Behavior
Rdd=vsathb (Rss) for (i=0;i<4;i++) {
Rdd.h[i]=satg(Rss.h[i]) ;

Rdd=vsathub (Rss) for (i=0;i<4;i++) {
Rdd.h[i] =usatg(Rss.h[i]);

Rdd=vsatwh (Rss) for (i=0;i<2;i++) {
Rdd.w([i]=sat gz (Rss.w[i]) ;

Rdd=vsatwuh (Rss) for (i=0;i<2;i++)
Rdd.w[i] =usat 4 (Rss.w[i]);

80-N2040-36 C 609
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Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rdd=vsathb (Rss) Wordé64 Q6 P vsathb P(Wordé4 Rss)
Rdd=vsathub (Rss) Wordé64 Q6 P vsathub P (Wordé64 Rss)
Rdd=vsatwh (Rss) Wordée4 Q6 P vsatwh P (Wordé4 Rss)
Rdd=vsatwuh (Rss) Wordée4 Q6 P vsatwuh P (Wordé64 Rss)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0/0/j0|j0O|O|O|OfO|O|s|s|s|s|s/P/P|-|-]|-|-|-]|-|1|/0]|0|d|d]|d]|d]|d|Rdd=vsathub(Rss)
1/0/0/0|0|O0O|O|O0O|O0O|O0O|O0O|S|s|s|s|s|P|P|- =|=-|=-]=-[1/0|1|d|d|d|d]|d | Rdd=vsatwuh(Rss)
1/0/0|0ofo|o|o|0|0(0|0O|s|s|s|[s|[s|P|P|-|-|-|-|-|-[1]1|0]|d|d]|d]|d]|d|Rdd=vsatwh(Rss)
1/0/0|ofo|o|o|0o|0|0|0O|s|s|s|[s|s|P|P|-|-|-|-|-|-[1]1|1]|d|d]|d]|d]|d|Rdd=vsathb(Rss)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector shuffle

Shuffle odd halfwords (shuffoh) takes the odd halfwords from Rtt and the odd halfwords
from Rss and merges them together into vector Rdd. Shuffle even halfwords (shuffeh)
performs the same operation on every even halfword in Rss and Rtt. The same operation is

available for odd and even bytes.

shuffoh

shuffob

NEANEAN

Syntax

Rdd=shuffeb (Rss,Rtt)

Rdd=shuffeh (Rss,Rtt)

Rdd=shuffob (Rtt,Rss)

Rdd=shuffoh (Rtt,Rss)

Ritt

Rss

Rdd

Rtt

Rss

Rdd

shuffeh
Rss
/ /
// ) Rtt
Rdd
shuffeb
Rss
// !/ // // Rit
/ / / /
ITATETR!
Rdd

Behavior

(1i=0;i<4;i++) |
RAd.b[i*2] =Rtt.b[i*2];
Rdd.b[i*2+1]=Rss.b[i*2];

(1=0;1i<2;1i++) {
RAd.h[i*2]=Rtt.h[i*2];
Rdd.h[i*2+1]=Rss.h[i*2];

(1=0;1i<4;i++) {
Rdd.b[i*2]=Rss.b[i*2+1];
RAd.b[i*2+1]=Rtt.b[i*2+1];

(1=0;1i<2;1i++) {
Rdd.h[i*2]=Rss.h[i*2+1];
RAd.h[i*2+1]=Rtt.h[i*2+1];

80-N2040-36 C
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Class: XTYPE (slots 2,3)

Intrinsics

Rdd=shuffeb (Rss,Rtt) Wordée4 Q6 P shuffeb PP (Wordé64 Rss, Wordé64
Rtt)
Rdd=shuffeh (Rss,Rtt) Wordé4 Q6_P_shuffeh PP(Wordé64 Rss, Wordé64
Rtt)
Rdd=shuffob (Rtt,Rss) Worde4 Q6 P shuffob PP (Wordé64 Rtt, Wordée4
Rss)
Rdd=shuffoh (Rtt,Rss) Wordé64 Q6 P shuffoh PP (Wordé4 Rtt, Wordé4
Rss)
Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1(1/0|0]0|0|0[1(0|0|-|s|s|s|[s|[s|/P|P|-|t|t]|t t|[0|1]-|d|d|d]|d]|d|Rdd=shuffeb(Rss,Rtt)
1(1/0|0]0|0|0|1(/0|0|-|s|s|s|s|s|/P|P|-|t|t]|t t[1]/0]|-|d|d|d]|d]|d|Rdd=shuffob(Rtt,Rss)
1(1/0|0]0|0|0[1(0|0|-|s|s|s|s|s|/P|P|-|t|t]|t t|1]1]-|d|d|d]|d]|d|Rdd=shuffen(Rss,Rtt)
1(1/0|0]0|0|0[1[1|/0]|-|s|s|s|s|s|/P|P|-|t|t]|t t|[0]0|0|d|d|d|d]|d|Rdd=shuffoh(Rit,Rss)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector splat bytes

Replicate the low 8-bits from register Rs into each of the four bytes of destination register

Rd.
Rd=vsplatb(Rs)
Rs
Rd
Syntax Behavior
Rd=vsplatb (Rs) for (i=0;i<4;i++)
Rd.b[i]l=Rs.b[0];
¥
Rdd=vsplatb (Rs) for (i=0;i<8;i++) {
Rdd.b[i]=Rs.b[0];
b
Class: XTYPE (slots 2,3)
Intrinsics
Rd=vsplatb (Rs) Word32 Q6 R vsplatb R (Word32 Rs)
Rdd=vsplatb (Rs) Wordé4 Q6 P vsplatb R (Word32 Rs)
Encoding
31/30]29]28 27|26 25]24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/o0/j0/ojojt1/ojo/o0(1|-|s|s|s|s|s/P/P|{-|-|-|-|-]|-|1|0]|-|d|d|d]|d]|d|Rdd=vsplatb(Rs)
1/0/0|0[1|1]|0|0f0|1|0|s|s|s|s|[s|P|[P|-|-|-|=-|-|-[1[1|1]|d|d]|d|d]d]|Rd=vsplatb(Rs)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Vector splat halfwords

Replicate the low 16-bits from register Rs into each of the four halfwords of destination

Rdd.
Rdd=vsplath(Rs)
Rs
Rdd
Syntax Behavior
Rdd=vsplath (Rs) for (i=0;i<4;i++) {
Rdd.h[i]=Rs.h[0];
¥

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vsplath (Rs) Wordée4 Q6 P vsplath R(Word32 Rs)

Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0

ICLASS RegType |MajOp s5 Parse MinOp d5
1 |o|o ‘0 0‘1 ‘0|o o|1 ; s‘s‘s|s|s P|P ‘ ST T- o|1 ‘ d‘d‘d|d|d Rdd=vsplath(Rs)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Vector splice

Concatenate the low (8-N) bytes of vector Rtt with the low N bytes of vector Rss. This
instruction is helpful to vectorize unaligned stores.

#u3/P
Y N
N\ 7
Ritt Rss
Rdd
Syntax Behavior
Rdd=vspliceb (Rss,Rtt, #u3) RAd = Rtt << #u*8 | zXty,«g_.ea (RSS);
Rdd=vspliceb (Rss,Rtt, Pu) Rdd = Rtt << (Pu&7)*8 | 2zXt pug7)ss--ea (RSS);

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vspliceb (Rss,Rtt, #u3) Wordée4 Q6 P vspliceb PPI (Wordé4 Rss, Wordé4
Rtt, Word32 Iu3l)

Rdd=vspliceb (Rss,Rtt, Pu) Wordé64 Q6 P vspliceb PPp(Wordé64 Rss, Wordé4
Rtt, Byte Pu)

Encoding

-
w

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType Maj s5 Parse t5 Min d5

1|1|o‘0 0‘0‘0|o1|- -s‘s‘s|s|s P|P- t‘t‘t|t|t ilili d‘d‘d|d|d Rdd=vspliceb(Rss,Rit #u3)
ICLASS RegType Maj s5 Parse t5 u2 d5
1|1|o‘0 0‘0‘1|01|00 s‘s‘s|s|s P|P- t‘t‘t|t|t -u‘u d‘d‘d|d|d Rdd=vspliceb(Rss,Rtt,Pu)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
u2 Field to encode register u
Maj Major Opcode
Min Minor Opcode
RegType Register Type
80-N2040-36 C 615

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector sign extend

vsxtbh sign-extends each byte of a single register source to halfwords, and places the
result in the destination register pair.

vsxthw sign-extends each halfword of a single register source to words, and places the
result in the destination register pair.

Rdd=vsxtbh(Rs) Rs
e20 / . gn‘/ e.20 / e ¢ Rdd
Rs

Rdd=vsxthw(Rs)

— !

sign | —0 | Rdd
Syntax Behavior
Rdd=vsxtbh (Rs) for (i=0;i<4;i++) {
RAd.h[i]=Rs.b[i];
b e
Rdd=vsxthw (Rs) for (i=0;i<2;i++)
RAd.w[i]=Rs.h[i];
b e
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=vsxtbh (Rs) Wordée4 Q6 P vsxtbh R(Word32 Rs)
Rdd=vsxthw (Rs) Wordée4 Q6 P vsxthw R(Word32 Rs)
Encoding
31|30/ 20|28/ 27|2625/24/23|22]21/20/19]18/17|16[ 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1lofofolo|1]|o|ofo|o|-|s|s|s|s|s|P|[P|-|-|-|-|-|-]0|0|-|d|d]|d]|d]|d|Rdd=vsxtbh(Rs)
1lofofojo|1]|o|ofo|o|-|s|s|s|s|s|P|[P|-|-|-|-|-|-]1]0|-|d|d]|d]|d]|d|Rdd=vsxthw(Rs)
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Field name

ICLASS
Parse
ds

s5
MajOp
MinOp
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Major Opcode

Minor Opcode

Register Type

Description

80-N2040-36 C
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Vector truncate

In vtrunehb, for each halfword in a vector, take the even (lower) byte and ignore the other
byte. The resulting values are packed into destination register Rd.

vtrunohb takes each odd byte of the source vector.

vtrunewh uses two source register pairs, Rss and Rtt. The even (lower) halfwords of Rss
are packed in the upper word of Rdd, while the lower halfwords of Rtt are packed in the
lower word of Rdd.

vtrunowh performs the same operation as vtrunewh, but uses the odd (upper) halfwords of
the source vectors instead.

Rd=vtrunehb(Rss) Rdd=vtrunewh(Rss,Rtt)

Rss
| I I . S e NS U m—

I |~ I I | Rt

Rd /X v

I I I I | Rdd

Rd=virunohb(Rss) Rdd=vtrunowh(Rss,Rtt)

L 0 ] ] PR | [ [ [ | Rss
Z
I I P I | Rt

Rd + \
I I | I | Rdd
Syntax Behavior
Rd=vtrunehb (Rss) for (i=0;i<4;i++) {
Rd.b[i]=Rss.b[i*2];
b5
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Syntax

Rd=vtrunohb (Rss)

Rdd=vtrunehb (Rss, Rtt)

Rdd=vtrunewh (Rss, Rtt)

Rdd=vtrunohb (Rss, Rtt)

Rdd=vtrunowh (Rss,Rtt)

Class: XTYPE (slots 2,3)

Intrinsics

Rd=vtrunehb (Rss)
Rd=vtrunohb (Rss)

Rdd=vtrunehb (Rss,Rtt)
Rdd=vtrunewh (Rss, Rtt)
Rdd=vtrunohb (Rss, Rtt)

Rdd=vtrunowh (Rss, Rtt)

Encoding

Behavior

for (i=0;1i<4;i++) {
Rd.b[i]=Rss.b[i*2+1];

for (i=0;i<4;i++)
Rdd.b[i]=Rtt.b[i*2];
Rdd.b[i+4]=Rss.b[i*2];

Iz

Rdd.h[0]=Rtt.h[0];
Rdd.h[1]=Rtt.h[2];
Rdd.h[2]=Rss.h[0];
Rdd.h[3]1=Rss.h[2];

for (i=0;i<4;i++)
RdAd.b[i]=Rtt.b[i*2+1];
Rdd.b[i+4]=Rss.b[i*2+1]

Iz

Rdd.h[0]=Rtt.h[1];
Rdd.h[1]=Rtt.h[3];
Rdd.h[2]=Rss.h[1];
Rdd.h[3]=Rss.h[3];

1

Word32 Q6 R vtrunehb P (Wordé4 Rss)

Word32 Q6 R vtrunohb P (Wordé4 Rss)

Wordé4 Q6 P vtrunehb PP (Wordé4 Rss, Wordé4

Rtt)

Wordé64 Q6 P vtrunewh PP (Wordé4 Rss, Wordé4

Rtt)

Wordé4 Q6 P vtrunohb PP (Wordé4 Rss, Wordé4

Rtt)

Wordé64 Q6 P vtrunowh PP (Wordé4 Rss, Wordé4

Rtt)

-

31|30|29‘28 27‘26‘25|24 23|22 2 20‘19‘18|17|16

15|14

13‘12‘11‘10|9|8 7|6‘5 4\3\2|1|0

ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/(0/0(1|/0|0|0|1|0|0|s|s|s|s|s|P|P = -|=-]-/0|0|0 d | d| d|d|Rd=vtrunohb(Rss)
1/0(0(0(1|/0|0|0|1|0|0O|s|s|s|s|s|P|P -/ -|-]1-]0|1]0|d|d|d|d]|d|Rd=vtrunehb(Rss)

ICLASS RegType Maj s5 Parse t5 Min d5
1/1/0/0(0|0O|0O|1|1|0|-|s|s|s|s|s|P|P t| t|t|t| t|0|1]|0|d|d|d|d]|d|Rdd=vtrunewh(Rss,Rtt)
1/1/0/0(0|0O|0O|1|1|0|-|s|s|s|s|s|P|P t |ttt t|0|1|1|d|d|d|d]|d|Rdd=vtrunehb(Rss,Rit)
1/1/0/0(0/0O|0O|1|1|0|-|s|s|s|s|s|P/P|-|t|t|t|[t|t|1]|0]|0]|d|d|d]|d]|d|Rdd=virunowh(Rss,Rit)
1/1/0/0(0|/0O|0O|1|1|0|-|s|s|s|s|s|P/P|-|t|t|t|t|[t|1]|0|1|d|d|d]|d]|d|Rdd=vtrunohb(Rss,Rtt)
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Field name

ICLASS
Parse
ds

s5

t5
MajOp
MinOp
Maj

Min
RegType
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Major Opcode

Minor Opcode

Major Opcode

Minor Opcode

Register Type

Register Type

Description
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Vector zero extend

vzxtbh zero-extends each byte of a single register source to halfwords, and places the
result in the destination register pair.

vzxthw zero-extends each halfword of a single register source to words, and places the
result in the destination register pair.

Rdd=vzxtbh(Rs) Rs
P
prAaiam ‘Je_(/‘&/o | Rdd
Rdd=vzxthw(Rs) Rs
/ ¢
< ZEr0 | 80 | Rdd
Syntax Behavior
Rdd=vzxtbh (Rs) for (i=0;i<4;i++) {

Rdd.h[i]=Rs.ub[i];

b

Rdd=vzxthw (Rs) for (i=0;1<2;i++) {
Rdd.w[i]=Rs.uh[i];
¥

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vzxtbh (Rs) Wordée4 Q6 P vzxtbh R(Word32 Rs)
Rdd=vzxthw (Rs) Wordée4 Q6 P vzxthw R(Word32 Rs)
Encoding

Py

31|3o|29\28 27\26\25|24 23|222 20\19\18|17|1615|14 13\12\11\1o|9|8 7|6\5 4\3\2|1|o

ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|0f0O|1|0O|00]O s|s|s|s|s|P|P|-|-|-|-|-|-]0|1]-|d|d|d]|d]|d|Rdd=vzxtbh(Rs)
1/0/0|0|0|1|0O|0 |0 (O s|s|s|s|s/P/P|-|-|-|-]|-|-[1]|1|-]d|d|d]|d]|d|Rdd=vzxthw(Rs)
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Field name

ICLASS
Parse
ds

s5
MajOp
MinOp
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Major Opcode

Minor Opcode

Register Type

Description
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11.10.7 XTYPE/PRED

The XTYPE/PRED instruction subclass includes instructions which perform
miscellaneous operations on predicates, including mask generation, predicate transfers,
and the Viterbi pack operation.

Bounds check

Determine if Rs falls in the range defined by Ritt.

Rtt.w0 is set by the user to the lower bound, and Rtt.w1 is set by the user to the upper
bound.

All bits of the destination predicate are set if the value falls within the range, or all cleared
otherwise.

Syntax Behavior

Pd=boundscheck (Rs, Rtt) if ("Rs & 1") {
Assembler mapped to:
"Pd=boundscheck (Rss,Rtt) :raw:hi";
} else {
Assembler mapped to:
"Pd=boundscheck (Rss,Rtt) :raw:10";

¥

Pd=boundscheck (Rss,Rtt) :raw:hi src = Rss.uw([1l];
Pd = (src.uw[0] >= Rtt.uw[0]) && (src.uw([0]
< Rtt.uw[1l]) ? Oxff : 0x00;

Pd=boundscheck (Rss,Rtt) :raw:1lo src = Rss.uw[0];

Pd = (src.uw[0] >= Rtt.uwl[0]) && (src.uw([0]
< Rtt.uw([1l]) ? Oxff : 0x00;

Class: XTYPE (slots 2,3)

Intrinsics
Pd=boundscheck (Rs, Rtt) Byte Q6 p boundscheck RP(Word32 Rs, Wordé64
Rtt)

Encoding

31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d2

10100100100 |-|-|s|s|s|s|s[PP[1[t|t|t/t|t|1]olo|-|-|-]|d|a bdiboundscheck(RssRtt)r
11001 ofof1]0]o-|-|s|s|s|s/s/P[P[1|t|t t|t|t|1/0]1 -|-|-]|d]|a]|Fdboundscheck(Rss.Rtir
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Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 624
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Compare byte

These instructions sign- or zero-extend the low 8-bits of the source registers and perform
32-bit comparisons on the result. In the case of an extended 32-bit immediate operand, the
full 32 immediate bits are used for the comparison.

Pd=cmpb.eq
Pd=cmpb.eq
Pd=cmpb.gt
Pd=cmpb.gt

Syntax
(Rs, #u8)
(Rs,Rt)
(Rs, #s8)

(Rs,Rt)

Pd=cmpb.gtu (Rs, #u7)

Pd=cmpb.gtu (Rs,Rt)

Class: XTYPE (slots 2,3)

Behavior
Pd=Rs.ub[0] == #u ? Oxff : 0x00;
Pd=Rs.b[0] == Rt.b[0] ? Oxff : 0x00;

Pd=Rs.b[0] > #s ? Oxff

0x00;

Pd=Rs.b[0] > Rt.b[0] ? Oxff : 0x00;

apply extension (#u) ;
Pd=Rs.ub[0] > #u.uw([0]

Pd=Rs.ub[0] > Rt.ub[0]

? Oxff : 0x00;

? Oxff : 0x00;

Intrinsics
Pd=cmpb.eq (Rs, #u8) Byte Q6 p cmpb eq RI(Word32 Rs, Word32 Iu8)
Pd=cmpb.eqg(Rs,Rt) Byte Q6 p cmpb eq RR(Word32 Rs, Word32 Rt)
Pd=cmpb.gt (Rs, #s8) Byte Q6 p cmpb gt RI(Word32 Rs, Word32 Is8)
Pd=cmpb.gt (Rs, Rt) Byte Q6 p cmpb gt RR(Word32 Rs, Word32 Rt)
Pd=cmpb.gtu(Rs, #u7) Byte Q6 p cmpb gtu RI(Word32 Rs, Word32
Iu7)
Pd=cmpb.gtu(Rs,Rt) Byte Q6 p cmpb gtu RR(Word32 Rs, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22|21/2019]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d2
11110 o1 (1111 s|s|s|s|s|P|P t|t|t| t|t|0|1 -| -] -|d|d|Pd=cmpb.gt(Rs,Rt)
11110 011111 s|s|s|s|s|P|P t |ttt t|1|1]|0]-|-|-|d]|d|Pd=cmpb.eq(Rs,Rt)
11110 0O/1{1(1/1|/1|0|s|s|s|s|s|P|P t |ttt t|1|1|1]-|-|-|d]|d]|Pd=cmpb.gtu(Rs,Rt)
ICLASS RegType s5 Parse d2
1{1/0(1}{1|1/0|1|-|/0|0|s|s|s|s|s i|i|i|i|i|i|i]i]|0|0]-|d]|d]|Pd=cmpb.eq(Rs#u8)
1{1/0(1}{1|1/0|1|-|/0|1|s|s|s|s|s ifi|i|i|i|i|i]i]|0|0]-|d]|d]|Pd=cmpb.gt(Rs,#s8)
1{1/0(1}{1|1)/0|{1|-(1]|0|s|s|s|s|s O|i|i|i|i|i|i]i]|O0|0]-|d]|d]|Pd=cmpb.gtu(Rs#u7)
Field name Description
RegType Register Type
MajOp Major Opcode
ICLASS Instruction Class
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Field name Description
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Compare half

These instructions sign- or zero-extend the low 16-bits of the source registers and perform
32-bit comparisons on the result. In the case of an extended 32-bit immediate operand, the
full 32 immediate bits are used for the comparison.

Syntax Behavior
Pd=cmph.eq(Rs, #s8) apply extension (#s) ;
Pd=Rs.h[0] == #s ? Oxff 0x00;
Pd=cmph.eq(Rs,Rt) Pd=Rs.h[0] == Rt.h[0] ? Oxff 0x00;
Pd=cmph.gt (Rs, #s8) apply extension (#s) ;
Pd=Rs.h[0] > #s ? Oxff 0x00;
Pd=cmph.gt (Rs, Rt) Pd=Rs.h[0] > Rt.h[0] ? Oxff 0x00;
Pd=cmph.gtu(Rs, #u7) apply extension (#u) ;
Pd=Rs.uh[0] > #u.uw[0] ? Oxff 0x00;
Pd=cmph.gtu (Rs,Rt) Pd=Rs.uh[0] > Rt.uh[0] ? Oxff 0x00;
Class: XTYPE (slots 2,3)
Intrinsics
Pd=cmph.eq(Rs, #s8) Byte Q6 p cmph eq RI (Word32 Rs, Word32 Is8)
Pd=cmph.eqg(Rs,Rt) Byte Q6 p cmph eqg RR(Word32 Rs, Word32 Rt)
Pd=cmph.gt (Rs, #s8) Byte Q6 p cmph gt RI(Word32 Rs, Word32 Is8)
Pd=cmph.gt (Rs, Rt) Byte Q6 p cmph gt RR(Word32 Rs, Word32 Rt)
Pd=cmph.gtu(Rs, #u7) Byte Q6 p cmph gtu RI (Word32 Rs, Word32
Tu7)
Pd=cmph.gtu(Rs,Rt) Byte Q6 p cmph gtu RR(Word32 Rs, Word32 Rt)
Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType Maj s5 Parse t5 Min d2
11110 0O/1(1(1/1|/1|0|s|s|s|s|s|P|P t |ttt t|0O|1|1]-|-|-|d]|d|Pd=cmph.eq(Rs,Rt)
11110 011111 s|s|s|s|s|P|P t |ttt t|{1]/0|0|-|-|-|d Pd=cmph.gt(Rs,Rt)
11110 O/1(1(1/1/1|0|s|s|s|s|s|P|P t| t| t|t|t|1/0[1]|-|-]-|d]|d]|Pd=cmph.gtu(Rs,Rt)
ICLASS RegType s5 Parse d2
1{1/0(1{1|1/0|1|-|/0|0|s|s|s|s|s [ T T O B 1]1-|d Pd=cmph.eq(Rs,#s8)
1{1/0(1(1|/1]0|1|-|0|1|s|s|s|s|s 1 T I I O AR 1]1-1|d Pd=cmph.gt(Rs,#s8)
1{1/0{1(1/1]|0|1|-|1]|0|s|s|s|s|s O |ifili|i|i|i]i]|O]|1|~-|d]|d]|Pd=cmph.gtu(Rs#u7)
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Instruction Set

Field name

RegType
MajOp
ICLASS
Parse
d2

s5

t5

Maj

Min

RegType

Register Type

Major Opcode

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Major Opcode

Minor Opcode

Register Type

Description

80-N2040-36 C
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Compare doublewords

Compare two 64-bit register pairs for unsigned greater than, greater than, or equal. The 8-
bit predicate register Pd is set to all 1's or all 0's depending on the result.

Syntax Behavior
Pd=cmp.eq(Rss,Rtt) Pd=Rss==Rtt ? Oxff : 0x00;
Pd=cmp.gt (Rss,Rtt) Pd=Rss>Rtt ? Oxff : 0x00;
Pd=cmp.gtu(Rss, Rtt) Pd=Rss.u64>Rtt.u64 ? Oxff : 0x00;

Class: XTYPE (slots 2,3)

Intrinsics
Pd=cmp.eq(Rss,Rtt) Byte Q6 p cmp eqg PP (Wordé64 Rss, Wordé64 Rtt)
Pd=cmp.gt (Rss,Rtt) Byte Q6 p cmp gt PP (Wordé4 Rss, Wordé4 Rtt)
Pd=cmp.gtu(Rss,Rtt) Byte Q6_p_cmp_gtu_ PP (Wordé4 Rss, Wordé4
Rtt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType s5 Parse t5 MinOp d2
1{1/0(1/0/0|1|/0|{1|0|0|s|s|s|s|s|P/P|-|t|t|t|t|[t|0|0|0]|-]-]|=-|d]|d]|Pd=cmp.eq(Rss,Rtt)
1{1/0(1/0/0|1/0[(1(0|0|s|s|s|s|(s|/P/P|-|t|t|t|t |t 0O|1|0]|-]-|-|d]|d]|Pd=cmp.gt(Rss,Rit)
1/1/0(1/0/0|1|/0|1|0|0|s|s|s|s|s|P/P|-|t|t|t|t|[t 1|0]|0]|-]-]|=-|d]|d]|Pd=cmp.gtu(Rss,Rtt)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 629
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Compare bit mask

If all the bits in the mask in Rt or a short immediate are set (BITSSET) or clear
(BITSCLEAR) in Rs, set the Pd to true. Otherwise, set the bits in Pd to false.

Syntax Behavior
Pd=[!]lbitsclr (Rs, #u6) Pd=(Rs&#u) [!]1=0 ? Oxff : 0x00;
Pd=[!]lbitsclr (Rs,Rt) Pd=(Rs&Rt) [!]=0 ? Oxff : 0x00;
Pd=[!]bitsset (Rs,Rt) Pd=(Rs&Rt) [!]1=Rt ? Oxff : 0x00;

Class: XTYPE (slots 2,3)

Intrinsics
Pd=!bitsclr (Rs, #u6) Byte Q6 p not bitsclr RI(Word32 Rs, Word32
Tu6)
Pd=!bitsclr(Rs,Rt) Byte Q6 p not bitsclr RR(Word32 Rs, Word32
Rt)
Pd=!bitsset (Rs,Rt) Byte Q6 p not bitsset RR(Word32 Rs, Word32
Rt)
Pd=bitsclr (Rs, #u6) Byte Q6 p bitsclr RI(Word32 Rs, Word32 Iué6)
Pd=bitsclr (Rs,Rt) Byte Q6 p bitsclr RR(Word32 Rs, Word32 Rt)
Pd=bitsset (Rs,Rt) Byte Q6 p bitsset RR(Word32 Rs, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse d2
100 0 of1]/1]/0(0|s|s|s|s|s|P|P|i|i|i|i|il|i|=-]|=|=-]=-]|-]=-]d]|d|Pd=bitsclr(Rs#u6)
100|010 ol1/1]0[1|s|s|s|s|s|P[P|i|ili|i|il|i|l-|-]|-]-|-]|-]d]|d|Pd=lbitsclr(Rs#u6)
ICLASS RegType Maj s5 Parse t5 d2
111010 |0 17/1/0|(1]/0|s|s|s|s|s|P|P t |ttt t|-|-|-]-|-|-|d]|d]|Pd=bitsset(Rs,Rt)
1(1/0]010 1/1(0|1|1|s|s|s|s|[s|P|P|-|t|t|t|t|t|=-|-|-]|=-]-|-|d]d]|Pd=lbitsset(Rs,Rt)
1(1/0]010 1/1(1/0|0|s|s|s|s|s|P|P|-|t|t|t|t|t|-|-|-|-]-|-]|d]d]|Pd=bitscr(Rs,Rt)
1(1/0]010 1/1(1]/0|1|s|s|s|s|s|P|P|-|t|t|t|t|t|-|-|-]|=-]-|-]|d]d]|Pd=lbitsclr(Rs,Rt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
MajoOp Major Opcode
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Field name Description
Maj Major Opcode
RegType Register Type
RegType Register Type
80-N2040-36 C 631

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Mask generate from predicate

For each of the low 8 bits in predicate register Pt, if the bit is set then set the corresponding
byte in 64-bit register pair Rdd to 0xff, otherwise, set the corresponding byte to 0x00.

7 0

/AN

OxFF | 0x00 | OxFF | 0x00 | OxFF [ Ox00 | OxFF | 0x00 Rdd

Syntax Behavior
Rdd=mask (Pt) for (i = 0; i < 8; i++) {
RdAd.b[i]=(Pt.i? (Oxff) : (0x00)) ;
¥
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=mask (Pt) Wordée4 Q6 P mask p(Byte Pt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType Parse t2 d5
1|o|o‘0 0‘1 ‘1 |o |HH|| P|P H‘ t|t |‘ d‘d‘d|d|d Rdd=mask(P)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t2 Field to encode register t
RegType Register Type
80-N2040-36 C 632
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Check for TLB match

Determine if the TLB entry in Rss matches the ASID:PPN in Rt.

Syntax Behavior

Pd=tlbmatch (Rss, Rt) MASK = OxO7ffffff;
TLBLO = Rss.uwl[O0];
TLBHI = Rss.uwl[1];

SIZE =

min (6,count leading ones (~reverse bits (TLB
LO))) ;

MASK &= (Oxffffffff << 2*SIZE) ;

Pd = TLBHI.31 && ((TLBHI & MASK) == (Rt &

MASK)) ? Oxff : 0x00;
Class: XTYPE (slots 2,3)

Notes

m  The predicate generated by this instruction can not be used as a .new predicate,
nor can it be automatically ANDed with another predicate.

Intrinsics
Pd=tlbmatch (Rss, Rt) Byte Q6 p tlbmatch PR (Wordé4 Rss, Word32
Rt)
Encoding
31|30|29‘28 27‘26‘25|24 23|22\21 20‘19‘18|17|16 15|14 13 12\11 \1o| 9 | 8|7 | 6 \ 54 \ 3 \ 2[1 | 0
ICLASS RegType s5 Parse t5 MinOp d2
1 |1 |o ‘1 0‘0‘1 |o o|-‘- s‘s‘s|s|s P|P 1 t‘t‘t|t|t o|1 ‘1 .- d|d Pd=tlbmatch(Rss,Rt)

Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
80-N2040-36 C 633
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Predicate transfer

Pd=Rs transfers a predicate to the 8 least-significant bits of a general register and zeros the
other bits.

Rd=Ps transfers the 8§ least-significant bits of a general register to a predicate.

Syntax Behavior

Pd=Rs Pd

Rs.ub[0];

Rd=Ps Rd = zxtg_ _3,(Ps);

Class: XTYPE (slots 2,3)

Intrinsics
Pd=Rs Byte Q6 p equals_R(Word32 Rs)
Rd=Ps Word32 Q6_R equals_p (Byte Ps)
Encoding
31|30|29‘28 27‘26‘25|24 23|22 21 20‘19‘18|17|16 15|14 13\12\11 \1o| 9 | 8 | 7 | 6 \ 5 \ 4 \ 3 \ 2[1 | 0
ICLASS RegType |MajOp s5 Parse d2
1|o|o‘0 0‘1‘0|10|105‘s‘s s|s P|P-‘-‘-‘-|-|-|-|-‘--‘-‘-d|de=Rs
ICLASS RegType |MajOp s2 | Parse d5
ToTa o100 1 - 1 [<]-]= - e alele|[-]-T=[-[-[-]-]- a[alala]a ners

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
das Field to encode register d
s2 Field to encode register s
s5 Field to encode register s
MajoOp Major Opcode
RegType Register Type
80-N2040-36 C 634
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Test bit

Extract a bit from a register. If the bit is true (1), set all the bits of the predicate register
destination to 1. If the bit is false (0), set all the bits of the predicate register destination to
0. The bit to be tested can be indicated using an immediate or register value.

If a register is used to indicate the bit to test, and the value specified is out of range, the
predicate result is zero.

Syntax Behavior
Pd=[!]tstbit (Rs, #u5) Pd = (Rs & (l<<#u)) == 0 ? Oxff : 0x00;
Pd=[!]tstbit (Rs,Rt) Pd = (2xXt3,5_ .64 (Rs) & (sxt,;__35(Rt)>0)7? (zxt,,_
264 (1) <<sxt, 35 (RE)) : (Zxtyy .64 (1) >>>8xE,_
.32(RE))) == 0 ? Oxff : 0x00;

Class: XTYPE (slots 2,3)

Intrinsics
Pd=!tstbit (Rs, #u5) Byte Q6 p not tstbit RI(Word32 Rs, Word32
Tu5)
Pd=!tstbit (Rs,Rt) Byte Q6 p not tstbit RR(Word32 Rs, Word32
Rt)
Pd=tstbit (Rs, #ub) Byte Q6 p tstbit RI(Word32 Rs, Word32 Iub)
Pd=tstbit (Rs,Rt) Byte Q6_p_tstbit_ RR(Word32 Rs, Word32 Rt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType |MajOp s5 Parse d2
1/0/0/0|O0O|1|0|1|0|0|0O|s|s|s|s|s|P/P|O|i|i]il|il|i|=-]|=-]=]=]=|-=|d]d]|Pd=tstbit(Rs,#u5)
1/0(0(0f0O|1|0|1|0|0|1|s|s|s|s|s|[P|P|O|i|i|i|i|i|=-]|=-]|=]=]¢=]-=]d]|d]|Pd=tstbit(Rs,#ub)
ICLASS RegType Maj s5 Parse t5 d2
1/17/0/0/0|1|1|1/0(0|0O|s|s|s|s|s/P/P|-|t |t |t t|t -|-|-|-]-]|-|d]|d|Pd=tstbit(RsRt)
1{17/0/0/0|1|1|1/0(0|1|s|s|s|s|s/P/P|-|t|t|t|t|t -|-|-|-]-]|-|d]|d]Pd=ltsthit(Rs,Rt)

Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

dz2 Field to encode register d

s5 Field to encode register s

t5 Field to encode register t

MajoOp Major Opcode

Maj Major Opcode

RegType Register Type

RegType Register Type
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Vector compare halfwords

Compare each of four 16-bit halfwords in two 64-bit vectors and set the corresponding bits
in a predicate destination to '11' if true, '00' if false.

Halfword comparisons can be for equal, signed greater than, or unsigned greater than.

Rss
Ritt
cmp cmp cmp cmp
111]10]0]1]1]0]O0 Pd
7 0
Syntax Behavior
Pd=vcmph.eq(Rss, #s8) for (1 = 0; 1 < 4; 1i++) {
Pd.i*2 = (Rss.h[i] == #s);
Pd.i*2+1 = (Rss.h[i] == #s);
¥
Pd=vcmph.eq(Rss,Rtt) for (i = 0; 1 < 4; i++) {
Pd.i*2 = (Rss.h[i] == Rtt.h[i]);
Pd.i*2+1 = (Rss.h[i] == Rtt.h[i]);
}i
Pd=vcmph.gt (Rss, #s8) for (i = 0; 1 < 4; i++) {
Pd.i*2 = (Rss.h[i] > #s);
Pd.i*2+1 = (Rss.h[i] > #s);
}i
Pd=vcmph.gt (Rss,Rtt) for (i = 0; 1 < 4; i++) {
Pd.i*2 = (Rss.h[i] > Rtt.h[i]);
Pd.i*2+1 = (Rss.h[i] > Rtt.h[i]);
}i
Pd=vcmph.gtu (Rss, #u7) for (1 = 0; 1 < 4; 1i++) {
Pd.i*2 = (Rss.uh[i] > #u);
Pd.i*2+1 = (Rss.uh[i] > #u);
¥
Pd=vcmph.gtu (Rss,Rtt) for (i = 0; i < 4; i++) {
Pd.i*2 = (Rss.uh[i] > Rtt.uh[i]);
Pd.i*2+1 = (Rss.uh[i] > Rtt.uh[i]);
¥
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Class: XTYPE (slots 2,3)

Intrinsics
Pd=vcmph.eq(Rss, #s8) Byte Q6 p vcmph eq PI (Wordé4 Rss, Word32
Is8)
Pd=vcmph.eqg(Rss,Rtt) Byte Q6_p_vcmph eq PP (Wordé4 Rss, Wordé4
Rtt)
Pd=vcmph.gt (Rss, #s8) Byte Q6 p vcmph gt PI (Wordé4 Rss, Word32
Is8)
Pd=vcmph.gt (Rss,Rtt) Byte Q6_p_vcmph gt PP (Wordé4 Rss, Wordé4
Rtt)
Pd=vcmph.gtu (Rss, #u7) Byte Q6 p vcmph gtu PI(Wordé64 Rss, Word32
Iu7)
Pd=vcmph.gtu (Rss,Rtt) Byte Q6 p vcmph gtu PP (Wordé4 Rss, Wordé4
Rtt)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d2
1{17/0/1/0/0|1|/0/0O|-|-|s|s|s|s|s/P/P|O|t|t|t|t|t O0O[1|1|-]-]|-|d]|d]|Pd=vcmph.eq(Rss,Rtt)
1/1/0/1/0/0|1|0|0|-|-|s|s|s|s|(s/P/P/O|t|t t|t|t 1]|0|0]|-]-|=-|d]|d]|Pd=vcmph.gt(Rss,Rtt)
1{1/0(1/0/0|1|/0|0|-|-|s|s|s|s|(s|P/P/O|t|t|t|t|t|1|0|1]|-]-]|-]|d]|d]|Pd=vcmph.gtu(Rss,Rtt)
ICLASS RegType s5 Parse d2
1{17/0(1}/1|1/0|/0|0(0|0O|s|s|s|s|s| P|P|-|i|i|i|i|i|i|i]|i|O0]1]-]|d]|d|Pd=vcmph.eq(Rss,#s8)
1{1/0(1}/1}|1/0|/0|0(0O|1|s|s|s|s|s|P|P|-|i|i|il|i|i|i|i]|i|O0]1]-]|d]|d|Pd=vcmph.gt(Rss,#s8)
1{17/0/1}/1/1/0|/0|0(1|0|s|s|s|s|s|/P|P|-|O0O|i|i|i|i|i|i]|i|O0O]1]-]|d]|d|Pd=vcmph.gtu(Rss#u7)
Field name Description
RegType Register Type
MajOp Major Opcode
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector compare bytes for any match

Compare each byte in two 64-bit source vectors and set a predicate if any of the 8 bytes are
equal.

This instruction can be used to quickly find the null terminator in a string.

Syntax Behavior
Pd=any8 (vcmpb.eqg(Rss,Rtt) ) Pd = 0;
for (i = 0; 1 < 8; i++) {
if (Rss.b[i] == Rtt.b[i]) Pd = Oxff;

Iz

Class: XTYPE (slots 2,3)

Intrinsics
Pd=any8 (vcmpb.eqg(Rss,Rtt)) Byte Q6 p any8 vcmpb eq PP (Wordé64 Rss,
Wordé64 Rtt)

Encoding

31/30]29]28 27|26 25] 24 /23] 22|21] 20 19]18]17]16 /15[ 14]13[12] 1110/ 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0

ICLASS RegType s5 Parse t5 MinOp d2
110100100--sssssPP1tttttOOO---dd;dzanys(vcmpb‘eq(RSS’Rtt
Field name Description

RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t

80-N2040-36 C 638
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Vector compare bytes

Compare each of eight bytes in two 64-bit vectors and set the corresponding bit in a
predicate destination to 1 if true, O if false.

Byte comparisons can be for equal or for unsigned greater than.

In the following example, every other comparison is true.

Rss
Rtt
Y A 4 Y l Y l \ 4 Y
cmp cmp X cmp cmp cmp X cmp X cmp cmp
\r1 SENNE Oﬁp/d
7 0
Syntax Behavior
Pd=vcmpb.eq(Rss, #u8) for (1 = 0; 1 < 8; 1i++) {
Pd.i = (Rss.ub[i] == #u);
}i
Pd=vcmpb.eq(Rss,Rtt) for (i = 0; i < 8; i++) {
Pd.i = (Rss.b[i] == Rtt.b[i]);
}i
Pd=vcmpb.gt (Rss, #s8) for (1 = 0; 1 < 8; 1+4+)
Pd.i = (Rss.blil > #s);
¥
Pd=vcmpb.gt (Rss,Rtt) for (i = 0; i < 8; i++) {
Pd.i = (Rss.b[i] > Rtt.bl[il);
¥
Pd=vcmpb.gtu (Rss, #u7) for (1 = 0; 1 < 8; 1i++) {
Pd.i = (Rss.ub[i] > #u);
¥
Pd=vcmpb.gtu (Rss,Rtt) for (i = 0; i < 8; i++) {
Pd.i = (Rss.ub[i] > Rtt.ubl[il]);
}i
80-N2040-36 C 639
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Class: XTYPE (slots 2,3)

Intrinsics
Pd=vcmpb.eq(Rss, #u8) Byte Q6 p vcmpb eq PI (Wordé4 Rss, Word32
Iu8)
Pd=vcmpb.eq(Rss,Rtt) Byte Q6_p_vcmpb_eq PP (Wordé4 Rss, Wordé4
Rtt)
Pd=vcmpb.gt (Rss, #s8) Byte Q6 p vcmpb gt PI (Wordé4 Rss, Word32
Is8)
Pd=vcmpb.gt (Rss,Rtt) Byte Q6_p_vcmpb gt PP (Wordé4 Rss, Wordé4
Rtt)
Pd=vcmpb.gtu (Rss, #u7) Byte Q6 p vcmpb gtu PI(Wordé64 Rss, Word32
Iu7)
Pd=vcmpb.gtu (Rss,Rtt) Byte Q6 p vcmpb gtu PP (Wordé4 Rss, Wordé64
Rtt)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d2
1{17/0/1/0/0|1|/0/0O|-|-|s|s|s|s|s/P/P|O|t |t |t t|t 1[1]|0|-]-]|-|d]|d]|Pd=vcmpb.eq(Rss,Rtt)
1{1/0(1/0/0|1|/0|0|-|-|s|s|s|s|(s|P/P/O|t|t|t|t|t 1|1|1]-]-]|-|d]|d]|Pd=vcmpb.gtu(Rss,Rtt)
1/1/0/1/0/0|1|0|0|-|-|s|s|s|s|(s/P/P/1|t|t t|t|t O0O|1|0]|-]-|-|d]|d]|Pd=vcmpb.gt(Rss,Rtt)
ICLASS RegType s5 Parse d2
1{17/0/1}/1}|1/0|/0|0(0|0O|s|s|s|s|s|/P|P|-|i|i|i|i|i|i|i]|i|O0]0]-|d]|d]|Pd=vcmpb.eq(Rss,#u8)
1{1/0(1}/1|1/0|/0|0(0|1|s|s|s|s|s|P|P|-|i|i|i|i|i|i|i]|i|O0]0]-|d]|d]|Pd=vcmpb.gt(Rss,#s8)
1{17/0/1}1}1/0|/0|0(1|0|s|s|s|s|s|/P|/P|-|0O|i|i|i|i|i|i]|i|O0]0]|-|d]|d|Pd=vcmpb.gtu(Rss#u7)
Field name Description
RegType Register Type
MajOp Major Opcode
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Vector compare words

Compare each of two 32-bit words in two 64-bit vectors and set the corresponding bits in a
predicate destination to '1111" if true, '0000' if false.

Word comparisons can be for equal, signed greater than, or unsigned greater than.

Rss
Rtt
cmp
0jofofo Pd
0
Syntax Behavior
Pd=vcmpw.eq (Rss, #s8) Pd[3:0] = (Rss.wl[0]==#s);
Pd[7:4] = (Rss.w[1l]==#s);
Pd=vcmpw.eq (Rss, Rtt) Pd[3:0] = (Rss.w[0]==Rtt.wl[0]) ;
Pd[7:4] = (Rss.wl[ll==Rtt.wl[1]);
Pd=vcmpw.gt (Rss, #s8) Pd[3:0] = (Rss.wl[0]>#s);
Pd[7:4] = (Rss.wl[1l]>#s);
Pd=vcmpw.gt (Rss, Rtt) Pd[3:0] = (Rss.w[O]>Rtt.w[O0]);
Pd[7:4] = (Rss.w[l]l>Rtt.w([1]);
Pd=vcmpw.gtu (Rss, #u7) Pd[3:0] = (Rss.uwl[0]>#u);
Pd[7:4] = (Rss.uwl[1l]>#u);
Pd=vcmpw.gtu (Rss, Rtt) Pd[3:0] = (Rss.uw[0]>Rtt.uwl[0]) ;
Pd[7:4] = (Rss.uw[l]>Rtt.uwl[1l]) ;
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Class: XTYPE (slots 2,3)

Intrinsics

Pd=vcmpw.eq (Rss, #s8) Byte Q6 p vcmpw _eq PI (Wordé4 Rss, Word32
Is8)
Pd=vcmpw.eq (Rss,Rtt) Byte Q6 p vcmpw eqg PP (Wordé4 Rss, Wordé4
Rtt)
Pd=vcmpw.gt (Rss, #s8) Byte Q6 p vcmpw gt PI (Wordé4 Rss, Word32
Is8)
Pd=vcmpw.gt (Rss, Rtt) Byte Q6 p vcmpw gt PP (Wordé4 Rss, Wordé4
Rtt)
Pd=vcmpw.gtu (Rss, #u7) Byte Q6 p vcmpw gtu PI(Wordé64 Rss, Word32
Iu7)
Pd=vcmpw.gtu (Rss,Rtt) Byte Q6 p vcmpw gtu PP (Wordé4 Rss, Wordé64
Rtt)
Encoding
31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16[ 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType s5 Parse t5 MinOp d2
1/17/0/1/0/0|1|/0|0O|-|-|s|s|s|s|s/P/P|O|t|t|t |t |t O0[0|0|-|-]|-|d]|d]|Pd=vcmpw.eq(Rss,Rtt)
1/1/0(1/0/0|1|/0|0|-|-|s|s|s|s|(s/P/P|O|t|t| t|t |t 0O|0|1T]|-]-|-|d]|d]|Pd=vcmpw.gt(Rss,Rtt)
1/1/0/1/0/0|1|/0|0|-|-|s|s|s|s|s|P/P/O|t|t|t|t|t 0O|1]|0]|-]-]|-|d]|d]|Pd=vcmpw.gtu(Rss,Rtt)
ICLASS RegType s5 Parse d2
1{1/0(1/1]1/0|0|0(0|0|s|s|s|s|s i|i|i|i|i|i|i]i|1|0]-|d]|d]|Pd=vcmpw.eq(Rss#s8)
1{1/0(1{1]1/0|0|0(0|1|s|s|s|s|s i|i|i|i|[i|i|i]i|1|0]-|d]|d]|Pd=vcmpw.gt(Rss,#s8)
1{1/0(1{1]1/0|0|0(1|0|s|s|s|s|s O i |i|i|i|i|i]i|1|0]-|d]|d]|Pd=vcmpw.gtu(Rss#u7)
Field name Description
RegType Register Type
MajOp Major Opcode
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Viterbi pack even and odd predicate bits

Pack the even and odd bits of two predicate registers into a single destination register. A
variant of this instruction is the R3:2 |= vitpack(P1,P0). This places the packed predicate
bits into the lower 8bits of the register pair which has been preshifted by 8bits.

This instruction is useful in Viterbi decoding. Repeated use of the push version enables a
history to be stored for traceback, purposes.

7 0

Ps

Pt
A 4 47 A 4 47 YV VY

0 Rd
31 8 7 0
Syntax Behavior
Rd=vitpack (Ps, Pt) Rd = (Ps&0x55) | (Pt&OxAA);

Class: XTYPE (slots 2,3)

Intrinsics

Rd=vitpack (Ps, Pt) Word32 Q6 R vitpack pp(Byte Ps, Byte Pt)

Encoding
31/30]29]28 27|26 25]24|23[ 22| 21| 20 19]18]17]16 /15[ 14]13[12] 1110 9 |8 [ 7|6 [ 5 |4 [3 [ 2[1] 0
ICLASS RegType |MajOp s2 | Parse t2 d5
1 |o|o‘0 1 ‘0‘0|1 -|o 0“‘ s|s P|P H‘ t|t |‘ d‘d‘d|d|d Rd=vitpack(Ps,Pt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s2 Field to encode register s
t2 Field to encode register t
MajOp Major Opcode
RegType Register Type
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Vector mux

Perform an element-wise byte selection between two vectors.

For each of the low 8 bits of predicate register Pu, if the bit is set, then the corresponding
byte in Rdd is set to the corresponding byte from Rss. Otherwise, set the byte in Rdd to the
byte from Rtt.

Rss
Rtt
Y Y Y Y l Y l Y l Y l Y l
mux mux mux mux mux mux mux mux
P[7] P[6] P[5] P[4] P[3] P[2] P[1] P[0]
Rdd

Syntax Behavior

Rdd=vmux (Pu, Rss,Rtt) for (i = 0; i < 8; i++) {
RAd.b[i]=(Pu.i? (Rss.b[i]) : (Rtt.b[il)) ;
}i

Class: XTYPE (slots 2,3)

Intrinsics
Rdd=vmux (Pu,Rss,Rtt) Wordé64 Q6 P vmux pPP(Byte Pu, Wordé4 Rss,
Word64 Rtt)
Encoding
31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType s5 Parse t5 u2 d5
1|1|o‘1 0‘0‘0|1 . -‘-s‘s‘s|s|s P|P- t‘t‘t|t|t -u‘u d‘d‘d|d|d Rdd=vmux(Pu,Rss,Rtt)
Field name Description
RegType Register Type
MinOp Minor Opcode
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
u2 Field to encode register u
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11.10.8 XTYPE/SHIFT

The XTYPE/SHIFT instruction subclass includes instructions which perform shifts.

Shift by immediate

Shift the source register value right or left based on the type of instruction. In these
instructions, the shift amount is contained in an unsigned immediate (5 bits for 32-bit
shifts, 6 bits for 64-bit shifts) and the shift instruction gives the shift direction.

Arithmetic right shifts place the sign bit of the source value in the vacated positions, while
logical right shifts place zeros in the vacated positions. Left shifts always zero-fill the

vacated bits.

ASR
Lost

Sign-ext

ASL
Lost
Zero-fill
Syntax

Rd=asl (Rs, #ub)
Rd=asr (Rs, #ub)
Rd=1sr (Rs, #ub)
Rd=rol (Rs, #u5)
Rdd=asl (Rss, #u6)
Rdd=asr (Rss, #u6)
Rdd=1sr (Rss, #u6)

Rdd=rol (Rss, #u6)

Rd

Rs

Rd

Rd
Rd
Rd
Rd
Rdd
Rdd
Rdd
Rdd

LSR
Lost Rs
Zero-fill Rd
Behavior
Rs << #u;
Rs >> #u;

Rs >>> #u;
Rs <<y #u;
Rss << #u;

Rss >> #u;

Rss >>> #u;

Rss <<i #u;
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Class: XTYPE (slots 2,3)

Intrinsics
Rd=asl (Rs, #u5b) Word32 Q6 R asl RI(Word32 Rs, Word32 Iub5)
Rd=asr (Rs, #ub) Word32 Q6 R asr RI(Word32 Rs, Word32 Iub)
Rd=1sr (Rs, #ub) Word32 Q6 R lsr RI(Word32 Rs, Word32 Iub)
Rd=rol (Rs, #ub) Word32 Q6 R rol RI(Word32 Rs, Word32 Iub)
Rdd=asl (Rss, #u6) Wordée4 Q6 P asl PI (Wordé4 Rss, Word32 Iu6)
Rdd=asr (Rss, #u6) Wordé4 Q6 P asr PI (Wordé4 Rss, Word32 Iu6)
Rdd=1sr (Rss, #u6) Wordé4 Q6 P lsr PI (Wordé4 Rss, Word32 Iu6)
Rdd=rol (Rss, #u6) Wordé64 Q6 P rol PI(Wordé4 Rss, Word32 Iu6)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|/0j0|O0O|O|O0O|OfO|O|s|s|s|s|s|/P|P|i|i|i|i|i|i|0|0|0|d|d|d]|d]|d|Rdd=asr(Rss,#u6)
1/0/0|/0j0|O0O|O|O0O|O(O|O|s|s|s|s|s|/P|P|i|i|i|i|i|i|0|0|1|d|d|d]|d]|d|Rdd=Isr(Rss#u6)
1/0/0|0Oj0|O0O|O|O0O|O|O|O|s|s|s|s|s|/P|P|i|i|i|i|i|i|0[1]0|d|d|d]|d]|d|Rdd=asl(Rss,#u6)
1/0/0|0|0|O|O|O|O0O|O0O|O|s|s|s|s|s|P|P|i|i|i|]i|i|[i|O0O|1]|1]|d|d|d]|d]|d|Rdd=rol(Rss#u6)
1/0(0/0f1|(1|0|0|0|0|0O|s|s|s|s|s|P/P|O|i|i|]i|i|i|/0]|0]|0|d|d|d]|d|d]|Rd=asr(Rs#ub)
1/0/0(0f1|1]|0|0|0|0|0O|s|s|s|s|s|P/P|O|i|i|i|i|i|l0|0|1|d|d|d]|d]|d|Rd=lsr(Rs#u5)
1/0/0|/0/1|1|/0|0|O0O|0O|O|s|s|s|s|s|/P|/P|O|i|i|i|i|i|O0[1]0|d|d]|d]|d]|d|Rd=asl(Rs#u5)
1/0/0|/0O}1|1/0|0|0Of0O|O|s|s|s|s|s|/P|P|O|i|i|i|i|i|O0[1]|1|d|d|d]|d]|d]|Rd=rol(Rs#u5)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
MajOp Major Opcode
MinOp Minor Opcode
RegType Register Type
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Shift by immediate and accumulate

Shift the source register value right or left based on the type of instruction. In these
instructions, the shift amount is contained in an unsigned immediate (5 bits for 32-bit
shifts, 6 bits for 64-bit shifts) and the shift instruction gives the shift direction.

Arithmetic right shifts place the sign bit of the source value in the vacated positions, while
logical right shifts place zeros in the vacated positions. Left shifts always zero-fill the

vacated bits.

After shifting, add or subtract the shifted value from the destination register or register

pair.
Rss # /Rt
64-bit Shift Value Shift Amt
( 64-bit Shift

—

(' e4-bitAdd/sub )

64 bit result

Syntax
Rx=add (#u8, asl (Rx, #U5))

Rx=add (#u8, 1sr (Rx, #U5) )

Rx=sub (#u8, asl (Rx, #U5) )

Rx=sub (#u8, 1sr (Rx, #U5) )

Rx[+-]1=asl (Rs, #u5)
Rx [+-]=asr (Rs, #u5)
Rx [+-]1=1sr (Rs, #u5)

Rx[+-]=rol (Rs, #u5)

Rxx

Rs # /Rt
32-bit Shift Value Shift Amt
( 32-bit Shift

—

(' 32-bitAdd/Sub )

32 bit result Rx

Behavior

Rx=apply extension (#u)+ (Rx<<#U) ;

Rx=apply extension (#u)+ (( (unsigned
int)Rx) >>#U) ;

Rx=apply extension (#u) - (Rx<<#U) ;

Rx=apply extension (#u) - (( (unsigned
int)Rx) >>#U) ;

Rx

Rx

Rx

Rx

Rx [+-]1 Rs << #u;
Rx [+-]1 Rs >> #u;
Rx [+-] Rs >>> #u;

Rx [+-] Rs <<z #u;

Rxx [+-]=asl (Rss, #u6) Rxx = Rxx [+-] Rss << #u;

Rxx [+-]=asr (Rss, #u6) Rxx = Rxx [+-] Rss >> #u;

Rxx [+-]1=1sr (Rss, #u6) Rxx = Rxx [+-] Rss >>> #u;

Rxx [+-]1=rol (Rss, #u6) Rxx = Rxx [+-] Rss << #u;
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Class: XTYPE (slots 2,3)

Intrinsics

Rx+=asl (Rs, #ub) Word32 Q6 R aslacc RI (Word32 Rx, Word32 Rs,
Word32 Iub)

Rx+=asr (Rs, #ub) Word32 Q6 R asracc_ RI (Word32 Rx, Word32 Rs,
Word32 Iub5)

Rx+=1sr (Rs, #ub) Word32 Q6 R lsracc RI (Word32 Rx, Word32 Rs,
Word32 Iub)

Rx+=rol (Rs, #u5) Word32 Q6 R rolacc RI (Word32 Rx, Word32 Rs,
Word32 Iub5)

Rx-=asl (Rs, #ub) Word32 Q6 R aslnac RI (Word32 Rx, Word32 Rs,
Word32 Iub)

Rx-=asr (Rs, #ub) Word32 Q6 R asrnac_ RI (Word32 Rx, Word32 Rs,
Word32 Iub5)

Rx-=1sr (Rs, #ub) Word32 Q6 R lsrnac RI (Word32 Rx, Word32 Rs,
Word32 Iub)

Rx-=rol (Rs, #u5) Word32 Q6 R rolnac RI (Word32 Rx, Word32 Rs,
Word32 Iub5)

Rx=add (#u8, asl (Rx, #U5) ) Word32 Q6 R add asl IRI(Word32 Iu8, Word32
Rx, Word32 IUS5)

Rx=add (#u8, 1sr (Rx, #U5) ) Word32 Q6 R add lsr IRI (Word32 Iu8, Word32
Rx, Word32 IUS5)

Rx=sub (#u8, asl (Rx, #U5) ) Word32 Q6 R sub asl IRI(Word32 Iu8, Word32
Rx, Word32 IUS5)

Rx=sub (#u8, 1sr (Rx, #U5) ) Word32 Q6 R sub lsr IRI(Word32 Iu8, Word32
Rx, Word32 IUS5)

Rxx+=asl (Rss, #u6) Wordé64 Q6 P aslacc PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx+=asr (Rss, #u6) Wordé4 Q6 P asracc_PI (Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx+=1sr (Rss, #u6) Wordé64 Q6 P lsracc PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx+=rol (Rss, #u6) Wordé4 Q6 P rolacc_PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx-=asl (Rss, #u6) Wordé64 Q6 P aslnac PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx-=asr (Rss, #u6) Wordé4 Q6 P asrnac_PI (Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx-=1sr (Rss, #u6) Wordé64 Q6 P lsrnac PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Rxx-=rol (Rss, #u6) Wordé64 Q6 P rolnac PI (Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp x5
1/0/0/0j0|O0O|1|0|0O|0O|-|s|s|s|s|s|P|P|i|i]|i|i|i|i|0|0]|0|x|x|x]|Xx]|Xx|Rxx-=asr(Rss,#u6)
1/0/0|0|0|O0O|1|0|0O|0O|-|s|s|s|s|s|/PP|i|i|i|i|i|i|0|0]|1|x|x]|Xx]|Xx]|Xx|Rxx-=lsr(Rss,#u6)
1/0/0/0|0|O|1|0|0|0|-|s|s|s|s|s|(P/P|i|i|i]i|]i|]i|l0|1]0]|x]|x]|x]|Xx]|Xx|Rxx-=asl(Rss,#ub)
1/0/0|0l0|O|1|0|0|0|-|s|s|s|s|s|(P|P|i|i|i|]i|[ili|O0|1T]|1]|x]|x]|x]|x]|Xx|Rxx-=rol(Rss,#u6)
1/0/0|0l0O|O|1|0|0|0|-|s|s|s|s|s|P/P|i|i|i]i|i|i|1]0]0]|x|x]|x]|x|x|Rxx+t=asr(Rss,#u6)
1/0/0|/0|0|O0O|1|0|0|0O|-|s|s|s|s|s| P[P|i|i|i|i|i|]i|1|0]|1|x]|x]|x]|Xx]|Xx|Rxx+=lIsr(Rss,#ub)
1/0/0|/0j0|O0O|1|0|0O|0O|-|s|s|s|s|s|/P|P|i|i]i|i|i|i|1|[1]0|x]|x]|x]|Xx]|x|Rxx+=asl(Rss,#ub)
1/0/0/0|0|O0O|1|0|/0O|0O|-|s|s|s|s|s|/PP|i|i]|i|i|i|i|1|[1]1|x]x]|x]|Xx]|Xx|Rxx+=rol(Rss,#u6)
1/0(0(0f1|1|1]|0|0|0|-|s|s|s|s|[s|P/P|O|i|i]i|i|i|0]|0]|0]|x|x]|x]|x|x|Rx-=asr(Rs#u5)
1/0(0/0f1|(1|1]/0|0|0|-|s|s|s|s|s|[P/P|O|i|i]|]i|[i|i|lO0]|0]|1T]|x]|x|x]|x]|x|Rx-=Isr(Rs#ub5)
1/0(0(0f1|1|1|0|0(0|-|s|s|s|s|s|P/P/O|i|i]i|i|i|0]|1]0]|x]|x]|x]|x|x|Rx-=asl(Rs#u5)
1/0/0/0/1|1/1]/0|0|0|-|s|s|s|s|s|/P|/P|O|i|i|i|i|i|O0[1]1|x]|x]|Xx]|Xx]|Xx|Rx-=rol(Rs#u5)
1/0/0/0O}{1|{1|41|/0|/0(0|-|s|s|s|s|s|/P|[P|O|i|i|i|i|i|1]|0]|0|x]|x]|x]|x]|x|Rxt=asr(Rs,#u5)
1/0/0|0O1|1|1/0|/0|0O|-|s|s|s|s|s|/P|/P|O|i|i|i|i|i|1|[0]|1|x]|x]|x]|Xx]|x|Rxt+=Isr(Rs#u5)
1/0(0(0f1(1|1]|0|0|0|-|s|s|s|s|s|(P/P|O|i|i]i|ili|1]1]0]x]|x]|x]|x|x|Rx+=asl(Rs,#u5)
1/0(0(0f1|1|1|0|0|0|-|s|s|s|s|[s|(P/P|O]i|i]i|i|i|1]|1]|1]|x]x]|x]|x]|x|Rx+=rol(Rs,#u5)
ICLASS RegType x5 Parse MajOp
1T (101 (1|11 ]o0o|ifi|i|lx|x|x|[x|x/ P[P|i|fb| b1 |[0P|0P|i|i]|]i|O]i]|1]|0]|-|Rx=add(#u8,asl(Rx#U5))
1101 (1|11 jo|ifi|i|lx|x|x|[x|x/ P[P|ifb 0P| [0P|VP|i|i]|]i|O]i|1|1]-|Rx=sub(#u8,asl(Rx#U5))
1101 (1|11 jo|ili|i|lx|x|x|[x|x/ P[P|i|b | bbb [0b|bv|i|i]i|1]i]|1]|0]|-|Rx=add(#u8,lsr(Rx#U5))
11101 (1 (1|1 |0o|ifili|x|x|{x|x|[x[P/P|i|l{0P]0P|[0P[0b|i|i|]i|1]i|1]|1]-]|Rx=sub(#u8,1lsr(Rx#U5))
Field name Description

RegType Register Type

MajOp Major Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

s5 Field to encode register s

x5 Field to encode register x

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Shift by immediate and add

Shift Rs left by 0-7 bits, add to Rt, and place the result in Rd.

This instruction is useful for calculating array pointers, where destruction of the base

pointer is undesirable.

Syntax Behavior
Rd=addasl (Rt,Rs, #u3) Rd = Rt + Rs << #u;
Class: XTYPE (slots 2,3)
Intrinsics
Rd=addasl (Rt,Rs, #u3) Word32 Q6 R addasl RRI (Word32 Rt, Word32
Rs, Word32 Iu3l)
Encoding

31|30|29‘28 27‘26‘25|24 23|22 2

-
w

20‘19‘18|17|16 15|141

12‘11‘10|9|8 7|6 5 4\3\2|1|0

ICLASS

RegType Maj s5 Parse t5 Min

d5

1|1|o‘0 0

‘1‘0|o o|o 0 s‘s‘s|s|s P|P 0 t‘t‘t|t|t i|i

d‘d‘d|d|d

Rd=addasl(Rt,Rs,#u3)

80-N2040-36 C

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Shift by immediate and logical

Shift the source register value right or left based on the type of instruction. In these
instructions, the shift amount is contained in an unsigned immediate (5 bits for 32-bit
shifts, 6 bits for 64-bit shifts) and the shift instruction gives the shift direction.

Arithmetic right shifts place the sign bit of the source value in the vacated positions, while
logical right shifts place zeros in the vacated positions. Left shifts always zero-fill the
vacated bits.

After shifting, take the logical AND, OR, or XOR of the shifted amount and the
destination register or register pair, and place the result back in the destination register or
register pair.

Saturation is not available for these instructions.

#/Rt Rs #/Rt
64-bit Shift Value Shift Amt 32-bit Shift Value Shift Amt
64-bit Shift ( 32-bit Shift

( 64-bit ANDIOR ) ( 32-bit AND/OR )
64 bit result Rxx 32 bit result Rx
Syntax Behavior
Rx=and (#u8, asl (Rx, #U5) ) Rx=apply extension (#u) & (Rx<<#U) ;
Rx=and (#u8, 1sr (Rx, #U5) ) Rx=apply extension (#u)&(( (unsigned
int)Rx) >>#0U) ;
Rx=or (#u8, asl (Rx, #U5) ) Rx:apply_extension(#u)|(Rx<<#U);
Rx=or (#u8, 1lsr (Rx, #U5) ) Rx:apply_extension(#u)|(((unsigned

int)Rx) >>#U) ;

Rx [&|]=asl (Rs, #u5) Rx = Rx [|&] Rs << #u;
Rx [&|]=asr (Rs, #u5) Rx = Rx [|&] Rs >> #u;
Rx [&|]=1sr (Rs, #u5) Rx = Rx [|&] Rs >>> #u;
Rx [&|]=rol (Rs, #u5) Rx = Rx [|&] Rs <<y #u;
Rx"=asl (Rs, #u5) Rx = Rx " Rs << #u;
Rx*=1sr (Rs, #u5) Rx = Rx * Rs >>> #u;
Rx”*=rol (Rs, #u5) Rx = Rx " Rs <<y #u;
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Syntax
Rxx [&|]=asl (Rss, #u6)
Rxx [&|] =asr (Rss, #u6)
Rxx [&|] =1sr (Rss, #u6)
Rxx [&|]=rol (Rss, #u6)
Rxx"=asl (Rss, #u6)
Rxx"=1sr (Rss, #u6)

Rxx"=rol (Rss, #u6)
Class: XTYPE (slots 2,3)

Intrinsics

Rx&=asl (Rs, #u5)
Rx&=asr (Rs, #u5)
Rx&=1sr (Rs, #u5)
Rx&=rol (Rs, #u5)
Rx=and (#u8, asl (Rx, #U5))
Rx=and (#u8, 1sr (Rx, #U5) )
Rx=or (#u8, asl (Rx, #U5) )
Rx=or (#u8, 1sr (Rx, #U5) )
Rx"=asl (Rs, #u5)
Rx"=1sr (Rs, #u5)
Rx"=rol (Rs, #u5)
Rx|=asl (Rs, #u5)
Rx|=asr (Rs, #u5)
Rx|=1sr (Rs, #u5)
Rx|=rol (Rs, #u5)

Rxx&=asl (Rss, #u6)

Rxx =
Rxx =
Rxx =
Rxx =
Rxx =
Rxx =

Rxx =

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32

Rxx

Rxx

Rxx

Rxx

Rxx

Rxx

Rxx

[|&] Rss
[|&] Rss
[|&] Rss
[|&] Rss
* Rss <<
* Rss >>
* Rss <<

Behavior
<< #u;
>> #u;
>>> #u;
<<p #u;
#u;

> #u;

R #U.,'

Q6 R asland RI (Word32 Rx, Word32 Rs,
Tub)

Q6 R asrand RI(Word32 Rx, Word32 Rs,
Iub)

Q6 R lsrand RI(Word32 Rx, Word32 Rs,
Tub)

Q6 R roland RI(Word32 Rx, Word32 Rs,
Iub)

Q6 R and asl IRI (Word32 Iu8, Word32
Rx, Word32 IUS5)

Word32 Q6 R and lsr IRI(Word32 Iu8, Word32
Rx, Word32 IUS5)

Word32 Q6 R or asl IRI(Word32 Iu8, Word32
Rx, Word32 IUS5)

Word32 Q6 R or_ lsr IRI (Word32 Iu8, Word32
Rx, Word32 IUS5)

Word32 Q6 R aslxacc RI (Word32 Rx, Word32
Rs, Word32 Ius)

Word32 Q6 R lsrxacc_ RI (Word32 Rx, Word32
Rs, Word32 Iub)

Word32 Q6 R rolxacc RI (Word32 Rx, Word32
Rs, Word32 Ius)

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Wordé4

Q6_R aslor_ RI(Word32 Rx, Word32 Rs,
Ius5)

Q6 R asror RI(Word32 Rx, Word32 Rs,
Tub)

Q6_R lsror_ RI(Word32 Rx, Word32 Rs,
Ius5)

Q6 R rolor RI(Word32 Rx, Word32 Rs,
Tub)

Q6 P asland PI (Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)
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Rxx&=asr (Rss, #u6)
Rxx&=1sr (Rss, #u6)
Rxx&=rol (Rss, #u6)
Rxx"=asl (Rss, #u6)
Rxx"=1sr (Rss, #u6)
Rxx*=rol (Rss, #u6)
Rxx|=asl (Rss, #u6)
Rxx |=asr (Rss, #u6)
Rxx|=1sr (Rss, #u6)

Rxx |=rol (Rss, #u6)

Wordé64 Q6 P asrand PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Wordé4 Q6_P_lsrand PI (Wordé64 Rxx, Wordé4
Rss, Word32 Tué)

Wordé64 Q6 P roland PI(Wordé64 Rxx, Wordé4
Rss, Word32 Iu6)

Wordé64 Q6_P_aslxacc_PI (Word64 Rxx, Wordé64
Rss, Word32 Iué6)

Wordée4 Q6 P lsrxacc PI (Wordé64 Rxx, Wordé64
Rss, Word32 Iu6)

Wordé64 Q6_P_rolxacc_PI (Wordé64 Rxx, Wordé64

Rss, Word32 Iué6)
Wordée4 Q6 P aslor PI(Wordé64 Rxx, Wordé64
Rss, Word32 Iu6)
Wordé4 Q6_P_asror_ PI (Wordé4 Rxx, Wordé4
Rss, Word32 Iué6)
Wordée4 Q6 P lsror PI (Wordé64 Rxx, Wordé64
Rss, Word32 Iu6)
Wordé4 Q6_P_rolor PI (Wordé4 Rxx, Wordé4

Rss, Word32 Iu6)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17]16[1514]13[1211]10] 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0

ICLASS RegType |MajOp s5 Parse MinOp x5
1/0/0(0|O0O|O|1|0O|0Of1|-|s|s|s|s|s|(P/P|i|i|i]i|i|i|0]|0]|0]|x|x]|x]|x|x|Rxx&=asr(Rss,#u6)
1/0/0(00|O|1|0|0f1|-|s|s|s|s|s|P/P|i|i|i]i|]i|i|l0]|0]|1T]|x]|x]|x]|x]|Xx|Rxx&=lIsr(Rss,#ub)
1/0/0|/0Oj0|O0O|1T|0|0O(1|-|s|s|s|s|s|/P|P|i|i|i|il|i|i|O0[1]0|x]|x]|x]|x]|Xx|Rxx&=asl(Rss,#ub)
1/0/0|0j0|O0O|1T|0|0O(1|-|s|s|s|s|s|P|P|i|i|i|i|i|i|0[1]1|x]|x]|x]|Xx]|Xx|Rxx&=rol(Rss,#u6)
1/0/0/0j0|O0O|1|0|0Of1|-|s|s|s|s|s/ P|P|i|i|i|i|i]|]i|1]|0]0|x]|x]|x]|x]|x | Rxx=asr(Rss,#u6)
1/0(0(0f0|O|1|0|0|1|-|s|s|s|s|s|P|P|i|i|i|i|i|i|1]|0]|1]|x]|x]|x]|x]|x|Rxx|=lsr(Rss,#u6)
1/0(0/00|O|1|0|01|-|s|s|s|s|s|P|P|i|i|i]i|i|i|1]|1]0]|x]|x|x]|x]|x|Rxx|=asl(Rss,#u6)
1/0(0(0f0|O|1|0O|0O|1|-|s|s|s|s|s|[P|P|i|i|i]i|ili|1|1]|1]x]x]|x]|x]|x|Rxx|=rol(Rss,#u6)
1/0/0|/0j0|O0O|1T|0|1|0O|-|s|s|s|s|s|/P[P|i|i|i|i|i|i|O0|0]|1|x]|x]|x]|Xx]|Xx|Rxx*=lsr(Rss,#u6)
1/0/0/0j0|O0O|1|0|1|0O|-|s|s|s|s|s|/P|P|i|i|i|i|i|i|O0[1]0|x]|x]|x]|Xx]|x|Rxx*=asl(Rss,#u6)
1/0/0/0j0|O0O|1|0|1|0O|-|s|s|s|s|s|/P|P|i|i|i|i|i|i|O0[1]1|x]|x]|x]|Xx]|Xx|Rxx*=rol(Rss,#u6)
1/0(0j0f1|1|1|0|0f1|-|s|s|s|s|[s|P/P|O|i|i|]i|i|i|0]0]|0]|x|x|x|x|x|Rx&=asr(Rs,#u5)
1/0(0j0f1|1|1]|0|0f1|-|s|s|s|s|[s|P/P|O|i|i]i|i|i|0]|0]|1T]|x]|x]|x]|x|x|Rx&=Isr(Rs,#u5)
1/0(0(0f1|1|1]|0|0f1|-|s|s|s|s|[s|P/P|O|i|i]i|i|i|0]|1]0]|x|x|x]|x|x|Rx&=asl(Rs,#u5)
1/0/0|0O{1|1|1|/0/0(1|-|s|s|s|s|s|/P|P|O|i|i|i|i|]i|0[1]|1|x]|x]|x]|x]|x|Rx&=rol(Rs,#u5)
1/0/0j0{1|141/0/0(1|-|s|s|s|s|s|/P|P|O|i|i|i|i|i|1|0]0|x]|x]|x]|x]|x|Rx=asr(Rs#ub5)
1/0/0/0{1|1|1]|0|0(1|-|s|s|s|s|s|P|/P|O|i|i|i|i|i|1|0]|1|x]|x]|x]|Xx]|x|Rx|=lsr(Rs#u5)
1/0(0j0(1|1|1|0|0f1|-|s|s|s|s|s|P/P|O|i|i|i|i|i|1]|1]0]|x]|x]|x]|x|x|Rx|=asl(Rs,#u5)
1/0(0(0f1|1|1|0|01|-|s|s|s|s|s|[P|/P|O|i|i]i|i|i|1]|1]1]x]x]|x]|x]|x|Rx|=rol(Rs#ub5)
1/0(0j0f1(1|1|0|1|0|-|s|s|s|s|s|(P/P/O|i|i]i|i|i|/0]|0]|1T]|x]|x]|x]|x]|x|Rx"=Isr(Rs,#u5)
1/0/0/0{1{141/0|1/0|-|s|s|s|s|s|/P|P|O|i|i|i|i|i|O0[1]0|x]|x]|x]|x]|x|Rx*=asl(Rs#ub5)
1/0/0|0O{1|1|1]/0|1|0|-|s|s|s|s|s|/P|P|O|i|i|i|i|i|O0[1]1|x]|x]|Xx]|x]|x|Rx*=rol(Rs#u5)
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31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType x5 Parse MajOp
110 (1 (1|1 1|0 |ilfi]i x| x|x|x|P|P [ Flijili i|0]|0 Rx=and(#u8,asl(Rx,#U5))
110 (1 (1|1 1|0 |ili]i x| x|x|x| P|P [ I[i|i|i|O0O]i|0O]1 Rx=or(#u8,asl(Rx,#U5))
111101 (11|10 |ifi]i x| x|x|x|P|P 1|1 Ijililif1]i|0]O0 Rx=and(#u8,Isr(Rx,#U5))
11101 (11|10 |ifi]i x| x|x|x|P|P 1|1 Fjifjilif1]i|0]1 Rx=or(#u8,Isr(Rx,#U5))
Field name Description

RegType Register Type

MajOp Major Opcode

ICLASS Instruction Class

Parse Packet/Loop parse bits

s5 Field to encode register s

x5 Field to encode register x

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type
80-N2040-36 C 654
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Shift right by immediate with rounding

Perform an arithmetic right shift by an immediate amount, and then round the result. This
instruction works by first shifting right, then adding the value +1 to the result, and finally
shifting right again by one bit. The right shifts always inserts the sign-bit in the vacated
position.

When using asrrnd, the assembler adjusts the immediate appropriately.

Lost Rs

Sign-ext

32-bit Add

Rd
Syntax Behavior
Rd=asr (Rs, #u5) : rnd Rd = ((Rs >> #u)+1l) >> 1;
Rd=asrrnd (Rs, #u5) if ("#us5==0")
Assembler mapped to: "Rd=Rs";
} else {
Assembler mapped to: "Rd=asr (Rs,#u5-
1) :rnd";
b 5
Rdd=asr (Rss, #u6) :rnd tmp = Rss >> #u;
rnd = tmp & 1;
Rdd = tmp >> 1 + rnd;
Rdd=asrrnd (Rss, #u6) if ("#ue==0")
Assembler mapped to: "Rdd=Rss";
} else {
Assembler mapped to: "Rdd=asr (Rss, #u6-
1) :rnd";
b 5
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Class: XTYPE (slots 2,3)

Intrinsics

Rd=asr (Rs, #u5) :rnd Word32 Q6 R asr RI rnd(Word32 Rs, Word32
Tusb)

Rd=asrrnd (Rs, #u5) Word32 Q6_R_asrrnd_RI (Word32 Rs, Word32
Iub)

Rdd=asr (Rss, #u6) :rnd Wordée4 Q6 P asr PI rnd(Wordé64 Rss, Word32
Tué6)

Rdd=asrrnd (Rss, #u6) Wordé64 Q6 P asrrnd PI (Wordé64 Rss, Word32
Tu6)

Encoding

31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7|6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0/0j0j0O|O|O0O|1(1|0|s|s|s|s|s P|/P|i|i|i|i|i|i|1|[1]1|d|d]|d]|d]|d]|Rdd=asr(Rss,#u6):rnd
1/0/0|0f1|1|/0|0|0|1|0|s|s|s|s|s|/P|[P|O|i|i|i|i|il0|0|0|d|d|d]|d]|d|Rd=asr(Rs#u5)md
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Shift left by immediate with saturation

Perform a left shift of the 32-bit source register value by an immediate amount and

saturate.

Saturation works by first sign-extending the 32-bit Rs register to 64 bits. It is then left
shifted by the immediate amount. If this 64-bit value cannot fit in a signed 32-bit number
(the upper word is not the sign-extension of bit 31), then saturation is performed based on
the sign of the original value. Saturation clamps the 32-bit result to the range
0x8000_0000 to Ox7fft ftff.

Syntax

Rd=asl (Rs, #u5) :sat

Class: XTYPE (slots 2,3)

Notes

Rd = sat;,(sxt3,_ g4 (RS)

Behavior

<< #u);

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), the OVF bit in the Status Register is set.
OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics

Rd=asl (Rs, #u5) :sat

Word32 Q6 R asl RI sat (Word32 Rs, Word32

Tu5)

Encoding

31/30/29|28|27|2625/24/23|22]21/20|19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘01‘1‘0|0 o|1 0 s‘s‘s|s|s P|P O‘i‘i‘i|i|i0|1‘0 d‘d‘d|d|d Rd=asl(Rs #u5):sat
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

s5 Field to encode register s

MajOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Shift by register

The shift amount is the least significant 7 bits of Rt, treated as a two's complement value.
If the shift amount is negative (bit 6 of Rt is set), the direction of the shift indicted in the

opcode is reversed (see Figure).

The source data to be shifted is always performed as a 64-bit shift. When the Rs source
register is a 32-bit register, this register is first sign or zero-extended to 64-bits. Arithmetic
shifts sign-extend the 32-bit source to 64-bits, while logical shifts zero extend.

The 64-bit source value is then right or left shifted based on the shift amount and the type
of instruction. Arithmetic right shifts place the sign bit of the source value in the vacated
positions. Logical right shifts place zeros in the vacated positions.

ASR w/ Positive Rt
ASL w/ Negative Rt

Lost

Sign-ext

ASL w/ Positive Rt
LSL w/ Positive Rt
ASR w/ Negative Rt
LSR w/ Negative Rt

Lost

Zero-fill

Syntax

Rd=asl (Rs,Rt)

Rd=asr (Rs,Rt)

Rd=1sl (#s6,Rt)

Rd=1sl (Rs,Rt)

LSR w/ Positive Rt
LSL w/ Negative Rt
Rs Lost Rs
Rd Zero-fill Rd
Rs
Rd
Behavior

shamt=sxt,__5, (Rt) ;
Rd = (shamt>0)? (sxt;,_
s64 (Rs) <<shamt) : (sxt;,_ .64 (RS) >>shamt) ;

shamt=sxt,__5, (Rt) ;
Rd = (shamt>0)? (sxt;,_
.64 (Rs) >>shamt) : (sxt;,_.¢4 (RS) <<shamt) ;

shamt = sxt,__3;,(Rt);
Rd = (shamt>0)? (zxt;,_
.64 (#s) <<shamt) : (zxt;,_.¢4 (#s) >>>shamt) ;

shamt=sxt,_.;, (Rt) ;
Rd = (shamt>0)? (zxt;,_
.64 (Rs) <<shamt) : (zxt;,_.¢4 (RS) >>>shamt) ;
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Syntax

Rd=1sr (Rs,Rt)

Rdd=asl (Rss,Rt)

Rdd=asr (Rss,Rt)

Rdd=1sl (Rss,Rt)

Rdd=1sr (Rss,Rt)

Class: XTYPE (slots 2,3)

Intrinsics

Rd=asl (Rs,Rt)
Rd=asr (Rs,Rt)
Rd=1sl (#s6,Rt)
Rd=1sl (Rs,Rt)
Rd=1sr (Rs,Rt)
Rdd=asl (Rss,Rt)
Rdd=asr (Rss,Rt)
Rdd=1sl (Rss,Rt)

Rdd=1sr (Rss,Rt)

Behavior
shamt=sxt,_.;, (Rt) ;
Rd = (shamt>0)? (zxt;,_
s64 (Rs) >>>shamt) : (zxt,,_ .4 (RS) <<shamt) ;
shamt=sxt,_.;, (Rt) ;
Rdd = (shamt>0) ? (Rss<<shamt) : (Rss>>shamt) ;
shamt=sxt,__5, (Rt) ;
Rdd = (shamt>0)? (Rss>>shamt) : (Rss<<shamt) ;
shamt=sxt,_.;, (Rt) ;
Rdd = (shamt>0)? (Rss<<shamt) : (Rss>>>shamt) ;
shamt=sxt,__5, (Rt) ;
Rdd = (shamt>0)? (Rss>>>shamt) : (Rss<<shamt) ;

Word32 Q6 R asl RR(Word32 Rs, Word32 Rt)
Word32 Q6 R asr RR(Word32 Rs, Word32 Rt)
Word32 Q6 R 1sl IR(Word32 Is6, Word32 Rt)
Word32 Q6 R 1sl RR(Word32 Rs, Word32 Rt)
Word32 Q6 R lsr RR(Word32 Rs, Word32 Rt)
Wordé4 Q6 P asl PR (Wordé4 Rss, Word32 Rt)
Wordé4 Q6 P asr PR (Wordé4 Rss, Word32 Rt)
Wordée4 Q6 P 1sl PR (Wordé4 Rss, Word32 Rt)

Wordé4 Q6 P lsr PR (Wordé4 Rss, Word32 Rt)

Encoding
31/30/29|28|27|2625/24/23|22|21/2019]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1[1Jofololof1[1[1]o]-]s[s]s|s|[s|P[P|-]t][t|t[t]t|o]o]-]d]d]d]|d]d]|Rdd=asrRss Rt
1{1]ofololol1]1][1]o]-]s|s|s|s|s|P[P|-[t]|t|t|t|t]|o]1]-]d|d|d]|d]|d]|Rdd=Isr(Rss,RY)
11 ]ofololo1]1][1]o]-]s|s|s|s|s|P[P|-[t|t|t|t|t|1]o]-]d|d|d|d]|d]|Rdd=asi(RssRE)
11 ]ofofofol1]1[1]o]-]s|s|s|s|s|P[P|-|t|t|t|t|t]|1]1]-]d|d|d|d]|d]|Rdd=IsRssRY)
1[1]ofofol1][1]ofol1]-]s]|s|s|s|s|P[P|-]t][t|t|t|t|ofo]-]d]d|d]|d]|d]|Rd=asr(Rs,RY)
11 ]ofofof1][1]ofol1]-]s]s|s|s|s|P[P|-]t|t|t|t|t]o]1]-]d]|d|d]d]|d]|Ra=isrRsRY)
1[1]ofofol1[1lofol1]-]s|s|s|s|s|P[P|[-]t]|t|t|t|t][1]o]-]d]a|d]|d]|d]|Rd=asiRrsRY)
11 ]ofofof1]1lofol1]-]s|s|s|s|s|P|P|-|t|t|t|t|t|1]1]-]d|d|d|d]|d|Ra=IsiRsRY
ICLASS RegType Maj Parse t5 Min d5
1|1|o‘0 0‘1‘1|o1|o . |‘i‘i|i|iP|P-t‘t‘t|t|t1|1 |d‘d‘d|d|d Rd=lIs|(#s6,Rt)
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Instruction Set

Field name

ICLASS
Parse
ds

s5

t5

Maj

Min
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Major Opcode

Minor Opcode

Register Type

Description
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Shift by register and accumulate

The shift amount is the least significant 7 bits of Rt, treated as a two's complement value.
If the shift amount is negative (bit 6 of Rt is set), the direction of the shift indicted in the
opcode is reversed.

Shift the source register value right or left based on the shift amount and the type of
instruction. Arithmetic right shifts place the sign bit of the source value in the vacated
positions. Logical right shifts place zeros in the vacated positions.

The shift operation is always performed as a 64-bit shift. When Rs is a 32-bit register, this
register is first sign- or zero-extended to 64-bits. Arithmetic shifts sign-extend the 32-bit
source to 64-bits, while logical shifts zero extend.

After shifting, add or subtract the 64-bit shifted amount from the destination register or

register pair.
Rss #/Rt Rs #/Rt
64-bit Shift Value Shift Amt 32-bit Shift Value Shift Amt
(' e4-bit shift ( 32-bit Shit
(' e4-bitAdd/sub ) (' 32-bitAdd/Sub )
64 bit result Rxx 32 bit result Rx
Syntax Behavior
Rx[+-]=asl (Rs,Rt) shamt=sxt,__ 5, (Rt) ;
Rx = Rx [+-] (shamt>0)? (sxts,_
>64 (Rs) <<shamt) : (sxt;,_,64 (RS) >>shamt) ;
Rx [+-]=asr (Rs,Rt) shamt=sxt,__ ;5 (Rt) ;
Rx = Rx [+-] (shamt>0)? (sxt;,_
.64 (Rs) >>shamt) : (sxt;,_.¢4 (RS) <<shamt) ;
Rx[+-]1=1s1(Rs,Rt) shamt=sxt;_.35 (Rt) ;
Rx = Rx [+-] (shamt>0)? (zxt;,_
.64 (Rs) <<shamt) : (zxt;,_.¢4 (RS) >>>shamt) ;
80-N2040-36 C 661

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Syntax Behavior
Rx[+-]1=1sr (Rs,Rt) shamt=sxt;_,35 (Rt) ;
Rx = Rx [+-] (shamt>0)? (zxt;,_
s64 (Rs) >>>shamt) : (zxt,,_ .4 (RS) <<shamt) ;
Rxx[+-]1=asl (Rss,Rt) shamt=sxt;_,35 (Rt) ;

Rxx = Rxx [+-]
(shamt>0) ? (Rss<<shamt) : (Rss>>shamt) ;

Rxx [+-]=asr (Rss,Rt) shamt=sxt,__3, (Rt) ;
Rxx = Rxx [+-]
(shamt>0) ? (Rss>>shamt) : (Rss<<shamt) ;

Rxx [+-]1=1s1 (Rss,Rt) shamt=sxt,__ 5, (Rt) ;
Rxx = Rxx [+-]
(shamt>0) ? (Rss<<shamt) : (Rss>>>shamt) ;

Rxx [+-]=1sr (Rss,Rt) shamt=sxt,__ 5, (Rt) ;
Rxx = Rxx [+-]
(shamt>0) ? (Rss>>>shamt) : (Rss<<shamt) ;

Class: XTYPE (slots 2,3)

Intrinsics

Rx+=asl (Rs,Rt) Word32 Q6 R aslacc RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rx+=asr (Rs, Rt) Word32 Q6 R asracc_ RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rx+=1sl1 (Rs,Rt) Word32 Q6 R lslacc RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rx+=1sr (Rs,Rt) Word32 Q6 R lsracc RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rx-=asl (Rs,Rt) Word32 Q6 R aslnac RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rx-=asr (Rs,Rt) Word32 Q6 R asrnac_ RR (Word32 Rx, Word32 Rs,
Word32 Rt)

Rx-=1s1 (Rs,Rt) Word32 Q6 R lslnac RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rx-=1sr (Rs,Rt) Word32 Q6 R lsrnac RR(Word32 Rx, Word32 Rs,
Word32 Rt)

Rxx+=asl (Rss,Rt) Wordé64 Q6 P aslacc PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)

Rxx+=asr (Rss,Rt) Wordé4 Q6 P asracc_PR(Wordé64 Rxx, Wordé4
Rss, Word32 Rt)

Rxx+=1sl (Rss,Rt) Wordé64 Q6 P lslacc PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)
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Rxx+=1sr (Rss,Rt) Wordé64 Q6 P lsracc PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)
Rxx-=asl (Rss,Rt) Wordé4 Q6 P aslnac_ PR (Word64 Rxx, Wordé4
Rss, Word32 Rt)
Rxx-=asr (Rss,Rt) Wordé64 Q6 P asrnac_ PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)
Rxx-=1sl1(Rss,Rt) Wordé4 Q6 P lslnac_ PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)
Rxx-=1sr (Rss,Rt) Wordé64 Q6 P lsrnac PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min x5
1{1/0(0(1|0 1|1 |1|0]|0 s|s|s|s/P/P|-|t|t|t|t|t|0[0]-|Xx X Rxx-=asr(Rss,Rt)
1{1/0(0(1|0 1|1 |1|0]|0 s|s|s|s/P/P|-|t|t|t|t|t|0[1]-|Xx X Rxx-=Isr(Rss,Rt)
1/1/0(0 (1|01 |1|1]|0]0 s|s|s|s|/P|/P|-|t t|t|t|t|1|0]-|Xx X Rxx-=asl(Rss,Rt)
1/1/0(0 (1|01 |1|1]|0]0 s|s|s|s|P|/P|- |t t|t|t|t|1[1]|-|Xx X Rxx-=Isl(Rss,Rt)
1/1/0(0 (1|0 |1 |1 |1|1]0 s|s|s|s|/P|/P|-|t t|t|t|t|0|0]-|X X Rxx+=asr(Rss,Rt)
1{1/0(0 (1|01 |1 |1 [1]0 s|s|s|s/P/P|-|t|t|t|t|t|0[1]-]|Xx X Rxx+=Isr(Rss,Rt)
1(1/0(0 (1|0 1|1 |1 [1]0 s|s|s|s/P/P|-|t|t|t|t|t|1|[0]-|Xx X Rxx+=asl(Rss,Rt)
1/1/0(0 (10 |1 |1 |1|1]0 s|is|s|s|P|/P| -t t|t| t|t|1|1]|-|Xx X Rxx+=lsl(Rss,Rt)
1/1/0(0(1|1]|0|0|1|0]- s|s|s|s|/P|/P|-|t t|t|t|t|0|0|-|X X Rx-=asr(Rs,Rt)
1{1/0(0(1|1]|0|0 |10}~ s|s|s|s|P|/P|-|t t|t|t|t|0[1]|-|X X Rx-=Isr(Rs,Rt)
1/1/0(0(1|1]0|0|1]|0] - s|s|s|s|P|/P|-|t t|t|t|t|1|0]-|Xx X Rx-=asl(Rs,Rt)
1{1/0(0(1|1]0|0|1|0]-~- s|is|s|s|P|/P| -t t|t t|t|1|1]|-|Xx X Rx-=Isl(Rs,Rt)
1100 (1|10 |0 |1 [1]- s|s|s|s/P/P|-|t|t|t|t|t|0[0]-|Xx X Rx+=asr(Rs,Rt)
1100 (1|10 |0 |1 [1]- s|s|s|s/P/P|-|t|t|t|t|t|0[1]-|Xx X Rx+=lIsr(Rs,Rt)
11001 |1]0]|0 |1 [1]- s|s|s|s|P|/P|-|t t|t|t|t|1|0]-|Xx X Rx+=asl(Rs,Rt)
1100 (1 |1]0]|0 |1 [1]- s|s|s|s|P|/P| -t t|t|t|t|1[1]|-|Xx X Rx+=lsl(Rs,Rt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
x5 Field to encode register x
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Shift by register and logical

Rss

The shift amount is the least significant 7 bits of Rt, treated as a two's complement value.
If the shift amount is negative (bit 6 of Rt is set), the direction of the shift indicted in the
opcode is reversed.

Shift the source register value right or left based on the shift amount and the type of
instruction. Arithmetic right shifts place the sign bit of the source value in the vacated
positions. Logical right shifts place zeros in the vacated positions.

The shift operation is always performed as a 64-bit shift. When the Rs source register is a
32-bit register, this register is first sign or zero-extended to 64-bits. Arithmetic shifts sign-
extend the 32-bit source to 64-bits, while logical shifts zero extend.

After shifting, take the logical AND or OR of the shifted amount and the destination
register or register pair, and place the result back in the destination register or register pair.

Saturation is not available for these instructions.

#/Rt Rs #/Rt

64-bit Shift Value Shift Amt 32-bit Shift Value Shift Amt

l l

C

64-bit Shift ( 32-bit Shift

( 64-bit AND/OR ) ( 32-bit AND/OR )
64 bit result Rxx 32 bit result Rx
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Syntax Behavior
Rx[&]|]=asl (Rs,Rt) shamt=sxt,_.3, (Rt) ;
Rx = Rx [|&] (shamt>0)? (sxt;,_
>64 (Rs) <<shamt) : (sxt;,_ .64 (RS) >>shamt) ;
Rx [&|]=asr (Rs,Rt) shamt=sxt,__5, (Rt) ;

Rx = Rx [|&] (shamt>0)? (sxt;,_
s64 (Rs) >>shamt) : (sxt;,_ .64 (RS) <<shamt) ;

Rx[&|]1=1s1(Rs,Rt) shamt=sxt,__5, (Rt) ;

Rx = Rx [|&] (shamt>0)? (zxts,._

.64 (Rs) <<shamt) : (zxt;,_.¢4 (RS) >>>shamt) ;
Rx [&|]=1sr (Rs,Rt) shamt=sxt,_.53, (Rt) ;

Rx = Rx [|&] (shamt>0)? (zxt,,_

.64 (Rs) >>>shamt) : (zxt;,_ .4 (Rs) <<shamt) ;
Rxx [&|]=asl (Rss,Rt) shamt=sxt,_.5, (Rt) ;

Rxx = Rxx [|&]
(shamt>0) ? (Rss<<shamt) : (Rss>>shamt) ;

Rxx [&|] =asr (Rss,Rt) shamt=sxt,__5, (Rt) ;
Rxx = Rxx [|&]
(shamt>0) ? (Rss>>shamt) : (Rss<<shamt) ;

Rxx[&|]1=1sl (Rss,Rt) shamt=sxt,_.3, (Rt) ;
Rxx = Rxx [|&]
(shamt>0) ? (Rss<<shamt) : (Rss>>>shamt) ;

Rxx [&|]=1sr (Rss,Rt) shamt=sxt,__5, (Rt) ;
Rxx = Rxx [|&]
(shamt>0) ? (Rss>>>shamt) : (Rss<<shamt) ;

Rxx"=asl (Rss,Rt) shamt=sxt,__5, (Rt) ;
Rxx = Rxx *
(shamt>0) ? (Rss<<shamt) : (Rss>>shamt) ;

Rxx“=asr (Rss,Rt) shamt=sxt,_.53, (Rt) ;
Rxx = Rxx *
(shamt>0) ? (Rss>>shamt) : (Rss<<shamt) ;

Rxx"=1sl (Rss,Rt) shamt=sxt,_.5, (Rt) ;
Rxx = Rxx *
(shamt>0) ? (Rss<<shamt) : (Rss>>>shamt) ;

Rxx"=1sr (Rss,Rt) shamt=sxt,_.;, (Rt) ;
Rxx = Rxx *
(shamt>0) ? (Rss>>>shamt) : (Rss<<shamt) ;
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Class: XTYPE (slots 2,3)

Intrinsics

Rx&=asl (Rs,Rt)
Rx&=asr (Rs, Rt)
Rx&=1sl (Rs,Rt)
Rx&=1sr (Rs,Rt)
Rx|=asl (Rs,Rt)
Rx|=asr (Rs,Rt)
Rx|=1sl(Rs,Rt)
Rx|=1sr(Rs,Rt)
Rxx&=asl (Rss,Rt)
Rxx&=asr (Rss,Rt)
Rxx&=1sl (Rss,Rt)
Rxx&=1sr (Rss,Rt)
Rxx”*=asl (Rss,Rt)
Rxx"=asr (Rss,Rt)
Rxx”*=1sl (Rss,Rt)
Rxx”"=1sr (Rss,Rt)
Rxx |=asl (Rss,Rt)
Rxx|=asr (Rss,Rt)
Rxx|=1sl (Rss,Rt)

Rxx|=1sr (Rss,Rt)

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32
Word32

Word32

Word32

Worde4

Wordé4

Worde4

Wordé4

Q6 R asland RR(Word32 Rx,
Rt)

Q6 R asrand RR(Word32 Rx,
Rt)

Q6 R lsland RR(Word32 Rx,
Rt)

Q6 R lsrand RR(Word32 Rx,
Rt)

Q6 R aslor RR(Word32 Rx,
Rt)

Q6 R asror RR(Word32 Rx,
Rt)

Q6 R lslor RR(Word32 Rx,
Rt)

Q6 R lsror RR(Word32 Rx,
Rt)

Word32 Rs,

Word32 Rs,

Word32 Rs,

Word32 Rs,

Word32 Rs,

Word32 Rsg,

Word32 Rs,

Word32 Rsg,

Q6 P asland PR (Wordé64 Rxx, Wordé64
Rss, Word32 Rt)

Q6 P asrand PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)

Q6 P lsland PR (Wordé64 Rxx, Wordé64
Rss, Word32 Rt)

Q6 P lsrand PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)

Wordée4 Q6 P aslxacc PR(Wordé64 Rxx, Wordé64
Rss, Word32 Rt)

Wordé4 Q6 P asrxacc_ PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)

Wordée4 Q6 P lslxacc PR(Wordé64 Rxx, Wordé64
Rss, Word32 Rt)

Wordé4 Q6 P lsrxacc PR (Wordé64 Rxx, Wordé4
Rss, Word32 Rt)

Wordée4 Q6 P aslor PR (Wordé64 Rxx,

Rss, Word32 Rt)

Wordé4 Q6 P asror PR (Wordé4 Rxx,

Rss, Word32 Rt)

Wordée4 Q6 P lslor PR (Wordé64 Rxx,

Rss, Word32 Rt)

Wordé4 Q6 P lsror PR (Wordé4 Rxx,

Rss, Word32 Rt)

Worde64

Worde4

Worde4

Worde4
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Encoding

31/30/29|28|27|2625/24/23|22]21/2019]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min x5
1/1/0/0(1|0|1|{1/0(0|0|s|s|s|s|s/P/P|-|t|t|t|t|t 0|0]|-|x|x]|x]|x]|x|Rxx=asr(Rss,Rt)
1{(1/0/0/1/0|1|/1/0|0|0|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]-|x]|x]|x]|x]|x|Rxx=lsr(Rss,Rt)
1/1/0/0(1/0|1|{1]/0(0|0|s|s|s|s|s|(P/P|-|t|t|t|t|t|1]|]0]-]x]|x|x]|x]|x|Rxx=asl(Rss,Rt)
1{1/0/0(1/0|1|1]/0|0|0|s|s|s|s|(s|(P/P|-|t|t t|t|t 1]|1]-]|x]|x]|x]|x]|x|Rxx|=Isl(Rss,Rt)
1{1/0(0(1/0|1|{1]/0[1|0|s|s|s|s|s|P/P|-|t|t|t|t|[t|0|0]|-|x]|x]|x]|x]|x|Rxx&=asr(Rss,Rt)
1{17/0/0(1|0|1|{1/0(1|0|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]|-|x|x]|x]|x]|x | Rxx&=Isr(Rss,Rt)
1{1/0/0(1|0|1|{1/0(1|0|s|s|s|s|s/P/P|-|t|t|t|t|t| 1|0]-|x]|x]|x]|x]|x|Rxx&=asl(Rss,Rt)
1/(1/0/0(1|0|1|{1|/0(1|0|s|s|s|s|s/ P/P|-|t|t|t|t t 1[1]-|x]|x]|x]|x]|x|Rxx&=Isl(Rss,Rt)
1{1/0j0(1/0|1|{1/0(1|1|s|s|s|s|s|P|/P|-|t|t|t|t|t|0|0|-]|x]|x]|x]|x]|x|Rxx*=asr(Rss,Rt)
1{1/0/0(1|/0|1{1]/0(1|1|s|s|s|s|[s|(P/P|-|t|t|t|t|t 0]|1]|-]x]|x|x]|x]|x|Rxx*=Isr(Rss,Rt)
1{1/0j0f1|/0{1|{1|/0f1(1|s|s|s|s|s|(P/P|-|t|t|t|t|t|1]|]0]-]x]|x|x|x]|x|Rxx*=asl(Rss,Rt)
1{1/0/0(1j0|1{1/0(1|1|s|s|s|s|s/P/P|- |t |ttt t 1[1]-|x|x]|x]|x]|x|Rxx*=sl(Rss,Rt)
1/17/0/0/1|1/0|/0|/0(0O|-|s|s|s|s|s/ P/P|-|t|t|t|t|t 0|0]|-|x|x]|x]|x]|x|Rx=asr(Rs,Rt)
1{17/0/0/1|1/0|/0|/0f0O|-|s|s|s|s|s/P/P|-|t|t|t|t|t 0|1]|-|x|x]|x]|x]|x|Rx=lsr(Rs,Rt)
1/1/0/0(1|/1/0|0|0(0|-|s|s|s|s|s|/P/P|-|t|t|t|t|t|1]|0]-]x]|x|x|x]|x|Rx|=asl(Rs,Rt)
1{1/0/0(1|(1/0|0|0|0|-|s|s|s|s|[s|P/P|-|t|t t|t|t 1]|1]-]|x]|x|x]|x]|x]|Rx|=IslRs,Rt)
1/1/0/0(1/1/0|0|0[1|-|s|s|s|s|s|P/P|l-|t|t|t|[t|t 0|0]-|x]|x|x]|x|x|Rx&=asr(Rs,Rt)
1{17/0/0/1|1/0|/0|0(1|-|s|s|s|s|s/P/P|-|t|t|t|t|t 0[1]|-|x|x]|x]|x]|x|Rx&=Isr(RsRt)
1{17/0/0/1/1/0|0|0f1|-|s|s|s|s|s/P/P|-|t|t|t|t|t 1|0]-|x|x]|x]|x]|x|Rx&=asl(Rs,Rt)
1{1/0/0/1|1/0|0|0(1|-|s|s|s|s|s/P/P|-|t t|t|t|t 1|1]-|x]|x]|x]|x]|x|Rx&=Isl(Rs,Rt)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

s5 Field to encode register s

t5 Field to encode register t

x5 Field to encode register x

Maj Major Opcode

Min Minor Opcode

RegType Register Type

80-N2040-36 C 667

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Shift by register with saturation

The shift amount is the least significant 7 bits of Rt, treated as a two's complement value.
If the shift amount is negative (bit 6 of Rt is set), the direction of the shift indicted in the
opcode is reversed.

Saturation is available for 32-bit arithmetic left shifts. This can be either an ASL
instruction with positive Rt, or an ASR instruction with negative Rt. Saturation works by
first sign-extending the 32-bit Rs register to 64 bits. It is then shifted by the shift amount.
If this 64-bit value cannot fit in a signed 32-bit number (the upper word is not the sign-
extension of bit 31), then saturation is performed based on the sign of the original value.
Saturation clamps the 32-bit result to the range 0x80000000 to Ox 7fffftft.

Syntax Behavior

Rd=asl (Rs,Rt) : sat shamt=sxt;_ .5, (Rt) ;
Rd = bidir shiftl (Rs, shamt) ;

Rd=asr (Rs,Rt) :sat shamt=sxt,__3, (Rt) ;
Rd = bidir shiftr(Rs,shamt) ;

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.

Intrinsics
Rd=asl (Rs,Rt) :sat Word32 Q6 R asl RR sat (Word32 Rs, Word32
Rt)
Rd=asr (Rs,Rt) :sat Word32 Q6 R asr RR sat (Word32 Rs, Word32
Rt)
Encoding
31/30/29|28|27|2625/24/23|22|21/20/19]18/17|16] 1514|1312 11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1110100 1/0/0(0|-|s|s|s|s|s/P/P|-|t|t|t|t|t 00]|-|d|d|d|d]|d|Rd=asr(Rs,Rt):ssat
1/1]/0/010 1/0[(0/0|-|s|s|s|s|s|P|[P|-|t|t|t|[t|[t|/1]|0|-|d|d|d]|d]|d]|Rd=asl(RsRt)sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
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Field name Description
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector shift halfwords by immediate

Shift individual halfwords of the source vector. Arithmetic right shifts place the sign bit of
the source values in the vacated positions. Logical right shifts place zeros in the vacated

positions.
Rdd = VaSIh(RSS’#) Shift Amount Rt/#ud
lost lost lost lost RSS
L L a gl
‘0 ‘0 ‘0 ‘0 Rdd
Syntax Behavior
Rdd=vaslh (Rss, #u4d) for (i=0;i<4;i++) {
RdAd.h[i]l=(Rss.h[i] <<#u) ;
¥
Rdd=vasrh (Rss, #u4d) for (i=0;i<4;i++) {
Rdd.h[i]=(Rss.h[i] >>#u) ;
¥
Rdd=vlsrh (Rss, #u4d) for (i=0;i<4;i++)
Rdd.h[i]l=(Rss.uh[i] >>#u) ;
¥
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=vaslh (Rss, #u4) Wordée4 Q6 P vaslh PI (Wordé64 Rss, Word32
Tu4)
Rdd=vasrh (Rss, #u4) Wordé64 Q6 P vasrh PI (Wordé4 Rss, Word32
Tu4)
Rdd=vlsrh (Rss, #u4) Wordée4 Q6 P vlsrh PI (Wordé64 Rss, Word32
Tu4)
Encoding
31/30/29|28|27|2625/24/23|22|21/20|19]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0/0j0|O0O|O|O0O|1T|0O|O|s|s|s|s|s P/P|O|O|i|i|i|i|0|0|0|d|d]|d]|d]|d|Rdd=vasrh(Rss#u4)
1/0/0/0j0|j0O|IO|O0O|1|0O|0O|s|s|s|s|s|/P|/P|O|O|i|i|i|i|0|0|1|d|d|d]|d]|d|Rdd=visrh(Rss#u4)
1/0/0|0l0|O0O|0O|O0O|1|0|0O|s|s|s|s|s|P/P|O|O|i|i|i|i|O0O|1]|0|d|d|d]|d)]|d|Rdd=vaslh(Rss,#u4)
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Instruction Set

Field name

ICLASS
Parse
ds

s5
MajOp
MinOp
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Major Opcode

Minor Opcode

Register Type

Description
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Vector arithmetic shift halfwords with round

For each halfword in the vector, round then arithmetic shift right by an immediate amount.
The results are stored in the destination register.

Rdd = vasrh(Rss,#u):rnd

l<< (#u-1) l<< (#u-1) l<< (#u-1) l<< (#u-1)
lost lost lost lost
Sign- Sign- Sign- Sign-
ext ext ext ext
Syntax Behavior
Rdd=vasrh (Rss, #u4) :raw for (i=0;i<4;i++) {
Rdd.h[i]l=( ((Rss.h[i] >> #u)+1l)>>1 );
b5
Rdd=vasrh (Rss, #u4) : rnd if ("#ud==0")
Assembler mapped to: "Rdd=Rss";
} else {

Assembler mapped to:
"Rdd=vasrh (Rss, #u4-1) :raw";

}i

Class: XTYPE (slots 2,3)

Intrinsics

Rdd=vasrh (Rss, #u4) :rnd Wordé64 Q6 P vasrh PI rnd(Wordé4 Rss, Word32
Iu4d)

Encoding

31|30|29‘28 27‘26‘25|24 23|22 2

-

20‘19‘18|17|1615|14 13‘12‘11‘10|9|8 7|6‘5 4\3\2|1|o
ICLASS RegType |MajOp s5 Parse MinOp d5
1|o|o‘0 0‘0‘0|o O|O1s‘s‘s|s|s P|P0‘0‘i‘i|i|

0 |o ‘0 d ‘ d ‘ d | d | d | Rdd=vasrh(Rss #u4):raw
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Instruction Set

Field name

ICLASS
Parse
ds

s5
MajOp
MinOp
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Major Opcode

Minor Opcode

Register Type

Description
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Vector arithmetic shift halfwords with saturate and pack

For each halfword in the vector, optionally round, then arithmetic shift right by an
immediate amount. The results are saturated to unsigned [0-255] and then packed in the
destination register.

Rd = vasrhub(Rss,#u):rnd:sat

l<< (#u-1) l<< (#u-1) \%;(#ul) l<< (#u-1)

lost lost lost lost
Sat u8 Sat u8 Sat u8 Sat u8
Syntax Behavior
Rd=vasrhub (Rss, #u4) : raw for (i=0;1i<4;i++) {
Rd.b[i]=usatg(((Rss.h[i] >> #u

Y+1) >>1) ;

1

Rd=vasrhub (Rss, #u4) :rnd:sat 1if ("#ud==0") {
Assembler mapped to: "Rd=vsathub(Rss)";
} else {
Assembler mapped to:
"Rd=vasrhub (Rss, #u4-1) :raw";

}i

Rd=vasrhub (Rss, #u4) :sat for (i=0;1i<4;i++) {
Rd.b[i]=usatg(Rss.h[i] >> #u);
¥

Class: XTYPE (slots 2,3)

Notes

m [f saturation occurs during execution of this instruction (a result is clamped to
either maximum or minimum values), then the OVF bit in the Status Register is
set. OVF will remain set until explicitly cleared by a transfer to SR.
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Instruction Set

Intrinsics

Rd=vasrhub

Rd=vasrhub

(Rss,#u4) :rnd:sat Word32 Q6 R_vasrhub_PI_rnd_sat (Wordé64 Rss,

Word32 Iu4)

(Rss, #u4d) :sat Word32 Q6 R vasrhub PI sat (Wordé4 Rss,

Word32 Iu4)

Encoding

31/30/29|28|27|26|25]24/23|22]21]20]19]18[17|16[1514]13[12]11]10[ 9 [ 8 | 7] 6 [ 5 | 4[3]2[1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|01|/0|0O|O|O0Of1|1|s|s|s|s|s|P/P/O|O|i|i|i|i|1]0]0 d | Rd=vasrhub(Rss,#u4):raw
1/0/0/0f1|/0|0O|O|Of1|1|s|s|s|s|s|P/P/O|O|i]i|i|i|1]|0]|1|d|d|d d | Rd=vasrhub(Rss,#u4):sat
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

s5 Field to encode register s

MajoOp Major Opcode

MinOp Minor Opcode

RegType Register Type
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Vector shift halfwords by register

The shift amount is the least significant 7 bits of Rt, treated as a two's complement value.
If the shift amount is negative, the direction of the shift is reversed. Shift the source values
right or left based on the shift amount and the type of instruction. Arithmetic right shifts
place the sign bit of the source value in the vacated positions. Logical right shifts place
zeros in the vacated positions.

Rdd = vaslh(Rss,#) Shift Amount | Rt/#ud
lost lost lost lost Rss
« < 0 0 < 0 Rdd
Syntax Behavior
Rdd=vaslh (Rss,Rt) for (i=0;i<4;i++)
Rdd.h[i]=(sxt,__ 35 (Rt)>0)? (sxt 4.
w64 (Rss.h[i])<<sxt,_ 35, (Rt)) : (sxt 4.

.64 (Rss.h[i])>>sxt;_ .35 (RE));

I

Rdd=vasrh (Rss, Rt) for (i=0;i<4;i++) {
Rdd.h[i]=(sxt,_,35(Rt)>0)? (sxt 4.
264 (Rss.h[i])>>sxt,__ 35 (Rt)) : (sxti4_

~ea(Rss.h[i])<<sxt, .3, (RL));

1

Rdd=vlslh (Rss,Rt) for (i=0;i<4;i++)
RAA.h[i]=(sxt, 5, (RE)>0)? (zxtys.
s64 (Rss.uh[i]) <<sxt,_ 55 (RE)) : (zxt 4

s64 (Rss.uh[i]) >>>sxt,_ 35 (Rt));

I

Rdd=vlsrh (Rss,Rt) for (i=0;i<4;i++) {
Rdd.h[i]=(sxt,_,35(Rt)>0)? (zxt 4.

s6a (Rss.uh[i]) >>>sxt;_ 35 (Rt)) : (Xt 4
s64 (Rss.uh[i]) <<sxty_ .35 (RE));

1

Class: XTYPE (slots 2,3)

Notes

m [f the number of bits to be shifted is greater than the width of the vector element,
the result is either all sign-bits (for arithmetic right shifts) or all zeros for logical
and left shifts.

80-N2040-36 C 676

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Intrinsics
Rdd=vaslh(Rss, Rt) Wordé64 Q6 P vaslh PR (Wordé64 Rss, Word32 Rt)
Rdd=vasrh (Rss, Rt) Wordé64 Q6 P vasrh PR (Wordé64 Rss, Word32 Rt)
Rdd=vlslh(Rss, Rt) Wordé64 Q6 P vlslh PR (Wordé64 Rss, Word32 Rt)
Rdd=vlsrh(Rss,Rt) Wordé4 Q6_P_vlsrh PR (Wordé4 Rss, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1/1]/0]/o{ofof1|1]/0|1|-|s|s|s|s|s/P/P|-|t|t|t|[t|[t|0|0]|-|d|d]|d]|d]d]|Rdd=vasrh(Rss,Rt)
1/1]/0]/0|0{0|1]|1]/0|1|-|s|s|s|s|s|P|P t{t|t|{t|t|0|1]|-|d|d|d|d|d|Rdd=visth(RssRt)
1/1]/0]/0|0{0|1]|1]/0|1|-|s|s|s|s|s|P|P t{t|t|{t|{t|1]0]|-|d|d|d|d|d|Rdd=vasih(Rss,Rt)
1/1]/0]/0o|ofo|1]|1]/0|1|-|s|s|s|s|s|P|P t{t|t|{t|t|1]1]|-|d|d]|d]|d]|d|Rdd=visih(Rss,Rt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
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Vector shift words by immediate

Shift individual words of the source vector. Arithmetic right shifts place the sign bit of the
source values in the vacated positions. Logical right shifts place zeros in the vacated

positions.
Rdd = vaslw(Rss, {Rt/#}) shift Amount | Rt/#u5
lost lost Rss
gl al
-0 =0 Rdd
Syntax Behavior
Rdd=vaslw (Rss, #u5) for (i=0;i<2;i++) {
Rdd.w[i]l=(Rss.w[i] <<#u) ;
b
Rdd=vasrw (Rss, #u5) for (i=0;i<2;i++) {
Rdd.w[i]l=(Rss.w[i] >>#u) ;
¥
Rdd=vlsrw (Rss, #u5) for (i=0;i<2;i++) {
Rdd.w[i]l=(Rss.uw[i] >>#u) ;
¥
Class: XTYPE (slots 2,3)
Intrinsics
Rdd=vaslw (Rss, #u5) Wordée4 Q6 P vaslw PI (Wordé64 Rss, Word32
Iub)
Rdd=vasrw (Rss, #u5) Wordé64 Q6 P vasrw_ PI (Wordé4 Rss, Word32
Iub)
Rdd=vlsrw (Rss, #u5b) Wordée4 Q6 P vlsrw PI (Wordé64 Rss, Word32
Iub)
Encoding
31/30/29|28|27|2625/24/23|22]21/20/19]18/17|16]1514|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 |1 ]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1/0/0|/0O|0|O|O|O0O|O(1|0|s|s|s|s|s|/P|/P|O|i|i|i|i|i|0[|0|0|d|d|d]|d]|d|Rdd=vasrw(Rss,#u5)
1/0/0/0j0|O|O|O0O|O(1|0|s|s|s|s|s|/P|P|O|i|i|i|i|i|0|0|1|d|d]|d]|d]|d|Rdd=visrw(Rss#u5)
1/0/0|/0Oj0|O|O|O0O|O(1|0|s|s|s|s|s|/P|/P|O|i|i|i|i|i|O0[1]|]0|d|d]|d]|d]|d|Rdd=vasiw(Rss#u5)
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Field name

ICLASS
Parse
ds

s5
MajOp
MinOp
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Major Opcode

Minor Opcode

Register Type

Description
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Vector shift words by register

The shift amount is the least significant 7 bits of Rt, treated as a two's complement value.
If the shift amount is negative, the direction of the shift is reversed. Shift the source values
right or left based on the shift amount and the type of instruction. Arithmetic right shifts
place the sign bit of the source value in the vacated positions. Logical right shifts place

zeros in the vacated positions.

Rdd = vaslw(Rss, {Rt/#}) Shift Amount Rt/#u5
lost lost Rss
dL gL
S0 S0 Rdd
Syntax Behavior
Rdd=vaslw (Rss, Rt) for (i=0;i<2;i++) {

Rdd=vasrw (Rss, Rt)

Rdd=vlslw (Rss, Rt)

Rdd=vlsrw (Rss, Rt)

Class: XTYPE (slots 2,3)

Notes

Rdd.w[i]=(sxt;_ .3, (Rt)>0)? (sxt;,_
264 (Rss.wli])<<sxt,_ 35 (RE)) : (sxt,,.
.64 (Rss.w[i])>>sxt,__ 3, (Rt));

7

for (i=0;1<2;1i++) {

Rdd.w([i] = (sxt,__35(Rt)>0)? (sxts,_
264 (Rss.w[i]) >>sxt,__ 35 (Rt)) : (sxt3,.
s64 (Rss.w[i])<<sxt,;_ .35, (RE));

1

(1=0;1i<2;1i++) {
Rdd.w[i]=(sxt,_ .3, (Rt)>0)? (zxt;,_
s6a (Rss.uw[i]) <<sxt,_ 55 (RE)) : (zxts,_
s6a (Rss.uw[i]) >>>sxt,__35 (RE)) ;

for

for (i=0;1<2;1i++) {

Rdd.w([i] = (sxt,__35(Rt)>0)? (zxts,_
s6a (Rss.uw[i]) >>>sxt;_ 35 (RE)) : (2xXta,_
o4 (Rss.uw[i]) <<sxt,_ ;55 (RE)) ;

1

» [f the number of bits to be shifted is greater than the width of the vector element,
the result is either all sign-bits (for arithmetic right shifts) or all zeros for logical

and left shifts.
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Intrinsics
Rdd=vaslw (Rss, Rt) Wordé64 Q6 P vaslw PR (Wordé64 Rss, Word32 Rt)
Rdd=vasrw (Rss, Rt) Wordé64 Q6 P vasrw PR (Wordé64 Rss, Word32 Rt)
Rdd=vlslw(Rss, Rt) Wordé64 Q6 P vlslw PR (Wordé64 Rss, Word32 Rt)
Rdd=vlsrw(Rss,Rt) Wordé64 Q6 P vlsrw PR (Wordé4 Rss, Word32 Rt)
Encoding
31/30/29|28|27|2625/24/23|22]21/2019]18/17|16[15]14|13[12]11/10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType Maj s5 Parse t5 Min d5
1/1]/0]/0]0|0|1|1]/0|0|-|s|s|s|s|s|P|P|[-|t|t|t|t|[t|0|0]|-|d|d]|d]d]d]|Rdd=vasrw(Rss,Rt)
1/1]/0]/0|0{0|1]|1]/0|0|-|s|s|s|s|s|P|P t{t|t|{t|{t|0|1]|-|d|d|d|d]|d|Rdd=visrw(Rss,Rt)
1/1]/0]/0|0{0|1]|1]/0|0|-|s|s|s|s|s /PP t{t|t|t|{t|1]|0]|-|d|d|d|d]|d|Rdd=vasiw(RssRt)
1/1]/0]/0o|o|o|1]|1]/0|0|-|s|s|s|s|s|P|P t{t|t|{t|t|1]1]|-|d|d]|d]|d]|d]|Rdd=visiw(Rss,Rt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s5 Field to encode register s
t5 Field to encode register t
Maj Major Opcode
Min Minor Opcode
RegType Register Type
80-N2040-36 C 681

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V62 Programmer’s Reference Manual Instruction Set

Vector shift words with truncate and pack

Shift individual words of the source vector Rss right by a register or immediate amount.
The low 16-bits of each word are packed into destination register Rd.

Rd = vasrw(Rss, {Rt/#}) Shift Amount Rt/#u5
lost lost Rss
&—SXt < sxt
Low 16bits Low 16bits
Rd
Syntax Behavior
Rd=vasrw (Rss, #u5) for (i=0;i<2;i++) {
Rd.h[i]l=(Rss.w[i]>>#u) .h[0];
¥
Rd=vasrw (Rss,Rt) for (i=0;i<2;i++)
RA.h[i]=(sxt, 5, (Rt)>0)? (sXts,.
s64 (Rss.w[i])>>sxt,_ 35 (RE)) : (sxt,,.

s64 (Rss.w[i])<<sxt,;_ .35, (Rt)) .h[0];

I

Class: XTYPE (slots 2,3)

Intrinsics
Rd=vasrw (Rss, #u5) Word32 Q6 R vasrw_ PI (Wordé4 Rss, Word32
Iub)
Rd=vasrw (Rss, Rt) Word32 Q6 R vasrw PR (Wordé64 Rss, Word32 Rt)
Encoding
31/30/20|28|27|2625/24/23|22]21/20/19]18/17|16] 1514|1312 11|10/ 9 |8 | 7] 6 |5 | 4[3 ]2 [1]0
ICLASS RegType |MajOp s5 Parse MinOp d5
1 |o|o ‘0 1 ‘0‘0|0 1 |1 0 s‘s‘s|s|s P|P 0 i‘i‘i|i|i o|1 0 d‘d‘d|d|d Rd=vasrw(Rss,#u5)
ICLASS RegType s5 Parse t5 Min d5
1|1|o‘0 0‘1‘0|1 -|-‘-s‘s‘s|s|s P|P- t‘t‘t|t|t0|1 0d‘d‘d|d|d Rd=vasrw(Rss,Rt)
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Field name

ICLASS
Parse
ds

s5

t5
MajOp
MinOp
Min
RegType
RegType

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register s
Field to encode register t
Major Opcode

Minor Opcode

Minor Opcode

Register Type

Register Type

Description
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Instruction Index

A

abs
Rd=abs (Rs) [:sat] 389
Rdd=abs (Rss) 388

add
if ([!]1Pul.new]) Rd=add(Rs,#s8) 196
if ([!]1Pul.new]) Rd=add(Rs,Rt) 196
Rd=add (#u6,mpyi (Rs, #U6)) 539
Rd=add (#u6,mpyi (Rs,Rt)) 539

(

(
Rd=add (Rs, #s16) 171
Rd=add (Rs, add (Ru, #s6)) 390
Rd=add (Rs,Rt) 171
Rd=add (Rs,Rt) :sat 171
Rd=add (Rs,Rt) :sat:deprecated 392
Rd=add (Rt. [HL] ,Rs. [HL]) [:sat] : <<16 394
Rd=add (Rt.L,Rs. [HL]) [:sat] 394
Rd=add (Ru, mpyi (#u6:2,Rs)) 539
Rd=add (Ru, mpyi (Rs, #u6) 539
Rdd=add (Rs,Rtt) 392
Rdd=add (Rss,Rtt, Px) :carry 397
Rdd=add (Rss,Rtt) 392
Rdd=add (Rss,Rtt) :raw:hi 392
Rdd=add (Rss,Rtt) :raw:1lo 392
Rdd=add (Rss,Rtt) :sat 392
Rx+=add (Rs, #s8) 390
Rx+=add (Rs,Rt) 390
Rx-=add (Rs, #s8) 390
Rx-=add (Rs,Rt) 390
Ry=add (Ru, mpyi (Ry,Rs)) 540

addasl
Rd=addasl (Rt,Rs, #u3) 650

alls
pPd=alls (ps) 215

allocframe
allocframe (#ull:3) 329

and
if ([!]Pul. new]) Rd=and (Rs,Rt) 201
Pd:and(Ps and( , [11Pu)) 221
Pd=and (P 221
Rd:and(Rs #slo 173
Rd=and (Rs,Rt) 173

Rd=and (Rt, ~Rs) 173
Rdd=and (Rss,Rtt) 398
Rdd=and (Rtt, ~Rss) 398
Rx[&|*]=and (Rs, ~Rt) 401
Rx [&] "] =and (Rs,Rt) y 401
Rx|=and (Rs, #s10) 401

any8
Pd=any8 (ps) 215

asl
Rd=asl (Rs, #us5) 645
Rd=asl (Rs, #u5) :sat 657
Rd=asl (Rs,Rt) 658
Rd=asl (Rs,Rt) :sat 668
Rdd=asl (Rss, #u6) 645
Rdd=asl (Rss,Rt) 659
Rx*=asl (Rs, #u5) 651
Rx [&|]=asl (Rs, #u5) 651
Rx[&|]=asl (Rs,Rt) 665
Rx [+-]=asl (Rs, #u5) 647
Rx [+-]=asl (Rs,Rt) 661
Rx=add (#u8, asl (Rx, #U5) ) 647
Rx=and (#u8, asl (Rx, #U5)) 651
Rx=or (#u8,asl (Rx, #U5)) 651
Rx=sub (#u8, asl (Rx, #U5)) 647
Rxx*=asl (Rss, #u6) 652
Rxx*=asl (Rss,Rt) 665
Rxx [&|]=asl (Rss, #u6) 652
Rxx [&|]=asl (Rss,Rt) 065
Rxx [+-]=asl (Rss, #u6) 647

(

Rxx [+-]=asl (Rss,Rt) 662
aslh
if ([']Pu[ new] ) Rd=aslh(Rs)
Rd=aslh(Rs) 193
asr
Rd=asr (Rs, #u5) 645
Rd=asr (Rs, #u5) :rnd 655
Rd=asr (Rs,Rt) 658
Rd=asr (

Rdd=asr (Rss, #u6) 645
Rdd=asr (Rss, #u6) :rnd 655
Rdd=asr (Rss,Rt) 659

Rx [&|]=asr (Rs, #us) 651
Rx[&|]=asr (Rs,Rt) )y 665
Rx [+-]=asr (Rs, #us) 647
Rx [+-]=asr (Rs,Rt) 661
Rxx“=asr (Rss,Rt) 665
Rxx [&|]=asr (Rss, #u6) 652
Rxx [&|]=asr (Rss,Rt) 065
Rxx [+-]=asr (Rss, #u6) 647

(

Rs,Rt) :sat 668
(
(

Rxx [+-]=asr (Rss,Rt) 662
asrh
if ([']Pu[ new] ) Rd=asrh(Rs)
Rd=asrh(Rs) 193
asrrnd

Rd=asrrnd (Rs, #u5) 655
Rdd=asrrnd (Rss, #u6) 655

B

barrier
barrier 375

) 198

) 198
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bitsclr
Pd=[!]bitsclr (Rs, #u6) 630
Pd=[!]bitsclr (Rs,Rt) 630

bitsplit
Rdd=bitsplit (Rs, #us) 478
Rdd=bitsplit (Rs,Rt) ) 478

bitsset
Pd=[!]bitsset (Rs,Rt) 630

boundscheck
Pd=boundscheck (Rs,Rtt) 623
Pd=boundscheck (Rss,Rtt) :raw:hi 623
Pd=boundscheck (Rss,Rtt) :raw: 1o 623

brev
Rd=brev (Rs) 475
Rdd=brev (Rss) 475

brkpt
brkpt 376
C
call
call #r22:2229
if ([!1Pu) call #r15:2229
callr
callr Rs 225
if ([!]1Pu) callr Rs 225
ciad
ciad(Rs) 333
clo
Rd=c10 (Rs) 462
Rd=c10 (Rss) 462
cli
Rd=cl1 (Rs) 462
Rd=cll (Rss) 463
clb
Rd=add (clb (Rs) , #s6) 462
Rd=add (c lb(Rss ,#s6) 462
Rd=clb(Rs) 463
Rd=clb(Rss) 463
clrbit

memb (Rs+#u6:0) =clrbit (#Us) 286
memh (Rs+#u6:1) =clrbit (#U5) 287
memw (Rs+#u6:2) =clrbit (#Us) 288
Rd=clrbit (Rs, #u5) 476
Rd=clrbit (Rs,Rt) 476

cmp . eq

if ([!]lcmp.eqg(Ns.new,#-1)) jump:<hint> #r9:2 289
if ([!]cmp.eq(Ns.new, #U5)) jump:<hint> #r9:2 289
if ([!]cmp.eqg(Ns.new,Rt)) jump:<hint> #r9:2 289
pl01l]=cmp.eq(Rs, #-1) 231
pl0l]=cmp.eq(Rs, #U5) ) 231
pl01]=cmp.eq(Rs,Rt) 231
Pd=[!]cmp.eq(Rs, #s10) y 209
Pd=[!]cmp.eq(Rs,Rt) 209
Pd:cmp.eq(Rss,Rtt ) 629
Rd=[!]cmp.eq(Rs, #s8) 211
Rd=[!]cmp.eqg(Rs,Rt) 211

cmp . ge

Pd=cmp.ge (Rs, #s8) 209

cmp . geu

Pd=cmp.geu(Rs, #u8) 209

cmp.gt

if ([!]cmp.gt (Ns.new,#-1)) jump:<hint> #r9:2 289
if ([!]lcmp.gt (Ns.new, #U5)) jump:<hint> #r9:2 289
if ([!]cmp.gt (Ns.new,Rt)) jump:<hints #r9:2 290
if ([!]cmp.gt (Rt,Ns.new) jump:<hint> #r9:2 290
pl01l]=cmp.gt (Rs,#-1) 231

pl0l]=cmp.gt (Rs, #U5) ) 232

pl01]=cmp.gt (Rs,Rt) 232

Pd=[!]cmp.gt (Rs, #s10) y 209

pd=[!]cmp.gt (Rs,Rt) 209

Pd=cmp.gt (Rss,Rtt) 629

)
)
)
)

cmp.gtu

if ([!]cmp.gtu(Ns.new,#U5)) jump:<hint> #r9:2 290
if ([!]cmp.gtu(Ns.new,Rt)) jump:<hint> #r9:2 290
if ([!]lcmp.gtu(Rt,Ns.new)) jump:<hint> #r9:2 290
pl01]=cmp.gtu (Rs, #U5) 232

pl01]=cmp.gtu (Rs,Rt) 232

pd=[!]cmp.gtu(Rs, #u9) 209

Pd=[!]cmp.gtu(Rs,Rt) 209

Pd=cmp.gtu (Rss,Rtt) 629

cmp. 1t

Pd=cmp.1t (Rs,Rt) 209

cmp.ltu

Pd=cmp.ltu(Rs,Rt) 209

cmpb . eq

Pd=cmpb.eq (Rs, #us) 625
Pd=cmpb.eqg(Rs,Rt) ) 625

cmpb . gt

Pd=cmpb.gt (Rs, #s8) 625
Pd=cmpb.gt (Rs,Rt) 625

cmpb.gtu

Pd=cmpb.gtu (Rs, #u7) 625
Pd=cmpb.gtu (Rs,Rt) ) 625

cmph.eq

pPd=cmph.eq (Rs, #s8) 627
Pd=cmph.eq (Rs,Rt) 627

cmph.gt

Pd=cmph.gt (Rs, #s8) 627
Pd=cmph.gt (Rs,Rt) ) 627
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cmph.gtu
Pd=cmph.gtu (Rs, #u7) 627
Pd=cmph.gtu (Rs,Rt) 627

cmpy
Rd=cmpy (Rs,Rt) [:<<1] :rnd:sat 493
Rd=cmpy (Rs,Rt*) [:<<1] :rnd:sat 493
Rdd=cmpy (Rs,Rt) [:<<1] :sat 489
Rdd=cmpy (Rs,Rt*) [:<<1] :sat 489
Rxx+=cmpy (Rs,Rt) [:<<1] :sat 489
Rxx+=cmpy (Rs,Rt*) [:<<1] :sat 489
Rxx-=cmpy (Rs,Rt) [:<<1] :sat 489
Rxx-=cmpy (Rs,Rt*) [:<<1] :sat 489

cmpyi
Rdd=cmpyi (Rs,Rt) ) 491
Rxx+=cmpyi (Rs,Rt) 491

cmpyiwh
Rd=cmpyiwh (Rss,Rt) :<<l:rnd:sat 495
Rd=cmpyiwh (Rss,Rt*) :<<1:rnd:sat 495

cmpyr
Rdd=cmpyr (Rs,Rt) ) 491
Rxx+=cmpyr (Rs,Rt) ) 491

cmpyrwh
Rd=cmpyrwh (Rss,Rt) :<<l:rnd:sat 495
Rd=cmpyrwh (Rss,Rt*) :<<1:rnd:sat 495

combine
if ([!]1Pul.new]) Rdd=combine (Rs,Rt) 200
Rd=combine (Rt. [HL] ,Rs. [HL]) 188
Rdd=combine (#s8, #s8) 189
Rdd=combine (#s8, #U6) 189
Rdd=combine (#s8,Rs) 189
Rdd=combine (Rs, #s8) 189
Rdd=combine (Rs,Rt) 189

convert d2df
Rdd=convert d2df (Rss) 522

convert_d2sf
Rd=convert d2sf (Rss) 522

convert df2d
Rdd=convert df2d(Rss) 524
Rdd= convertidf2d( ss) :chop 524

convert df2sf
Rd=convert_df2sf (Rss) ) 521

convert df2ud
Rdd=convert_df2ud( ) 524
Rdd= convert_deud( ss) :chop 524

convert df2uw
Rd=convert df2uw (Rss) 524
Rd=convert_df2uw(Rss) :chop 524

convert df2w
Rd=convert_df2w(Rss ) 524
Rd=convert_df2w (Rss) :chop 524

convert sf2d
Rdd=convert sf2d(Rs) 524
Rdd= convertisf2d( ) : chop 524

convert sf2df
Rdd=convert_ sf2df ( ) 521

convert sf2ud
Rdd=convert_sf2ud( ) 524
RAd= convert_szud( ) :chop 524

convert sf2uw
Rd=convert sf2uw (Rs) 524
Rd=convert_sf2uw(Rs) :chop 524

convert sf2w
Rd=convert_sf2w(Rs) 524
Rd=convert_sf2w (Rs) : chop 524

convert ud2df
Rdd=convert ud2df (Rss) 522

convert ud2sf
Rd=convert_ud2sf (Rss) ) 522

convert uw2df
Rdd=convert_ uw2df ( ) 522

convert uw2sf
Rd=convert_uw2sf ( ) 522

convert w2df
Rdd=convert_ w2df ( ) 522

convert w2sf
Rd=convert_w2sf ( ) 522

cround
Rd=cround (Rs, #u5) 409
Rd=cround (Rs,Rt) 409

cswi

cswi (Rs) 335

cto
Rd=ct0 (Rs) 466
Rd=ct0 (Rss) 466

ctl
Rd=ctl (Rs) 466
Rd=ct1 (Rss) 466

ctlbw
Rd=ctlbw (Rss,Rt) 366

D

dccleana
dccleana (Rs) 378

dccleanidx
dccleanidx (Rs) 337

dccleaninva
dccleaninva (Rs) 378

dccleaninvidx
dccleaninvidx (Rs) 337
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dcfetch
dcfetch (Rs) 377
dcfetch(Rs+#ull.3) 377

dcinva
dcinva (Rs) 378

dcinvidx
dcinvidx (Rs) 337

dckill
dckill 336

dctagr
Rd=dctagr (Rs) 337

dctagw
dctagw (Rs,Rt) ) 337

dczeroa
dczeroa (Rs) 374

dealloc_return
dealloc_return 274

if ([!]1Ps) dealloc_return 274
nt
if ([!]1Ps.new) dealloc_return:nt 274
t
if ([!]1Ps.new) dealloc_return:t 274
deallocframe

deallocframe 272

decbin
Rdd=decbin (Rss,Rtt) 597

deinterleave
Rdd=deinterleave (Rss) 472

dfclass
Pd=dfclass (Rss, #u5) 517

dfcmp.eq
Pd=dfcmp.eq(Rss,Rtt) 519

dfcmp.ge
Pd=dfcmp.ge (Rss,Rtt) 519

dfcmp.gt
Pd=dfcmp.gt (Rss,Rtt) 519

dfcmp.uo
Pd=dfcmp.uo (Rss,Rtt) 519

dfmake
Rdd=dfmake (#ul0) :neg 533
Rdd=dfmake (#ul0) :pos 533

E

endloopO0
endloop0 212

endloop01l
endloop0l 212

endloopl
endloopl 212

extract
Rd=extract (Rs, #u5, #U5) 468
Rd=extract (Rs,Rtt) 468
Rdd=extract (Rss, #ué6, #U6) 468
Rdd=extract (Rss,Rtt) 468

extractu
Rd=extractu (Rs, #u5, #U5) 468
Rd=extractu(Rs,Rtt) 468
Rdd=extractu (Rss, #u6, #Us) 468
Rdd=extractu(Rss,Rtt) 468

F

fastcorner9
pd=[!]fastcorner9 (Ps, pt) 214

G

getimask
Rd=getimask (Rs) ) 339

H

hintjr
hintjr (Rs) ) 227

iassignr
Rd=iassignr (Rs) ) 342

iassignw
iassignw (Rs) ) 344

icdatar

Rd=icdatar (Rs) 346
icinva

icinva (Rs) 379
icinvidx

icinvidx (Rs) 346
ickill

ickill 347

ictagr
Rd=ictagr (Rs) ) 346

ictagw
ictagw(Rs,Rt) ) 347

if ([!1p[01] .new) jump:<hint> #r9:2 231,231,

231, 231, 232, 232, 232, 232, 232

insert
Rx=insert (Rs, #u5, #Us) 470
Rx=insert (Rs,Rtt) 470
Rxx=insert (Rss, #u6, #Us) 470
Rxx=1insert (Rss,Rtt) 470
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interleave 12kill
Rdd=interleave (Rss) 472 12kill 349
isync 121ocka
isync 380 Pd=12locka (Rs) 351
J l2tagr
Rd=12tagr (Rs) ) 353
Jump
if ([!]Pu.new) jump:<hints #r15:2 238 12tagw
if ([!]1Pu) jump #r15:2 236 12tagw (Rs,Rt) 353
if ([!1Pu) jump:<hint> #ris5:2 236
jump #r22:2 236 12unlocka
nt
if (Rs!=#0) jump:nt #rl3:2 239 12unlocka (Rs) 351
if (Rs<=#0) jump:nt #rl3:2 239
if (Rs==#0) jump:nt #ri13:2 239 1fs
if (Rs>=#0) jump:nt #r13:2 239 RAd=1fs (Rss,Ret) 473
RA=#U6 241
rtzd_Rs 241 Loop0
if (Rs!=#0) jump:t #r13:2 239 loopo (#r7:2, #U10) 216
if (Rs<=#0) jump:t #r13:2 239 loopo (#r7:2,Rs) 216
if (Rs==#0) jump:t #r13:2 239
if (Rs>=#0) jump:t #r13:2 239 loopl
loopl (#r7:2,#U10) 216
jump #r9:2 241, 241 loopl (#r7:2,Rs) 216
jumpr 1sl
if ([!1Pu) jumpr Rs 228 Rd=1s1 (#s6,Rt) 658
if ([!]1Pul.new]) jumpr:<hint> Rs 228 Rd=1sl1 (Rs,Rt) 658
jumpr Rs 228 Rdd=1sl (Rss,Rt) 659
Rx[&|]=1sl(Rs,Rt) )y 665
K Rx[+-]1=1sl (Rs,Rt) 661
Rxx*=1sl (Rss,Rt) 665
k0lock Rxx [&|1=1sl (Rss,Rt) 665
k0lock 340 Rxx [+-]1=1sl (Rss,Rt) 662
kOunlock lsr
kounlock 341 Rd=1sr (Rs, #us) 645
Rd=1sr (Rs,Rt) 659
L Rdd=1sr (Rss, #u6) 645
Rdd=1sr (Rss,Rt) 659
. Rx*=1lsr (Rs, #us) 651
12cleanidx Rx [&|]=1sr (Rs, #us) 651
12cleanidx (Rs) 348 Rx[&|]=1sr (Rs,Rt) 665
Rx [+-]=1sr (Rs, #u5) 647
12cleaninvidx Rx [+-]=1sr (Rs,Rt) 662
12cleaninvidx (Rs) 348 Rx=add (#u8, 1sr (Rx, #U5)) 647
Rx=and (#u8, 1sr (Rx, #U5) ) 651
12fetch Rx=or (#u8, lsr (Rx, #U5)) 651
12fetch(Rs,Rt) 382 Rx:fub(#uS,lsr(Rx,#US) 647
l2fetch (Rs Rtt) 382 Rxx*=1sr (Rss, #u6) 652
Rxx”=1sr (Rss,Rt) 665
Rxx [&]]=1sr (Rss, #u6) 652
l2gclean Rxx [&|]=1sr (Rss,Rt) 665
12gclean 349 Rxx [+-]1=1sr (Rss, #u6) 647
l2gclean (Rtt) 349 Rxx [+-]=1sr (Rss,Rt) 662
l2gcleaninv M
12gcleaninv 349
l2gcleaninv (Rtt) ) 349 mask
Rdd=mask (Pt) 632
12gunlock
l2gunlock 349 max
Rd=max (Rs,Rt) ) 403
12invidx Rdd=max (Rss,Rtt) 404
12invidx (Rs) 348
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maxu

Rd=maxu (Rs, Rt) ) 403
Rdd=maxu (Rss,Rtt) 404

memb
if ([!]Pt[.new]) Rd=memb (#u6) 248
if ([!1Pt[.new]) Rd=memb (Rs+#u6:0) 248
if ([!]Pt[.new]) Rd=memb (Rx++#s4:0) 248
if ([!1Pv[.new]) memb (#u6)=Nt.new 295
if ([!1Pv[.new]) memb (#u6)=Rt 314
if ([!1Pv[.new]) memb (Rs+#u6:0)=#S6 314
if ([!1Pv[.new]) memb (Rs+#u6:0)=Nt.new 295
if ([!1Pv[.new]) memb (Rs+#u6:0) =Rt 314
if ([!1Pv[.new]) memb(Rs+Ru<<#u2)=Nt.new 295
if ([!1Pv[.new]) memb (Rs+Ru<<#u2) =Rt 314
if ([!1Pv[.new]) memb (Rx++#s4:0)=Nt.new 295
if ([!1Pv[.new]) memb (Rx++#s4:0) =Rt 314
if ([!]1Pv[.new]) Rd=memb (Rs+Rt<<#u2) 248
memb (gp+#ul6:0) =Nt .new 293
memb (gp+#ul6:0) =Rt 312

[!

[

[!

[t

[!

[

[!

[

[!

[

[!

[

[!

(

(

memb (Re=#U6) =Nt .new 293
memb (Re=#U6) =Rt 312
memb (Rs+#s11:0) =Nt .new 293
memb (Rs+#s11:0) =Rt 312
memb (Rs+#u6:0) [+-]=#U5 286

memb (Rs+#u6:0) [+- | &] =Rt 286
memb (Rs+#u6:0) =#s8 312

memb (Rs+Ru<<#u2) =Nt .new 293
memb (Rs+Ru<<#u2) =Rt 312

memb (Ru<<#u2+#U6) =Nt .new 293
memb (Ru<<#u2+#U6) =Rt 312

memb (Rx++#s4:0:circ(Mu) ) =Nt .new 293
memb (Rx++#s4:0:circ (Mu))=Rt 312
memb (Rx++#s4:0) =Nt .new 293

memb (Rx++#s4:0) =Rt 312

memb (Rx++I:circ (Mu) ) =Nt .new 293
memb (Rx++I:circ (Mu))=Rt 312
memb (Rx++Mu:brev) =Nt .new 293
memb (Rx++Mu:brev) =Rt 312

memb (Rx++Mu) =Nt .new 293

memb (Rx++Mu) =Rt 312

Rd=memb (gp+#ul6:0) 246

Rd=memb (Re=#U6) 246

Rd=memb (Rs+#s11:0) 246

Rd=memb (Rs+Rt<<#u2) 246

Rd=memb (Rt<<#u2+#U6) 246
Rd=memb (Rx++#s4:0:circ (Mu)) 246
Rd=memb (Rx++#s4:0) 246

Rd=memb (Rx++I:circ( ) 246
Rd:memb(Rx++Mu.brev 246
Rd=memb (Rx++Mu) 246

memb_ fifo
Ryy:memb_fifo(Re #ue) 250
Ryy=memb_ fifo (R ) 250
Ryy:memb_fifo(Rs+#sll 0) 250
Ryy=memb_ fifo (Rt<<#u2+#U6) ) 250
Ryy=memb_fifo (Rx++#s4:0:circ (Mu)) 251
Ryy=memb fifo (Rx++#s4:0) 251
Ryy=memb_fifo (Rx++I:circ( ) 251
Ryy=memb_ fifo (Rx++Mu:brev) 251
Ryy=memb_fifo (Rx++Mu) 251

membh

Rd= membh(Re #U6) 277

Rd=membh (Rs) 277
Rd:membh(Rs+#sll:l) 277

Rd=membh (Rt<<#u2+#U6) 277
Rd=membh (Rx++#s4:1:circ (Mu) 277
Rd=membh (Rx++#s4:1) 277

Rd=membh (Rx++I:circ (Mu)) 277
Rd=membh (Rx++Mu:brev) 278

Rd=membh (Rx++Mu) 278
Rdd=membh (Re=#U6) 279
Rdd=membh (Rs) 279
Rdd=membh Rs+#sll:2) 279
Rdd=membh (Rt<<#u2+#U6) 280

memd

(R

(

(
RAd=membh (Rx++#s4:2:circ (Mu)) 280
Rdd=membh (Rx++#s4:2) 280
Rdd=membh (Rx++I:circ( ) 280
Rdd=membh (Rx++Mu:brev) 280
RAd=membh (Rx++Mu) 280
if ([!]1Pt[.new]) Rdd=memd (#u6) 244
if ([!]1Pt[.new]) Rdd=memd (Rs+#u6:3) 244
if [11Pt[.new] Rdd=memd (Rx++#s4:3) 244

(
(
(
if ([!]1Pv[.new]) memd (#u6)=Rtt 310
(
(
(

if [!1Pv[.new]) memd (Rs+#u6:3)=Rtt 310
if ([!]1Pv[.new]) memd(Rs+Ru<<#u2)=Rtt 310
if [11Pv[.new]) memd (Rx++#s4:3)=Rtt 310

)
)
)
)
)
)
)
)

if ([!]1Pv([.new]) Rdd=memd(Rs+Rt<<#u2) 244
memd (gp+#ul6:3) =Rtt 308
memd (Re=#U6) =Rtt 308
memd (Rs+#s11:3)=Rtt 308
memd (Rs+Ru<<#u2) =Rtt 308
memd (Ru<<#u2+#U6) =Rtt 308
memd (Rx++#s4:3:circ (Mu) ) =Rtt 308
memd (Rx++#s4 :3) =Rtt 308
memd (Rx++I:circ (Mu) ) =Rtt 308
memd (Rx++Mu:brev) =Rtt 308
memd (Rx++Mu) =Rtt 308
Rdd=memd (gp+#ul6:3) 242
Rdd=memd (Re=#U6) 242
Rdd=memd (Rs+#s11:3) 242
Rdd=memd (Rs+Rt<<#u2) 242
Rdd=memd (Rt <<#u2+#U6) 242
RAd=memd (Rx++#s4:3:circ (Mu)) 242
(
(
(
(

(
(
(
(
(
(
(
(

Rdd=memd (Rx++#s4:3) 242
Rdd=memd (Rx++I:circ( ) 242
Rdd=memd (Rx++Mu:brev) 242
RAd=memd (Rx++Mu) 242

memd locked

memd_locked (Rs, Pd) =Rtt 372
Rdd=memd_locked ( ) 371
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memh
if ([!1Pt[.new]) Rd=memh (#u6) 258
if ([!]1Pt[.new]) Rd=memh (Rs+#u6:1) 258
if ([!]1Pt[.new]) Rd=memh (Rx++#s4:1) 258
if ([!1Pv[.new]) memh (#u6)=Nt.new 300
if ([!1Pv([.new]) memh (#u6)=Rt 320
if ([!1Pv[.new]) memh (#u6)=Rt.H 320
if ([!1Pv[.new]) memh (Rs+#u6:1)=#S6 320
if ([!1Pv([.new]) memh(Rs+#u6:1)=Nt.new 300
if ([!1Pv[.new]) memh (Rs+#u6:1)=Rt 321
if ([!1Pv[.new]) memh(Rs+#u6:1)=Rt.H 320
if ([!1Pv[.new]) memh (Rs+Ru<<#u2)=Nt.new 300
if ([!]1Pv[.new]) memh(Rs+Ru<<#u2)=Rt 321
if ([!1Pv[.new]) memh(Rs+Ru<<#u2)=Rt.H 321
if ([!1Pv[.new]) memh (Rx++#s4:1)=Nt.new 300
if ([!1Pv[.new]) memh (Rx++#s4:1)=Rt 321
if ([!1Pv[.new]) memh (Rx++#s4:1)=Rt.H 321
if ([!]1Pv[.new]) Rd=memh (Rs+Rt<<#u2) 258
memh (gp+#ul6:1) =Nt .new 298
memh (gp+#ul6:1) =Rt 318

[

[!

[

[!

[

[!

[

[!

[

[!

[

[!

[

[!

[

[!

[

(

(
memh (gp+#ul6:1) =Rt .H 318
memh (Re=#U6) =Nt .new 298
memh (Re=#U6) =Rt 317
memh (Re=#U6) =Rt .H 317
memh (Rs+#s11:1) =Nt .new 298
memh (Rs+#s11:1) =Rt 317
memh (Rs+#s11:1)=Rt.H 317
memh (Rs+#u6:1) [+-]=#U5 287
memh (Rs+#u6:1) [+- | &] =Rt 287
memh (Rs+#u6:1) =#s8 317
memh (Rs+Ru<<#u2) =Nt .new 298
memh (Rs+Ru<<#u2) =Rt 317
memh (Rs+Ru<<#u2) =Rt .H 317
memh (Ru<<#u2+#U6) =Nt .new 298
memh (Ru<<#u2+#U6) =Rt 317
memh (Ru<<#u2+#U6) =Rt .H 317
memh (Rx++#s4:1:circ(Mu) ) =Nt .new 298
memh (Rx++#s4:1:circ (Mu))=Rt 317
memh (Rx++#s4:1:circ(Mu))=Rt.H 317
memh (Rx++#s4:1) =Nt .new 298
memh (Rx++#s4:1) =Rt 317
memh (Rx++#s4:1) =Rt .H 317
memh (Rx++I:circ (Mu) ) =Nt .new 298
memh (Rx++I:circ (Mu)) =Rt 317
memh (Rx++I:circ(Mu))=Rt.H 317
memh (Rx++Mu:brev) =Nt .new 298
memh (Rx++Mu:brev) =Rt 318
memh (Rx++Mu:brev) =Rt .H 318
memh (Rx++Mu) =Nt .new 298
memh (Rx++Mu) =Rt 318
memh (Rx++Mu) =Rt .H 318
Rd=memh (gp+#ul6:1) 256
Rd=memh (Re=#U6) 256
Rd=memh (Rs+#s11:1) 256
Rd=memh (Rs+Rt<<#u2) 256
Rd=memh (Rt <<#u2+#U6) 256
Rd=memh (Rx++#s4:1:circ (Mu) 256
Rd=memh (Rx++#s4:1) 256
Rd=memh (Rx++I:circ (Mu)) 256
Rd=memh (Rx++Mu:brev) 256
Rd=memh (Rx++Mu) 256

memh fifo

e=#U6) 253
) 253

Ryy=memh_ fifo (R
Ryy=memh_fifo (R
Ryy=memh_ fifo (Rs+#sll 1) 253
Ryy=memh fifo (Rt<<#u2+#U6) 253
Ryy=memh_ fifo (Rx++#s4:1:circ(Mu) ) 254
Ryy=memh fifo (Rx++#s4:1) 254
Ryy=memh fifo (Rx++I:circ(Mu)) 254
Ryy=memh fifo (Rx++Mu:brev) 254
Ryy=memh_fifo (Rx++Mu) ) 254

memub

Rd=memub
Rd=memub

#ue) 262
Rs+#u6:0) 262
Rx++#s4:0) 262
Rs+Rt<<#u2) 262

if ([!]Pt[.new]
if ([!1Pt[.new]
if ([!]Pt[.new] Rd=memub
if ([!1Pv[.new]) Rd=memub
Rd=memub (gp+#ul6:0) 260
Rd=memub (Re=#U6) 260
Rd=memub (Rs+#s11:0) 260
Rd=memub (Rs+Rt<<#u2) 260
Rd=memub (Rt<<#u2+#U6) 260
Rd=memub (Rx++#s4:0:circ (Mu) 260

(

(

(

(

)
)
)
)

Rd=memub (Rx++#s4:0) 260
Rd=memub (Rx++I:circ (Mu)) 260
Rd=memub (Rx++Mu:brev) 260
Rd=memub (Rx++Mu) 260

memubh

Rd=memubh (Re=#U6) 278

Rd=memubh (Rs+#s11:1) 278
Rd=memubh (Rt<<#u2+#U6) 278
Rd=memubh (Rx++#s4:1:circ (Mu)) 279
Rd=memubh (Rx++#s4:1) 278
Rd=memubh (Rx++I:circ (Mu)) 279
Rd=memubh (Rx++Mu:brev) 279
Rd=memubh (Rx++Mu) 279

Rdd=memubh (Re=#U6) 281

RAd=memubh (Rs+#s11:2) 281
Rdd=memubh (Rt <<#u2+#U6) 281
RAd=memubh (Rx++#s4:2:circ (Mu)) 282
Rdd=memubh (Rx++#s4:2) 282
Rdd=memubh (Rx++I:circ( ) 282
Rdd=memubh (Rx++Mu:brev) 282
Rdd=memubh (Rx++Mu) 282

memuh

#us) 266
Rs+#u6:1) 266
Rx++#s4:1) 260
Rs+Rt<<#u2) 266

Rd=memuh
Rd=memuh

if ([!1Pt[.new]
if ([!]Pt[.new]
if ([!1Pt[.new]) Rd=memuh
if ([!]Pv[.new] Rd=memuh
Rd=memuh (gp+#ul6:1) 264
Rd=memuh (Re=#U6) 264
Rd=memuh (Rs+#s11:1) 264
Rd=memuh (Rs+Rt<<#u2) 264
Rd=memuh (Rt<<#u2+#U6) 264
Rd=memuh (Rx++#s4:1:circ (Mu) 264

(

(

(

(

)
)
)
)

Rd=memuh (Rx++#s4:1) 264
Rd=memuh (Rx++I:circ (Mu)) 264
Rd=memuh (Rx++Mu:brev) 264
Rd=memuh (Rx++Mu) 264
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memw
if ([!]Pt[.new]) Rd=memw (#u6) 270
if ([!1Pt[.new]) Rd=memw (Rs+#u6:2) 270
if ([!]1Pt[.new]) Rd=memw (Rx++#s4:2) 270
if ([!1Pv[.new]) memw (#u6)=Nt.new 305
if ([!1Pv[.new]) memw (#u6)=Rt 326
if ([!1Pv([.new]) memw (Rs+#u6:2)=#S6 326
if ([!1Pv[.new]) memw(Rs+#u6:2)=Nt.new 305
if ([!1Pv[.new]) memw (Rs+#u6:2)=Rt 326
if ([!1Pv[.new]) memw(Rs+Ru<<#u2)=Nt.new 305
if ([!]1Pv[.new]) memw(Rs+Ru<<#u2)=Rt 320
if ([!1Pv[.new]) memw (Rx++#s4:2)=Nt.new 305
if ([!11Pv[.new]) memw (Rx++#s4:2)=Rt 326
if ([!]1Pv[.new]) Rd=memw (Rs+Rt<<#u2) 270
)=

[

[!

[

[!

[

[!

[

[!

[t

[!

[

[!

[

memw (gp+#ul6:2)=Nt.new 303
memw (gp+#ul6:2) =Rt 324
memw (Re=#U6) =Nt .new 303
memw (Re=#U6) =Rt 324
memw (Rs+#s11:2) =Nt .new 303
memw (Rs+#s11:2) =Rt 324
memw (Rs+#u6:2) [+-]=#US 288

memw (Rs+#u6:2) [+-|&] =Rt 288
memw (Rs+#u6:2) =#S8 324

memw (Rs+Ru<<#u2) =Nt .new 303
memw (Rs+Ru<<#u2) =Rt 324

memw (Ru<<#u2+#U6) =Nt .new 303
memw (Ru<<#u2+#U6) =Rt 324

memw (Rx++#s4:2:circ (Mu)) =Nt .new 303
memw (Rx++#s4:2:circ (Mu) ) =Rt 324
memw (Rx++#s4:2) =Nt .new 303

memw (Rx++#s4:2) =Rt 324

memw (Rx++I:circ (Mu))=Nt.new 303
memw (Rx++I:circ (Mu) ) =Rt 324
memw (Rx++Mu:brev) =Nt .new 303
memw (Rx++Mu:brev) =Rt 324

memw (Rx++Mu) =Nt .new 303

memw (Rx++Mu) =Rt 324

Rd=memw (gp+#ul6:2) 268

Rd=memw (Re=#U6) 268

Rd=menw (Rs+#s11:2) 268

Rd=memw (Rs+Rt<<#u2) 268
Rd=memw (Rt <<#u2+#U6) 268
Rd=memw (Rx++#s4:2:circ (Mu) 268
Rd=memw (Rx++#s4:2) 268

Rd=memw (Rx++I:circ (Mu)) 268
Rd=memw (Rx++Mu:brev) 268
Rd=memw (Rx++Mu) 268

memw_locked
memw_locked (Rs, Pd) =Rt 372
Rd=memw_locked (Rs) 371

memw_phys
Rd=memw_phys (Rs,Rt) 355

min
Rd=min (Rt,Rs) 405
Rdd=min (Rtt,Rss) 406

minu
Rd=minu (Rt,Rs) 405
Rdd=minu (Rtt,Rss) 406

modwrap
Rd=modwrap (Rs,Rt) 407

mpy
Rd=mpy (Rs,Rt.H) :<<1:rnd:sat 567
Rd=mpy (Rs,Rt.H) :<<1:sat 567
Rd=mpy (Rs,Rt.L) :<<1:rnd:sat 567
Rd:mpy Rs,Rt.L) :<<1l:sat 567

Rs, Rt) <<1 567
Rd=mpy (Rs,Rt) :<<1l:sat 567
Rd=mpy (Rs,Rt) :rnd 567

Rd=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:rnd] [:sat] 550

Rdd=mpy (Rs,Rt) 570

Rdd=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:rnd] 550

Rx+=mpy (Rs,Rt) :<<1:sat 567

Rx-=mpy (Rs,Rt) :<<l:sat 567

(
(
Rx+=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:sat] 550
(
(

Rx-=mpy (Rs. [HL] ,Rt. [HL]) [:<<1] [:sat] 550

Rxx [+-]=mpy (Rs,Rt) 570
Rxx+=mpy (Rs. [HL] ,Rt. [HL]) [
Rxx-=mpy (Rs. [HL] ,Rt. [HL])

mpyi

Rd=+mpyi (Rs, #u8) 539
Rd=mpyi (Rs, #m9) 540
Rd=-mpyi (Rs, #u8) 539
Rd=mpyi (Rs,Rt) 540
Rx+=mpyi (Rs, #us) 540
Rx+=mpyi (Rs,Rt) 540
Rx-=mpyi (Rs, #u8) 540

mpysu
Rd=mpysu (Rs, Rt) ) 567

mpyu
Rd=mpyu (Rs, Rt) ) 567
Rd=mpyu (Rs. [HL] ,Rt. [HL])
Rdd=mpyu (Rs, Rt) ) 570
Rdd=mpyu (Rs. [HL] ,Rt. [HL])
Rx+=mpyu (Rs. [HL] ,Rt. [HL]) [
Rx-=mpyu (Rs. [HL] ,Rt. [HL])
Rxx [+-]=mpyu (Rs,Rt) 570

Rxx+=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] 558
Rxx-=mpyu (Rs. [HL] ,Rt. [HL]) [:<<1] 558

mpyui
Rd=mpyui (Rs,Rt) ) 540

mux
Rd=mux
Rd=mux
Rd=mux
Rd=mux

pu, #s8, #s8) 191
pu, #s8,Rs) 191
Pu,Rs, #s8) 191
pu,Rs,Rt) 191

N

neg
Rd=neg (Rs) 175
Rd=neg (Rs) :sat 408
Rdd=neg (Rss) ) 408

nmi

nmi (Rs) 356

<<1] 550
1<<1] 550

[:<<1] 558

1<<1] 558
<<1] 558
1<<1] 558
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no mnemonic
cd=Rs 223
cdd=Rss 223
ed=Rrs 331
Gdd=Rss 331
if ([!1Pul.new]) Rd=#s12 206
if ([!1Pul.new]) Rd=Rs 206
if ([!1Pul.new]) Rdd=Rss 206
pd=ps 221
Pd=Rs 634
Rd=#s16 180
Rd=Cs 223
Rd=Gs 331
Rd=Ps 634
Rd=Rs 182
Rd=Ss 368
Rdd=#s8 180
Rdd=Css 223
Rdd=Gss 331
Rdd=Rss 182
Rdd=Sss 368
Rx. [HL] =#ul6 180
sd=Rs 368
Sdd=Rss 368

nop
nop 176

normamt
Rd=normamt (Rs) 463
Rd=normamt (Rss) 463

not
Pd=not (Ps) 221
Rd=not (Rs) 173
Rdd=not (Rss) 398

o

or
if ([!]Pul.new]) Rd=or (Rs,Rt) 201
Pd=and (Ps,or (Pt, [!]1Pu)) 221
Pd=or (Ps, and (Pt, [']Pu 221
Pd:or(Ps or (Pt, [!1]Pu) 221
Pd=or (Pt, [!]1Ps) 221
Rd=or (Rs #s10) 173

(

Rd=or (Rs,Rt) ) 173

Rd=or (Rt,~Rs) 173

Rdd=or (Rss,Rtt) 398

Rdd=or (Rtt, ~Rss) 398

Rx [&] "] =or (Rs,Rt) y 401
Rx=or (Ru, and (Rx, #s10)) 401
Rx|=or (Rs, #s10) 401

P
packhl
Rdd=packhl (Rs,Rt) 195
parity
Rd=parity (Rs,Rt) ) 474
Rd=parity (Rss,Rtt) 474
pause
pause (#u8) 384
pcC

Rd=add (pc, #u6) 218

pmpyw
Rdd=pmpyw (Rs, Rt) ) 563
Rxx*=pmpyw (Rs,Rt) 563

popcount
Rd=popcount (Rss) 465

R

resume
resume (Rs) 357

rol
Rd=rol (Rs, #u5) 645
Rdd=rol (Rss, #u6) 645
Rx*=rol (Rs, #us) 651
Rx[&|]=rol (Rs, #u5) 651
Rx [+-]=rol (Rs, #us) 647
Rxx*=rol (Rss, #u6) 652
Rxx [&|]=rol (Rss, #u6) 652
Rxx [+-]=rol (Rss, #u6) 647

round
Rd=round (Rs, #u5) [:sat] 409
Rd=round (Rs,Rt) [: sat] 409
Rd=round (Rss) :sat 409

rte
rte 358

rteunlock
rteunlock 359

S

sat
Rd=sat (Rss) 599

satb
Rd=satb (Rs) 599

sath
Rd=sath (Rs) 599

satub
Rd=satub (Rs) 599

satuh
Rd=satuh (Rs) 599

setbit
memb (Rs+#u6:0) =setbit (#U5) 286
memh (Rs+#u6:1) =setbit (#U5) 287
memw (Rs+#u6:2) =setbit (#Us5) 288
Rd=setbit (Rs, #u5) 476
Rd=setbit (Rs,Rt) 476

setimask
setimask (Pt,Rs) 360

sfadd
Rd=sfadd (Rs,Rt) 516

sfclass
pd-sfclass (Rs, #us) 517
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sfcmp.eq
Pd=sfcmp.eq(Rs,Rt) ) 519
sfcmp.ge
Pd=sfcmp.ge (Rs,Rt) ) 519

sfcmp.gt
Pd=sfcmp.gt (Rs,Rt) ) 519

sfcmp.uo
Pd=sfcmp.uo (Rs,Rt) ) 519

sffixupd
Rd=sffixupd(Rs,Rt) ) 527

sffixupn
Rd=sffixupn (Rs,Rt) ) 527

sffixupr
Rd=sffixupr (Rs) 527

sfinvsqgrta
Rd, Pe=sfinvsqgrta (Rs) 530

sfmake
Rd=sfmake (#ul10) :neg 533
Rd=sfmake (#ul0) :pos 533

sfmax
Rd=sfmax (Rs,Rt) ) 534

sfmin
Rd=sfmin (Rs,Rt) 535

sfmpy
Rd=sfmpy (Rs,Rt) ) 536
Rx+=sfmpy (Rs,Rt, Pu) :scale 529
Rx+=sfmpy (Rs,Rt) 528
Rx+=sfmpy (Rs,Rt) :1ib 531
Rx-=sfmpy (Rs,Rt) 528
Rx-=sfmpy (Rs,Rt) :1ib 531

sfrecipa
Rd, Pe=sfrecipa (Rs,Rt) 537

sfsub
Rd=sfsub (Rs,Rt) 538

sgp
crswap (Rx, sgp) 334

sgp0
crswap (Rx, sgp0) 334

sgpl
0
crswap (Rxx, sgpl:0) 334
crswap (Rx, sgpl) 3

shuffeb
Rdd=shuffeb (Rss,Rtt) 611

shuffeh
Rdd=shuffeh (Rss,Rtt) 611

shuffob
Rdd=shuffob (Rtt,

shuffoh
Rdd=shuffoh (Rtt,

siad
siad(Rs) 361

splloopO
p3=splloopO (#r7:
p3=splloop0 (#r7:

sp2loop0
p3=sp2loop0 (#r7:
p3=sp2loop0 (#r7:

sp3loop0
p3=sp3loop0 (#r7:
p3=sp3loop0 (#r7:

start
start (Rs) 362

stop
stop (Rs) ) 363

sub
if ([!]Pul.new])

Rss) 611

Rss) 611

2,#010) 219
2,RrRs) 219

2,#u10) 219
2,Rs) 219

2,#u10) 219
2,Rs) 219

Rd=sub (Rt,Rs) 203

Rd=add (Rs, sub (#s6,Ru)) 390

Rd=sub (#s10,Rs)
Rd=sub (Rt,Rs) 17

) 177
7

:sat 177

Rd=sub (Rt,Rs) :sat:deprecated 411

(

(

(
Rd=sub (Rt,Rs)

(

(

(

Rd=sub (Rt . [HL] ,Rs. [HL]) [:sat] :<<16 413
Rd=sub (Rt.L,Rs. [HL]) [:sat] 413
Rdd=sub (Rss,Rtt, Px) :carry 397
Rdd=sub (Rtt,Rss) 411
Rx+=sub (Rt,Rs) 412

swi
swi (Rs) 364

swiz
Rd=swiz (Rs) 601

sxtb
if ([!]Pul.new]) Rd=sxtb(Rs) 204

Rd=sxtb (Rs) 179

sxth
if ([']Pu[ new] )
Rd=sxth(rRs) 179
sxtw

Rdd=sxtw (Rs) 416

syncht
syncht 385

T

tableidxb
Rx=tableidxb (Rs,
Rx=tableidxb (Rs

Rd=sxth (Rs) 204

#ud, #96) :raw 481

,#usa, #Us) 481
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tableidxd
Rx=tableidxd (Rs, #u4, #S6) :raw 481
Rx=tableidxd (Rs, #u4, #U5) 481

tableidxh
Rx=tableidxh (Rs, #u4, #56) : raw 481
Rx=tableidxh (Rs, #u4, #U5) 481

tableidxw
Rx=tableidxw (Rs, #u4, #S6) :raw 481
Rx=tableidxw (Rs, #u4, #U5) 481

tlbinvasid
tlbinvasid(Rs) 366

tlblock
tlblock 340

tlbmatch
Pd=tlbmatch (Rss,Rt) 633

tlboc
Rd=t1lboc (Rss) 366

tlbp

Rd=t1lbp (Rs) 366
tlbr

Rdd=tlbr (Rs) 366
tlbunlock

tlbunlock 341

tlbw
tlbw (Rss,Rt) 366

togglebit
Rd=togglebit (Rs, #us) 476
Rd=togglebit (Rs,Rt) 476

trace
trace (Rs) 386

trap0
trapo (#us) 387

trapl
trapl (#us) 387

tstbit
if ([!]tstbit (Ns.new,#0)) jump:<hint> #r9:2 290
pl01] =tstbit (Rs,#0) 232
Pd=[!]tstbit (Rs,#u5) 635
Pd=[!]tstbit (Rs,Rt) 635

\'

vabsdiffb
Rdd=vabsdiffb (Rtt,Rss) 419

vabsdiffh
Rdd=vabsdiffh (Rtt,Rss) 420

vabsdiffub
Rdd=vabsdiffub (Rtt,Rss) 419

vabsdiffw
Rdd=vabsdiffw (Rtt,Rss) 421

vabsh
Rdd=vabsh (Rss) 417
Rdd:vabsh( ss) :sat 417

vabsw
Rdd=vabsw (Rss) 418
Rdd=vabsw (Rss) :sat 418

vacsh
Rxx,Pe=vacsh (Rss,Rtt) 423

vaddb
Rdd=vaddb (Rss,Rtt) 432

vaddh
Rd=vaddh (Rs,Rt) [:sat] 183
Rdd=vaddh (Rss,Rtt) [:sat] 425

vaddhub
Rd=vaddhub (Rss,Rtt) :sat 427

vaddub
Rdd=vaddub (Rss,Rtt) [:sat] 432

vadduh
Rd=vadduh (Rs,Rt) :sat 183
Rdd=vadduh (Rss,Rtt) :sat 425

vaddw
Rdd=vaddw (Rss,Rtt) [:sat] 433

valignb
Rdd=valignb (Rtt,Rss, #u3) 602
Rdd=valignb (Rtt,Rss, Pu) 602

vaslh
Rdd=vaslh(Rss, #u4) 670
Rdd=vaslh (Rss,Rt) 676

vaslw
Rdd=vaslw (Rss, #u5) 678
Rdd=vaslw (Rss,Rt) 680

vasrh
Rdd=vasrh (Rss, #u4) 670
Rdd=vasrh (Rss, #u4) :raw 672
Rdd=vasrh (Rss, #u4) : rnd 672
Rdd=vasrh (Rss,Rt) 676

vasrhub
Rd=vasrhub (Rss, #u4) :raw 674
Rd=vasrhub (Rss, #u4) :rnd:sat 674
Rd=vasrhub (Rss, #u4) :sat 674

vasrw
Rd=vasrw (Rss, #u5) 682
Rd=vasrw (Rss,Rt) 682
Rdd=vasrw (Rss, #u5) 678
Rdd=vasrw (Rss,Rt) 680
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vavgh
Rd=vavgh (Rs,Rt) 184
Rd=vavgh (Rs,Rt) :rnd 184
Rdd=vavgh (Rss, Rtt) 434
Rdd=vavgh (Rss,Rtt) :crnd 434
Rdd=vavgh (Rss,Rtt) :rnd 434

vavgub
Rdd=vavgub (Rss,Rtt) 436
Rdd=vavgub (Rss,Rtt) :rnd 436

vavguh
Rdd=vavguh (Rss,Rtt) 434
Rdd=vavguh (Rss,Rtt) :rnd 434

vavguw
Rdd=vavguw (Rss,Rtt) [:rnd] 437

vavgw
Rdd=vavgw (Rss,Rtt) :crnd 437
Rdd=vavgw (Rss,Rtt) [:rnd] 437

vempb. eq
Pd=any8 (vcmpb.eq (Rss,Rtt)) 638
Pd=vcmpb. eq (Rss, #u8) 639
Pd=vcmpb.eq(Rss,Rtt) 639

vempb. gt
Pd=vcmpb.gt (Rss, #s8) 639
Pd=vcmpb. gt (Rss,Rtt) 639

vempb . gtu
Pd=vcmpb.gtu (Rss, #u7) 639
Pd=vcmpb.gtu (Rss, Rtt) 639

vcmph. eq
Pd=vcmph.eq(Rss, #s8) 636
Pd=vcmph.eq (Rss,Rtt) 636

vemph. gt
Pd=vcmph.gt (Rss, #s8) 636
Pd=vcmph.gt (Rss,Rtt) 636

vcemph.gtu
Pd=vcmph.gtu (Rss, #u7) 636
Pd=vcmph.gtu (Rss,Rtt) 636

vempw . eq
Pd=vcmpw.eq (Rss, #s8) 641
Pd=vcmpw.eq (Rss,Rtt) 641

vempw. gt
Pd=vcmpw.gt (Rss, #s8) 641
Pd=vcmpw.gt (Rss,Rtt) 641

vempw. gtu
Pd=vcmpw.gtu (Rss, #u7) 641
Pd=vcmpw.gtu (Rss, Rtt) 641

vempyi
Rdd=vcmpyi (Rss,Rtt) [:<<1] :sat 498
Rxx+=vempyi (Rss, Rtt) :sat 498

vempyr
Rdd=vcmpyr (Rss,Rtt) [:<<1] :sat 498
Rxx+=vcmpyr (Rss,Rtt) :sat 498

vcnegh
Rdd=vcnegh (Rss, Rt) 439

vconj
Rdd=vconj (Rss) :sat 500

vcrotate
Rdd=vcrotate (Rss,Rt) 501

vdmpy

Rd=vdmpy (Rss,Rtt) [:<<1] :rnd:sat 575
Rdd=vdmpy (Rss,Rtt) :<<1:sat 573

Rdd=vdmpy (Rss,Rtt) :sat 573

Rxx+=vdmpy (Rss,Rtt) :<<1l:sat 573

Rxx+=vdmpy (Rss,Rtt) :sat 573

vdmpybsu

RAd=vdmpybsu (Rss, Rtt) :sat 580
Rxx+=vdmpybsu (Rss,Rtt) :sat 580

vitpack
Rd=vitpack (Ps, Pt) 643

vlslh
Rdd=vlslh(Rss,Rt) 676

vislw
Rdd=vlslw(Rss,Rt) 680

vlsrh
Rdd=vlsrh(Rss, #u4) 670
Rdd=vlsrh (Rss,Rt) 676

visrw
RAd=vlsrw (Rss, #us5) 678
Rdd=vlsrw (Rss,Rt) 680

vmaxb
Rdd=vmaxb (Rtt,Rss) 441

vmaxh
Rdd=vmaxh (Rtt,Rss) 442

vmaxub
Rdd=vmaxub (Rtt,Rss) 441

vmaxuh
Rdd=vmaxuh (Rtt,Rss) 442

vmaxuw
Rdd=vmaxuw (Rtt,Rss) 447

vmaxw
Rdd=vmaxw (Rtt,Rss) 447

vminb
Rdd=vminb (Rtt,Rss) 448

vminh
Rdd=vminh (Rtt,Rss) 450

vminub
Rdd, Pe=vminub (Rtt,Rss) 448
RAd=vminub (Rtt,Rss) 448
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vminuh
Rdd=vminuh (Rtt,Rss) 450

vminuw
Rdd=vminuw (Rtt,Rss) 455

vminw
Rdd=vminw (Rtt,Rss) 455

vmpybsu
Rdd=vmpybsu (Rs,Rt) ) 592
Rxx+=vmpybsu (Rs,Rt) 592

vmpybu
Rdd=vmpybu (Rs,Rt) 592
Rxx+=vmpybu (Rs,Rt) ) 592

vmpyeh
Rdd=vmpyeh (Rss,Rtt) :<<1l:sat 582
Rdd=vmpyeh (Rss,Rtt) :sat 582
Rxx+=vmpyeh (Rss,Rtt) 582
Rxx+=vmpyeh (Rss,Rtt) :<<l:sat 582
Rxx+=vmpyeh (Rss, Rtt) :sat 582

vmpyh
Rd=vmpyh (Rs,Rt) [:<<1] :rnd:sat 586
Rdd=vmpyh (Rs,Rt) [:<<1] :sat 584
Rxx+=vmpyh (Rs,Rt) 584
Rxx+=vmpyh (Rs,Rt) [:<<1] :sat 584

vmpyhsu
Rdd=vmpyhsu (Rs,Rt) [:<<1] :sat 588
Rxx+=vmpyhsu (Rs,Rt) [:<<1] :sat 588

vmpyweh
Rdd=vmpyweh (Rss,Rtt) [:<<1] :rnd:sat 543
Rdd=vmpyweh (Rss,Rtt) [:<<1] :sat 543
Rxx+=vmpyweh (Rss,Rtt) [:<<1] :rnd:sat 543
Rxx+=vmpyweh (Rss,Rtt) [:<<1] :sat 543

vmpyweuh
Rdd=vmpyweuh (Rss,Rtt) [:<<1] :rnd:sat 547
Rdd=vmpyweuh (Rss,Rtt) [:<<1] :sat 547
Rxx+=vmpyweuh (Rss,Rtt) [:<<1] :rnd:sat 547
Rxx+=vmpyweuh (Rss,Rtt) [:<<1] :sat 547

vmpywoh
Rdd=vmpywoh (Rss,Rtt) [:<<1] :rnd:sat 543
Rdd=vmpywoh (Rss,Rtt) [:<<1] :sat 543
Rxx+=vmpywoh (Rss,Rtt) [:<<1] :rnd:sat 543
Rxx+=vmpywoh (Rss,Rtt) [:<<1] :sat 543

vmpywouh
Rdd=vmpywouh (Rss,Rtt) [:<<1] :rnd:sat 547
Rdd=vmpywouh (Rss,Rtt) [:<<1] :sat 547
Rxx+=vmpywouh (Rss,Rtt) [:<<1] :rnd:sat 547
Rxx+=vmpywouh (Rss,Rtt) [:<<1] :sat 547

vmux
RAd=vmux (Pu, Rss,Rtt) 644

vnavgh
Rd=vnavgh (Rt ,Rs) ) 184
Rdd=vnavgh (Rtt,Rss) 434
Rdd=vnavgh (Rtt,Rss) :crnd:sat 434
Rdd=vnavgh (Rtt,Rss) :rnd:sat 434

vnavgw
Rdd=vnavgw (Rtt,Rss) 437
Rdd=vnavgw (Rtt,Rss) :crnd:sat 437
Rdd=vnavgw (Rtt,Rss) :rnd:sat 437

vpmpyh
Rdd=vpmpyh (Rs, Rt) ) 595
Rxx*=vpmpyh (Rs,Rt) 595

vraddh
Rd=vraddh (Rss,Rtt) 430

vraddub
Rdd=vraddub (Rss,Rtt) 428
Rxx+=vraddub (Rss,Rtt) 428

vradduh
Rd=vradduh (Rss,Rtt) 430

vrcmpyi
Rdd=vrcmpyi (Rss,Rtt) 503
Rdd=vrcmpyi (Rss,Rtt*) 503
Rxx+=vrcmpyi (Rss,Rtt) 504
Rxx+=vrcmpyi (Rss,Rtt*) 504

vrcmpyr
Rdd=vrcmpyr (Rss, Rtt) 503
Rdd=vrcmpyr (Rss,Rtt*) 504
Rxx+=vrcmpyr (Rss,Rtt) 504
Rxx+=vrcmpyr (Rss,Rtt*) 504

vrcmpys
Rd=vrcmpys (Rss,Rt) :<<1:rnd:sat 510
Rd=vrcmpys (Rss,Rtt) :<<l:rnd:sat:raw:hi 510
Rd=vrcmpys (Rss,Rtt) :<<l:rnd:sat:raw:1lo 510
Rdd=vrcmpys (Rss,Rt) :<<l:sat 507
Rdd=vrcmpys (Rss,Rtt) :<<1l:sat:raw:hi 507
Rdd=vrcmpys (Rss,Rtt) :<<l:sat:raw:lo 507
Rxx+=vrcmpys (Rss,Rt) :<<1:sat 507
Rxx+=vrcmpys (Rss,Rtt) :<<l:sat:raw:hi 507
Rxx+=vrcmpys (Rss,Rtt) :<<1l:sat:raw:1o 507

vrcnegh
Rxx+=vrcnegh (Rss,Rt) 439

vrcrotate
Rdd=vrcrotate (Rss,Rt, #u2) 513
Rxx+=vrcrotate (Rss,Rt, #u2) 513

vrmaxh
Rxx=vrmaxh (Rss, Ru) 443

vrmaxuh
Rxx=vrmaxuh (Rss,Ru) 443

vimaxuw
Rxx=vrmaxuw (Rss,Ru) 445

vimaxw
Rxx=vrmaxw (Rss, Ru) 445

vrminh
Rxx=vrminh (Rss, Ru) 451

vrminuh
Rxx=vrminuh (Rss,Ru) 451
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vrminuw
Rxx=vrminuw (Rss, Ru) 453

vrminw
Rxx=vrminw (Rss, Ru) 453

vrmpybsu
Rdd=vrmpybsu (Rss,Rtt) 578
Rxx+=vrmpybsu (Rss,Rtt) 578

vrmpybu
Rdd=vrmpybu (Rss,Rtt) 578
Rxx+=vrmpybu (Rss,Rtt) 578

vrmpyh
Rdd=vrmpyh (Rss,Rtt) 590
Rxx+=vrmpyh (Rss,Rtt) 590

vrmpyweh
Rdd=vrmpyweh (Rss,Rtt) [:<<1] 565
Rxx+=vrmpyweh (Rss,Rtt) [:<<1] 565

vrmpywoh
RAd=vrmpywoh (Rss,Rtt) [:<<1] 565
Rxx+=vrmpywoh (Rss,Rtt) [:<<1] 565

vrndwh
Rd=vrndwh ( ) 604
Rd=vrndwh ( ss) :sat 604

vrsadub
Rdd=vrsadub (Rss,Rtt) 456
Rxx+=vrsadub (Rss,Rtt) 456

vsathb
Rd=vsathb (Rs) 607
Rd=vsathb (Rss) 607
Rdd=vsathb (Rss) 609

vsathub
Rd=vsathub (Rs) 607
Rd=vsathub (Rss) 607
Rdd=vsathub (Rss) 609

vsubh
Rd=vsubh (Rt ,Rs) [: sat] 185
RAd=vsubh (Rtt,Rss) [:sat] 458

vsubub

RAd=vsubub (Rtt,Rss) [:sat] 460

vsubuh
Rd=vsubuh (Rt,Rs) :sat |

85

Rdd=vsubuh (Rtt,Rss) :sat 458

vsubw

Rdd=vsubw (Rtt,Rss) [:sat] 461

vsxtbh
Rdd=vsxtbh (Rs) 616

vsxthw
Rdd=vsxthw (Rs) 616

vtrunehb
Rd=vtrunehb (Rss) 618
Rdd=vtrunehb (Rss,Rtt)

vtrunewh
Rdd=vtrunewh (Rss,Rtt)

vtrunohb
Rd=vtrunohb (Rss) 619
Rdd=vtrunohb (Rss,Rtt)

vtrunowh
Rdd=vtrunowh (Rss,Rtt)

vxaddsubh
Rdd=vxaddsubh (Rss,Rtt)
Rdd=vxaddsubh (Rss,Rtt)

vxaddsubw
Rdd=vxaddsubw (Rss,Rtt)

vxsubaddh
Rdd=vxsubaddh (Rss,Rtt)

) 619

619

) 619

619

:rnd:>>1:sat 484
:sat 484

:sat 486

:rnd:>>1:sat 484

veatwh Rdd=vxsubaddh (Rss,Rtt) :sat 484
Rd=vsatwh (Rss) 607
Rdd=vsatwh (Rss) 609 vxsubaddw
RAd=vxsubaddw (Rss,Rtt) :sat 486
vsatwuh bh
Rd=vsatwuh (Rss) 607 vzxt
Rdd=vsatwuh (Rss) 609 Rdd=vzxtbh (Rs) 621
vsplatb vzxthw
Rd=vsplatb (Rs) 613 Rdd=vzxthw (Rs) 621
Rdd=vsplatb (Rs) ) 613 W
vsplath .
Rdd=vsplath (Rs) 614 walit
wait (Rs) 370
vspliceb
Rdd=vspliceb (Rss,Rtt, #u3) 615
Rdd=vspliceb (Rss,Rtt, Pu) 615
vsubb
Rdd=vsubb (Rss,Rtt) 460
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X

Xor
if ([!1Pul.new]) Rd=xor (Rs,Rt) 201
pd=xor (Ps,pt) 221
Rd=xor (Rs,Rt) ) 173
Rdd=xor (Rss,Rtt) 398
Rx [&] "] =xor (Rs,Rt) y 401
Rxx"=xor (Rss,Rtt) 400

Z

zxtb
if ([t ]Pu[ new]) Rd=zxtb (Rs) 207
Rd=zxtb ( 187

zxth
if ([t ]Pu[ new]) Rd=zxth(Rs) 207
Rd=zxth ( 187
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A

abs

Rd=abs(Rs) Word32 Q6_R_abs_R(Word32 Rs) 389
Rd=abs(Rs):sat Word32 Q6_R_abs_R_sat(\Word32 Rs) 389
Rdd=abs(Rss) Word64 Q6_P_abs_P(Word64 Rss) 388
add

Rd=add(#u6,mpyi(Rs,#U6)) Word32 Q6_R_add_mpyi_IRI(Word32 |u6, Word32 Rs, Word32 |U6) 540
Rd=add(#u6,mpyi(Rs,Rt)) Word32 Q6_R_add_mpyi_IRR(Word32 lu6, Word32 Rs, Word32 Rt) 540
Rd=add(Rs,#s16) Word32 Q6_R_add_RI(Word32 Rs, Word32 Is16) 171
Rd=add(Rs,add(Ru,#s6)) Word32 Q6_R_add_add_RRI(Word32 Rs, Word32 Ru, Word32 Is6) 390
Rd=add(Rs,Rt) Word32 Q6_R_add_RR(Word32 Rs, Word32 Rt) 171
Rd=add(Rs,Rt):sat Word32 Q6_R_add_RR_sat(Word32 Rs, Word32 Rt) 171
Rd=add(Rt.H,Rs.H):<<16 Word32 Q6_R_add_RhRh_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.H,Rs.H):sat:<<16 Word32 Q6_R_add_RhRh_sat_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.H,Rs.L):<<16 Word32 Q6_R_add_RhRI_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.H,Rs.L):sat:<<16 Word32 Q6_R_add_RhRI_sat_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.H) Word32 Q6_R_add_RIRh(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.H):<<16 Word32 Q6_R_add_RIRh_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.H):sat Word32 Q6_R_add_RIRh_sat(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.H):sat:<<16 Word32 Q6_R_add_RIRh_sat_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.L) Word32 Q6_R_add_RIRI(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.L):<<16 Word32 Q6_R_add_RIRI_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.L):sat Word32 Q6_R_add_RIRI_sat(Word32 Rt, Word32 Rs) 395
Rd=add(Rt.L,Rs.L):sat:<<16 Word32 Q6_R_add_RIRI_sat_s16(Word32 Rt, Word32 Rs) 395
Rd=add(Ru,mpyi(#u6:2,Rs)) Word32 Q6_R_add_mpyi_RIR(Word32 Ru, Word32 lu6_2, Word32 Rs) 540
Rd=add(Ru,mpyi(Rs,#u6)) Word32 Q6_R_add_mpyi_RRI(Word32 Ru, Word32 Rs, Word32 [u6) 540
Rdd=add(Rs,Rtt) Word64 Q6_P_add_RP(Word32 Rs, Word64 Rtt) 392
Rdd=add(Rss,Rtt) Word64 Q6_P_add_PP(Word64 Rss, Word64 Rit) 392
Rdd=add(Rss,Rtt):sat Word64 Q6_P_add_PP_sat(Word64 Rss, Word64 Rtt) 392
Rx+=add(Rs,#s8) Word32 Q6_R_addacc_RI(Word32 Rx, Word32 Rs, Word32 1s8) 390
Rx+=add(Rs,Rt) Word32 Q6_R_addacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 390
Rx-=add(Rs,#s8) Word32 Q6_R_addnac_RI(Word32 Rx, Word32 Rs, Word32 Is8) 390
Rx-=add(Rs,Rt) Word32 Q6_R_addnac_RR(Word32 Rx, Word32 Rs, Word32 Rt) 390
Ry=add(Ru,mpyi(Ry,Rs)) Word32 Q6_R_add_mpyi_ RRR(Word32 Ru, Word32 Ry, Word32 Rs) 540
addasl

Rd=addasl(Rt,Rs,#u3) Word32 Q6_R_addasl_RRI(Word32 Rt, Word32 Rs, Word32 1u3) 650
all8

Pd=all8(Ps) Byte Q6_p_all8_p(Byte Ps) 215
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and

Pd=and(Ps,and(Pt,!Pu)) Byte Q6_p_and_and_ppnp(Byte Ps, Byte Pt, Byte Pu) 221
Pd=and(Ps,and(Pt,Pu)) Byte Q6_p_and_and_ppp(Byte Ps, Byte Pt, Byte Pu) 221
Pd=and(Pt,!Ps) Byte Q6_p_and_pnp(Byte Pt, Byte Ps) 221
Pd=and(Pt,Ps) Byte Q6_p_and_pp(Byte Pt, Byte Ps) 221
Rd=and(Rs,#s10) Word32 Q6_R_and_RI(Word32 Rs, Word32 Is10) 173
Rd=and(Rs,Rt) Word32 Q6_R_and_RR(Word32 Rs, Word32 Rt) 173
Rd=and(Rt,~Rs) Word32 Q6_R_and_RnR(Word32 Rt, Word32 Rs) 173
Rdd=and(Rss,Rtt) Word64 Q6_P_and_PP(Word64 Rss, Word64 Rtt) 398
Rdd=and(Rtt,~Rss) Word64 Q6_P_and_PnP(Word64 Rtt, Word64 Rss) 398
Rx*=and(Rs,~Rt) Word32 Q6_R_andxacc_RnR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx*=and(Rs,Rt) Word32 Q6_R_andxacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx&=and(Rs,~Rt) Word32 Q6_R_andand_RnR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx&=and(Rs,Rt) Word32 Q6_R_andand_RR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx|=and(Rs,#s10) Word32 Q6_R_andor_RI(Word32 Rx, Word32 Rs, Word32 1s10) 401
Rx|=and(Rs,~Rt) Word32 Q6_R_andor_RnR(Word32 Rx, Word32 Rs, Word32 Rt) 402
Rx|=and(Rs,Rt) Word32 Q6_R_andor_RR(Word32 Rx, Word32 Rs, Word32 Rt) 402
any8

Pd=any8(Ps) Byte Q6_p_any8_p(Byte Ps) 215
asl

Rd=asl(Rs,#u5) Word32 Q6_R_asl_RI(Word32 Rs, Word32 |u5) 646
Rd=asl(Rs,#u5):sat Word32 Q6_R_asl_RI_sat(Word32 Rs, Word32 |u5) 657
Rd=asl(Rs,Rt) Word32 Q6_R_asl_RR(Word32 Rs, Word32 Rt) 659
Rd=asl(Rs,Rt):sat Word32 Q6_R_asl_RR_sat(Word32 Rs, Word32 Rt) 668
Rdd=asl(Rss,#u6) Word64 Q6_P_asl_PI(Word64 Rss, Word32 |u6) 646
Rdd=asl(Rss,Rt) Word64 Q6_P_asl_PR(Word64 Rss, Word32 Rt) 659
Rx"=asl(Rs,#u5) Word32 Q6_R_aslxacc_RI(Word32 Rx, Word32 Rs, Word32 u5) 652
Rx&=asl(Rs,#u5) Word32 Q6_R_asland_RI(Word32 Rx, Word32 Rs, Word32 |u5) 652
Rx&=asl(Rs,Rt) Word32 Q6_R_asland_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rx+=asl(Rs,#u5) Word32 Q6_R_aslacc_RI(Word32 Rx, Word32 Rs, Word32 |u5) 648
Rx+=asl(Rs,Rt) Word32 Q6_R_aslacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx=add(#u8,asl(Rx,#U5)) Word32 Q6_R_add_asl_IRI(Word32 1u8, Word32 Rx, Word32 1U5) 648
Rx=and(#u8,asl(Rx,#U5)) Word32 Q6_R_and_asl_IRI(Word32 1u8, Word32 Rx, Word32 [U5) 652
Rx-=asl(Rs,#u5) Word32 Q6_R_aslnac_RI(Word32 Rx, Word32 Rs, Word32 [u5) 648
Rx-=asl(Rs,Rt) Word32 Q6_R_aslnac_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx=or(#u8,asl(Rx,#U5)) Word32 Q6_R_or_asl_IRI(Word32 1u8, Word32 Rx, Word32 |U5) 652
Rx=sub(#u8,asl(Rx,#U5)) Word32 Q6_R_sub_asl_IRI(Word32 1u8, Word32 Rx, Word32 1U5) 648
Rx|=asl(Rs,#u5) Word32 Q6_R_aslor_RI(Word32 Rx, Word32 Rs, Word32 1u5) 652
Rx|=asl(Rs,Rt) Word32 Q6_R_aslor_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rxx*=as|(Rss,#u6) Word64 Q6_P_aslxacc_PI(Word64 Rxx, Word64 Rss, Word32 |u6) 653
Rxx"=asl(Rss,Rt) Word64 Q6_P_aslxacc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx&=asl(Rss,#u6) Word64 Q6_P_asland_PI(Word64 Rxx, Word64 Rss, Word32 1u6) 652
Rxx&=asl(Rss,Rt) Word64 Q6_P_asland_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx+=asl(Rss,#u6) Word64 Q6_P_aslacc_PI(Word64 Rxx, Word64 Rss, Word32 [u6) 648
Rxx+=asl(Rss,Rt) Word64 Q6_P_aslacc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 662
Rxx-=asl(Rss,#u6) Word64 Q6_P_aslnac_Pl(Word64 Rxx, Word64 Rss, Word32 lu6) 648
Rxx-=asl(Rss,Rt) Word64 Q6_P_aslnac_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 663
Rxx|=asl(Rss,#u6) Word64 Q6_P_aslor_PIl(Word64 Rxx, Word64 Rss, Word32 |u6) 653
Rxx|=asl(Rss,Rt) Word64 Q6_P_aslor_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
aslh

Rd=aslh(Rs) Word32 Q6_R_aslh_R(Word32 Rs) 193
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asr

Rd=asr(Rs,#u5) Word32 Q6_R_asr_RI(Word32 Rs, Word32 [u5) 646
Rd=asr(Rs,#u5):rnd Word32 Q6_R_asr_RI_rnd(Word32 Rs, Word32 [u5) 656
Rd=asr(Rs,Rt) Word32 Q6_R_asr_RR(Word32 Rs, Word32 Rt) 659
Rd=asr(Rs,Rt):sat Word32 Q6_R_asr_RR_sat(\Word32 Rs, Word32 Rt) 668
Rdd=asr(Rss,#u6) Word64 Q6_P_asr_PI(Word64 Rss, Word32 lu6) 646
Rdd=asr(Rss,#u6):rnd Word64 Q6_P_asr_PI_rnd(Word64 Rss, Word32 [u6) 656
Rdd=asr(Rss,Rt) Word64 Q6_P_asr_PR(Word64 Rss, Word32 Rt) 659
Rx&=asr(Rs,#u5) Word32 Q6_R_asrand_RI(Word32 Rx, Word32 Rs, Word32 |u5) 652
Rx&=asr(Rs,Rt) Word32 Q6_R_asrand_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rx+=asr(Rs,#u5) Word32 Q6_R_asracc_RI(Word32 Rx, Word32 Rs, Word32 lu5) 648
Rx+=asr(Rs,Rt) Word32 Q6_R_asracc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx-=asr(Rs,#u5) Word32 Q6_R_asrnac_RI(Word32 Rx, Word32 Rs, Word32 Iu5) 648
Rx-=asr(Rs,Rt) Word32 Q6_R_asrnac_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx|=asr(Rs,#u5) Word32 Q6_R_asror_RI(Word32 Rx, Word32 Rs, Word32 Iu5) 652
Rx|=asr(Rs,Rt) Word32 Q6_R_asror_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rxx"=asr(Rss,Rt) Word64 Q6_P_asrxacc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx&=asr(Rss,#u6) Word64 Q6_P_asrand_PI(Word64 Rxx, Word64 Rss, Word32 [u6) 653
Rxx&=asr(Rss,Rt) Word64 Q6_P_asrand_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx+=asr(Rss,#u6) Word64 Q6_P_asracc_PI(Word64 Rxx, Word64 Rss, Word32 [u6) 648
Rxx+=asr(Rss,Rt) Word64 Q6_P_asracc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 662
Rxx-=asr(Rss,#u6) Word64 Q6_P_asrnac_Pl(Word64 Rxx, Word64 Rss, Word32 |u6) 648
Rxx-=asr(Rss,Rt) Word64 Q6_P_asrnac_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 663
Rxx|=asr(Rss,#u6) Word64 Q6_P_asror_PI(Word64 Rxx, Word64 Rss, Word32 |u6) 653
Rxx|=asr(Rss,Rt) Word64 Q6_P_asror_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
asrh

Rd=asrh(Rs) Word32 Q6_R_asrh_R(Word32 Rs) 193
asrrnd

Rd=asrrnd(Rs,#u5) Word32 Q6_R_asrrnd_RI(Word32 Rs, Word32 |u5) 656
Rdd=asrrnd(Rss,#u6) Word64 Q6_P_asrrd_PI(Word64 Rss, Word32 1u6) 656
B

bitsclr

Pd=Ibitscir(Rs,#u6) Byte Q6_p_not_bitsclr_RI(Word32 Rs, Word32 [u6) 630
Pd=Ibitscir(Rs,Rt) Byte Q6_p_not_bitsclr_RR(Word32 Rs, Word32 Rt) 630
Pd=bitsclr(Rs,#u6) Byte Q6_p_bitsclr_RI(Word32 Rs, Word32 lu6) 630
Pd=bitsclr(Rs,Rt) Byte Q6_p_bitsclr_RR(Word32 Rs, Word32 Rt) 630
bitsplit

Rdd=bitsplit(Rs,#u5) Word64 Q6_P_bitsplit_RI(Word32 Rs, Word32 Iu5) 478
Rdd=bitsplit(Rs,Rt) Word64 Q6_P_bitsplit_ RR(Word32 Rs, Word32 Rt) 478
bitsset

Pd=Ibitsset(Rs,Rt) Byte Q6_p_not_bitsset RR(Word32 Rs, Word32 Rt) 630
Pd=bitsset(Rs,Rt) Byte Q6_p_bitsset_ RR(Word32 Rs, Word32 Rt) 630
boundscheck

Pd=boundscheck(Rs,Rit) Byte Q6_p_boundscheck_RP(Word32 Rs, Word64 Rtt) 623
brev

Rd=brev(Rs) Word32 Q6_R_brev_R(Word32 Rs) 475
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Rdd=brev(Rss) Word64 Q6_P_brev_P(Word64 Rss) 475
C

clo

Rd=cl0O(Rs) Word32 Q6_R_cl0_R(Word32 Rs) 463
Rd=cl0O(Rss) Word32 Q6_R_cl0_P(Word64 Rss) 463
cl1

Rd=cl1(Rs) Word32 Q6_R_cl1_R(Word32 Rs) 463
Rd=cl1(Rss) Word32 Q6_R_cl1_P(Word64 Rss) 463
clb

Rd=add(clb(Rs),#s6) Word32 Q6_R_add_clb_RI(Word32 Rs, Word32 Is6) 463
Rd=add(clb(Rss),#s6) Word32 Q6_R_add_clb_PI(Word64 Rss, Word32 I1s6) 463
Rd=clb(Rs) Word32 Q6_R_clb_R(Word32 Rs) 463
Rd=clb(Rss) Word32 Q6_R_clb_P(Word64 Rss) 463
cirbit

Rd=clrbit(Rs,#u5) Word32 Q6_R_clrbit_RI(Word32 Rs, Word32 1u5) 476
Rd=clrbit(Rs,Rt) Word32 Q6_R_clrbit_RR(Word32 Rs, Word32 Rt) 476
cmp.eq

Pd=!cmp.eq(Rs,#s10) Byte Q6_p_not_cmp_eq_RI(Word32 Rs, Word32 Is10) 209
Pd=!cmp.eq(Rs,Rt) Byte Q6_p_not_cmp_eq_RR(Word32 Rs, Word32 Rt) 209
Pd=cmp.eq(Rs,#s10) Byte Q6_p_cmp_eq_RI(Word32 Rs, Word32 Is10) 210
Pd=cmp.eq(Rs,Rt) Byte Q6_p_cmp_eq_RR(Word32 Rs, Word32 Rt) 210
Pd=cmp.eq(Rss,Rtt) Byte Q6_p_cmp_eq_PP(Word64 Rss, Word64 Rtt) 629
Rd=!cmp.eq(Rs,#s8) Word32 Q6_R_not_cmp_eq_RI(Word32 Rs, Word32 Is8) 211
Rd=!cmp.eq(Rs,Rt) Word32 Q6_R_not_cmp_eq_RR(Word32 Rs, Word32 Rt) 211
Rd=cmp.eq(Rs,#s8) Word32 Q6_R_cmp_eq_RI(Word32 Rs, Word32 Is8) 211
Rd=cmp.eq(Rs,Rt) Word32 Q6_R_cmp_eq_RR(Word32 Rs, Word32 Rt) 211
cmp.ge

Pd=cmp.ge(Rs,#s8) Byte Q6_p_cmp_ge_RI(Word32 Rs, Word32 Is8) 210
cmp.geu

Pd=cmp.geu(Rs,#u8) Byte Q6_p_cmp_geu_RI(Word32 Rs, Word32 1u8) 210
cmp.gt

Pd=!cmp.gt(Rs,#s10) Byte Q6_p_not_cmp_gt_RI(Word32 Rs, Word32 Is10) 209
Pd=!cmp.gt(Rs,Rt) Byte Q6_p_not_cmp_gt_RR(Word32 Rs, Word32 Rt) 209
Pd=cmp.gt(Rs,#s10) Byte Q6_p_cmp_gt_RI(Word32 Rs, Word32 Is10) 210
Pd=cmp.gt(Rs,Rt) Byte Q6_p_cmp_gt_RR(Word32 Rs, Word32 Rt) 210
Pd=cmp.gt(Rss,Rtt) Byte Q6_p_cmp_gt_PP(Word64 Rss, Word64 Rtt) 629
cmp.gtu

Pd=!cmp.gtu(Rs,#u9) Byte Q6_p_not_cmp_gtu_RI(Word32 Rs, Word32 [u9) 209
Pd=!cmp.gtu(Rs,Rt) Byte Q6_p_not_cmp_gtu_RR(Word32 Rs, Word32 Rt) 209
Pd=cmp.gtu(Rs,#u9) Byte Q6_p_cmp_gtu_RI(Word32 Rs, Word32 [u9) 210
Pd=cmp.gtu(Rs,Rt) Byte Q6_p_cmp_gtu_RR(Word32 Rs, Word32 Rt) 210
Pd=cmp.gtu(Rss,Rtt) Byte Q6_p_cmp_gtu_PP(Word64 Rss, Word64 Rit) 629
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cmp.lt

Pd=cmp.lt(Rs,Rt) Byte Q6_p_cmp_It RR(Word32 Rs, Word32 Rt) 210
cmp.ltu

Pd=cmp.ltu(Rs,Rt) Byte Q6_p_cmp_ltu_RR(Word32 Rs, Word32 Rt) 210
cmpb.eq

Pd=cmpb.eq(Rs,#u8) Byte Q6_p_cmpb_eq_RI(Word32 Rs, Word32 1u8) 625
Pd=cmpb.eq(Rs,Rt) Byte Q6_p_cmpb_eq_RR(Word32 Rs, Word32 Rt) 625
cmpb.gt

Pd=cmpb.gt(Rs,#s8) Byte Q6_p_cmpb_gt_RI(Word32 Rs, Word32 Is8) 625
Pd=cmpb.gt(Rs,Rt) Byte Q6_p_cmpb_gt_RR(Word32 Rs, Word32 Rt) 625
cmpb.gtu

Pd=cmpb.gtu(Rs,#u7) Byte Q6_p_cmpb_gtu_RI(Word32 Rs, Word32 1u7) 625
Pd=cmpb.gtu(Rs,Rt) Byte Q6_p_cmpb_gtu_RR(Word32 Rs, Word32 Rt) 625
cmph.eq

Pd=cmph.eq(Rs,#s8) Byte Q6_p_cmph_eq_RI(Word32 Rs, Word32 Is8) 627
Pd=cmph.eq(Rs,Rt) Byte Q6_p_cmph_eq_RR(Word32 Rs, Word32 Rt) 627
cmph.gt

Pd=cmph.gt(Rs,#s8) Byte Q6_p_cmph_gt_RI(Word32 Rs, Word32 |s8) 627
Pd=cmph.gt(Rs,Rt) Byte Q6_p_cmph_gt_ RR(Word32 Rs, Word32 Rt) 627
cmph.gtu

Pd=cmph.gtu(Rs,#u7) Byte Q6_p_cmph_gtu_RI(Word32 Rs, Word32 1u7) 627
Pd=cmph.gtu(Rs,Rt) Byte Q6_p_cmph_gtu_RR(Word32 Rs, Word32 Rt) 627
cmpy

Rd=cmpy(Rs,Rt):<<1:rnd:sat Word32 Q6_R_cmpy_RR_s1_rnd_sat(Word32 Rs, Word32 Rt) 494
Rd=cmpy(Rs,Rt):rnd:sat Word32 Q6_R_cmpy_RR_rnd_sat(Word32 Rs, Word32 Rt) 494
Rd=cmpy(Rs,Rt*):<<1:rnd:sat Word32 Q6_R_cmpy_RR_conj_s1_rnd_sat(Word32 Rs, Word32 Rt) 494
Rd=cmpy(Rs,Rt*):rnd:sat Word32 Q6_R_cmpy_RR_conj_rnd_sat(Word32 Rs, Word32 Rt) 494
Rdd=cmpy(Rs,Rt):<<1:sat Word64 Q6_P_cmpy_RR_s1_sat(Word32 Rs, Word32 Rt) 489
Rdd=cmpy(Rs,Rt):sat Word64 Q6_P_cmpy_RR_sat(Word32 Rs, Word32 Rt) 489
Rdd=cmpy(Rs,Rt*):<<1:sat Word64 Q6_P_cmpy_RR_conj_s1_sat(Word32 Rs, Word32 Rt) 489
Rdd=cmpy(Rs,Rt*):sat Word64 Q6_P_cmpy_RR_conj_sat(Word32 Rs, Word32 Rt) 489
Rxx+=cmpy(Rs,Rt):<<1:sat Word64 Q6_P_cmpyacc_RR_s1_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 489
Rxx+=cmpy(Rs,Rt):sat Word64 Q6_P_cmpyacc_RR_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 489
Rxx+=cmpy(Rs,Rt*):<<1:sat Word64 Q6_P_cmpyacc_RR_conj_s1_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 489
Rxx+=cmpy(Rs,Rt*):sat Word64 Q6_P_cmpyacc_RR_conj_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 490
Rxx-=cmpy(Rs,Rt):<<1:sat Word64 Q6_P_cmpynac_RR_s1_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 490
Rxx-=cmpy(Rs,Rt):sat Word64 Q6_P_cmpynac_RR_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 490
Rxx-=cmpy(Rs,Rt*):<<1:sat Word64 Q6_P_cmpynac_RR_conj_s1_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 490
Rxx-=cmpy(Rs,Rt*):sat Word64 Q6_P_cmpynac_RR_conj_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 490
cmpyi

Rdd=cmpyi(Rs,Rt) Word64 Q6_P_cmpyi_RR(Word32 Rs, Word32 Rt) 492
Rxx+=cmpyi(Rs,Rt) Word64 Q6_P_cmpyiacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 492
cmpyiwh

Rd=cmpyiwh(Rss,Rt):<<1:rnd:sat Word32 Q6_R_cmpyiwh_PR_s1_rnd_sat(Word64 Rss, Word32 Rt) 496
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Rd=cmpyiwh(Rss,Rt*):<<1:rnd:sat Word32 Q6_R_cmpyiwh_PR_conj_s1_rnd_sat(Word64 Rss, Word32 Rt) 496
cmpyr

Rdd=cmpyr(Rs,Rt) Word64 Q6_P_cmpyr_RR(Word32 Rs, Word32 Rt) 492
Rxx+=cmpyr(Rs,Rt) Word64 Q6_P_cmpyracc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 492
cmpyrwh

Rd=cmpyrwh(Rss,Rt):<<1:rnd:sat Word32 Q6_R_cmpyrwh_PR_s1_rnd_sat(Word64 Rss, Word32 Rt) 496
Rd=cmpyrwh(Rss,Rt*):<<1:rnd:sat Word32 Q6_R_cmpyrwh_PR_conj_s1_rnd_sat(Word64 Rss, Word32 Rt) 496
combine

Rd=combine(Rt.H,Rs.H) Word32 Q6_R_combine_RhRh(Word32 Rt, Word32 Rs) 189
Rd=combine(Rt.H,Rs.L) Word32 Q6_R_combine_RhRI(Word32 Rt, Word32 Rs) 189
Rd=combine(Rt.L,Rs.H) Word32 Q6_R_combine_RIRh(Word32 Rt, Word32 Rs) 189
Rd=combine(Rt.L,Rs.L) Word32 Q6_R_combine_RIRI(Word32 Rt, Word32 Rs) 189
Rdd=combine(#s8,#S8) Word64 Q6_P_combine_lI(Word32 Is8, Word32 1S8) 189
Rdd=combine(#s8,Rs) Word64 Q6_P_combine_IR(Word32 Is8, Word32 Rs) 189
Rdd=combine(Rs,#s8) Word64 Q6_P_combine_RI(Word32 Rs, Word32 1s8) 189
Rdd=combine(Rs,Rt) Word64 Q6_P_combine_RR(Word32 Rs, Word32 Rt) 189
convert_d2df

Rdd=convert_d2df(Rss) Word64 Q6_P_convert_d2df P(Word64 Rss) 522
convert_d2sf

Rd=convert_d2sf(Rss) Word32 Q6_R_convert_d2sf P(Word64 Rss) 522
convert_df2d

Rdd=convert_df2d(Rss) Word64 Q6_P_convert_df2d_P(Word64 Rss) 525
Rdd=convert_df2d(Rss):chop Word64 Q6_P_convert_df2d_P_chop(Word64 Rss) 525
convert_df2sf

Rd=convert_df2sf(Rss) Word32 Q6_R_convert_df2sf_P(Word64 Rss) 521
convert_df2ud

Rdd=convert_df2ud(Rss) Word64 Q6_P_convert_df2ud_P(Word64 Rss) 525
Rdd=convert_df2ud(Rss):chop Word64 Q6_P_convert_df2ud_P_chop(Word64 Rss) 525
convert_df2uw

Rd=convert_df2uw(Rss) Word32 Q6_R_convert_df2uw_P(Word64 Rss) 525
Rd=convert_df2uw(Rss):chop Word32 Q6_R_convert_df2uw_P_chop(Word64 Rss) 525
convert_df2w

Rd=convert_df2w(Rss) Word32 Q6_R_convert_df2w_P(Word64 Rss) 525
Rd=convert_df2w(Rss):chop Word32 Q6_R_convert_df2w_P_chop(Word64 Rss) 525
convert_sf2d

Rdd=convert_sf2d(Rs) Word64 Q6_P_convert_sf2d_R(Word32 Rs) 525
Rdd=convert_sf2d(Rs):chop Word64 Q6_P_convert_sf2d_R_chop(Word32 Rs) 525
convert_sf2df

Rdd=convert_sf2df(Rs) Word64 Q6_P_convert_sf2df R(Word32 Rs) 521
convert_sf2ud

Rdd=convert_sf2ud(Rs) Word64 Q6_P_convert_sf2ud_R(Word32 Rs) 525
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Rdd=convert_sf2ud(Rs):chop Word64 Q6_P_convert_sf2ud_R_chop(Word32 Rs) 525
convert_sf2uw

Rd=convert_sf2uw(Rs) Word32 Q6_R_convert_sf2uw_R(Word32 Rs) 525
Rd=convert_sf2uw(Rs):chop Word32 Q6_R_convert_sf2uw_R_chop(Word32 Rs) 525
convert_sf2w

Rd=convert_sf2w(Rs) Word32 Q6_R_convert_sf2w_R(Word32 Rs) 525
Rd=convert_sf2w(Rs):chop Word32 Q6_R_convert_sf2w_R_chop(Word32 Rs) 525
convert_ud2df

Rdd=convert_ud2df(Rss) Word64 Q6_P_convert_ud2df_P(Word64 Rss) 522
convert_ud2sf

Rd=convert_ud2sf(Rss) Word32 Q6_R_convert_ud2sf_P(Word64 Rss) 522
convert_uw2df

Rdd=convert_uw2df(Rs) Word64 Q6_P_convert_uw2df R(Word32 Rs) 522
convert_uw2sf

Rd=convert_uw2sf(Rs) Word32 Q6_R_convert_uw2sf R(Word32 Rs) 522
convert_w2df

Rdd=convert_w2df(Rs) Word64 Q6_P_convert_w2df_R(Word32 Rs) 522
convert_w2sf

Rd=convert_w2sf(Rs) Word32 Q6_R_convert_w2sf_R(Word32 Rs) 522
cround

Rd=cround(Rs,#u5) Word32 Q6_R_cround_RI(Word32 Rs, Word32 lu5) 409
Rd=cround(Rs,Rt) Word32 Q6_R_cround_RR(Word32 Rs, Word32 Rt) 409
ct0

Rd=ctO(Rs) Word32 Q6_R_ct0_R(Word32 Rs) 466
Rd=ctO(Rss) Word32 Q6_R_ct0_P(Word64 Rss) 466
ct1

Rd=ct1(Rs) Word32 Q6_R_ct1_R(Word32 Rs) 466
Rd=ct1(Rss) Word32 Q6_R_ct1_P(Word64 Rss) 466
D

dcfetch

dcfetch(Rs) void Q6_dcfetch_A(Address a) 377
deinterleave

Rdd=deinterleave(Rss) Word64 Q6_P_deinterleave_P(Word64 Rss) 472
dfclass

Pd=dfclass(Rss,#u5) Byte Q6_p_dfclass_PI(Word64 Rss, Word32 |ub) 517
dfcmp.eq

Pd=dfcmp.eq(Rss,Rtt) Byte Q6_p_dfcmp_eq_PP(Word64 Rss, Word64 Rit) 519
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dfcmp.ge

Pd=dfcmp.ge(Rss,Rtt) Byte Q6_p_dfcmp_ge_PP(Word64 Rss, Word64 Rtt) 519
dfcmp.gt

Pd=dfcmp.gt(Rss,Rtt) Byte Q6_p_dfcmp_gt_PP(Word64 Rss, Word64 Rtt) 519
dfcmp.uo

Pd=dfcmp.uo(Rss,Rtt) Byte Q6_p_dfcmp_uo_PP(Word64 Rss, Word64 Rit) 519
dfmake

Rdd=dfmake(#u10):neg Word64 Q6_P_dfmake_I|_neg(Word32 lu10) 533
Rdd=dfmake(#u10):pos Word64 Q6_P_dfmake_|_pos(Word32 lu10) 533
E

extract

Rd=extract(Rs,#u5,#U5) Word32 Q6_R_extract_RII(Word32 Rs, Word32 [u5, Word32 1U5) 468
Rd=extract(Rs,Rtt) Word32 Q6_R_extract_RP(Word32 Rs, Word64 Rtt) 468
Rdd=extract(Rss,#u6,#U6) Word64 Q6_P_extract_Pll(Word64 Rss, Word32 lu6, Word32 1U6) 469
Rdd=extract(Rss,Rtt) Word64 Q6_P_extract_PP(Word64 Rss, Word64 Rit) 469
extractu

Rd=extractu(Rs,#u5,#U5) Word32 Q6_R_extractu_RII(Word32 Rs, Word32 Iu5, Word32 |1U5) 468
Rd=extractu(Rs,Rtt) Word32 Q6_R_extractu_RP(Word32 Rs, Word64 Rtt) 469
Rdd=extractu(Rss,#u6,#U6) Word64 Q6_P_extractu_Pll(Word64 Rss, Word32 u6, Word32 1U6) 469
Rdd=extractu(Rss,Rtt) Word64 Q6_P_extractu_PP(Word64 Rss, Word64 Rtt) 469
F

fastcorner9

Pd=!fastcorner9(Ps,Pt) Byte Q6_p_not_fastcorner9_pp(Byte Ps, Byte Pt) 214
Pd=fastcorner9(Ps,Pt) Byte Q6_p_fastcorner9_pp(Byte Ps, Byte Pt) 214
|

insert

Rx=insert(Rs,#u5,#U5) Word32 Q6_R _insert_RII(Word32 Rx, Word32 Rs, Word32 lu5, Word32 1U5) 471
Rx=insert(Rs,Rtt) Word32 Q6_R _insert_ RP(Word32 Rx, Word32 Rs, Word64 Rit) 471
Rxx=insert(Rss,#u6,#U6) Word64 Q6_P_insert_PIlI(Word64 Rxx, Word64 Rss, Word32 lu6, Word32 1U6) 471
Rxx=insert(Rss,Rtt) Word64 Q6_P_insert_PP(Word64 Rxx, Word64 Rss, Word64 Rtt) 471
interleave

Rdd=interleave(Rss) Word64 Q6_P_interleave_P(Word64 Rss) 472
L

Ifs

Rdd=Ifs(Rss,Rtt) Word64 Q6_P_lIfs_PP(Word64 Rss, Word64 Rit) 473
Isl

Rd=Isl(#s6,Rt) Word32 Q6_R_Isl_IR(Word32 Is6, Word32 Rt) 659
Rd=Isl(Rs,Rt) Word32 Q6_R_Isl_RR(Word32 Rs, Word32 Rt) 659
Rdd=Isl(Rss,Rt) Word64 Q6_P_IsI_PR(Word64 Rss, Word32 Rt) 659
Rx&=Isl(Rs,Rt) Word32 Q6_R_lIsland_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rx+=Isl(Rs,Rt) Word32 Q6_R_lIslacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
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Rx-=Isl(Rs,Rt) Word32 Q6_R_lIslnac_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx|=Isl(Rs,Rt) Word32 Q6_R_lIslor_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rxx=Isl(Rss,Rt) Word64 Q6_P_lIslxacc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx&=Isl(Rss,Rt) Word64 Q6_P_Island_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx+=Isl(Rss,Rt) Word64 Q6_P_lslacc_PR(Word64 Rxx, Word6é4 Rss, Word32 Rt) 662
Rxx-=Is|(Rss,Rt) Word64 Q6_P_Islnac_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 663
Rxx|=Isl(Rss,Rt) Word64 Q6_P_Islor_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Isr

Rd=lIsr(Rs,#u5) Word32 Q6_R_lIsr_RI(Word32 Rs, Word32 lu5) 646
Rd=Isr(Rs,Rt) Word32 Q6_R_Isr_RR(Word32 Rs, Word32 Rt) 659
Rdd=lsr(Rss,#u6) Word64 Q6_P_Isr_PI(Word64 Rss, Word32 lu6) 646
Rdd=lIsr(Rss,Rt) Word64 Q6_P_lIsr_PR(Word64 Rss, Word32 Rt) 659
Rx*=lIsr(Rs,#u5) Word32 Q6_R_Isrxacc_RI(Word32 Rx, Word32 Rs, Word32 [u5) 652
Rx&=lIsr(Rs,#u5) Word32 Q6_R_Isrand_RI(Word32 Rx, Word32 Rs, Word32 |u5) 652
Rx&=lsr(Rs,Rt) Word32 Q6_R_lIsrand_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rx+=lsr(Rs,#u5) Word32 Q6_R_lIsracc_RI(Word32 Rx, Word32 Rs, Word32 lu5) 648
Rx+=lsr(Rs,Rt) Word32 Q6_R_lIsracc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx=add(#u8,Isr(Rx,#U5)) Word32 Q6_R_add_Isr_IRI(Word32 Iu8, Word32 Rx, Word32 1U5) 648
Rx=and(#u8,Isr(Rx,#U5)) Word32 Q6_R_and_Isr_IRI(Word32 Iu8, Word32 Rx, Word32 1U5) 652
Rx-=Isr(Rs,#u5) Word32 Q6_R_lIsrnac_RI(Word32 Rx, Word32 Rs, Word32 [u5) 648
Rx-=Isr(Rs,Rt) Word32 Q6_R_lIsrnac_RR(Word32 Rx, Word32 Rs, Word32 Rt) 662
Rx=or(#u8,Isr(Rx,#U5)) Word32 Q6_R_or_Isr_IRI(Word32 Iu8, Word32 Rx, Word32 1U5) 652
Rx=sub(#u8, sr(Rx,#U5)) Word32 Q6_R_sub_lsr_IRI(Word32 1u8, Word32 Rx, Word32 1U5) 648
Rx|=Isr(Rs,#u5) Word32 Q6_R_Isror_RI(Word32 Rx, Word32 Rs, Word32 Iu5) 652
Rx|=lsr(Rs,Rt) Word32 Q6_R_lIsror_RR(Word32 Rx, Word32 Rs, Word32 Rt) 666
Rxx*=Isr(Rss,#u6) Word64 Q6_P_lIsrxacc_PI(Word64 Rxx, Word64 Rss, Word32 [u6) 653
Rxx=lsr(Rss,Rt) Word64 Q6_P_Isrxacc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx&=lIsr(Rss,#u6) Word64 Q6_P_lIsrand_PI(Word64 Rxx, Word64 Rss, Word32 1u6) 653
Rxx&=lIsr(Rss,Rt) Word64 Q6_P_Isrand_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
Rxx+=lsr(Rss,#u6) Word64 Q6_P_Isracc_PI(Word64 Rxx, Word64 Rss, Word32 lu6) 648
Rxx+=Isr(Rss,Rt) Word64 Q6_P_Isracc_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 663
Rxx-=Isr(Rss,#u6) Word64 Q6_P_Isrnac_PI(Word64 Rxx, Word64 Rss, Word32 1u6) 648
Rxx-=Isr(Rss,Rt) Word64 Q6_P_Isrnac_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 663
Rxx|=Isr(Rss,#ub) Word64 Q6_P_lIsror_Pl(Word64 Rxx, Word64 Rss, Word32 1u6) 653
Rxx|=Isr(Rss,Rt) Word64 Q6_P_Isror_PR(Word64 Rxx, Word64 Rss, Word32 Rt) 666
M

mask

Rdd=mask(Pt) Word64 Q6_P_mask_p(Byte Pt) 632
max

Rd=max(Rs,Rt) Word32 Q6_R_max_RR(Word32 Rs, Word32 Rt) 403
Rdd=max(Rss,Rtt) Word64 Q6_P_max_PP(Word64 Rss, Word64 Rit) 404
maxu

Rd=maxu(Rs,Rt) UWord32 Q6_R_maxu_RR(Word32 Rs, Word32 Rt) 403
Rdd=maxu(Rss,Rtt) UWord64 Q6_P_maxu_PP(Word64 Rss, Word64 Rtt) 404
min

Rd=min(Rt,Rs) Word32 Q6_R_min_RR(Word32 Rt, Word32 Rs) 405
Rdd=min(Rtt,Rss) Word64 Q6_P_min_PP(Word64 Rtt, Word64 Rss) 406
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minu

Rd=minu(Rt,Rs) UWord32 Q6_R_minu_RR(Word32 Rt, Word32 Rs) 405
Rdd=minu(Rtt,Rss) UWord64 Q6_P_minu_PP(Word64 Rtt, Word64 Rss) 406
modwrap

Rd=modwrap(Rs,Rt) Word32 Q6_R_modwrap_RR(Word32 Rs, Word32 Rt) 407
mpy

Rd=mpy(Rs,Rt.H):<<1:rnd:sat Word32 Q6_R_mpy_RRh_s1_rnd_sat(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt.H):<<1:sat Word32 Q6_R_mpy_RRh_s1_sat(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt.L):<<1:rnd:sat Word32 Q6_R_mpy_RRI_s1_rnd_sat(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt.L):<<1:sat Word32 Q6_R_mpy_RRI_s1_sat(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt) Word32 Q6_R_mpy_RR(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt):<<1 Word32 Q6_R_mpy_RR_s1(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt):<<1:sat Word32 Q6_R_mpy_RR_s1_sat(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs,Rt):rnd Word32 Q6_R_mpy_RR_rnd(Word32 Rs, Word32 Rt) 568
Rd=mpy(Rs.H,Rt.H) Word32 Q6_R_mpy_RhRh(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):<<1 Word32 Q6_R_mpy_RhRh_s1(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):<<1:rnd Word32 Q6_R_mpy_RhRh_s1_rnd(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):<<1:rnd:sat Word32 Q6_R_mpy_RhRh_s1_rnd_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):<<1:sat Word32 Q6_R_mpy_RhRh_s1_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):rnd Word32 Q6_R_mpy_RhRh_rnd(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):rnd:sat Word32 Q6_R_mpy_RhRh_rnd_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.H):sat Word32 Q6_R_mpy_RhRh_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L) Word32 Q6_R_mpy_RhRI(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):<<1 Word32 Q6_R_mpy_RhRI_s1(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):<<1:rnd Word32 Q6_R_mpy_RhRI_s1_rnd(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):<<1:rnd:sat Word32 Q6_R_mpy_RhRI_s1_rnd_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):<<1:sat Word32 Q6_R_mpy_RhRI_s1_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):rnd Word32 Q6_R_mpy_RhRI_rnd(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):rnd:sa Word32 Q6_R_mpy_RhRI_rnd_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.H,Rt.L):sat Word32 Q6_R_mpy_RhRI_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.L,Rt.H) Word32 Q6_R_mpy_RIRh(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.L,Rt.H):<<1 Word32 Q6_R_mpy_RIRh_s1(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.L,Rt.H):<<1:rnd Word32 Q6_R_mpy_RIRh_s1_rnd(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.L,Rt.H):<<1:rnd:sat Word32 Q6_R_mpy_RIRh_s1_rnd_sat(Word32 Rs, Word32 Rt) 551
Rd=mpy(Rs.L,Rt.H):<<1:sat Word32 Q6_R_mpy_RIRh_s1_sat(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.H):rnd Word32 Q6_R_mpy_RIRh_rnd(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.H):rnd:sat Word32 Q6_R_mpy_RIRh_rnd_sat(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.H):sat Word32 Q6_R_mpy_RIRh_sat(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L) Word32 Q6_R_mpy_RIRI(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):<<1 Word32 Q6_R_mpy_RIRI_s1(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):<<1:rnd Word32 Q6_R_mpy_RIRI_s1_rnd(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):<<1:rnd:sat Word32 Q6_R_mpy_RIRI_s1_rnd_sat(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):<<1:sat Word32 Q6_R_mpy_RIRI_s1_sat(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):rnd Word32 Q6_R_mpy_RIRI_rnd(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):rnd:sat Word32 Q6_R_mpy_RIRI_rnd_sat(Word32 Rs, Word32 Rt) 552
Rd=mpy(Rs.L,Rt.L):sat Word32 Q6_R_mpy_RIRI_sat(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs,Rt) Word64 Q6_P_mpy_RR(Word32 Rs, Word32 Rt) 570
Rdd=mpy(Rs.H,Rt.H) Word64 Q6_P_mpy_RhRh(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.H,Rt.H):<<1 Word64 Q6_P_mpy_RhRh_s1(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.H,Rt.H):<<1:rnd Word64 Q6_P_mpy_RhRh_s1_rnd(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.H,Rt.H):rnd Word64 Q6_P_mpy_RhRh_rnd(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.H,Rt.L) Word64 Q6_P_mpy_RhRI(Word32 Rs, Word32 Rt) 552
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Rdd=mpy(Rs.H,Rt.L):<<1 Word64 Q6_P_mpy_RhRI_s1(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.H,Rt.L):<<1:rnd Word64 Q6_P_mpy_RhRI_s1_rnd(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.H,Rt.L):rnd Word64 Q6_P_mpy_RhRI_rnd(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.L,Rt.H) Word64 Q6_P_mpy_RIRh(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.L,Rt.H):<<1 Word64 Q6_P_mpy_RIRh_s1(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.L,Rt.H):<<1:rnd Word64 Q6_P_mpy_RIRh_s1_rnd(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.L,Rt.H):rnd Word64 Q6_P_mpy_RIRh_rnd(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.L,Rt.L) Word64 Q6_P_mpy_RIRI(Word32 Rs, Word32 Rt) 552
Rdd=mpy(Rs.L,Rt.L):<<1 Word64 Q6_P_mpy_RIRI_s1(Word32 Rs, Word32 Rt) 553
Rdd=mpy(Rs.L,Rt.L):<<1:rnd Word64 Q6_P_mpy_RIRI_s1_rnd(Word32 Rs, Word32 Rt) 553
Rdd=mpy(Rs.L,Rt.L):rnd Word64 Q6_P_mpy_RIRI_rnd(Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs,Rt):<<1:sat Word32 Q6_R_mpyacc_RR_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 568
Rx+=mpy(Rs.H,Rt.H) Word32 Q6_R_mpyacc_RhRh(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.H):<<1 Word32 Q6_R_mpyacc_RhRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.H):<<1:sat Word32 Q6_R_mpyacc_RhRh_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.H):sat Word32 Q6_R_mpyacc_RhRh_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.L) Word32 Q6_R_mpyacc_RhRI(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.L):<<1 Word32 Q6_R_mpyacc_RhRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.L):<<1:sat Word32 Q6_R_mpyacc_RhRI_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.H,Rt.L):sat Word32 Q6_R_mpyacc_RhRI_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.H) Word32 Q6_R_mpyacc_RIRh(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.H):<<1 Word32 Q6_R_mpyacc_RIRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.H):<<1:sat Word32 Q6_R_mpyacc_RIRh_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.H):sat Word32 Q6_R_mpyacc_RIRh_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.L) Word32 Q6_R_mpyacc_RIRI(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.L):<<1 Word32 Q6_R_mpyacc_RIRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.L):<<1:sat Word32 Q6_R_mpyacc_RIRI_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx+=mpy(Rs.L,Rt.L):sat Word32 Q6_R_mpyacc_RIRI_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx-=mpy(Rs,Rt):<<1:sat Word32 Q6_R_mpynac_RR_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 568
Rx-=mpy(Rs.H,Rt.H) Word32 Q6_R_mpynac_RhRh(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx-=mpy(Rs.H,Rt.H):<<1 Word32 Q6_R_mpynac_RhRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx-=mpy(Rs.H,Rt.H):<<1:sat Word32 Q6_R_mpynac_RhRh_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx-=mpy(Rs.H,Rt.H):sat Word32 Q6_R_mpynac_RhRh_sat(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx-=mpy(Rs.H,Rt.L) Word32 Q6_R_mpynac_RhRI(Word32 Rx, Word32 Rs, Word32 Rt) 553
Rx-=mpy(Rs.H,Rt.L):<<1 Word32 Q6_R_mpynac_RhRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.H,Rt.L):<<1:sat Word32 Q6_R_mpynac_RhRI_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.H,Rt.L):sat Word32 Q6_R_mpynac_RhRI_sat(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.H) Word32 Q6_R_mpynac_RIRh(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.H):<<1 Word32 Q6_R_mpynac_RIRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.H):<<1:sat Word32 Q6_R_mpynac_RIRh_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.H):sat Word32 Q6_R_mpynac_RIRh_sat(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.L) Word32 Q6_R_mpynac_RIRI(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.L):<<1 Word32 Q6_R_mpynac_RIRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.L):<<1:sat Word32 Q6_R_mpynac_RIRI_s1_sat(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rx-=mpy(Rs.L,Rt.L):sat Word32 Q6_R_mpynac_RIRI_sat(Word32 Rx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs,Rt) Word64 Q6_P_mpyacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 570
Rxx+=mpy(Rs.H,Rt.H) Word64 Q6_P_mpyacc_RhRh(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.H,Rt.H):<<1 Word64 Q6_P_mpyacc_RhRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.H,Rt.L) Word64 Q6_P_mpyacc_RhRI(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.H,Rt.L):<<1 Word64 Q6_P_mpyacc_RhRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.L,Rt.H) Word64 Q6_P_mpyacc_RIRh(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.L,Rt.H):<<1 Word64 Q6_P_mpyacc_RIRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.L,Rt.L) Word64 Q6_P_mpyacc_RIRI(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx+=mpy(Rs.L,Rt.L):<<1 Word64 Q6_P_mpyacc_RIRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 554
80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 709



Hexagon V62 Programmer’s Reference Manual

Intrinsics Index

Rxx-=mpy(Rs,Rt) Word64 Q6_P_mpynac_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 570
Rxx-=mpy(Rs.H,Rt.H) Word64 Q6_P_mpynac_RhRh(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx-=mpy(Rs.H,Rt.H):<<1 Word64 Q6_P_mpynac_RhRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx-=mpy(Rs.H,Rt.L) Word64 Q6_P_mpynac_RhRI(Word64 Rxx, Word32 Rs, Word32 Rt) 554
Rxx-=mpy(Rs.H,Rt.L):<<1 Word64 Q6_P_mpynac_RhRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 555
Rxx-=mpy(Rs.L,Rt.H) Word64 Q6_P_mpynac_RIRh(Word64 Rxx, Word32 Rs, Word32 Rt) 555
Rxx-=mpy(Rs.L,Rt.H):<<1 Word64 Q6_P_mpynac_RIRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 555
Rxx-=mpy(Rs.L,Rt.L) Word64 Q6_P_mpynac_RIRI(Word64 Rxx, Word32 Rs, Word32 Rt) 555
Rxx-=mpy(Rs.L,Rt.L):<<1 Word64 Q6_P_mpynac_RIRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 555
mpyi

Rd=mpyi(Rs,#m9) Word32 Q6_R_mpyi_RI(Word32 Rs, Word32 Im9) 540
Rd=mpyi(Rs,Rt) Word32 Q6_R_mpyi_RR(Word32 Rs, Word32 Rt) 540
Rx+=mpyi(Rs,#u8) Word32 Q6_R_mpyiacc_RI(Word32 Rx, Word32 Rs, Word32 1u8) 540
Rx+=mpyi(Rs,Rt) Word32 Q6_R_mpyiacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 540
Rx-=mpyi(Rs,#u8) Word32 Q6_R_mpyinac_RI(Word32 Rx, Word32 Rs, Word32 [u8) 540
mpysu

Rd=mpysu(Rs,Rt) Word32 Q6_R_mpysu_RR(Word32 Rs, Word32 Rt) 568
mpyu

Rd=mpyu(Rs,Rt) UWord32 Q6_R_mpyu_RR(Word32 Rs, Word32 Rt) 568
Rd=mpyu(Rs.H,Rt.H) UWord32 Q6_R_mpyu_RhRh(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.H,Rt.H):<<1 UWord32 Q6_R_mpyu_RhRh_s1(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.H,Rt.L) UWord32 Q6_R_mpyu_RhRI(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.H,Rt.L):<<1 UWord32 Q6_R_mpyu_RhRI_s1(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.L,Rt.H) UWord32 Q6_R_mpyu_RIRh(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.L,Rt.H):<<1 UWord32 Q6_R_mpyu_RIRh_s1(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.L,Rt.L) UWord32 Q6_R_mpyu_RIRI(Word32 Rs, Word32 Rt) 559
Rd=mpyu(Rs.L,Rt.L):<<1 UWord32 Q6_R_mpyu_RIRI_s1(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs,Rt) UWord64 Q6_P_mpyu_RR(Word32 Rs, Word32 Rt) 570
Rdd=mpyu(Rs.H,Rt.H) UWord64 Q6_P_mpyu_RhRh(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.H,Rt.H):<<1 UWord64 Q6_P_mpyu_RhRh_s1(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.H,Rt.L) UWord64 Q6_P_mpyu_RhRI(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.H,Rt.L):<<1 UWord64 Q6_P_mpyu_RhRI_s1(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.L,Rt.H) UWord64 Q6_P_mpyu_RIRh(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.L,Rt.H):<<1 UWord64 Q6_P_mpyu_RIRh_s1(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.L,Rt.L) UWord64 Q6_P_mpyu_RIRI(Word32 Rs, Word32 Rt) 559
Rdd=mpyu(Rs.L,Rt.L):<<1 UWord64 Q6_P_mpyu_RIRI_s1(Word32 Rs, Word32 Rt) 559
Rx+=mpyu(Rs.H,Rt.H) Word32 Q6_R_mpyuacc_RhRh(Word32 Rx, Word32 Rs, Word32 Rt) 559
Rx+=mpyu(Rs.H,Rt.H):<<1 Word32 Q6_R_mpyuacc_RhRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 559
Rx+=mpyu(Rs.H,Rt.L) Word32 Q6_R_mpyuacc_RhRI(Word32 Rx, Word32 Rs, Word32 Rt) 559
Rx+=mpyu(Rs.H,Rt.L):<<1 Word32 Q6_R_mpyuacc_RhRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 559
Rx+=mpyu(Rs.L,Rt.H) Word32 Q6_R_mpyuacc_RIRh(Word32 Rx, Word32 Rs, Word32 Rt) 559
Rx+=mpyu(Rs.L,Rt.H):<<1 Word32 Q6_R_mpyuacc_RIRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx+=mpyu(Rs.L,Rt.L) Word32 Q6_R_mpyuacc_RIRI(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx+=mpyu(Rs.L,Rt.L):<<1 Word32 Q6_R_mpyuacc_RIRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.H,Rt.H) Word32 Q6_R_mpyunac_RhRh(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.H,Rt.H):<<1 Word32 Q6_R_mpyunac_RhRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.H,Rt.L) Word32 Q6_R_mpyunac_RhRI(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.H,Rt.L):<<1 Word32 Q6_R_mpyunac_RhRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.L,Rt.H) Word32 Q6_R_mpyunac_RIRh(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.L,Rt.H):<<1 Word32 Q6_R_mpyunac_RIRh_s1(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rx-=mpyu(Rs.L,Rt.L) Word32 Q6_R_mpyunac_RIRI(Word32 Rx, Word32 Rs, Word32 Rt) 560
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Rx-=mpyu(Rs.L,Rt.L):<<1 Word32 Q6_R_mpyunac_RIRI_s1(Word32 Rx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs,Rt) Word64 Q6_P_mpyuacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 570
Rxx+=mpyu(Rs.H,Rt.H) Word64 Q6_P_mpyuacc_RhRh(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.H,Rt.H):<<1 Word64 Q6_P_mpyuacc_RhRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.H,Rt.L) Word64 Q6_P_mpyuacc_RhRI(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.H,Rt.L):<<1 Word64 Q6_P_mpyuacc_RhRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.L,Rt.H) Word64 Q6_P_mpyuacc_RIRh(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.L,Rt.H):<<1 Word64 Q6_P_mpyuacc_RIRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.L,Rt.L) Word64 Q6_P_mpyuacc_RIRI(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx+=mpyu(Rs.L,Rt.L):<<1 Word64 Q6_P_mpyuacc_RIRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx-=mpyu(Rs,Rt) Word64 Q6_P_mpyunac_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 570
Rxx-=mpyu(Rs.H,Rt.H) Word64 Q6_P_mpyunac_RhRh(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx-=mpyu(Rs.H,Rt.H):<<1 Word64 Q6_P_mpyunac_RhRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx-=mpyu(Rs.H,Rt.L) Word64 Q6_P_mpyunac_RhRI(Word64 Rxx, Word32 Rs, Word32 Rt) 560
Rxx-=mpyu(Rs.H,Rt.L):<<1 Word64 Q6_P_mpyunac_RhRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 561
Rxx-=mpyu(Rs.L,Rt.H) Word64 Q6_P_mpyunac_RIRh(Word64 Rxx, Word32 Rs, Word32 Rt) 561
Rxx-=mpyu(Rs.L,Rt.H):<<1 Word64 Q6_P_mpyunac_RIRh_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 561
Rxx-=mpyu(Rs.L,Rt.L) Word64 Q6_P_mpyunac_RIRI(Word64 Rxx, Word32 Rs, Word32 Rt) 561
Rxx-=mpyu(Rs.L,Rt.L):<<1 Word64 Q6_P_mpyunac_RIRI_s1(Word64 Rxx, Word32 Rs, Word32 Rt) 561
mpyui

Rd=mpyui(Rs,Rt) Word32 Q6_R_mpyui_RR(Word32 Rs, Word32 Rt) 540
mux

Rd=mux(Pu,#s8,#S8) Word32 Q6_R_mux_pll(Byte Pu, Word32 Is8, Word32 IS8) 191
Rd=mux(Pu,#s8,Rs) Word32 Q6_R_mux_plR(Byte Pu, Word32 Is8, Word32 Rs) 191
Rd=mux(Pu,Rs,#s8) Word32 Q6_R_mux_pRI(Byte Pu, Word32 Rs, Word32 Is8) 191
Rd=mux(Pu,Rs,Rt) Word32 Q6_R_mux_pRR(Byte Pu, Word32 Rs, Word32 Rt) 191
N

neg

Rd=neg(Rs) Word32 Q6_R_neg_R(Word32 Rs) 175
Rd=neg(Rs):sat Word32 Q6_R_neg_R_sat(Word32 Rs) 408
Rdd=neg(Rss) Word64 Q6_P_neg_P(Word64 Rss) 408
no mnemonic

Pd=Ps Byte Q6_p_equals_p(Byte Ps) 221
Pd=Rs Byte Q6_p_equals_R(Word32 Rs) 634
Rd=#s16 Word32 Q6_R_equals_I(Word32 Is16) 180
Rd=Ps Word32 Q6_R_equals_p(Byte Ps) 634
Rd=Rs Word32 Q6_R_equals_R(Word32 Rs) 182
Rdd=#s8 Word64 Q6_P_equals_I(Word32 Is8) 180
Rdd=Rss Word64 Q6_P_equals_P(Word64 Rss) 182
Rx.H=#u16 Word32 Q6_Rh_equals_I(Word32 Rx, Word32 lu16) 180
Rx.L=#u16 Word32 Q6_RI_equals_I(Word32 Rx, Word32 lu16) 180
normamt

Rd=normamt(Rs) Word32 Q6_R_normamt_R(Word32 Rs) 463
Rd=normamt(Rss) Word32 Q6_R_normamt_P(Word64 Rss) 463
not

Pd=not(Ps) Byte Q6_p_not_p(Byte Ps) 221
Rd=not(Rs) Word32 Q6_R_not_R(Word32 Rs) 173
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Rdd=not(Rss) Word64 Q6_P_not_P(Word64 Rss) 398
o

or

Pd=and(Ps,or(Pt,!Pu)) Byte Q6_p_and_or_ppnp(Byte Ps, Byte Pt, Byte Pu) 221
Pd=and(Ps,or(Pt,Pu)) Byte Q6_p_and_or_ppp(Byte Ps, Byte Pt, Byte Pu) 221
Pd=or(Ps,and(Pt,!Pu)) Byte Q6_p_or_and_ppnp(Byte Ps, Byte Pt, Byte Pu) 221
Pd=or(Ps,and(Pt,Pu)) Byte Q6_p_or_and_ppp(Byte Ps, Byte Pt, Byte Pu) 221
Pd=or(Ps,or(Pt,!Pu)) Byte Q6_p_or_or_ppnp(Byte Ps, Byte Pt, Byte Pu) 222
Pd=or(Ps,or(Pt,Pu)) Byte Q6_p_or_or_ppp(Byte Ps, Byte Pt, Byte Pu) 222
Pd=or(Pt,!Ps) Byte Q6_p_or_pnp(Byte Pt, Byte Ps) 222
Pd=or(Pt,Ps) Byte Q6_p_or_pp(Byte Pt, Byte Ps) 222
Rd=or(Rs,#s10) Word32 Q6_R_or_RI(Word32 Rs, Word32 1s10) 173
Rd=or(Rs,Rt) Word32 Q6_R_or_RR(Word32 Rs, Word32 Rt) 173
Rd=or(Rt,~Rs) Word32 Q6_R_or_RnR(Word32 Rt, Word32 Rs) 173
Rdd=or(Rss,Rtt) Word64 Q6_P_or_PP(Word64 Rss, Word64 Rtt) 398
Rdd=or(Rtt,~Rss) Word64 Q6_P_or_PnP(Word64 Rtt, Word64 Rss) 398
Rx*=or(Rs,Rt) Word32 Q6_R_orxacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx&=or(Rs,Rt) Word32 Q6_R_orand_RR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx=or(Ru,and(Rx,#s10)) Word32 Q6_R_or_and_RRI(Word32 Ru, Word32 Rx, Word32 [s10) 401
Rx|=or(Rs,#s10) Word32 Q6_R_oror_RI(Word32 Rx, Word32 Rs, Word32 1s10) 402
Rx|=or(Rs,Rt) Word32 Q6_R_oror_RR(Word32 Rx, Word32 Rs, Word32 Rt) 402
P

packhl

Rdd=packhl(Rs,Rt) Word64 Q6_P_packhl_RR(Word32 Rs, Word32 Rt) 195
parity

Rd=parity(Rs,Rt) Word32 Q6_R_parity_ RR(Word32 Rs, Word32 Rt) 474
Rd=parity(Rss,Rtt) Word32 Q6_R_parity_PP(Word64 Rss, Word64 Rtt) 474
pmpyw

Rdd=pmpyw(Rs,Rt) Word64 Q6_P_pmpyw_RR(Word32 Rs, Word32 Rt) 564
Rxx*=pmpyw(Rs,Rt) Word64 Q6_P_pmpywxacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 564
popcount

Rd=popcount(Rss) Word32 Q6_R_popcount_P(Word64 Rss) 465
R

rol

Rd=rol(Rs,#u5) Word32 Q6_R_rol_RI(Word32 Rs, Word32 Iu5) 646
Rdd=rol(Rss,#u6) Word64 Q6_P_rol_Pl(Word64 Rss, Word32 [u6) 646
Rx=rol(Rs,#u5) Word32 Q6_R_rolxacc_RI(Word32 Rx, Word32 Rs, Word32 |u5) 652
Rx&=rol(Rs,#u5) Word32 Q6_R_roland_RI(Word32 Rx, Word32 Rs, Word32 [u5) 652
Rx+=rol(Rs,#u5) Word32 Q6_R_rolacc_RI(Word32 Rx, Word32 Rs, Word32 [u5) 648
Rx-=rol(Rs,#u5) Word32 Q6_R_rolnac_RI(Word32 Rx, Word32 Rs, Word32 lu5) 648
Rx|=rol(Rs,#u5) Word32 Q6_R_rolor_RI(Word32 Rx, Word32 Rs, Word32 [u5) 652
Rxx*=rol(Rss,#u6) Word64 Q6_P_rolxacc_Pl(Word64 Rxx, Word64 Rss, Word32 1u6) 653
Rxx&=rol(Rss,#u6) Word64 Q6_P_roland_PI(Word64 Rxx, Word64 Rss, Word32 1u6) 653
Rxx+=rol(Rss,#u6) Word64 Q6_P_rolacc_Pl(Word64 Rxx, Word64 Rss, Word32 1u6) 648
Rxx-=rol(Rss,#u6) Word64 Q6_P_rolnac_PI(Word64 Rxx, Word64 Rss, Word32 [u6) 648
Rxx|=rol(Rss,#u6) Word64 Q6_P_rolor_PI(Word64 Rxx, Word64 Rss, Word32 [u6) 653
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round

Rd=round(Rs,#u5) Word32 Q6_R_round_RI(Word32 Rs, Word32 [u5) 409
Rd=round(Rs,#u5):sat Word32 Q6_R_round_RI_sat(Word32 Rs, Word32 [u5) 409
Rd=round(Rs,Rt) Word32 Q6_R_round_RR(Word32 Rs, Word32 Rt) 409
Rd=round(Rs,Rt):sat Word32 Q6_R_round_RR_sat(Word32 Rs, Word32 Rt) 409
Rd=round(Rss):sat Word32 Q6_R_round_P_sat(Word64 Rss) 409
S

sat

Rd=sat(Rss) Word32 Q6_R_sat_P(Word64 Rss) 599
satb

Rd=satb(Rs) Word32 Q6_R_satb_R(Word32 Rs) 599
sath

Rd=sath(Rs) Word32 Q6_R_sath_R(Word32 Rs) 599
satub

Rd=satub(Rs) Word32 Q6_R_satub_R(Word32 Rs) 599
satuh

Rd=satuh(Rs) Word32 Q6_R_satuh_R(Word32 Rs) 599
setbit

Rd=setbit(Rs,#u5) Word32 Q6_R_setbit_RI(Word32 Rs, Word32 1u5) 476
Rd=setbit(Rs,Rt) Word32 Q6_R_setbit_ RR(Word32 Rs, Word32 Rt) 476
sfadd

Rd=sfadd(Rs,Rt) Word32 Q6_R_sfadd_RR(Word32 Rs, Word32 Rt) 516
sfclass

Pd=sfclass(Rs,#ub) Byte Q6_p_sfclass_RI(Word32 Rs, Word32 Iu5) 517
sfcmp.eq

Pd=sfcmp.eq(Rs,Rt) Byte Q6_p_sfcmp_eq_RR(Word32 Rs, Word32 Rt) 519
sfemp.ge

Pd=sfcmp.ge(Rs,Rt) Byte Q6_p_sfcmp_ge_RR(Word32 Rs, Word32 Rt) 519
sfemp.gt

Pd=sfcmp.gt(Rs,Rt) Byte Q6_p_sfcmp_gt_ RR(Word32 Rs, Word32 Rt) 519
sfcmp.uo

Pd=sfcmp.uo(Rs,Rt) Byte Q6_p_sfcmp_uo_RR(Word32 Rs, Word32 Rt) 519
sffixupd

Rd=sffixupd(Rs,Rt) Word32 Q6_R_sffixupd_RR(Word32 Rs, Word32 Rt) 527
sffixupn

Rd=sffixupn(Rs,Rt) Word32 Q6_R_sffixupn_RR(Word32 Rs, Word32 Rt) 527
sffixupr

Rd=sffixupr(Rs) Word32 Q6_R_sffixupr_R(Word32 Rs) 527
80-N2040-36 C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 713



Hexagon V62 Programmer’s Reference Manual

Intrinsics Index

sfmake

Rd=sfmake(#u10):neg Word32 Q6_R_sfmake_I|_neg(Word32 lu10) 533
Rd=sfmake(#u10):pos Word32 Q6_R_sfmake_|_pos(Word32 lu10) 533
sfmax

Rd=sfmax(Rs,Rt) Word32 Q6_R_sfmax_RR(Word32 Rs, Word32 Rt) 534
sfmin

Rd=sfmin(Rs,Rt) Word32 Q6_R_sfmin_RR(Word32 Rs, Word32 Rt) 535
sfmpy

Rd=sfmpy(Rs,Rt) Word32 Q6_R_sfmpy_RR(Word32 Rs, Word32 Rt) 536
Rx+=sfmpy(Rs,Rt,Pu):scale Word32 Q6_R_sfmpyacc_RRp_scale(Word32 Rx, Word32 Rs, Word32 Rt, Byte Pu) 529
Rx+=sfmpy(Rs,Rt) Word32 Q6_R_sfmpyacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 528
Rx+=sfmpy(Rs,Rt):lib Word32 Q6_R_sfmpyacc_RR_lib(Word32 Rx, Word32 Rs, Word32 Rt) 531
Rx-=sfmpy(Rs,Rt) Word32 Q6_R_sfmpynac_RR(Word32 Rx, Word32 Rs, Word32 Rt) 528
Rx-=sfmpy(Rs,Rt):lib Word32 Q6_R_sfmpynac_RR_lib(Word32 Rx, Word32 Rs, Word32 Rt) 531
sfsub

Rd=sfsub(Rs,Rt) Word32 Q6_R_sfsub_RR(Word32 Rs, Word32 Rt) 538
shuffeb

Rdd=shuffeb(Rss,Rtt) Word64 Q6_P_shuffeb_PP(Word64 Rss, Word64 Rit) 612
shuffeh

Rdd=shuffeh(Rss,Rtt) Word64 Q6_P_shuffeh_PP(Word64 Rss, Word64 Rit) 612
shuffob

Rdd=shuffob(Rtt,Rss) Word64 Q6_P_shuffob_PP(Word64 Rtt, Word64 Rss) 612
shuffoh

Rdd=shuffoh(Rtt,Rss) Word64 Q6_P_shuffoh_PP(Word64 Rtt, Word64 Rss) 612
sub

Rd=add(Rs,sub(#s6,Ru)) Word32 Q6_R_add_sub_RIR(Word32 Rs, Word32 Is6, Word32 Ru) 390
Rd=sub(#s10,Rs) Word32 Q6_R_sub_IR(Word32 Is10, Word32 Rs) 177
Rd=sub(Rt,Rs) Word32 Q6_R_sub_RR(Word32 Rt, Word32 Rs) 177
Rd=sub(Rt,Rs):sat Word32 Q6_R_sub_RR_sat(Word32 Rt, Word32 Rs) 177
Rd=sub(Rt.H,Rs.H):<<16 Word32 Q6_R_sub_RhRh_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.H,Rs.H):sat:<<16 Word32 Q6_R_sub_RhRh_sat_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.H,Rs.L):<<16 Word32 Q6_R_sub_RhRI_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.H,Rs.L):sat:<<16 Word32 Q6_R_sub_RhRI_sat_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.H) Word32 Q6_R_sub_RIRh(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.H):<<16 Word32 Q6_R_sub_RIRh_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.H):sat Word32 Q6_R_sub_RIRh_sat(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.H):sat:<<16 Word32 Q6_R_sub_RIRh_sat_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.L) Word32 Q6_R_sub_RIRI(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.L):<<16 Word32 Q6_R_sub_RIRI_s16(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.L):sat Word32 Q6_R_sub_RIRI_sat(Word32 Rt, Word32 Rs) 414
Rd=sub(Rt.L,Rs.L):sat:<<16 Word32 Q6_R_sub_RIRI_sat_s16(Word32 Rt, Word32 Rs) 414
Rdd=sub(Rtt,Rss) Word64 Q6_P_sub_PP(Word64 Rtt, Word64 Rss) 411
Rx+=sub(Rt,Rs) Word32 Q6_R_subacc_RR(Word32 Rx, Word32 Rt, Word32 Rs) 412
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swiz

Rd=swiz(Rs) Word32 Q6_R_swiz_R(Word32 Rs) 601
sxtb

Rd=sxtb(Rs) Word32 Q6_R_sxtb_R(Word32 Rs) 179
sxth

Rd=sxth(Rs) Word32 Q6_R_sxth_R(Word32 Rs) 179
sxtw

Rdd=sxtw(Rs) Word64 Q6_P_sxtw_R(Word32 Rs) 416
T

tableidxb

Rx=tableidxb(Rs,#u4,#U5) Word32 Q6_R_tableidxb_RII(Word32 Rx, Word32 Rs, Word32 [u4, Word32 |U5) 481
tableidxd

Rx=tableidxd(Rs,#u4,#U5) Word32 Q6_R_tableidxd_RII(Word32 Rx, Word32 Rs, Word32 [u4, Word32 |U5) 481
tableidxh

Rx=tableidxh(Rs,#u4,#U5) Word32 Q6_R_tableidxh_RII(Word32 Rx, Word32 Rs, Word32 [u4, Word32 |U5) 481
tableidxw

Rx=tableidxw(Rs,#u4,#U5) Word32 Q6_R_tableidxw_RII(Word32 Rx, Word32 Rs, Word32 lu4, Word32 1U5) 481
tibmatch

Pd=tlbmatch(Rss,Rt) Byte Q6_p_tlbmatch_PR(Word64 Rss, Word32 Rt) 633
togglebit

Rd=togglebit(Rs,#u5) Word32 Q6_R_togglebit_RI(Word32 Rs, Word32 |u5) 476
Rd=togglebit(Rs,Rt) Word32 Q6_R_togglebit_ RR(Word32 Rs, Word32 Rt) 476
tstbit

Pd=ltstbit(Rs,#u5) Byte Q6_p_not_tstbit_RI(Word32 Rs, Word32 [u5) 635
Pd=ltstbit(Rs,Rt) Byte Q6_p_not_tstbit RR(Word32 Rs, Word32 Rt) 635
Pd=tstbit(Rs,#u5) Byte Q6_p_tstbit RI(Word32 Rs, Word32 |u5) 635
Pd=tstbit(Rs,Rt) Byte Q6_p_tstbit RR(Word32 Rs, Word32 Rt) 635
\'}

vabsdiffb

Rdd=vabsdiffb(Rtt,Rss) Word64 Q6_P_vabsdiffb_PP(Word64 Rtt, Word64 Rss) 419
vabsdiffh

Rdd=vabsdiffh(Rtt,Rss) Word64 Q6_P_vabsdiffh_PP(Word64 Rtt, Word64 Rss) 420
vabsdiffub

Rdd=vabsdiffub(Rtt,Rss) Word64 Q6_P_vabsdiffub_PP(Word64 Rit, Word64 Rss) 419
vabsdiffw

Rdd=vabsdiffw(Rit,Rss) Word64 Q6_P_vabsdiffw_PP(Word64 Rtt, Word64 Rss) 421
vabsh

Rdd=vabsh(Rss) Word64 Q6_P_vabsh_P(Word64 Rss) 417
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Rdd=vabsh(Rss):sat Word64 Q6_P_vabsh_P_sat(Word64 Rss) 417
vabsw

Rdd=vabsw(Rss) Word64 Q6_P_vabsw_P(Word64 Rss) 418
Rdd=vabsw(Rss):sat Word64 Q6_P_vabsw_P_sat(Word64 Rss) 418
vaddb

Rdd=vaddb(Rss,Rtt) Word64 Q6_P_vaddb_PP(Word64 Rss, Word64 Rtt) 432
vaddh

Rd=vaddh(Rs,Rt) Word32 Q6_R_vaddh_RR(Word32 Rs, Word32 Rt) 183
Rd=vaddh(Rs,Rt):sat Word32 Q6_R_vaddh_RR_sat(Word32 Rs, Word32 Rt) 183
Rdd=vaddh(Rss,Rtt) Word64 Q6_P_vaddh_PP(Word64 Rss, Word64 Rit) 425
Rdd=vaddh(Rss,Rtt):sat Word64 Q6_P_vaddh_PP_sat(Word64 Rss, Word64 Rit) 425
vaddhub

Rd=vaddhub(Rss,Rtt):sat Word32 Q6_R_vaddhub_PP_sat(Word64 Rss, Word64 Rit) 427
vaddub

Rdd=vaddub(Rss,Rtt) Word64 Q6_P_vaddub_PP(Word64 Rss, Word64 Rtt) 432
Rdd=vaddub(Rss,Rit):sat Word64 Q6_P_vaddub_PP_sat(Word64 Rss, Word64 Rit) 432
vadduh

Rd=vadduh(Rs,Rt):sat Word32 Q6_R_vadduh_RR_sat(Word32 Rs, Word32 Rt) 183
Rdd=vadduh(Rss,Rtt):sat Word64 Q6_P_vadduh_PP_sat(Word64 Rss, Word64 Rtt) 425
vaddw

Rdd=vaddw(Rss,Rit) Word64 Q6_P_vaddw_PP(Word64 Rss, Word64 Rit) 433
Rdd=vaddw(Rss,Rit):sat Word64 Q6_P_vaddw_PP_sat(Word64 Rss, Word64 Rit) 433
valignb

Rdd=valignb(Rtt,Rss,#u3) Word64 Q6_P_valignb_PPI(Word64 Rtt, Word64 Rss, Word32 1u3) 602
Rdd=valignb(Rtt,Rss,Pu) Word64 Q6_P_valignb_PPp(Word64 Ritt, Word64 Rss, Byte Pu) 602
vaslh

Rdd=vaslh(Rss,#u4) Word64 Q6_P_vaslh_PI(Word64 Rss, Word32 lu4) 670
Rdd=vaslh(Rss,Rt) Word64 Q6_P_vaslh_PR(Word64 Rss, Word32 Rt) 677
vaslw

Rdd=vaslw(Rss,#u5) Word64 Q6_P_vaslw_PI(Word64 Rss, Word32 1u5) 678
Rdd=vaslw(Rss,Rt) Word64 Q6_P_vaslw_PR(Word64 Rss, Word32 Rt) 681
vasrh

Rdd=vasrh(Rss,#u4) Word64 Q6_P_vasrh_Pl(Word64 Rss, Word32 [u4) 670
Rdd=vasrh(Rss,#u4):rnd Word64 Q6_P_vasrh_PIl_rnd(Word64 Rss, Word32 lu4) 672
Rdd=vasrh(Rss,Rt) Word64 Q6_P_vasrh_PR(Word64 Rss, Word32 Rt) 677
vasrhub

Rd=vasrhub(Rss,#u4):rnd:sat Word32 Q6_R_vasrhub_PI_rnd_sat(Word64 Rss, Word32 [u4) 675
Rd=vasrhub(Rss,#u4):sat Word32 Q6_R_vasrhub_PI_sat(Word64 Rss, Word32 lu4) 675
vasrw

Rd=vasrw(Rss,#u5) Word32 Q6_R_vasrw_PI(Word64 Rss, Word32 |u5) 682
Rd=vasrw(Rss,Rt) Word32 Q6_R_vasrw_PR(Word64 Rss, Word32 Rt) 682
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Rdd=vasrw(Rss,#u5) Word64 Q6_P_vasrw_PI(Word64 Rss, Word32 u5) 678
Rdd=vasrw(Rss,Rt) Word64 Q6_P_vasrw_PR(Word64 Rss, Word32 Rt) 681
vavgh

Rd=vavgh(Rs,Rt) Word32 Q6_R_vavgh_RR(Word32 Rs, Word32 Rt) 184
Rd=vavgh(Rs,Rt):rnd Word32 Q6_R_vavgh_RR_rnd(Word32 Rs, Word32 Rt) 184
Rdd=vavgh(Rss,Rtt) Word64 Q6_P_vavgh_PP(Word64 Rss, Word64 Rtt) 435
Rdd=vavgh(Rss,Rtt):crnd Word64 Q6_P_vavgh_PP_crnd(Word64 Rss, Word64 Rtt) 435
Rdd=vavgh(Rss,Rtt):rnd Word64 Q6_P_vavgh_PP_rnd(Word64 Rss, Word64 Rtt) 435
vavgub

Rdd=vavgub(Rss,Rtt) Word64 Q6_P_vavgub_PP(Word64 Rss, Word64 Rtt) 436
Rdd=vavgub(Rss,Rtt):rnd Word64 Q6_P_vavgub_PP_rnd(Word64 Rss, Word64 Rit) 436
vavguh

Rdd=vavguh(Rss,Rtt) Word64 Q6_P_vavguh_PP(Word64 Rss, Word64 Rit) 435
Rdd=vavguh(Rss,Rtt):rnd Word64 Q6_P_vavguh_PP_rnd(Word64 Rss, Word64 Rit) 435
vavguw

Rdd=vavguw(Rss,Rtt) Word64 Q6_P_vavguw_PP(Word64 Rss, Word64 Rit) 438
Rdd=vavguw(Rss,Rtt):rnd Word64 Q6_P_vavguw_PP_rnd(Word64 Rss, Word64 Rtt) 438
vavgw

Rdd=vavgw(Rss,Rtt) Word64 Q6_P_vavgw_PP(Word64 Rss, Word64 Rtt) 438
Rdd=vavgw(Rss,Rtt):crnd Word64 Q6_P_vavgw_PP_crnd(Word64 Rss, Word64 Rtt) 438
Rdd=vavgw(Rss,Rtt):rnd Word64 Q6_P_vavgw_PP_rnd(Word64 Rss, Word64 Rtt) 438
vcmpb.eq

Pd=any8(vcmpb.eq(Rss,Rit)) Byte Q6_p_any8_vcmpb_eq_PP(Word64 Rss, Word64 Rtt) 638
Pd=vcmpb.eq(Rss,#u8) Byte Q6_p_vcmpb_eq_Pl(Word64 Rss, Word32 |u8) 640
Pd=vcmpb.eq(Rss,Rit) Byte Q6_p_vcmpb_eq_PP(Word64 Rss, Word64 Rit) 640
vempb.gt

Pd=vcmpb.gt(Rss,#s8) Byte Q6_p_vcmpb_gt_PIl(Word64 Rss, Word32 Is8) 640
Pd=vcmpb.gt(Rss,Rtt) Byte Q6_p_vcmpb_gt_PP(Word64 Rss, Word64 Rtt) 640
vempb.gtu

Pd=vcmpb.gtu(Rss,#u7) Byte Q6_p_vcmpb_gtu_PI(Word64 Rss, Word32 1u7) 640
Pd=vcmpb.gtu(Rss,Rtt) Byte Q6_p_vcmpb_gtu_PP(Word64 Rss, Word64 Rtt) 640
vcmph.eq

Pd=vcmph.eq(Rss,#s8) Byte Q6_p_vcmph_eq_Pl(Word64 Rss, Word32 [s8) 637
Pd=vcmph.eq(Rss,Rit) Byte Q6_p_vcmph_eq_PP(Word64 Rss, Word64 Rit) 637
vemph.gt

Pd=vcmph.gt(Rss,#s8) Byte Q6_p_vcmph_gt_PIl(Word64 Rss, Word32 Is8) 637
Pd=vcmph.gt(Rss,Rtt) Byte Q6_p_vcmph_gt_PP(Word64 Rss, Word64 Rtt) 637
vemph.gtu

Pd=vcmph.gtu(Rss,#u7) Byte Q6_p_vcmph_gtu_PI(Word64 Rss, Word32 1u7) 637
Pd=vcmph.gtu(Rss,Rtt) Byte Q6_p_vcemph_gtu_PP(Word64 Rss, Word64 Rtt) 637
vempw.eq

Pd=vcmpw.eq(Rss,#s8) Byte Q6_p_vcmpw_eq_PIl(Word64 Rss, Word32 Is8) 642
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Pd=vcmpw.eq(Rss,Rtt) Byte Q6_p_vcmpw_eq_PP(Word64 Rss, Word64 Rit) 642
vempw.gt

Pd=vcmpw.gt(Rss,#s8) Byte Q6_p_vcmpw_gt_PI(Word64 Rss, Word32 Is8) 642
Pd=vcmpw.gt(Rss,Rtt) Byte Q6_p_vcmpw_gt_PP(Word64 Rss, Word64 Rit) 642
vempw.gtu

Pd=vcmpw.gtu(Rss,#u7) Byte Q6_p_vcmpw_gtu_Pl(Word64 Rss, Word32 lu7) 642
Pd=vcmpw.gtu(Rss,Rit) Byte Q6_p_vcmpw_gtu_PP(Word64 Rss, Word64 Rit) 642
vempyi

Rdd=vcmpyi(Rss,Rit):<<1:sat Word64 Q6_P_vcempyi_PP_s1_sat(Word64 Rss, Word64 Rtt) 498
Rdd=vcmpyi(Rss,Rtt):sat Word64 Q6_P_vcmpyi_PP_sat(Word64 Rss, Word64 Rit) 498
Rxx+=vcmpyi(Rss,Rtt):sat Word64 Q6_P_vcmpyiacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 498
vempyr

Rdd=vcmpyr(Rss,Rtt):<<1:sat Word64 Q6_P_vcempyr_PP_s1_sat(Word64 Rss, Word64 Rtt) 498
Rdd=vcmpyr(Rss,Rtt):sat Word64 Q6_P_vcmpyr_PP_sat(Word64 Rss, Word64 Rit) 498
Rxx+=vempyr(Rss,Rtt):sat Word64 Q6_P_vcmpyracc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rit) 498
vcnhegh

Rdd=vcnegh(Rss,Rt) Word64 Q6_P_vcnegh_PR(Word64 Rss, Word32 Rt) 439
vconj

Rdd=vconj(Rss):sat Word64 Q6_P_vconj_P_sat(Word64 Rss) 500
vcrotate

Rdd=vcrotate(Rss,Rt) Word64 Q6_P_vcrotate_ PR(Word64 Rss, Word32 Rt) 502
vdmpy

Rd=vdmpy(Rss,Rtt):<<1:rnd:sat Word32 Q6_R_vdmpy_ PP_s1_rnd_sat(Word64 Rss, Word64 Rtt) 576
Rd=vdmpy(Rss,Rtt):rnd:sat Word32 Q6_R_vdmpy_PP_rnd_sat(Word64 Rss, Word64 Rit) 576
Rdd=vdmpy(Rss,Rit):<<1:sat Word64 Q6_P_vdmpy_PP_s1_sat(Word64 Rss, Word64 Rtt) 573
Rdd=vdmpy(Rss,Rit):sat Word64 Q6_P_vdmpy_PP_sat(Word64 Rss, Word64 Rit) 573
Rxx+=vdmpy(Rss,Rtt):<<1:sat Word64 Q6_P_vdmpyacc_PP_s1_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 573
Rxx+=vdmpy(Rss,Rtt):sat Word64 Q6_P_vdmpyacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 573
vdmpybsu

Rdd=vdmpybsu(Rss,Rtt):sat Word64 Q6_P_vdmpybsu_PP_sat(Word64 Rss, Word64 Rtt) 581
Rxx+=vdmpybsu(Rss,Rtt):sat Word64 Q6_P_vdmpybsuacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 581
vitpack

Rd=vitpack(Ps,Pt) Word32 Q6_R_vitpack_pp(Byte Ps, Byte Pt) 643
vislh

Rdd=vlsIh(Rss,Rt) Word64 Q6_P_vislh_PR(Word64 Rss, Word32 Rt) 677
vislw

Rdd=vislw(Rss,Rt) Word64 Q6_P_vislw_PR(Word64 Rss, Word32 Rt) 681
visrh

Rdd=visrh(Rss,#u4) Word64 Q6_P_visrh_PI(Word64 Rss, Word32 lu4) 670
Rdd=vlIsrh(Rss,Rt) Word64 Q6_P_visrh_PR(Word64 Rss, Word32 Rt) 677
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visrw

Rdd=visrw(Rss, #u5) Word64 Q6_P_visrw_PI(Word64 Rss, Word32 Iu5) 678
Rdd=visrw(Rss,Rt) Word64 Q6_P_visrw_PR(Word64 Rss, Word32 Rt) 681
vmaxb

Rdd=vmaxb(Rtt,Rss) Word64 Q6_P_vmaxb_PP(Word64 Rtt, Word64 Rss) 441
vmaxh

Rdd=vmaxh(Rtt,Rss) Word64 Q6_P_vmaxh_PP(Word64 Rtt, Word64 Rss) 442
vmaxub

Rdd=vmaxub(Rtt,Rss) Word64 Q6_P_vmaxub_PP(Word64 Rtt, Word64 Rss) 441
vmaxuh

Rdd=vmaxuh(Rtt,Rss) Word64 Q6_P_vmaxuh_PP(Word64 Rtt, Word64 Rss) 442
vmaxuw

Rdd=vmaxuw(Rtt,Rss) Word64 Q6_P_vmaxuw_PP(Word64 Rtt, Word64 Rss) 447
vmaxw

Rdd=vmaxw(Rtt,Rss) Word64 Q6_P_vmaxw_PP(Word64 Rtt, Word64 Rss) 447
vminb

Rdd=vminb(Rtt,Rss) Word64 Q6_P_vminb_PP(Word64 Rit, Word64 Rss) 448
vminh

Rdd=vminh(Rtt,Rss) Word64 Q6_P_vminh_PP(Word64 Rtt, Word64 Rss) 450
vminub

Rdd=vminub(Rit,Rss) Word64 Q6_P_vminub_PP(Word64 Rtt, Word64 Rss) 448
vminuh

Rdd=vminuh(Rtt,Rss) Word64 Q6_P_vminuh_PP(Word64 Rtt, Word64 Rss) 450
vminuw

Rdd=vminuw(Rtt,Rss) Word64 Q6_P_vminuw_PP(Word64 Rtt, Word64 Rss) 455
vminw

Rdd=vminw(Rtt,Rss) Word64 Q6_P_vminw_PP(Word64 Rtt, Word64 Rss) 455
vmpybsu

Rdd=vmpybsu(Rs,Rt) Word64 Q6_P_vmpybsu_RR(Word32 Rs, Word32 Rt) 593
Rxx+=vmpybsu(Rs,Rt) Word64 Q6_P_vmpybsuacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 593
vmpybu

Rdd=vmpybu(Rs,Rt) Word64 Q6_P_vmpybu_RR(Word32 Rs, Word32 Rt) 593
Rxx+=vmpybu(Rs,Rt) Word64 Q6_P_vmpybuacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 593
vmpyeh

Rdd=vmpyeh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpyeh_PP_s1_sat(Word64 Rss, Word64 Rtt) 583
Rdd=vmpyeh(Rss,Rtt):sat Word64 Q6_P_vmpyeh_PP_sat(Word64 Rss, Word64 Rtt) 583
Rxx+=vmpyeh(Rss,Rtt) Word64 Q6_P_vmpyehacc_PP(Word64 Rxx, Word64 Rss, Word64 Rit) 583
Rxx+=vmpyeh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpyehacc_PP_s1_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 583
Rxx+=vmpyeh(Rss,Rtt):sat Word64 Q6_P_vmpyehacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 583
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vmpyh

Rd=vmpyh(Rs,Rt):<<1:rnd:sat Word32 Q6_R_vmpyh_RR_s1_rnd_sat(Word32 Rs, Word32 Rt) 587
Rd=vmpyh(Rs,Rt):rnd:sat Word32 Q6_R_vmpyh_RR_rnd_sat(Word32 Rs, Word32 Rt) 587
Rdd=vmpyh(Rs,Rt):<<1:sat Word64 Q6_P_vmpyh_RR_s1_sat(Word32 Rs, Word32 Rt) 585
Rdd=vmpyh(Rs,Rt):sat Word64 Q6_P_vmpyh_RR_sat(Word32 Rs, Word32 Rt) 585
Rxx+=vmpyh(Rs,Rt) Word64 Q6_P_vmpyhacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt) 585
Rxx+=vmpyh(Rs,Rt):<<1:sat Word64 Q6_P_vmpyhacc_RR_s1_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 585
Rxx+=vmpyh(Rs,Rt):sat Word64 Q6_P_vmpyhacc_RR_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 585
vmpyhsu

Rdd=vmpyhsu(Rs,Rt):<<1:sat Word64 Q6_P_vmpyhsu_RR_s1_sat(Word32 Rs, Word32 Rt) 588
Rdd=vmpyhsu(Rs,Rt):sat Word64 Q6_P_vmpyhsu_RR_sat(Word32 Rs, Word32 Rt) 588
Rxx+=vmpyhsu(Rs,Rt):<<1:sat Word64 Q6_P_vmpyhsuacc_RR_s1_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 588
Rxx+=vmpyhsu(Rs,Rt):sat Word64 Q6_P_vmpyhsuacc_RR_sat(Word64 Rxx, Word32 Rs, Word32 Rt) 588
vmpyweh

Rdd=vmpyweh(Rss,Rtit):<<1:rnd:sat Word64 Q6_P_vmpyweh_PP_s1_rnd_sat(Word64 Rss, Word64 Rtt) 544
Rdd=vmpyweh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpyweh_PP_s1_sat(Word64 Rss, Word64 Rtt) 544
Rdd=vmpyweh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpyweh_PP_rnd_sat(Word64 Rss, Word64 Rtt) 544
Rdd=vmpyweh(Rss,Rtt):sat Word64 Q6_P_vmpyweh_PP_sat(\Word64 Rss, Word64 Rtt) 544
Rxx+=vmpyweh(Rss,Rtt):<<1:rnd:sat  Word64 Q6_P_vmpywehacc_PP_s1_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
Rxx+=vmpyweh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpywehacc_PP_s1_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
Rxx+=vmpyweh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpywehacc_PP_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
Rxx+=vmpyweh(Rss,Rtt):sat Word64 Q6_P_vmpywehacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
vmpyweuh

Rdd=vmpyweuh(Rss,Rtt):<<1:rnd:sat Word64 Q6_P_vmpyweuh_PP_s1_rnd_sat(Word64 Rss, Word64 Rtt) 548
Rdd=vmpyweuh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpyweuh_PP_s1_sat(Word64 Rss, Word64 Rit) 548
Rdd=vmpyweuh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpyweuh_PP_rnd_sat(Word64 Rss, Word64 Rtt) 548
Rdd=vmpyweuh(Rss,Rtt):sat Word64 Q6_P_vmpyweuh_PP_sat(Word64 Rss, Word64 Rtt) 548

Rxx+=vmpyweuh(Rss,Rtt):<<1:rnd:sat Word64 Q6_P_vmpyweuhacc_PP_s1_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 548
Rxx+=vmpyweuh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpyweuhacc_PP_s1_sat(Word64 Rxx, Word64 Rss, Word64 Rit) 548

Rxx+=vmpyweuh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpyweuhacc_PP_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rit) 548
Rxx+=vmpyweuh(Rss,Rtt):sat Word64 Q6_P_vmpyweuhacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 548
vmpywoh

Rdd=vmpywoh(Rss,Rtt):<<1:rnd:sat Word64 Q6_P_vmpywoh_PP_s1_rnd_sat(Word64 Rss, Word64 Rtt) 544
Rdd=vmpywoh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpywoh_PP_s1_sat(Word64 Rss, Word64 Rtt) 544
Rdd=vmpywoh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpywoh_PP_rnd_sat(Word64 Rss, Word64 Rtt) 544
Rdd=vmpywoh(Rss,Rtt):sat Word64 Q6_P_vmpywoh_PP_sat(\Word64 Rss, Word64 Rtt) 544
Rxx+=vmpywoh(Rss,Rtt):<<1:rnd:sat  Word64 Q6_P_vmpywohacc_PP_s1_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
Rxx+=vmpywoh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpywohacc_PP_s1_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
Rxx+=vmpywoh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpywohacc_PP_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
Rxx+=vmpywoh(Rss,Rtt):sat Word64 Q6_P_vmpywohacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 544
vmpywouh

Rdd=vmpywouh(Rss,Rtt):<<1:rnd:sat Word64 Q6_P_vmpywouh_PP_s1_rnd_sat(Word64 Rss, Word64 Rtt) 548
Rdd=vmpywouh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpywouh_PP_s1_sat(Word64 Rss, Word64 Rit) 548
Rdd=vmpywouh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpywouh_PP_rnd_sat(Word64 Rss, Word64 Rtt) 548
Rdd=vmpywouh(Rss,Rtt):sat Word64 Q6_P_vmpywouh_PP_sat(Word64 Rss, Word64 Rtt) 548

Rxx+=vmpywouh(Rss,Rtt):<<1:rnd:sat Word64 Q6_P_vmpywouhacc_PP_s1_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rtt) 548
Rxx+=vmpywouh(Rss,Rtt):<<1:sat Word64 Q6_P_vmpywouhacc_PP_s1_sat(Word64 Rxx, Word64 Rss, Word64 Ritt) 548
Rxx+=vmpywouh(Rss,Rtt):rnd:sat Word64 Q6_P_vmpywouhacc_PP_rnd_sat(Word64 Rxx, Word64 Rss, Word64 Rit) 548
Rxx+=vmpywouh(Rss,Rtt):sat Word64 Q6_P_vmpywouhacc_PP_sat(Word64 Rxx, Word64 Rss, Word64 Rit) 548
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vmux
Rdd=vmux(Pu,Rss,Rtt)

vhavgh

Rd=vnavgh(Rt,Rs)
Rdd=vnavgh(Rtt,Rss)
Rdd=vnavgh(Rtt,Rss):crnd:sat
Rdd=vnavgh(Rtt,Rss):rnd:sat

vhavgw
Rdd=vnavgw(Rtt,Rss)
Rdd=vnavgw(Rtt,Rss):crnd:sat
Rdd=vnavgw(Rtt,Rss):rnd:sat

vpmpyh
Rdd=vpmpyh(Rs,Rt)
Rxx*=vpmpyh(Rs,Rt)

vraddh
Rd=vraddh(Rss,Rtt)

vraddub

Rdd=vraddub(Rss,Rtt)
Rxx+=vraddub(Rss,Rtt)

vradduh
Rd=vradduh(Rss,Rtt)

vrempyi
Rdd=vrcmpyi(Rss,Rtt)
Rdd=vrcmpyi(Rss,Rtt*)
Rxx+=vrcmpyi(Rss,Rtt)
Rxx+=vrcmpyi(Rss,Rtt*)

vrecmpyr
Rdd=vrcmpyr(Rss,Rtt)
Rdd=vrcmpyr(Rss,Rtt*)
Rxx+=vrcmpyr(Rss,Rtt)
Rxx+=vrcmpyr(Rss,Rit*)

vrcmpys
Rd=vrcmpys(Rss,Rt):<<1:rnd:sat
Rdd=vrcmpys(Rss,Rt):<<1:sat
Rxx+=vrcmpys(Rss,Rt):<<1:sat

vrcnegh
Rxx+=vrcnegh(Rss,Rt)

vrcrotate

Rdd=vrcrotate(Rss,Rt,#u2)
Rxx+=vrcrotate(Rss,Rt,#u2)

vrmaxh

Rxx=vrmaxh(Rss,Ru)

Word64 Q6_P_vmux_pPP(Byte Pu, Word64 Rss, Word64 Rtt)

Word32 Q6_R_vnavgh_RR(Word32 Rt, Word32 Rs)

Word64 Q6_P_vnavgh_PP(Word64 Rtt, Word64 Rss)

Word64 Q6_P_vnavgh_PP_crnd_sat(Word64 Rtt, Word64 Rss)
Word64 Q6_P_vnavgh_PP_rnd_sat(Word64 Rtt, Word64 Rss)

Word64 Q6_P_vnavgw_PP(Word64 Rit, Word64 Rss)
Word64 Q6_P_vnavgw_PP_crnd_sat(Word64 Rtt, Word64 Rss)
Word64 Q6_P_vnavgw_PP_rnd_sat(Word64 Rtt, Word64 Rss)

Word64 Q6_P_vpmpyh_RR(Word32 Rs, Word32 Rt)
Word64 Q6_P_vpmpyhxacc_RR(Word64 Rxx, Word32 Rs, Word32 Rt)

Word32 Q6_R_vraddh_PP(Word64 Rss, Word64 Rit)

Word64 Q6_P_vraddub_PP(Word64 Rss, Word64 Rtt)
Word64 Q6_P_vraddubacc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt)

Word32 Q6_R_vradduh_PP(Word64 Rss, Word64 Rtt)

Word64 Q6_P_vrcmpyi_PP(Word64 Rss, Word64 Rtt)

Word64 Q6_P_vrcmpyi_PP_conj(Word64 Rss, Word64 Rtt)

Word64 Q6_P_vrcmpyiacc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt)
Word64 Q6_P_vrcmpyiacc_PP_conj(Word64 Rxx, Word64 Rss, Word64 Rtt)

Word64 Q6_P_vrcmpyr_PP(Word64 Rss, Word64 Rtt)

Word64 Q6_P_vrcmpyr_PP_conj(Word64 Rss, Word64 Rtt)

Word64 Q6_P_vrcmpyracc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt)
Word64 Q6_P_vrcmpyracc_PP_conj(Word64 Rxx, Word64 Rss, Word64 Rtt)

Word32 Q6_R_vrcmpys_PR_s1_rnd_sat(Word64 Rss, Word32 Rt)
Word64 Q6_P_vrcmpys_PR_s1_sat(Word64 Rss, Word32 Rt)

Word64 Q6_P_vrcmpysacc_PR_s1_sat(Word64 Rxx, Word64 Rss, Word32 Rt)

Word64 Q6_P_vrcneghacc_PR(Word64 Rxx, Word64 Rss, Word32 Rt)

Word64 Q6_P_vrcrotate_PRI(Word64 Rss, Word32 Rt, Word32 |u2)

Word64 Q6_P_vrcrotateacc_PRI(Word64 Rxx, Word64 Rss, Word32 Rt, Word32 |u2)

Word64 Q6_P_vrmaxh_PR(Word64 Rxx, Word64 Rss, Word32 Ru)

644

184
435
435
435

438
438
438

595
595

430

428
428

430

504
504
504
504

504
504
504
504

510
508
508

439

513
513

443
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vrmaxuh

Rxx=vrmaxuh(Rss,Ru) Word64 Q6_P_vrmaxuh_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 443
vrmaxuw

Rxx=vrmaxuw(Rss,Ru) Word64 Q6_P_vrmaxuw_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 445
vrmaxw

Rxx=vrmaxw(Rss,Ru) Word64 Q6_P_vrmaxw_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 445
vrminh

Rxx=vrminh(Rss,Ru) Word64 Q6_P_vrminh_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 451
vrminuh

Rxx=vrminuh(Rss,Ru) Word64 Q6_P_vrminuh_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 451
vrminuw

Rxx=vrminuw(Rss,Ru) Word64 Q6_P_vrminuw_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 453
vrminw

Rxx=vrminw(Rss,Ru) Word64 Q6_P_vrminw_PR(Word64 Rxx, Word64 Rss, Word32 Ru) 453
vrmpybsu

Rdd=vrmpybsu(Rss,Rtt) Word64 Q6_P_vrmpybsu_PP(Word64 Rss, Word64 Rtt) 578
Rxx+=vrmpybsu(Rss,Rtt) Word64 Q6_P_vrmpybsuacc_PP(Word64 Rxx, Word64 Rss, Word64 Rit) 578
vrmpybu

Rdd=vrmpybu(Rss,Rtt) Word64 Q6_P_vrmpybu_PP(Word64 Rss, Word64 Rit) 578
Rxx+=vrmpybu(Rss,Rtt) Word64 Q6_P_vrmpybuacc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt) 578
vrmpyh

Rdd=vrmpyh(Rss,Rtt) Word64 Q6_P_vrmpyh_PP(Word64 Rss, Word64 Rit) 590
Rxx+=vrmpyh(Rss,Rtt) Word64 Q6_P_vrmpyhacc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt) 590
vrmpyweh

Rdd=vrmpyweh(Rss,Rtt) Word64 Q6_P_vrmpyweh_PP(Word64 Rss, Word64 Rit) 566
Rdd=vrmpyweh(Rss,Rtt):<<1 Word64 Q6_P_vrmpyweh_PP_s1(Word64 Rss, Word64 Rtt) 566
Rxx+=vrmpyweh(Rss,Rtt) Word64 Q6_P_vrmpywehacc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt) 566
Rxx+=vrmpyweh(Rss,Rtt):<<1 Word64 Q6_P_vrmpywehacc_PP_s1(Word64 Rxx, Word64 Rss, Word64 Rit) 566
vrmpywoh

Rdd=vrmpywoh(Rss,Rtt) Word64 Q6_P_vrmpywoh_PP(Word64 Rss, Word64 Rtt) 566
Rdd=vrmpywoh(Rss,Rtt):<<1 Word64 Q6_P_vrmpywoh_PP_s1(Word64 Rss, Word64 Rtt) 566
Rxx+=vrmpywoh(Rss,Rtt) Word64 Q6_P_vrmpywohacc_PP(Word64 Rxx, Word64 Rss, Word64 Rtt) 566
Rxx+=vrmpywoh(Rss,Rtt):<<1 Word64 Q6_P_vrmpywohacc_PP_s1(Word64 Rxx, Word64 Rss, Word64 Rit) 566
vrndwh

Rd=vrndwh(Rss) Word32 Q6_R_vrndwh_P(Word64 Rss) 604
Rd=vrndwh(Rss):sat Word32 Q6_R_vrndwh_P_sat(Word64 Rss) 604
vrsadub

Rdd=vrsadub(Rss,Rtt) Word64 Q6_P_vrsadub_PP(Word64 Rss, Word64 Rtt) 457
Rxx+=vrsadub(Rss,Rit) Word64 Q6_P_vrsadubacc_PP(Word64 Rxx, Word64 Rss, Word64 Rit) 457
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vsathb

Rd=vsathb(Rs) Word32 Q6_R_vsathb_R(Word32 Rs) 607
Rd=vsathb(Rss) Word32 Q6_R_vsathb_P(Word64 Rss) 607
Rdd=vsathb(Rss) Word64 Q6_P_vsathb_P(Word64 Rss) 610
vsathub

Rd=vsathub(Rs) Word32 Q6_R_vsathub_R(Word32 Rs) 607
Rd=vsathub(Rss) Word32 Q6_R_vsathub_P(Word64 Rss) 607
Rdd=vsathub(Rss) Word64 Q6_P_vsathub_P(Word64 Rss) 610
vsatwh

Rd=vsatwh(Rss) Word32 Q6_R_vsatwh_P(Word64 Rss) 607
Rdd=vsatwh(Rss) Word64 Q6_P_vsatwh_P(Word64 Rss) 610
vsatwuh

Rd=vsatwuh(Rss) Word32 Q6_R_vsatwuh_P(Word64 Rss) 607
Rdd=vsatwuh(Rss) Word64 Q6_P_vsatwuh_P(Word64 Rss) 610
vsplatb

Rd=vsplatb(Rs) Word32 Q6_R_vsplatb_R(Word32 Rs) 613
Rdd=vsplatb(Rs) Word64 Q6_P_vsplatb_R(Word32 Rs) 613
vsplath

Rdd=vsplath(Rs) Word64 Q6_P_vsplath_R(Word32 Rs) 614
vspliceb

Rdd=vspliceb(Rss,Rtt,#u3) Word64 Q6_P_vspliceb_PPI(Word64 Rss, Word64 Rtt, Word32 1u3) 615
Rdd=vspliceb(Rss,Rtt,Pu) Word64 Q6_P_vspliceb_PPp(Word64 Rss, Word64 Rtt, Byte Pu) 615
vsubb

Rdd=vsubb(Rss,Rtt) Word64 Q6_P_vsubb_PP(Word64 Rss, Word64 Rit) 460
vsubh

Rd=vsubh(Rt,Rs) Word32 Q6_R_vsubh_RR(Word32 Rt, Word32 Rs) 185
Rd=vsubh(Rt,Rs):sat Word32 Q6_R_vsubh_RR_sat(Word32 Rt, Word32 Rs) 185
Rdd=vsubh(Rtt,Rss) Word64 Q6_P_vsubh_PP(Word64 Rtt, Word64 Rss) 458
Rdd=vsubh(Rtt,Rss):sat Word64 Q6_P_vsubh_PP_sat(Word64 Rtt, Word64 Rss) 458
vsubub

Rdd=vsubub(Rtt,Rss) Word64 Q6_P_vsubub_PP(Word64 Rtt, Word64 Rss) 460
Rdd=vsubub(Rtt,Rss):sat Word64 Q6_P_vsubub_PP_sat(Word64 Rtt, Word64 Rss) 460
vsubuh

Rd=vsubuh(Rt,Rs):sat Word32 Q6_R_vsubuh_RR_sat(Word32 Rt, Word32 Rs) 185
Rdd=vsubuh(Rtt,Rss):sat Word64 Q6_P_vsubuh_PP_sat(Word64 Rtt, Word64 Rss) 458
vsubw

Rdd=vsubw(Rit,Rss) Word64 Q6_P_vsubw_PP(Word64 Rtt, Word64 Rss) 461
Rdd=vsubw(Rtt,Rss):sat Word64 Q6_P_vsubw_PP_sat(Word64 Rtt, Word64 Rss) 461
vsxtbh

Rdd=vsxtbh(Rs) Word64 Q6_P_vsxtbh_R(Word32 Rs) 616
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vsxthw

Rdd=vsxthw(Rs) Word64 Q6_P_vsxthw_R(Word32 Rs) 616
vtrunehb

Rd=vtrunehb(Rss) Word32 Q6_R_vtrunehb_P(Word64 Rss) 619
Rdd=vtrunehb(Rss,Rtt) Word64 Q6_P_vtrunehb_PP(Word64 Rss, Word64 Rtt) 619
vtrunewh

Rdd=vtrunewh(Rss,Rtt) Word64 Q6_P_vtrunewh_PP(Word64 Rss, Word64 Rtt) 619
vtrunohb

Rd=vtrunohb(Rss) Word32 Q6_R_vtrunohb_P(Word64 Rss) 619
Rdd=vtrunohb(Rss,Rtt) Word64 Q6_P_vtrunohb_PP(Word64 Rss, Word64 Rtt) 619
vtrunowh

Rdd=vtrunowh(Rss,Rtt) Word64 Q6_P_vtrunowh_PP(Word64 Rss, Word64 Rtt) 619
vxaddsubh

Rdd=vxaddsubh(Rss,Rtt):rnd:>>1:sat Word64 Q6_P_vxaddsubh_PP_rnd_rs1_sat(Word64 Rss, Word64 Rit) 484
Rdd=vxaddsubh(Rss,Rit):sat Word64 Q6_P_vxaddsubh_PP_sat(Word64 Rss, Word64 Rit) 484
vxaddsubw

Rdd=vxaddsubw(Rss,Rtt):sat Word64 Q6_P_vxaddsubw_PP_sat(Word64 Rss, Word64 Rtt) 486
vxsubaddh

Rdd=vxsubaddh(Rss,Rtt):rnd:>>1:sat Word64 Q6_P_vxsubaddh_PP_rnd_rs1_sat(Word64 Rss, Word64 Rit) 484
Rdd=vxsubaddh(Rss,Rit):sat Word64 Q6_P_vxsubaddh_PP_sat(Word64 Rss, Word64 Rit) 484
vxsubaddw

Rdd=vxsubaddw(Rss,Rtt):sat Word64 Q6_P_vxsubaddw_PP_sat(Word64 Rss, Word64 Rtt) 486
vzxtbh

Rdd=vzxtbh(Rs) Word64 Q6_P_vzxtbh_R(Word32 Rs) 621
vzxthw

Rdd=vzxthw(Rs) Word64 Q6_P_vzxthw_R(Word32 Rs) 621
X

xor

Pd=xor(Ps,Pt) Byte Q6_p_xor_pp(Byte Ps, Byte Pt) 222
Rd=xor(Rs,Rt) Word32 Q6_R_xor_RR(Word32 Rs, Word32 Rt) 173
Rdd=xor(Rss,Rtt) Word64 Q6_P_xor_PP(Word64 Rss, Word64 Rit) 398
Rx*=xor(Rs,Rt) Word32 Q6_R_xorxacc_RR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx&=xor(Rs,Rt) Word32 Q6_R_xorand_RR(Word32 Rx, Word32 Rs, Word32 Rt) 401
Rx|=xor(Rs,Rt) Word32 Q6_R_xoror_RR(Word32 Rx, Word32 Rs, Word32 Rt) 402
Rxx*=xor(Rss,Rit) Word64 Q6_P_xorxacc_PP(Word64 Rxx, Word64 Rss, Word64 Rit) 400
Y4

zxtb

Rd=zxtb(Rs) Word32 Q6_R_zxtb_R(Word32 Rs) 187
zxth

Rd=zxth(Rs) Word32 Q6_R_zxth_R(Word32 Rs) 187
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