QUALCON\N\®

Qualcomm Technologies, Inc.

Hexagon V60 HVX Programmer’s
Reference Manual

80-N2040-30 Rev. C
March 11, 2016

Questions or comments: support.cdmatech.com

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.

© 2015, 2016 Qualcomm Technologies, Inc. All rights reserved.


https://support.cdmatech.com

Contents

1 INtroducCtion.......cccceei e ————— 8
L1 OVEIVIEW oiiiiieiiie ettt ettt ettt ettt et e et eeetaeeeabeeesbe e sbaeessaeensaeeseeensseenseeensseensseenssens 8
1.2 HV X COPIOCESSOT 1.uuviiuiiieiieeeitieeitiesieesteeeteesteeesteeetseeseeesnsaeanseesnseesnseesnseesnseeenseeennsenn 9
1.3 HV X f@ALUIES ...c.uviieiie ettt ettt ettt e e seb et essteesateeebeeessbeessseessseessseaans 10
L.3.1 VECLOT SIZE..eeuvieuiieiiieiiieiieeie et etesteeteseeseteeteesaaessaessaesseesseesssesseesssensaesssessaesseens 10
1.3.2 VECTOT COMEEXES . uuvieeuiriireeiiieeeriieeeeiiteeeitteeenitteeeentaeeesasseeeesnseeeannsseesnnsseeannnneeens 11
1.3.3 IMICINOTY ACCESS. .ueeuvreurierteerreeeteeeieeeseeesnseesnseesseesnseesnseesnseenseeennsesnnseesseesnsens 13
1.3.4 VECtOT TEZISTOTS. o.eeuieeiiieeieeeireeetiee et e eeteeestaeeteeessaeeseseessseessseeesseesnsaesnsaeesseeessens 14
1.3.5 Vector COMPULE INSLIUCLIONS. .....eeurerereeierreriieeieeeesreeseeseeteeseessaeseessnenseensnes 15
1.4 PIOCESSOT VEISIONS ...eecuviieiiiieiiiieierieetteeieeeseeeesteessseessseasssesesssessseessseessseessseesssesassesanes 16
1.5 Using the ManUal...........ccoccuveeiieiiiiiiienie ettt eae et saessaeseenenes 16
1.6 FEEADACK ... ..ccuiiiiiiiciii ettt ettt e e ste e sabeeebeesabaeesbeeesbeeenaenes 16
7 = o 153 = R 17
2.1 OVEIVIEW .ievieiiieiiieieeieeieete et et e esteesseesbeesaessbeesteesseesseasseasseasseasseassessseensesssennsenssennses 17
2.2 Vector data TEGISLEIS ...eeecuieiiiieiiieeiiieeeiieeereesreeeteeeteeesteeetaeestaeessseessseessseessseeeseeensneas 18
2.2.1 VRF-GRF transfers.........ccccoeeuieiiiiiiiie ettt siae e 18
2.3 Vector PrediCate TEZISTETS ....uiiiuiiriieiiieereeeteeertteereeesaeesereeeaeesaeeesseeeseeeseeessseensseens 18
B 11 =T 4 e o O 19
3.1 OVCIVIEW .eiiiiiiiiieeetie ettt ettt e sttt eetee et eesteeetaeestbeeessaeesseeessaeessseeaseeeasseasssesanssesnseaans 19
3.2 ALIGNIMENL ....eiiiiiiieiieiieiieie ettt et ettt e e et e et e sta e e b e esaessseeseessseessessaessnessaesssesseensaens 20
3.3 IMCIMOTY YD ceenetiiieiiiieeeettiee e ettt e ettt e ettt e et ee et eeeetaeeeenseeeeanssaesansseeeesssaeesnsseeeean 20
3.4 NON-TEMPOTAL......iiiiiiiiiiiieie ettt se sttt e s eeeesaeesaessbessbessaesssesaesssesseenseens 20
3.5 POIMISSIONS . ...uiiiutiiiitieeitiieiteeeiteesteeeteeetteesteeetaeetaeessseessseeesseeesssaessesensseassseesrssensseeans 20
3.6 Performance CONSIAETAtIONS. ........ccvverieriieriieriierieieeeteeteesreeeeseaeesaessaeenseseseenseesseensens 21
3.6.1 MIinimizZe VIMEM QCCESS ......vviiuviieiiieiieeciie et cee et eeree st eiveeeeaeeaaeesaneeenneas 21
3.6.2 Use aligned data.........ccvevieriieiieiiesieiiesteieesee sttt se et se e sneeeee s 21
3.6.3 Avoid store-t0-10ad StallS .........cceeviiiiiiieiiieciie e 21
3.6.4 L2FETCH ..ottt ettt ettt 22
3.6.5 AVvOid S€t CONTIICES....cuiiiiiiieiiiiciie ettt e e eaee e 22
3.6.6 Use non-temporal for final data..........cceccvevieriinienieiiecie e 22
3.6.7 Scalar processing of VECTOr data ........cc.eeecveieiuiieriiieiiie e 22

80-N2040-30 Rev. C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 2



Hexagon V60 HVX Programmer’s Reference Manual Contents

4 INStrUCIONS ... 23
4.1 OVEIVIEW ..eviiiuiieeiiieeeiee ettt ettt e steestaeeseeeeebeessbeeesaseessesessaeensseessseessseessseessseanssesasseenseeans 23
4.2 VLIW PACKING TUIES ....veevieeiieiieiie et cite et staesaessaessaessaessaessaessaesssenseensnes 24
4.2.1 Double VECtOr INSTIUCLIONS ...c.vvieevieeiieerieentieesiteesreeeteeeeteeesreesereessveeenseeesseeenes 24
4.2.2 Vector INStruction TESOUICE USAZE ....vvervrervrerreereresreersreassesseessessseessesseessessseessees 25
4.2.3 Vector instruction SIot TESLIICTIONS .....cccveieviieriiiiiiieeciieciee e evee e eiaee e 25

4.3 VeCtOr 10AA/SEOTE ...c.vieiieiieeiieiieie ettt ettt ettt et etaessaeesaessseesbessaesssenseesnnes 26
4.4 SPECial INSTITUCIONS ... eeeeurieeieeeieeetieeeteeeteeeteeesveesteeesaeeseseeesseessseeasseeessseeseeessseensseens 27
44,1 HISTOZIAIM....ccuiiiiieeiieiiieiiecteeeeeeteestestesseestaesteessaesseessaesseeseesseesseesssenseenseenseensens 27

4.5 INStIUCHION LAtEICY ..vviiiiiiiiieiiieciie ettt ettt ettt eeteeeteeesbe e e abeessseeseseesnneaans 28
4.6 Slot/resource/1atenCy SUMIMATY ........ccceeeveerieerieeriieireeieesreesseesseesseesseeseesseesseesseesseesses 29
5 InStruction Set ... ————————— 30
5.1 OVCIVIEW vttt eetie ettt ettt ettt ettt e et e et e e stee e taeetaeesssaesssaeeseeessseessseeasseansseesnssennseeans 30
5.2 HV X e ettt b et ettt b et aes 31
5.2.1 HVX/ALU-DOUBLE-RESOURCE.........ccceiiiiiieieinieesee e 31
Predicate OPETations ..........c.ecvervierieniieriieseeieeieere et ere e eaeenreebesnreesseseneeenes 32

COMDINEG ...ttt ettt ettt e e taeebaeeeteeestbeessaeesbeessseesnseessneeans 34

IN-1aNne SKUTTIC.....viiieiie e 36

S AD ettt ettt ettt e et e e et e e e e te e e e nbaee e nttee e ntaeeeeataaeeeans 38

SIGN/ZETO EXLENSION......veeeveeeriereeteeieereeteereeteeseeseesseesseeseasseesseeseanseessesnses 40
ATTERIMETIC ...ttt ettt e e e e b e e s saeesabeeesteesnsaeesseeenenas 43

5.2.2 HVX/ALU-RESOURCE .......ocoiiiiiiieieeiisie ettt sna e 47
Predicate OPEIatiONS .......cccccviieiieeiieeiieesie et ere et e e e et e e e e eeaeetreesnneesseeas 48

IMHIII/INAX ©veevviieiieniiete et eieeite et e et e etaestae st esaesssensaessaensaanseenseansaensesnseansensnennnas 49

ADSOIULE VAIUEC ...oveviiiiiiciiccies e et 51
ATTEIMELIC. ... eevve ettt ettt ettt e s taessbessseseseesaessnesnnesseenns 52

L0ZICAl OPETALIONS ..evvveieiireieiieeeiieeitieieeeeiieeieeeeteesaeeeereeesbaessseeestaeessaeenseeesneas 55
070707 USSR PURUUSPSRR 57

ALVETAZE ..vvvieeiiieeeeiieeeeite e ettt e e ettt e e e ettt e e e et e e e e ttee e ettt e e s nteeeeerbeeeeaaeeeeanteeeannreas 58

COMPATE VECLOTS ..eeetireiieeiieeeieeeiteeeeteeeteesteeeteeebeeesaeesseeesseeassseenseeesnseennseenns 62
Conditional aCCUMUIALE .........cccvieiiieiiie ettt 69

IMIUX SELECT .ivveiiieiieeiee ettt sttt et ettt et e et eesbeanbeesseenseesbesnneensesnnennnes 72
SALUTATION. ...eecuiiiiiiiiiie ettt ettt et e et eebeeesteeetbeestaeessseesssesssseessseaans 74

IN-1aN@ SKUTTIC.....eiiiiiii et 76

5.2.3 HVX/DEBUG ....ociiiiiiiiieese sttt ettt eneese s sse e 79
EXtract vector €lement..........cvevvieriieriieeiieiecieeicee e e 80

524 HVX/LOAD. ...ttt ettt ettt ettt et e e e e e e 82
L0ad - @ligNed......coovieiieiieiieceeee e 83

Load - IMMEAIALE USE ....cvveeeeriieiieeeiieiiie et eieeesree e sreeeeeesnaaeeereeeeenas 85

Load - temporary immediate USE .........c.eecveerveeriieriieriienieeiienreenieeseeesseesnenseenens 87

Load - Unaligned..........ccooviiiiiiiiie e 89

80-N2040-30 Rev. C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 3



Hexagon V60 HVX Programmer’s Reference Manual Contents

5.2.5 HVX/MPY-DOUBLE-RESOURCE .......cccccoiiiiiiiiieieeceeee e 91
ArIthmetic WIdENING......ccvvviviiiieeiieiiiie ettt sresae b e eraesaesaesene e 92
Multiply with 2-wide redUCtioN.........cccuviiiiieiiieciie e 95
MUILPLY-AA .eeiiiiiieie e et ees 101
Multiply - vector by SCAlar .........ccccviiiiiiiiiieii et 106
Multiply - VECLOT DY VECIOT....eiiiieiiiieieeiiieie st eiieee e ete e seae b enne e 112
Integer multiply - VECIOr DY VECIOT ...c.uviiiiieiiiieiieeiee ettt 118
Integer MUltiply (32X16) c..eccuierieiieeieiiesieniee ettt sre et seae e sraesnvesnee e 120
Integer multiply accumulate even/odd ..........cccoveviiieniieiiiieiee e 122
MUIIPLY (32X16) ettt 124
Multiply bytes with 4-wide reduction - vector by scalar............cccoeeveeennennnne. 126
Multiply accumulate with 4-wide reduction - vector by vector ..................... 130
Multiply with 3-wide redUCtion.........cccvviiiiiiiiieeieecieccee et 133
Sum of reduction of absolute differences halfwords ...........ccceeevvrierrrennnnne. 138
Sum of absolute differences byte ........ccceeeviiiiiiiiiiiiiieciee e 141

5.2.6 HVX/MPY-RESOURCE ......cccooiiiiiiiiieiie et 144
Multiply with 2-wide redUCtiON.........cccviiiiiieiiieeiiiecieecee e 145
Integer multiply - even by 0dd .......ccoeeiieiiiiiiiiieee e 148
Integer multiply even/odd .........cccvieiiiiiieiciii e 149
Multiply bytes with 4-wide reduction - vector by scalar..........c.cceceverveenee. 151
Multiply with 4-wide reduction - vector by VECtOr .........ccvvevuveerrienrieeieenne, 154
Splat Word from SCAIAT ..........ccceervieriieiieieie e 157
Vector to predicate transter.........occvviecviiiiie ettt 158
Predicate to VeCtor tranSfer..........oovvieiiriiiiiieiccee e 160
Absolute value of difference ..........coccoeiiiieiiiiiiiiiic e 162
INSEIT CIEMENL ...ttt 165

5.2.7 HVX/MULTICYCLE ..ottt 166
HISTOZIAIM ...ttt ettt e e beeaeenbeentessseensesnne e 167

5.2.8 HVX/PERMUTE-RESOURCE .......cccoooiiiiiiiiiiee e 170
Byte aliZNmMENt .....ccoeoviiiiiiieiiciie et 171
General permute NEEWOTIK ........c.ooccviiiciiiiiiieie et 174
Shuffle = Deal ..o 179
Vector in-lane [00Kup table .........cccveeeiiiiiiiiiiieie e 182
PaCK < 185
St PIEAICALE .vveeviieiiieeiiecie ettt ettt e e sebe et e e s be e tbeestbeeenbeeseseeas 188

5.2.9 HVX/PERMUTE-SHIFT-RESOURCE.......ccccceiiiiiiinieiineneeeeeeeee 189
Vector in-lane [00Kup table .........cccveeeiiiiiiiiiiieie e 190
Vector shuffle and deal cross-1ane ............cocceevievieniiiiieniiiecieee e 195
UNPACK. ..ttt ettt e et e ettt et e et e e ssbe e sbeeenbeesnsaeesaeeens 201

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 4



Hexagon V60 HVX Programmer’s Reference Manual Contents

5.2.10 HVX/SHIFT-RESOURCE ......ccooiiiiiiiieieeeeeee e 204
NarrowWing Shift........cccoveieiiiiieieeee e 205
Shift and add......ccooieieie s 208
SRITE ¢ ettt 211
Round to next smaller element SiZe..........ccoveeriirieiiiiiieiiieee e 216
Bit COUNTING ..vieuiieiiiiieciieiieitete et ettt ettt et e esaessbeesesnbeessessseensennseans 219
52,11 HVX/STORE ..ottt 221
Store - byte-enabled aligned ..........ccocveviiiiiieiiiere e 222
STOTE = TIEW .. uteeiiieeiite ettt ettt ettt ettt et st e st e e bbeesbeeenabeesaaee s 225
Store - AlIGNEA ...oovvieiiieiieie et 228
Store - UNALGNEd ......oevviiiiiieie e 231

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V60 HVX Programmer’s Reference Manual Figures
Figures

Figure 1-1  Hexagon core with attached HVX coprocessor...........ccoceevreereneenenne. 9

Figure 1-2  Vector size (64B MOde) ....ccuvieiiiiiiieeiiiciie ettt 10

Figure 1-3  Four threads (each with single-vector context)...........ccoeevreveerevereeennne. 12

Figure 1-4  Four threads (two double-vector contexts, two scalar threads) ........... 13

Figure 1-5  512-bit SIMD T@EISLET ....cuveeverrieiieireiiereeieenteeieesie e eseaenseeseenseeneees 14

80-N2040-30 Rev. C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION



Hexagon V60 HVX Programmer’s Reference Manual Tables

Tables

Table 2-1 VRF-GRF transfer inStructions.............ccceeevvveeeuieeeiieecieeccieeeiee e 18
Table 4-1 HVX eXecution reSOUICE USAZEC......cccvvrererererieereeerreeereesveensreeeseeeenes 25
Table 4-2 HVX SI0t reStIICHIONS ..vveieeviieiie ettt 25
Table 4-3 Valid VMEM load/store combinations ..............cccceveeeeiuvieeecveeeeenneennn. 27
Table 4-4 HVX slot/resource/latency SUMMATY .........cccververreerierveerieesieesveneeenens 29

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 7



1 Introduction

1.1 Overview

Hexagon is a set of instruction extensions to the Hexagon™ V60 processor architecture.
The extensions are intended to support high-performance imaging and computer vision
applications. The name Hexagon is short for “Hexagon Vector Extensions”.

Hexagon supports vector operations on data up to 1024 bits wide. It is implemented using
an optional coprocessor.

This chapter provides an introduction to the following topics:
m Hexagon functional units

m Hexagon features

m Processor versions

NOTE This document assumes you are familiar with the Hexagon architecture. For
more information see the Hexagon V60/V61 Programmers Reference
Manual.
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1.2 HVX coprocessor

The Hexagon block is a closely-coupled coprocessor which includes registers, memory,
and compute elements which extend the baseline Hexagon architecture to enable high-
performance imaging and computer vision applications.

The Hexagon block connects to the Hexagon core over dedicated instruction and memory
coprocessor ports, as shown in Figure 1-1.

«———AHB—
«—AXI| Master—»

Hexagon
D$
L2 Ctrl &
RF XU L2$ Tag/ | «—256b—>»
State
1$ MMU
0 L2$/

Co-Processor

vInstruction Port L2-TCM

Multimedia Co-processor

«—512b—»,

v
VX c «—512b—»

mao<

Figure 11 Hexagon core with attached HVX coprocessor

The Hexagon instruction set architecture (ISA) is extended with the Hexagon vector
instructions. These instructions can be freely mixed with normal Hexagon instructions in a
VLIW packet.
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1.3 HVX features

Hexagon adds very wide SIMD capability to the Hexagon ISA. SIMD operations are

defined to operate on up to 1024-bit vector registers, and multiple HVX SIMD
instructions can be executed in parallel.

Hexagon includes the following features:

The vector size is selectable (512 or 1024 bits)

Multiple vectors can be operated on in parallel by hardware threads

Vector loads and stores share the same address space as normal load/stores

Vector elements can be signed or unsigned bytes, halfwords, or words

1.3.1 Vector size

The Hexagon coprocessor supports two vector sizes, which are selectable by the v2x bit in
the core SYSCFG register:

Figure 1-2 shows the vector register file in 64B mode.

In 64B mode (v2x=0), the vectors are 512 bits wide (i.e., 64 bytes), and the vector

predicates are 64 bits wide.

In 128B mode (v2x=1), the vectors are 1024 bits wide (i.e., 128 bytes), and the

vector predicates are 128 bits wide.

VO

V31

Vector Context

512bit Qo

64bit

Q3

512bit

64bit

Figure 1-2 Vector size (64B mode)
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1.3.2 Vector contexts
A vector context consists of a vector register file and vector predicate file.

Hexagon hardware threads can be dynamically attached to a vector context. This enables
the thread to execute HVX instructions. Multiple hardware threads can execute in parallel,
each with a different vector context. The number of supported vector contexts is
implementation-defined.

A minimal “uni-HVX” implementation would support the following vector context
configurations:

m One context of double-sized 1024-bit vectors

m Two contexts of 512-bit vectors

A higher-tier implementation can have more vector contexts. For example, a “dual-HVX”
system would support the following vector context configurations:

m Two contexts of double-sized 1024-bit vectors

m Four contexts or 512-bit vectors

The Hexagon scalar core can contain any number of hardware threads greater than or
equal to the number of vector contexts. The scalar hardware thread is assignable to a
vector context through per-thread SSR:XA programming, as follows:

m SSR:XA=4: HVX instructions use vector context 0
m SSR:XA=5: HVX instructions use vector context 1
m SSR:XA=6: HVX instructions use vector context 2

m SSR:XA=7: HVX instructions use vector context 3

All other values of XA produce undefined results.

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 11
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In the example shown in Figure 1-3, the block diagram shows a Hexagon core with four
hardware threads and four vector contexts. Each thread has the ability to execute Hexagon

instructions.

Hexagon

GRF

GRF

ThreadO Thread2

GRF

GRF

Threadl Thread3

DS

«——256b—>

Co-Processor
Instruction Port

Multimedia Co-processor

Vector Context

31 512bit

vq__ 512bit ] Qg et |
Q

Vector Context #1

vd__ 512bit od_seit |
Q;

31 512bit

Vector Context #2

31 512bit

vq_ 512bit | ad ewi |
TN

va

Vector Context #3

31

512bit

512bit Qq_64bit_|
T

Figure 1-3 Four threads (each with single-vector context)

<«—512b—>

<«—512b—>

L2s/
L2-TCM
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1.3.3

Figure 1-4 shows an alternative vector context configuration, again with four hardware
threads, but this time with two of the threads configured to use double-sized vectors. In
this configuration two of the threads can execute 1024-bit vector instructions, while the
other two threads can execute scalar instructions only.

Hexagon
D
GRF GRF >
Thread0 Thread2 256b
1S
GRF GRF
Threadl Thread3
Co-Processor L2/
Instruction Port L2-TCM
Multimedia Co-processor
Vector Context #0

Vo 1024 bit ] e

o= <«—512b—»

Q3 mer |
V31 1024bit

<—7512b—>»
Vector Context #1
VO 1024 bit ] Qo[ met ]

Q3w |

V31 1024bit

Figure 1-4 Four threads (two double-vector contexts, two scalar threads)

Memory access

The Hexagon memory instructions (referred to as VMEM instructions) use the Hexagon
general registers (R0-rR31) to form addresses which access memory. In 64B mode
(Section 1.3.1), a VMEM instruction provides 512-bit movement between the memory
and vector registers through the L2 cache, while 128B mode provides 1024-bit data
movement.

VMEM loads and stores share the same 32-bit virtual address space as normal scalar
load/stores. VMEM load/stores are coherent with scalar load/stores, and coherency is
maintained by hardware.
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1.3.4 Vector registers

Hexagon has two sets of registers:

m The data registers consist of thirty two 512-bit registers (64B mode) which can be
accessed as single 512-bit registers, or, for certain operations, concatenated
together to form a single 1024-bit register pair.

m The predicate registers consist of four 64-bit registers which provide operands to
various compare, mux, and other special instructions.

In 128B mode (Section 1.3.1), pairs of data registers can be accessed as single 1024-bit
registers (or even as 2048-bit register pairs for certain operations).

The vector registers are partitioned into lanes which operate in Single Instruction Multiple
Data (SIMD) fashion. For example, with 512-bit registers each register contains the
following items:

m Sixteen 32-bit words
m Thirty-two 16-bit halfwords
m Sixty-four 8-bit bytes

Element ordering is little-endian with the lowest byte in the least-significant position, as
shown in Figure 1-5.

6 6 6 6
3 5 1 0 7 6 5 4 3 2 1 0 Byte
31 30 3 2 1 0 Half
| | | [ |
15 1 0 Word

Figure 1-5 512-bit SIMD register
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1.3.5

Vector compute instructions

Vector instructions process vector register data in SIMD fashion. The operation is
performed on each vector lane in parallel. For example, when in 64B mode, the instruction
performs a signed ADD operation over each halfword:

V2.h

= VADD(V3.h,V4.h)

In this instruction the 32 halfwords in vector V3 are summed with the corresponding 32
halfwords in V4, and the results are stored in V2.

When vectors are specified in instructions, the element type is also usually specified:

.b for signed byte

.ub for unsigned byte

.h for signed halfword

.uh for unsigned halfword

.w for signed word

.uw for unsigned word

For example:

vO.
vl:
vl:
v5:

N o oo
s P o
I

vadd (vl.b,v2.b)
vadd(v3:2.b, v5:4.b)
vadd(v3:2.h, v5:4.h)
vmpy (v0.h,v1.h)

Add vectors of bytes

Add vector pairs of bytes
Add vector pairs of halfwords
Widening vector 16x16 to 32
multiplies: halfword inputs,
word outputs
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1.4 Processor versions

This document describes version V1, V2, and V3 of the Hexagon coprocessor.

1.5 Using the manual

This manual describes the Hexagon processor architecture and instruction set.

m Chapter 1, Introduction, presents an overview of Hexagon and this manual.
m Chapter 2, Registers, describes the Hexagon vector and predicate registers.
m Chapter 3, Memory, describes how Hexagon accesses memory.

m Chapter 4, Instructions, provides an overview of the Hexagon instructions.

m Chapter 5, Instruction Set, describes the Hexagon instruction set.

1.6 Feedback

If you have any comments or suggestions on how to improve this manual, please send
them to:

support.cdmatech.com

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 16


https://support.cdmatech.com

2 Regqisters

2.1 Overview

This chapter describes the HVX coprocessor registers:

m General vector data registers

m Vector predicate registers

The HVX coprocessor is a load-store architecture where compute operands originate from
registers and load/store instructions move data between memory and registers.

The vector data registers are not used for addressing or control information, but rather
hold intermediate vector computation results. They are only accessible using the HVX
vector compute or load/store instructions.

The vector predicate registers contain the decision bits for each 8-bit quantity of the vector
data registers, and are 64 bits wide for 64B mode, and 128 bits wide for 128B mode.
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2.2

2.21

2.3

Vector data registers

The HVX coprocessor contains thirty-two 512-bit vector registers (named vo through
v31). These registers store the operand data for all of the vector instructions.

For example:

V1l = vmem(RO) // load 512 bits of data
// from address RO
V4.w = vadd(V2.w, V3.w) // add each word in V2

// to corresponding word in V3

The vector data registers can be specified as register pairs representing 1024 bits of data.
For example:

V5:4.w = vadd(V3:2.w, V1:0.w) // add each word in V1:0 to
// corresponding word in V3:2

VRF-GRF transfers

Table 2-1 lists the HVX instructions used to transfer values between the vector register file
(VRF) and the general register file (GRF).

A packet can contain up to two insert instructions or one extract instruction. The extract
instruction incurs a long-latency stall and is primarily meant for debug purposes.

Table 2-1 VRF-GRF transfer instructions

Syntax Behavior Description

Rd=extractw (Vu,Rs) Rd = Vu.uw[Rs&0xF]; | Extract word from a vector into Rd with
location specified by Rs.

Vx.w=insertw (Rt) Vx.uw[0] = Rt; Insert word into vector location 0.

Vector predicate registers

Vector predicate registers are used to hold the result of vector compare instructions. For
example:

Q3 = vcmp.eqg(V2.w, V5.w)

In this case each 32-bit field of V2 and V5 are compared and the corresponding 4-bit field
is set in the corresponding predicate register Q3. If the vector predicate is based on half
words, 2 bits are set; for bytes, 1 bit is set.

The vector predicate instruction is used frequently by the vmux instruction. This takes each
bit in the predicate register, selects the first or second byte in each source, and places the
selected byte in the corresponding destination output field.

V4 = vmux (Q2, V5, V6)
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3 Memory

3.1 Overview

This chapter describes the HVX coprocessor memory architecture

The Hexagon unified byte addressable memory has a single 32-bit virtual address space
with little-endian format. All addresses, whether used by a scaler or vector operation, go
through the MMU for address translation and protection.
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3.2

3.3

3.4

3.5

Alignment

Unlike on the scalar processor, an unaligned pointer (i.e., one that is not an integral
multiple of the vector size) will not cause a memory fault or exception. When using a
general VMEM load or store, the least-significant bits of the address are ignored:

VMEM (RO) = V1; // Store to RO & ~(0x3F)

For 64B mode the least significant 6 bits are ignored, while for 128B mode the least-
significant 7 bits are ignored.

Unaligned loads and stores are also explicitly supported through the VMEMU instruction:

VO = VMEMU(RO); // Load a vector of bytes starting at RO
// regardless of alignment

Memory-type

It is illegal for VMEM instructions to target device-type memory. If this is done, an
VMEM address error exception will be raised.

NOTE HVXis designed to work with L2 cache or L2 TCM. It is expected that
memory should be marked as 12cacheable for L2 cache data, and uncached for
data that resides in 12TCM.

Non-temporal

VMEM instructions can have an optional non-temporal attribute. This is specified in
assembly language with a “:nt” suffix. When an instruction is marked as non-temporal, it
indicates to the micro-architecture that the data is no longer needed after the instruction.
The cache memory system will use this information to inform replacement and allocation
decisions.

Permissions

Unaligned VMEMU instructions which happen to be naturally aligned only require MMU
permissions for the accessed line. The hardware will suppress generating an access to the
unused portion.

The byte-enabled conditional VMEM store instruction requires MMU permissions,
regardless of whether any bytes are performed or not. In other words, the state of the Q
register is not considered when checking permissions.
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3.6

3.6.1

3.6.2

3.6.3

Performance considerations

The following best practices are recommended for maximizing performance of the vector
memory system:

m Minimize VMEM access

m Use aligned data

m  Avoid store-to-load stalls

m L2FETCH

m  Avoid set conflicts

m Use non-temporal for final data

m Scalar processing of vector data

Minimize VMEM access

Accessing data from the vector register file is far cheaper in cycles and power than
accessing data from memory. The simplest way to improve memory system performance
is to reduce the number of VMEM instructions. Avoid moving data to/from memory when
it could be hosted in VRF instead.

NOTE The HVX vector processor is attached directly to the L2 cache. VMEM
loads/stores move data to and from L2, and do not use the L1 data cache. To
ensure coherency with L1, VMEM stores check L1 and invalidate on a hit.

Use aligned data

VMEMU instructions access multiple L2 cache lines, and are expensive in bandwidth and
power. Where possible, data structures should be aligned to vector boundaries. Padding
the image is often the most effective technique to provide aligned data.

Avoid store-to-load stalls

A VMEM load instruction which follows a VMEM store to the same address will incur a
Store-to-Load penalty. The store must fully reach L2 before the load will start, thus the
penalty can be quite large. In order to avoid Store-to-Load stalls, there should be
approximately 15 packets of intervening work.
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3.6.4

3.6.5

3.6.6

3.6.7

L2FETCH

The L2FETCH instruction should be used to pre-populate the L2 with data prior to using
VMEM loads.

L2FETCH is best performed in sizes less than 8KB, and should be issued at least several
hundred cycles prior to using the data. If the LZFETCH is issued too early, the data may be
evicted before it can be used. In general, prefetching and processing on image rows or tiles
works best.

All data used by VMEM should be prefetched, even if it is not used in the computation.
Software pipelined loops often overload data that will not be used. However, even though
the pad data is not used in computation, the VMEM will stall if it has not been prefetched
into L.2.

Avoid set conflicts

The L2 cache contains 8-ways, 512KB, and 64Byte lines. There are 1024 cache sets.
Addresses that are 64KB apart will map to the same set. Care should be taken to avoid set
conflicts. A common technique is to use data structure padding to skew addresses and
reduce set conflicts.

Use non-temporal for final data

One the last use of data, the “:nt” assembly suffix should be specified. The cache will use
this hint to optimize the replacement algorithm.

Scalar processing of vector data

When a VMEM store instruction produces data, that data is placed into the L2 cache, and
L1 will not contain a valid copy. Thus, if scalar loads need to access the data, it first must
be fetched into L1.

It is common for algorithms to use the vector engine to produce some results that must be
further processed on the scalar core. The best practice is to use VMEM stores to get the
data into L2, then use DCFETCH to get the data in L1, followed by scalar load
instructions. The DCFETCH can be executed anytime after the VMEM store, however,
software should budget at least 20 cycles before issuing the scalar load instruction.
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4 |[nstructions

4.1 Overview

This chapter provides an overview of the HVX coprocessor load/store instructions,
compute instructions, VLIW packet rules, and dependency and scheduling rules.

NOTE Section 4.6 summarizes the Hexagon slot usage, HVX resource usage, and
instruction latency for all the HVX instruction types.
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4.2 VLIW packing rules

4.2.1

The HVX coprocessor provides six resources for vector instruction execution:

m Load
m Store
m  Shift
m Permute

m  Multiply (2)

Each vector instruction in the coprocessor consumes some combination of these resources,
as defined in Section 4.2.2. VLIW packets cannot over-subscribe resources.

An instruction packet can contain up to four instructions, plus an endloop. The instructions
inside the packet must obey the packet grouping rules described in Section 4.2.3.

NOTE Invalid packet combinations are normally prevented by the assembler. If an
invalid packet is executed, the behavior is undefined.

Double vector instructions

Certain instructions consume pairs of resources: either the shift and permute as a pair, or
both multiply resources as a pair. Such instructions are referred to as double vector
instructions because they write two output vector registers as a pair.

NOTE Halfword by halfword multiplies are double vector instructions, because they
consume both the multiply resources.
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4.2.2 Vector instruction resource usage

Table 4-1 lists the resources that an HVX instruction uses during execution. It also
specifies the order in which the Hexagon assembler tries to build an instruction packet,
from the most to least stringent.

Table 4-1 HVX execution resource usage
Instruction Used Resources
1. Histogram All
2. Unaligned Memory Access Load, Store, and Permute
3. Double Vector Cross-lane Permute Permute and Shift
4. Cross-lane Permute Permute
5. Shift Shift
6. Double Vector & Halfword Multiplies Both Multiply Resource
7. Byte Multiply Either Multiply Resource
8. Double Vector ALU operation Either Shift and Permute or Both Multiply
9. Single Vector ALU operation Any one of Shift, Permute, or Multiply
10. Aligned Memory Any one of Shift, Permute, or Multiply and one of
Load or Store
11. Aligned Memory (.tmp/.new) Load or Store only

4.2.3 Vector instruction slot restrictions

In addition to vector resource assignment, vector instructions also map to certain Hexagon
slots. A special subset of the ALU instructions — which requires the full 32 bits of the
scalar Rt register — is mapped to slots 2 and 3. (This includes the instructions lookup table,
splat, insert, and add/sub with Rt.)

Table 4-2 lists the slot restrictions.

Table 4-2 HVX slot restrictions
Instruction Used Hexagon Slots Additional Restriction

1, Aligned Memory Load Oor1 -

2. Aligned Memory Store 0 -

3. Unaligned Memory 0 Slot 1 must be empty.
Load/Store Maximum of 3 instructions

allowed in packet.

4. Multiplies and special ALU 20r3 -

5. Vextract 2 Only instruction in packet
6. Simple ALU, Permute, Shift 0,1,2,3 -

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 25



Hexagon V60 HVX Programmer’s Reference Manual Instructions

4.3 \Vector load/store

VMEM instructions are used to move data between VRF and Memory. VMEM
instructions support the following addressing modes:

m Indirect

m Indirect with offset

m Indirect with auto-increment (immediate and register/modifier register)
For example:

V2 vmem (R1+#4) // address R1 + 4 * (vector-size) bytes
V2 = vmem(R1++M1) // address R1l, post-modify by the value of M1l

The immediate increment and post increments values correspond to multiples of vector
length. In 64B mode, “#1” indicates 64 bytes, “#2” indicates 128 bytes, and so on. In 128B
mode, “#1” indicates 128 bytes.

To enable unaligned memory accesses, unaligned load and stores are available. The
VMEMU instructions generate multiple accesses to the L2 cache, and use the permute
network to align the data.

The “load-temp” and “load-current” forms allow immediate use of load data in the same
packet. A “load-temp” instruction does not write the load data to the register file. (A
register needs to be specified, but it will not be overwritten). Because the “load-temp”
instruction does not write to the register file, it does not consume a vector ALU resource:

{ v2.tmp = vmem (R1+#1) // Data loaded into a tmp
V5:4.ub = vadd(V3.ub, V2.ub) // Used the loaded data as
// the V2 source
V7:6.uw = vrmpy (V5:4.ub, R5.ub, #0)

}

“Load-current” is similar to “load-temp”, but consumes a vector ALU resource as the
loaded data is written to the register file:

{ Vv2.cur = vmem (R1+#1) // Data loaded into a V2
V3 = valign(V1l,V2, R4) // load data used immediately
V7:6.ub = vrmpy(V5:4.ub, R5.ub, #0)

}

VMEM store instructions can store a newly generated value. They do not consume a
vector ALU resource as they do not read nor write the register file:

vmem (R1+#1) = V20.new // Store V20 that was generated
// in the current packet

An entire VMEM write can also be suppressed by a scalar predicate:
if PO vmem(R1++M1l) = V20 // Store V20 if PO is true
A partial byte-enabled store can be issued and controlled with a vector predicate register:

if Q0 vmem(R1++M1l) = V20 // Store bytes of V20 where Q0 is true
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4.4

4.41

VMEM load/store instructions can be grouped with normal scalar load/store instructions.

Table 4-3 provides the valid grouping combinations for VMEM instructions. Any
combination that is not present in the table is invalid, and should be rejected by the
assembler. The hardware will generate an invalid packet error exception.

Table 4-3 Valid VMEM load/store combinations

Slot 0 Instruction Slot 1 Instruction

VMEM LD A32

VMEM ST A32

VMEM LD Scalar LD

Scalar ST VMEM LD

VMEM ST Scalar ST

VMEM ST Scalar LD

VMEM ST VMEM LD

VMEMU LD Empty. Max 3 instructions in packet
VMEMU ST Empty. Max 3 instructions in packet

Special instructions

HVX supports the following special-purpose instructions:

m histogram

Histogram

HVX includes a specialized histogram instruction.The vector register file is divided into
four histogram tables each of 256 entries (32 registers by 8 halfwords). A line is fetched
from memory via a Temp VMEM load instruction. The top five bits of each byte provide a
register select, while the bottom bits provide an element index. The value of the element in
the register file is incremented. All the registers must be cleared before use by the
programmer.

Example:
{ V31l.tmp = VMEM(R2) // Load 64 bytes from memory
VHIST () ; // Perform histogram using counters
// in VRF and indexes from temp load
}
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4.5

Instruction latency

HVX coprocessor instructions execute over multiple clock cycles. Instructions complete
in either 2 or 4 clock cycles. A new instruction packet from a thread can be issued every 2
clock cycles.

Certain instructions require Early Sources. Early source registers include:

Input to the multiplier. For example “v3.h = vmpyh(v2.h, v4.h)”. Here V2
and V4 are multiplier inputs. For multiply instructions with accumulation, the
accumulator is not considered an Early Source multiplier input.

Input to Shift/Bit Count instructions. For shifts, all vector sources are Early
Source except for accumulators.

Input to Permute instructions. Only registers that are being permuted are
considered Early Source (not Accumulator).

Unaligned Store Data is an Early Source.

If an Early Source register is produced in the previous vector packet, an interlock stall will
occur. The software should try to schedule an intervening packet between the producer of
an Early Source register. For example, the following shows various interlock cases:

V8
Vo
V1
V2

V5:

V2

= VADD (VO0,VO0)

= VADD (V8,V9) // NO STALL

= VMPY (VO,RO) // STALL due to VO
= VSUB (V2,V1) // NO STALL on V1
4 = VUNPACK(V2) // STALL due to V2
= VADD (V0,V4) // NO STALL on V4

NOTE This description applies only to HVX v1.0. Latencies are implementation-

defined and may change with future versions.
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4.6

Slot/resource/latency summary

Table 4-4 lists the Hexagon slot, HVX resource, and latency requirements for all the HVX

instruction types.
Table 4-4 HVX slot/resource/latency summary
core slot usage HVX resources
Insn variation 3 2 1 0 Id | mpy mpy]shift xlane| st |Early Sources
no R; 1*vec any any
noR; 2*vec any either pair
ALU
Rt; 1*vec either either
Rtt
1*vec either either vu/w
Abs-diff
2*vec either vu/wv
by 8b; 1*vec either vu/w
Multiply by 8b; 2*vec either vu/wv
by 16b either vu/wv
1*vec any vu/w
Cross-lane
2*vec any vu/wv or (vx,vy)
Shift or count 1*vec any vu/w
aligned either any |
aligned; .tmp either
load
aligned; .cur either
unaligned
aligned
store aligned; .new
unaligned
histogram
extract ~+15
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5 Instruction Set

5.1 Overview

This ¢

hapter describes the instruction set changes for the Hexagon HVX extensions.

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/behavior) with all possible operand
types

Function type and slot information for running instructions in parallel

Notes of miscellaneous issues

Any C intrinsic functions that provide access to the instruction

Instruction encoding
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t

5.2 HVX

The HVX instruction class includes instructions which perform vector operations on 512-
or 1024-bit data.

5.2.1 HVX/ALU-DOUBLE-RESOURCE

The HVX/ALU-DOUBLE-RESOURCE instruction subclass includes ALU instructions
which use a pair of HVX resources.
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Predicate operations

Perform bitwise logical operations between two vector predicate registers Qs and Qt, and
place the result in Qd. The operations are element-size agnostic.

The following combinations are implemented: Qs & Qt, Qs & !'Qt, Qs | Qt, Qs | !Qt, Qs *
Qt. Interleave predicate bits from two vectors to match a shuffling operation like vsat or
vround. Forms that match word-to-halfword and halfword-to-byte shuffling are available.

Syntax Behavior

Qd4=and (Qs4, [!1Qt4) for (1 = 0; 1 < VELEM(8); 1i++) {
QAv[i]l=QsVI[i] && [!]1QtVI[i];

I

Qd4=o0r (Qs4, [!]1Qt4) for (i = 0; 1 < VELEM(8); 1i++) {
Qdv[il=0sVI[i] || ['1QtVI[i];
Qd4=xo0r (Qs4,Qt4) for (i = 0; 1 < VELEM(8); i++) {

A

Qdv [i]=0sV[i] QtVvI[il;

}i
Class: COPROC_VX (slots 0,1,2,3)

Notes

» This instruction uses any pair of the HVX resources (both multiply or

shift/permute).

Intrinsics

Qd4=and (Qs4, !Qt4) HVX VectorPred Q6 Q and QQn (HVX VectorPred
Qs, HVX VectorPred Qt)

Qd4=and (Qs4,Qt4) HVX VectorPred Q6 Q and QQ (HVX VectorPred
Qs, HVX VectorPred Qt)

Qd4=or (Qs4, !Qt4) HVX VectorPred Q6 Q or QOn (HVX VectorPred
Qs, HVX VectorPred Qt)

Qd4=or (Qs4,Qt4) HVX VectorPred Q6 Q or QQ (HVX VectorPred
Qs, HVX VectorPred Qt)

Qd4=xo0r (Qs4,Qt4) HVX VectorPred Q6 Q xor QQ (HVX VectorPred

Qs, HVX VectorPred Qt)
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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 t2 Parse s2 d2
ofofo0f1|1]|1]|1|0|t|t]|-|-|-|-|1|1|P|P|O|-|-|-|s|[s|0]|0|0|0|0|0|d]|d|Qd4=and(Qs4,Qt4)
ofofof1|1]1]|1 |0 t|t|-|-|-|-[1]1|P|P|O|-|-|-|s|s|0[0]|0|0|0|1|d]d |Qdé=or(Qs4,Qt4)
ofofof1|1]1]1|o|t|t|-|-|-|-[1]1]|P|P|O|-|-|-|s|s|0|0]|0 |0 |1|1|d]d |Qdé=xor(Qs4Qt4)
ofofof1|1]1]|1|o|t|t]|-|-|-|-|1|1|P|P|lO|-|-]|-|s|[s|0]|0|0|1|0]|0|d]d|Qd4=or(Qs4,'Qt4)
ofofof1|1]1]|1|o|t|t]|-|-|-|-|[1]1|P|P|O|-|-|-|s|s|0|0|0|1|0]|1|d]d|Qd4=and(Qs4,'Qt4)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

a2 Field to encode register d

s2 Field to encode register s

t2 Field to encode register t
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Combine

Combine two input vector registers into a single destination vector register pair.

Using a scalar predicate, conditionally copy a single vector register to a destination vector
register, or conditionally combine two input vectors into a destination vector register pair.
A scalar predicate guards the entire operation. If the scalar predicate is true, the operation
is performed. Otherwise the instruction is treated as a NOP.

Syntax Behavior
vVdd=vcombine (Vu, Vv) for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .ub[i] = Vv.ubl[il];
vdd.v[1] .ub[i] = Vu.ub[i] ;
¥
if ([!]Ps) if ([!1ps[0]) {
Vdd=vcombine (Vu, Vv) for (1 = 0; i < VELEM(8); i++) {
vVdd.v[0] .ub[i] = Vv.ub[i];
vdd.v[1] .ub[i] = Vu.ubl[i];
¥
} else {
NOP;
¥

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses any pair of the HVX resources (both multiply or

shift/permute).
Intrinsics
Vdd=vcombine (Vu, Vv) HVX VectorPair Q6 W vcombine VV (HVX Vector
Vu, HVX Vector Vv)
Encoding

31|3o|29\28 27\26\25|24|23|22\21\20\19\1a|17|16 15|14 13 12\11\1o| 9 | 8l7]6 \ 54 \ 3 \ 2 | 1 | 0
ICLASS Parse us s2 d5

if (Ps)
0001101001Ovvvvvpp'uuuuu'sdedddVdd=vcombine(Vu,Vv)

if (Ps)
Vdd=vcombine(Vu,Vv)

o(o/o1j1joj1jofo1|1|vjvjviv|iv|P|/P|-jujujujuju|-|(s|s|djd|d|d|d

ICLASS Parse ub d5
o|o|o‘1 1‘1‘1|1|0|1‘0‘v‘v‘v|v|v P|P 0 u‘u‘u|u|u 1|1‘1 d‘d‘d|d|d Vdd=vcombine(Vu,Vv)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
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Field name Description
s2 Field to encode register s
us Field to encode register u
v5 Field to encode register v
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In-lane shuffle

vshuffoe performs both the vshuffo and vshuffe operation at the same time, with even
elements placed into the even vector register of Vdd, and odd elements placed in the odd
vector register of the destination vector pair.

Vdd.b=vshuffoe(Vu.b,Vv.b)

b[3] | b[2] | b[1] | b[O] | Vu b[3] | b[2] | b[1] | b[O] | Vv

b[3] | b[2] | b[1] | b[O] | Vdd.V[1] b[1] | b[0] | vdd.V[0]

Vdd.h=vshuffoe(Vu.h,Vv.h)

h[1] h[0] Vu h[1] h[O] Vv

h[1] h[0] Vdd.V[1] h[1] h[0O] Vdd.VI[0]

Repeated for each 32bit lane

This group of shuffles is limited to bytes and halfwords.
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Syntax Behavior

vdd.b=vshuffoe (Vu.b,Vv.b) for (i = 0; i < VELEM(16) ;

vdd.v[0] .uh[i] .b[0]=Vv.
vdd.v[0] .uh[i] .b[1]=Vu.
vdd.vI[1] .uh[i] .b[0]=VvV.
vdd.v([1] .uh[i] .b[1]=Vu.

¥
Vdd.h=vshuffoe (Vu.h,Vv.h) for (i = 0; 1 < VELEM(32) ;
vdd.v[0] .uw[i] .h[0]=Vv.
vdd.v[0] .uw[i] .h[1]=Vu.
vdd.v[1l] .uw[i] .h[0]=VV.
vdd.v[1] .uw[i] .h[1]=Vu.
¥

Class: COPROC_VX (slots 0,1,2,3)

Notes

i++) |

uh([i] .ub[0] ;
uh[i] .ub[0] ;
uh[i] .ub[1];
uh[i] .ub[1] ;

i++) |

uw[i] .uh[0];
uw[i] .uh[0] ;
uw([i] .uh[1];
uw[i] .uh[1] ;

» This instruction uses any pair of the HVX resources (both multiply or

shift/permute).

Intrinsics

vVdd.b=vshuffoe (Vu.b,Vv.b) HVX VectorPair
Q6 Wb vshuffoe VbVb (HVX Vector Vu,
HVX Vector Vv)

vVdd.h=vshuffoe (Vu.h,Vv.h) HVX VectorPair
Q6 Wh vshuffoe VhVh(HVX Vector Vu,
HVX Vector Vv)

Encoding

31|3o|29\28 27\26\25|24|23|22\21\20\19\1a|17|1615|141 12\11\1o|9|8 7|6\5 4\3\2|1|o

w

ICLASS Parse u5 d5

o

ofo/oy1j1{1i1{1/01|/0|v{viviv|iv/P/P|Ojujufufuju|{1|{0|1|d|d|d|d

Vdd.h=vshuffoe(Vu.h,Vv.h)

o

ofo/oy1j1{1j1{1/01|/0|v{viviv|iv/P/P|Ojujufufuju|1|{1|0|d|d|d|d

Vdd.b=vshuffoe(Vu.b,Vv.b)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Swap

Based on a predicate bit in a vector predicate register, if the bit is set the corresponding

byte from vector register Vu is placed in the even destination vector register of Vdd, and

the byte from Vv is placed in the even destination vector register of Vdd. Otherwise, the

corresponding byte from Vv is written to the even register, and Vu to the odd register. The
operation works on bytes so it can handle all data sizes. It is similar to the vmux operation,

but places the opposite case output into the odd vector register of the destination vector

register pair.

Vdd=vswap(Qt4,Vu,Vv)

b[N-1] [ {— — — b[3] b[2] b[1] b[0] Vu
b[N-1] —_— = b[3] b[2] b[1] b[0] Vv
g A v1—passO-swap
é v <«—— Qt.b[0]
5 Vo “ Qt.b[1]
[}
£ ) v [ <« Qub[2]
8 < Qt.b[3]
= -7
n —~
“8 Y VY s
= « Qt.b[N-1]
o
€
=]
c
v A 4 v A A v
P
IN-1] | <\ — — — b[3] b[2] b[1] b[0] | Vdd[O]
A 4 y A A A
b[N-1] | <— — —> | b[3] b[2] b[1] b[0] | Vdd[1]
Syntax Behavior
Vdd=vswap (Qt4,Vu, Vv) for (1 = 0; 1 < VELEM(8); i++) {
vVdd.v[0] .ub[i] = QtV[i] ? Vu.ubl[i]
Vv.ub[i];
vdd.v[1] .ub[i] = !QtV[i] ? Vu.ubl[i]
Vv.ub[i] ;

T
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Class: COPROC_VX (slots 0,1,2,3)

Notes

» This instruction uses any pair of the HVX resources (both multiply or

shift/permute).
Intrinsics
vVdd=vswap (Qt4,Vu, Vv) HVX VectorPair
Q6 W _vswap QVV (HVX_VectorPred Qt,
HVX Vector Vu, HVX Vector Vv)
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 Parse ub t2 d5
o|o|o ‘1 1 ‘1 ‘1 |o|1 |o ‘1 ‘v‘v‘v|v|v P|P 1 u‘u‘u|u|u - t‘t d‘d‘d|d|d Vdd=vswap(Qt4,Vu,Vv)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
t2 Field to encode register t
u5 Field to encode register u
v5 Field to encode register v
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Sign/Zero extension

Perform sign extension on each even element in Vu, and place it in the even destination
vector register Vdd[0]. Odd elements are sign-extended and placed in the odd destination
vector register Vdd[1]. Bytes are converted to halfwords, and halfwords are converted to
words.

Sign extension of words is a cross-lane operation, and can only execute on the permute

slot.
Vdd.h=vsxt(Vu.b)
[IN"-1] | [N"-2] B3] | (27| | [0 | Vu
sign sign sign
fill [N%] fill [3/‘ fill [1/ Vdd.V[1]
sign sign sign
fi | (N2 an | 2| g | [0 | Vdd-viOl

* . . .
N is number of operations in vector

Perform zero extension on each even element in Vu, and place it in the even destination
vector register Vdd[0]. Odd elements are zero-extended and placed in the odd destination
vector register Vdd[1]. Bytes are converted to halfwords, and halfwords are converted to
words.

Zero extension of words is a cross-lane operation, and can only execute on the permute
slot.
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Instruction Set

Vdd.uh=vzxt(Vu.ub)

[N-1] | [N"-2]

3]

[2] | [1]

[0]

Vu

0x0 | [N-1] 0x0 [3 0x0 [1
0x0 | [N-2] 0x0 [2] 0x0 [0]

* . . .
N is number of operations in vector

Syntax

Vdd.h=vsxt (Vu.b)

vdd.uh=vzxt (Vu.ub)

vdd.uw=vzxt (Vu.uh)

vdd.w=vsxt (Vu.h)

Vdd=vsxtb (Vu)
Vdd=vsxth (Vu)
Vdd=vzxtb (Vu)

vVdd=vzxth (Vu)

for (i1 = 0;
vdd.v[0] .h[i] =
vdd.v[1] .h[i] =

for (i = 0;

Behavior

vdd.v[0] .uh[i]
vdd.v[1] .uh[i]

for (1 = 0;

vdd.v[0] .uw[i]
vdd.v[1] .uw[i]

for (i = 0;
vdd.v[0] .w[i] =
vdd.v[1] .w[i] =

Iz

Assembler

Assembler

Assembler

Assembler

mapped to:

mapped to:

mapped to:

mapped to:

i < VELEM(16) ;
= Vu.h[i].b[0];

Vdd.V[1]

Vdd.V[0]

i++) |

Vu.h([i] .b[1] ;

i < VELEM(16) ;

iv+) |

Vu.uh[i] .ub[0];
Vu.uh[i] .ub[1] ;

i < VELEM(32) ;

iv+) |

Vu.uw[i] .uh[O0] ;
Vu.uw[i] .uh[1] ;

i < VELEM(32) ;
= Vu.wl[i] .h[0];

iv+) |

vau.w([i] .h[1] ;

"vdd.
"vdd.
"vdd.
"vdd.

h=vsxt (Vu.b) "
w=vsxt (Vu.h)"
uh=vzxt (Vu.ub)"

uw=vzXt (Vu.uh) "
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Instruction Set

Class: COPROC_VX (slots 0,1,2,3)

Notes

» This instruction uses any pair of the HVX resources (both multiply or

shift/permute).

Intrinsics

Vdd.h=vsxt (Vu.b)

vdd.uh=vzxt (Vu.ub)

vdd.uw=vzxt (Vu.uh)

vdd.w=vsxt (Vu.h)

HVX VectorPair Q6 Wh vsxt Vb (HVX Vector Vu)

HVX VectorPair Q6 Wuh vzxt Vub (HVX Vector

vu)

HVX VectorPair Q6 Wuw_ vzxt Vuh (HVX Vector

vu)

HVX VectorPair Q6 Ww_ vsxt Vh(HVX Vector Vu)

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 u5 d5
olojof1f{1]1|1|o|-|-|-]-|-|-|1]o|P|P|O0|u|ululululo|0]|1]|d|d|d|d]|d]Vdd.uh=vzxt(Vu.ub)
ofojoy1|1{1j1{of-|-|-|=-{=-/=-[1/0O/P|/P|O|{ujufufuju|0|1|0|d|d|d|d]|d]|Vdd.uw=vzxt(Vu.uh)
oflojof1|1]1|1|o|-|-|-|-|-|-]|1]/0|P|P|0|u|ulululul0|1]1]|d|d|d]|d]d|Vddh=vsxt(Vu.b)
oflojof1 |11 |1 |o|-|-|-|-|-|-|1]/0|P|P|o|u|ulululu[1|0]|0|d|d|d]|d]|d|Vddw=vsxtVu.h)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits

ds

ub

Field to encode register d
Field to encode register u
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Instruction Set

Arithmetic

Perform simple arithmetic operations, add and subtract, between the elements of the two
vectors Vu and Vv. Supports word, halfword (signed and unsigned), and byte (signed and

unsigned).

Optionally saturate for word and halfword. Always saturate for unsigned types.

Syntax

vdd.b=vadd (Vuu.b, Vvv.

vdd.b=vsub (Vuu.b, Vvv.

Vdd.h=vadd (Vuu.h, Vvv
1

vdd.h=vsub (Vuu.h, Vvv
]

.h) [:sat

.h) [:sat

Vdd.ub=vadd (Vuu.ub, Vvv.ub) : s

at

Behavior

for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .b[i] = Vuu.v[0].b[i]
Vvv.vI[0] .b[i];
vdd.v[1] .b[i] = Vuu.v[1].bl[i]
vvv.vI[1l] .b[1i] ;

¥

for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .b[i] = Vuu.v[0].bl[i]
Vvv.vI[0] .b[i];
vdd.v[1] .b[i] = Vuu.v[1].bl[i]
vvv.vI[1l] .b[i] ;

¥

for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = [sat 16] (sxtqs_
sox1g (Vuu.v[0] .h[i]) + sxtis.
>2*16(VVV.V[O] h[l]));
vdd.v[1] .h[i] = [sat_ 16] (sxtq,_
sox1g (Vuu.v([1] .h[i]) + sxtqis.
s2#16 (Vvv.v[1] .h[i])) ;

1

for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] [sat_16] (sxt 4_
sox1g (Vuu.v[0] .h[i]) - sxtqe.
S2%16 (VVVV[O] h[l] );
vdd.v[1] .h[i] [sat_16] (sxt 4_
soxig (Vuu.v[1] .h[i]) - sxtqs.
sox16 (Vvv.v[1] .h[i])) ;

I

)
)
)
)

for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .ub[i] = usat 8 (zxtg_
soxg (Vuu.v[0] .ub[i]) + zxtg._
soxg (Vvv.v[0] .ub[i])) ;
vdd.v([1l] .ub[i] = usat 8 (zxtg._
soxg (Vuu.v[1] .ub[i]) + zxtg._
soxg (Vvv.v[1l] .ub[i])) ;

1
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Syntax
vVdd.ub=vsub (Vuu.ub,Vvv.ub) : s
at
Vdd.uh=vadd (Vuu.uh,Vvv.uh) :s
at
vdd.uh=vsub (Vuu.uh,Vvv.uh) : s

at

vdd.w=vadd (Vuu.w,Vvv.w) [:sat

vVdd.w=vsub (Vuu.w, Vvv.w) [:sat

Behavior
for (i = 0; i < VELEM(8); i++) {
Vdd.v[0] .ub[i] = usat 8 (zxtg_
soxg (Vuu.v[0] .ub[i]) - zxtg.

soxg (Vwv.v[0] .ubl[il));

Vdd.v[1] .ub[i] = usat 8 (zxtg_

soxg (Vuu.v[1] .ub[i]) - zxtg.

soxg (VWv.v[1] .ub[i])) ;

for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .uh[i] = usat 16 (zxt,s_

sox1g (Vuu.v[0] .uh[i]) + zxtq4_

so%16 (Vvv.v[0] .uh[i]))

)
));
vdd.v[1] .uh[i] = usat 16 (zxti,s_
sox1g (Vuu.v[1] .uh[i]) + zxtq4_

sow16 (Vvv.v[1] .uh[i])) ;

I

for (i = 0; i < VELEM(16); i++) {
vdd.v [0] .uh[i] usat_16 (zxtqs_
sox1g (Vuu.v[0] .uh[i]) - zxt e

vdd.v([1].uh[i]
sox1g (Vuu.v[1] .uh[i]
sox1g (Vvv.v[1] .uh[i]

usat_16 (zxtqs_

)

sox1g (Vvv.v[0] .uh[i]))
)_ zxtqig.
)

) 8

I

for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = [sat 32] (sxts,_
sox3p (Vuu.v[0] .w[i]) + sxt;,_

)i
[sat 32] (sxts,._
+ sxts,.

) 8

)
so#30 (Vvv.v[0] .w[i])

vdd.v[1] .w[i] =
sox3z (Vuu.v[1] .w[il)
so#3n (Vvv.v[1] .wl[i])

1

for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] [sat_32] (sxt;,_
sox3p (Vuu.v[0] .w[i]) - sxt,,.

) 5
[sat_32] (sxt;,_
- SXt32,

) 8

sox3 (Vvv.v[0] .w[i]

vdd.vI[1] .wl[i]
sox3p (Vuu.v[1] .w[i]
sox3p (Vvv.v[1] .w[i]

)
)
)
)

I

Class: COPROC_VX (slots 0,1,2,3)

Notes

» This instruction uses any pair of the HVX resources (both multiply or

shift/permute).
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Intrinsics

vdd

vdd.

vdd.

vdd.

vdd

vdd.

vdd
at

vdd.

at

vdd.

at

vdd
at

vdd.

vdd.

vdd.

vdd.

.b=vadd (Vuu.

b=vsub (Vuu.

h=vadd (Vuu.

h=vadd (Vuu.

.h=vsub (Vuu.

h=vsub (Vuu.

.ub=vadd (Vuu.

.uh=vsub (Vuu

w=vadd (Vuu.

w=vadd (Vuu.

w=vsub (Vuu.

w=vsub (Vuu.

ub=vsub (Vuu.

uh=vadd (Vuu.

b, Vvv.

b,Vvv.

h,Vvvv.

h,Vvvv.

h,vvv.

h,vvv.

ub, Vvv

ub, Vvv.

uh, Vvv.

.uh,Vvv.

w, Vvv.

w,Vvv.

w,Vvv.

w,Vvv.

:sat

:sat

.ub) :

ub) :

uh) :

uh) :

:sat

:sat

HVX VectorPair
Q6 Wb vadd WbWb (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wb vsub WbWb (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wh vadd WhWh (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 _Wh vadd WhWh_ sat (HVX_ VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 _Wh vsub WhWh (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wh vsub WhWh sat (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wub vadd WubWub sat (HVX VectorPair
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wub vsub WubWub sat (HVX VectorPair
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wuh vadd WuhWuh sat (HVX VectorPair
HVX VectorPair Vvv)

HVX VectorPair
Q6 Wuh vsub WuhWuh sat (HVX VectorPair
HVX VectorPair Vvv)

HVX VectorPair
Q6 _Ww_vadd WwWw (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 _Ww_vadd WwWw_sat (HVX_ VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Ww_vsub WwWw (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Ww_vsub WwWw_sat (HVX VectorPair Vuu,
HVX VectorPair Vvv)

Vuu,

Vuu,

Vuu,

Vuu,
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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 u5 d5
ofo/o1j1{1j0f(0f01(1|viviviv| v P|P|O|ufu|u ul(1/0|0 d Vdd.b=vadd(Vuu.b,Vvv.b)
ofo/o1j1{1j0f(0f01(1|viviviv| v P|P|O|ufu|u ul(1|0 1 Vdd.h=vadd(Vuu.h,Vvv.h)
ofo/of1j1{1j0f(0of0o1(1|viviv|iv| v|P|P|O|ufu|u ul(1/(110 Vdd.w=vadd(Vuu.w,Vvv.w)

Vdd.ub=vadd(Vuu.ub,Vvv.u

o|jojoj1{117j0|0|/0f{1|1|viv|v|v| v P P|O|ju|lufu ul1|1]1]|d d b):sat

olojol1]1]|1]o]o]1]ololv|v|iviv|iv|iP|P|o|u|lul|u ulo|o 0| d d Xﬁ;’é‘gh”’add(\/””-”“vv""-”
ololol1|1]1]olo|1]olo|v|v|v|v|v|P|P|o|u|lu|lulu|ulo|o|1 d|d]|d vad.h=vadd(Vuu.hVwvh):s
ololol1]|1]1]olo|1]olo|v|v|v|v|v|P|P|o|u|lu|lu|lu|ulo|1]|0 d|d]|d Vdd.w=vadd(Vuu.w.Vvv.w):
0|0 (0|1 |1]1 0110 V|iv| v v/ v ujuiu u/0 |11 Vdd.b=vsub(Vuu.b,Vvv.b)
0|0 (0|1 |1]1 0110 2R AR ARARY ujuiu u/1(0]|0 Vdd.h=vsub(Vuu.h,Vvv.h)
0/0(0|1|1[1]0[0|1|/0 0|V V|V | V|V Ofjuju|u u/1(0 |1 d Vdd.w=vsub(Vuu.w,Vvv.w)
ololol1|1]1]olo|1]olo|v|v|v|v|v|P/Plo|ulululu|ul1]1]|0|d|d]|d Xﬁgé‘t‘bz"s‘lb(v”“-“b*v""-”
ololol1|1]1]olo|1]olo|v|v|v|v|v|P/Plo|ulululu|ul1][1]1]|d|d|d ?]’)‘:’gé‘t‘hz"S”b(V”“-”h*V"V-”
ololol1|1]1]olo|1]o]1|v|v|v|v|v|P|/Plo|u|lululu|ulo|o|o|d|d|d vdd.h=vsub(Vuu.n,Vvvh):s
ololol1|1]1]olo|1]ol1|v|v|v|v|v|P|P|o|u|lu|lu|lu|ulo|o|1 d|d]|d Vdd.w=vsub(Vuu.w,Vvv.w):

sat

Field name
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
us Field to encode register u
v5 Field to encode register v

Description
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5.2.2 HVX/ALU-RESOURCE

The HVX/ALU-RESOURCE instruction subclass includes ALU instructions which use a
single HVX resource.
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Predicate operations

Perform bitwise logical operation on a vector predicate register Qs, and place the result in
Qd. This operation works on vectors with any element size.

The following combinations are implemented: !Qs.

Syntax Behavior

Qd4=not (Qs4) for (i = 0; i < VELEM(8); i++) {
Qdv[il=!QsVI[i];

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

Qd4=not (Qs4) HVX VectorPred Q6_Q not Q(HVX VectorPred
Qs)

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 | 0

ICLASS Parse s2 d2
o|o|o‘1 1‘1‘1|o e ‘ -1|1 P|P 0‘- - -s|s o|o‘o‘0‘1‘o d|d Qd4=not(Qs4)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz Field to encode register d
s2 Field to encode register s
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Min/max

Compare the respective elements of Vu and Vv, and return the maximum or minimum.
The result is placed in the same position as the inputs.

Supports unsigned byte, signed and unsigned halfword, and signed word.

Syntax Behavior
Vd.h=vmax (Vu.h, Vv.h) for (i = 0; i < VELEM(16); i++) {
vd.h[i] = (Vu.h[i] > Vv.h[i]) ? Vu.h[i]
: Vv.h[i] ;
b 5
Vd.h=vmin (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {
vd.h[i] = (Vu.h[i] < Vv.h[i]) ? Vu.h[i]
: Vv.h[i] ;
¥
Vd .ub=vmax (Vu.ub, Vv.ub) for (i = 0; i < VELEM(8); i++) {

vd.ub[i] = (Vu.ub[i] > Vv.ubl[i]) ?
Vu.ub[i] : Vv.ub[i] ;

b

Vd.ub=vmin (Vu.ub, Vv.ub) for (i = 0; i < VELEM(8); i++) {
vd.ub[i] = (Vu.ub[i] < Vv.ub[i]) 2
Vu.ub[i] : Vv.ub[i] ;

b

Vd.uh=vmax (Vu.uh, Vv.uh) for (1 = 0; 1 < VELEM(16); i++) {
vd.uh([i] = (Vu.uh[i] > Vv.uh[i]) ?
Vu.uh[i] : Vv.uh[i] ;

¥
vd.uh=vmin (Vu.uh, Vv.uh) for (i = 0; i < VELEM(16); i++) {
vVvd.uh[i] = (Vu.uh[i] < Vv.uh[i]) ?
Vu.uh[i] : Vv.uh[i] ;
¥
vVd.w=vmax (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.w([i] = (Vu.w[i] > Vv.w[i]) ? Vu.wl[i]
: Vv.wl([i] ;
¥
Vd.w=vmin (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.w([i] = (Vu.w[i] < Vv.w[i]) ? Vu.wl[i]
: Vv.wl[i] ;
b

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.
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Intrinsics
Vd.h=vmax (Vu.h,Vv.h) HVX Vector Q6 Vh vmax VhVh (HVX Vector Vu,
HVX Vector Vv)
Vd.h=vmin (Vu.h,Vv.h) HVX Vector Q6 Vh vmin VhVh (HVX Vector Vu,
HVX Vector Vv)
Vd.ub=vmax (Vu.ub, Vv.ub) HVX Vector Q6 Vub vmax VubVub (HVX Vector
Vu, HVX Vector Vv)
Vd.ub=vmin (Vu.ub, Vv.ub) HVX Vector Q6 Vub vmin VubVub (HVX Vector
Vu, HVX Vector Vv)
vd.uh=vmax (Vu.uh, Vv.uh) HVX Vector Q6 Vuh vmax VuhVuh (HVX Vector
Vu, HVX Vector Vv)
Vd.uh=vmin (Vu.uh, Vv.uh) HVX Vector Q6 Vuh vmin VuhVuh (HVX Vector
Vu, HVX Vector Vv)
vd.w=vmax (Vu.w,Vv.w) HVX Vector Q6 Vw vmax VwVw (HVX Vector Vu,
HVX Vector Vv)
Vd.w=vmin (Vu.w, Vv.w) HVX Vector Q6 Vw_vmin VwVw (HVX Vector Vu,
HVX Vector Vv)
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 Parse ub d5
0(0 |0 1|1 |11 0(0(0|v|v|Vv|Vv| v|/P/P|O|ujufufu|u|0]|O d|d|d|d|d|Vdub=vmin(Vu.ub,Vv.ub)
0001|111 0(0(0|v|v|Vv|Vv| v/ P P|O|jujufufu|lu|0|1 d|d|d|d|d|Vduh=vmin(Vu.uh,Vv.uh)
0001|111 0(0(0|v|Vv|Vv| V| V| P/ P|Ojujujufu|u|0|1 d|d|d|d|d|Vdh=vmin(Vu.h,Vv.h)
0|0 (0|1 |1]1]1 0/0/0|v|v|v| v| v P/P/O|lujujujufu|1|O0 d|d|d|d|d|Vdw=vmin(Vu.wVv.w)
0001|111 0(0(0|v|Vv| Vv | V| V|IP/IP|O|jujufufu|u|1]|O d|d|d|d|d|Vdub=vmax(Vu.ub,Vv.ub)
00|01 ]|1]1]1 0(0(0|v|v|Vv|Vv| v P/ P|IO|jujujufu|u|1]|1 d|d|d|d|d|Vduh=vmax(Vu.uh,Vv.uh)
0001|111 0(0(0|v|v|Vv|Vv| Vv P/ P|IO|jujujufu|lu|1]|1 d|d|d|d|d]|Vdh=vmax(Vu.h,Vv.h)
0001|111 0O(0(1|v|v| v | v| v/ P/P|O|ujufufu|lu|0]|O0 d|d|d|d|d]|Vdw=vmax(Vuw\Vv.w)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Absolute value

Take the absolute value of the vector register elements. Supports signed halfword and
word. Optionally saturate to deal with the max negative value overflow case.

Syntax Behavior
Vd.h=vabs (Vu.h) [:sat] for (i = 0; i < VELEM(16); i++) {
vd.h[i] = [sat_16] (ABS(Vu.h[il)) ;
b5
Vd.w=vabs (Vu.w) [:sat] for (i = 0; i < VELEM(32); i++) {
vd.wl[i] = [sat_32] (ABS(Vu.wl[il)) ;

b5
Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics
Vd.h=vabs (Vu.h) HVX Vector Q6 Vh vabs Vh(HVX Vector Vu)
Vd.h=vabs (Vu.h) :sat HVX Vector Q6 Vh vabs Vh sat (HVX Vector Vu)
Vd.w=vabs (Vu.w) HVX Vector Q6 Vw_vabs Vw (HVX Vector Vu)
Vd.w=vabs (Vu.w) :sat HVX Vector Q6 Vw vabs Vw_sat (HVX Vector Vu)
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 ub d5
ojojof1|1|1]1]0]-]|-]- -lojo|P|P|O|ulu|u|ulu|0|0|0|d|d]|d|d]|d|Vdh=vabs(Vu.h)
000 (1|1 |1 |1 |0 |~-|~-]|- -|0|0O(P|P|Ojujujuj{uju(0|0|1|d|d|d|d|d]|Vdh=vabs(Vu.h):sat
oO/0f0 |1 |1 (1|1 |0]|-]|-]- -/0/0O(P|P|Ojujujuj{u/uf0|1|0|d|d|d|d|d]|Vdw=vabs(Vu.w)
o001 |1 (1|1 |0]|-|-]- -/0|/0O(P|P|Ojujujuj{uju(0|1|1]|d|d|d|d|d]|Vdw=vabs(Vu.w):sat
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
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Arithmetic

Perform simple arithmetic operations, add and subtract, between the elements of the two
vectors Vu and Vv. Supports word, halfword (signed and unsigned), and byte (signed and
unsigned).

Optionally saturate for word and halfword. Always saturate for unsigned types.

Syntax Behavior

-

Vd.b=vadd (Vu.b, Vv.b) for (i = 0; < VELEM(8); i++) {

Vd.b[i] = Vu.b[i] + Vv.b[i] ;
b5
Vd.b=vsub (Vu.b, Vv.b) for (i = 0; i < VELEM(8); i++) {
Vd.b[i] = Vu.b[i] - Vv.blI[i] ;
b5
Vd.h=vadd (Vu.h,Vv.h) [:sat] for (i = 0; i < VELEM(16); i++) {
Vd.h[i] = [sat 16] (sxtig_.5+16(Vu.h[i])

St SXt16_>2*16 (Vvv.h[i])) i
Vd.h=vsub (Vu.h,Vv.h) [:sat] for (i = 0; i < VELEM(16); i++) {
Vd.h[i] = [sat 16] (sxtig_.5+16(Vu.h[i])
- SXt16_>2*16 (Vvv.h[i])) i
Vd.ub=vadd (Vu.ub, Vv.ub) :sat for (i = 0; 1 < VELEM(8); i++) {
Vd.ub[i] = usat_8(zxXtg_.,«g(Vu.ub[i]) +
zXtg_ooxg (VV.ub[i])) ;

1

Vd.ub=vsub (Vu.ub, Vv.ub) :sat for (i = 0; 1 < VELEM(8); i++) {
Vd.ub[i] = usat_8(zxtg_.,«g(Vu.ub[i]) -
zXtg_.oxg (VV.ub[i])) ;

1

Vd.uh=vadd (Vu.uh, Vv.uh) : sat for (i = 0; 1 < VELEM(16); 1++) {
Vd.uh[i] = usat 16 (zxtig_.5416(Vu.uh[i])
T ZXt16—>2*16 (VVU-h[l])) 7
Vd.uh=vsub (Vu.uh,Vv.uh) :sat for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] = usat 16 (zxt g_.5416(Vu.uh[i])
= ZXt16_>2*16(VV-U-h[i])) 7
Vd.w=vadd (Vu.w,Vv.w) [:sat] for (i = 0; i < VELEM(32); i++) {
vd.w([i] = [sat 32] (sxt3,5_.5+35 (Vu.wli])
+ SXt32_>2*32 (Vv.w[il])) i
Vd.w=vsub (Vu.w,Vv.w) [:sat] for (1 = 0; 1 < VELEM(32); 1++) {
vd.w([i] = [sat 32] (sxt3,5_.5+35 (Vu.wlil)
= SXt32_>2*32 (Vv.w[il])) i

1
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Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

Vd.b=vadd(Vu.b,Vv.b) HVX Vector Q6 Vb vadd VbVb (HVX Vector Vu,
HVX Vector Vv)

Vd.b=vsub (Vu.b,Vv.b) HVX Vector Q6 Vb vsub VbVb (HVX Vector Vu,
HVX Vector Vv)

Vd.h=vadd(Vu.h,Vv.h) HVX Vector Q6 Vh vadd VhVh (HVX Vector Vu,
HVX Vector Vv)

Vd.h=vadd(Vu.h,Vv.h) :sat HVX Vector Q6 Vh vadd VhVh sat (HVX Vector
Vu, HVX Vector Vv)

Vd.h=vsub (Vu.h,Vv.h) HVX Vector Q6 Vh vsub VhVh (HVX Vector Vu,
HVX Vector Vv)

Vd.h=vsub(Vu.h,Vv.h) :sat HVX Vector Q6 Vh vsub VhVh sat (HVX Vector

Vu, HVX Vector Vv)

Vd.ub=vadd (Vu.ub,Vv.ub) :sat HVX Vector
Q6 Vub vadd VubVub sat (HVX Vector Vu,
HVX Vector Vv)

Vd.ub=vsub (Vu.ub,Vv.ub) :sat HVX Vector
Q6 Vub vsub VubVub sat (HVX Vector Vu,
HVX Vector Vv)

Vd.uh=vadd (Vu.uh,Vv.uh) :sat HVX Vector
Q6 Vuh vadd VuhVuh sat (HVX Vector Vu,
HVX Vector Vv)

Vd.uh=vsub (Vu.uh,Vv.uh) :sat HVX Vector
Q6_Vuh vsub VuhVuh sat (HVX Vector Vu,
HVX Vector Vv)

vd.w=vadd (Vu.w,Vv.w) HVX Vector Q6 Vw vadd VwVw (HVX Vector Vu,
HVX Vector Vv)

vVd.w=vadd (Vu.w,Vv.w) :sat HVX Vector Q6 Vw vadd VwVw_sat (HVX Vector
Vu, HVX Vector Vv)

vd.w=vsub (Vu.w,Vv.w) HVX Vector Q6 Vw vsub VwVw (HVX Vector Vu,
HVX Vector Vv)

Vd.w=vsub (Vu.w,Vv.w) :sat HVX Vector Q6 Vw vsub VwVw_sat (HVX Vector
Vu, HVX Vector Vv)
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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 u5 d5
ofo/oy1j1{1/0{0(01|0O|v|Vv|Vv|Vv| V| P|P|O|ufu|u u/0(0|0|d|d|d|d]|d]|Vdw=vadd(Vu.w,Vv.w)
000 1]1]1]0o]0o]o|1]o|v|v|v|v|v|P|P|o|u|u|ulululolo|1|d d d|d| a] ydub=vaddVuub\v.ub)s
0001 [1]1]0oofof10|v|v|v| v v P[P0 |ulujuujuo 10o|dd|d d d|Yduh=vaddVuunVvun)s
o(fo/oy1j1{1/0(0(01|0O|v|Vv|Vv| V| V| P|P|O|ufu|u u/0(1|1|d|d|d|d]|d|Vdh=vadd(Vu.h,Vv.h):sat
o(fo/of1j1{1/0[(0(0|1|O|Vv|Vv| V| V| V| P|P|O|ufu|u u/1/0|0|d|d|d|d]|d|Vdw=vadd(Vu.w,Vv.w):sat
o(fo/of1j1{1j0{0(01|0O|v|Vv|Vv|Vv| V| P|P|O|ufu|u u/1(0|1|d|d|d|d]|d|Vdb=vsub(Vu.b,Vv.b)
ofo/of1j1{1j0(0f0|1|0|v|v|v|v| v|P|P|O|ufu|u ul1(1/0|d|{d|d|d]|d|Vdh=vsub(Vu.hVv.h)
ofo/of1j1{1j0f(0f01|/0|v|v|v|v| v|P|P|O|ufu|u ul1/1|1|d|{d|d|d]|d|Vdw=vsub(Vu.w,Vv.w)
000 1]1]1]00]0|1]1|v|v|v|v|v|P|P|o|u|u|uju|ulo|o|o|d|d|d|d]|ad]|ydub=vsub(VuubVvub)s
000 1|1]1]00]0|1|1|v|v|v|v|v|P|P|o|u|u|ujululofo|1|d|d|d|d]|ad]|ydur=vsub(VuuhVvuh)s
000|111 0O(0(1|1|v|v|v|v| v P|P|O|ufu|u u(0|1/0|d|{d|d|d]|d|Vdh=vsub(Vu.h\Vv.h):sat
ofo/of1j1{1j0f(0of0o1(1|v{v|iv|iv| v|P|P|O|ufu|u ul0|1|1|d|{d|d|d]|d|Vdw=vsub(Vu.w,Vv.w):sat
olofof1(1(1(1]1][1]0]1|v|v|v|v|v|P|P|O|u|u|u ul(1(1]0|d|d|d|d]|d|Vd.b=vadd(Vu.b,Vv.b)
ofo/o1j1{1{1{1(1/0(1|viviviv| v P|/P|O|jufu|u u/1|(1|1|d|d|d|d]|d|Vdh=vadd(Vu.h,Vv.h)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

u5 Field to encode register u

v5 Field to encode register v
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Logical operations

Perform bitwise logical operations (and, or, xor) between the two vector registers. In the
case of vnot, simply invert the input register.

Syntax

Vd=vand (Vu, Vv)

Vd=vnot (Vu)

Vd=vor (Vu, Vv)

Vd=vxor (Vu, Vv)

Behavior

for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = Vu.uh[i] & Vv.h[1i] ;

b5

for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = ~Vu.uh[i] ;

b5

for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] = Vu.uh[i] | Vv.h[i] ;

b 5

for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = Vu.uh[i] * Vv.h[i] ;

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

Vd=vand (Vu, Vv)

Vd=vnot (Vu)

Vd=vor (Vu, Vv)

Vd=vxor (Vu, Vv)

HVX_ Vector
HVX Vector

HVX Vector

HVX_Vector
HVX_Vector

HVX Vector
HVX Vector

Q6 _V vand VV (HVX Vector Vu,
Vv)

Q6 V _vnot V(HVX Vector Vu)

Q6 _V vor VV(HVX Vector Vu,
Vv)

Q6 _V _vxor VV (HVX Vector Vu,
Vv)

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 u5 d5
0(0(0O|1|1|1]0[|0[0 |01 ]|V]|V]V vV/P/P/{O|jujujufuju|1|0|1|d|d|d|d]|d|Vd=vand(VuVv)
0(0/0O|1]|1|1]0[|0[0 |01 ]|V]|V]|V vV/P/P/Ojujujufuju|1|1]|0|d|d|d]|d]|d]Vd=vor(Vu,Vv)
0(0(0O|1|1|1]/0[0[0 |01 ]|V]|V]|V v(P/PIOjujujufufu/1|1|1|d|d|d]|d|d]Vd=vxor(Vu,Vv)
ofojof1 |11 |1 o|-|-|-]-|-]- 0|P|P|O|ulululu|ul1]0]|0|d|d|d]|d]d|Vd=vnot(vu)
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Copy

Copy a single input vector register to a new output vector register.

Using a scalar predicate, conditionally copy a single vector register to a destination vector
register, or conditionally combine two input vectors into a destination vector register pair.
A scalar predicate guards the entire operation. If the scalar predicate is true, the operation
is performed. Otherwise the instruction is treated as a NOP.

Syntax Behavior
Vd=Vu for (i = 0; i < VELEM(32); i++) {
vd.wl[il=Vu.wl[i] ;
b5
if ([!]Ps) Vd=Vu if ([!1Ps[0]) {
for (i = 0; i < VELEM(8); i++) {
Vd.ub[i] = Vu.ubl[i];
b5
} else {
NOP;
b5

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics
vVd=vu HVX Vector Q6 _V_equals_ V (HVX Vector Vu)
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 Parse ub s2 d5
ojojof1|1]of1|ojojofo|-|-|-|-|-|P|P|-|ululufulu|l-|s|s|d|d|d]|d]|d]if(Ps)Vd=vu
olojof1|1]of1|ojojof1|-|-|-|-|-|P|P|-|ujululu|ul-|s|s|d|d|d]|d]|d]if(Ps)Vvd=vu
ICLASS Parse u5 d5
o|o|o‘1 1‘1‘1|o Selo -] -1|1 P|P1 u‘u‘u|u|u1|1‘1 d‘d‘d|d|d Vd=Vu
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
s2 Field to encode register s
us Field to encode register u
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Average

Add the elements of Vu to the respective elements of Vv, and shift the results right by 1
bit. The intermediate precision of the sum is larger than the input data precision.
Optionally, a rounding constant 0x1 is added before shifting.

Supports unsigned byte, signed and unsigned halfword, and signed word. The operation is

replicated to fill the implemented datapath width.

Vd.w=vavg(Vu.w,Vv.w)[:rnd]

*-———- > [1] [0] Vu
*-————- > [1] [0] Vv
n
Q
(=
L)
-
)
(q0)
o . &
o .
© +1 +1 : Optional Round
b . . '..:
o .
Q
L
)
@)
- > [1] [0] vd
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Subtract the elements of Vu from the respective elements of Vv, and shift the results right
by 1 bit. The intermediate precision of the sum is larger than the input data precision.

Saturate the data to the required precision.

Supports unsigned byte, halfword, and word. The operation is replicated to fill the

implemented datapath width.

Vd.w=vnavg(Vu.w,Vv.w)

--——-- < [0]
-+—-———- > [1] [0]
(Vp]
Q
c
o
<
)
©
o
8
©
go]
o
<
)
@)
-+ ————— > [1] [0]

Vu

Vv

vd
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Syntax Behavior
Vd.b=vnavg (Vu.ub, Vv.ub) for (i = 0; i < VELEM(8); i++) {
Vd.b[i] = (zxXtg_.,+g(Vu.ub[i]) - zxtg._

oeg (VV.UD[i])) >>1 ;
Vd.h=vavg (Vu.h,Vv.h) [:rnd] for (i = 0; i < VELEM(16); i++) {
Vd.h[i] = (sxXtig_.ox16(Vu.h[i]) + sxtqi4_
pe1e (VV.R[i])+1) >51 ;

1

Vd.h=vnavg (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {
VA.h[i] = (SXtyg .pee(Vu.h[i]) - sxtq,.
pe1e (VV.B[1]))>>1 ;

1

Vd.ub=vavg (Vu.ub,Vv.ub) [:rnd for (i = 0; i < VELEM(8); i++) {

] Vd.ub[i] = (zxtg_.«g(Vu.ub[i]) + zxtg_
aowg (Vv.ub[i]) +1) >>1 ;

Vd.uh=vavg (Vu.uh,Vv.uh) [:rnd for (i = 0; 1 < VELEM(16); i++) {

] Vd.uh[i] = (zxtig_.s+16(Vu.uh[i]) +
ZXt g o016 (Vv.uh[i]) +1)>>1 ;

Vd.w=vavg (Vu.w,Vv.w) [:rnd] for (i = 0; i < VELEM(32); i++) {

Vd.wli]l = (sXtzs_.os3p(Vu.wli]) + sxts,_

sox32 (Vv.ow([i]) +1) >>1 ;

I

Vd.w=vnavg (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
Vd.wli]l = (sXtzs_.9s3p(Vu.wli]) - sxts,_
so3n (Vv.w[i]))>>1 ;

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

Vd.b=vnavg (Vu.ub, Vv.ub) HVX Vector Q6 Vb wvnavg_ VubVub (HVX Vector
Vu, HVX Vector Vv)

Vd.h=vavg(Vu.h,Vv.h) HVX Vector Q6 Vh vavg VhVh (HVX Vector Vu,
HVX Vector Vv)

Vd.h=vavg(Vu.h,Vv.h) :rnd HVX Vector Q6 Vh vavg VhVh rnd(HVX Vector
Vu, HVX Vector Vv)

Vd.h=vnavg (Vu.h,Vv.h) HVX Vector Q6 Vh wvnavg VhVh (HVX Vector Vu,
HVX Vector Vv)

Vd.ub=vavg (Vu.ub, Vv.ub) HVX Vector Q6 Vub_vavg_ VubVub (HVX Vector

Vu, HVX Vector Vv)
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Vd.ub=vavg (Vu.ub,Vv.ub) :xrnd HVX Vector
Q6 Vub vavg VubVub rnd (HVX Vector Vu,
HVX Vector Vv)

Vd.uh=vavg (Vu.uh, Vv.uh) HVX Vector Q6 Vuh vavg VuhVuh (HVX Vector
Vu, HVX Vector Vv)

Vd.uh=vavg (Vu.uh,Vv.uh) :xrnd HVX Vector
Q6_Vuh vavg VuhVuh rnd (HVX Vector Vu,
HVX Vector Vv)

vd.w=vavg (Vu.w,Vv.w) HVX Vector Q6 Vw_vavg VwVw (HVX Vector Vu,
HVX Vector Vv)

vd.w=vavg(Vu.w,Vv.w) :rnd HVX Vector Q6 Vw vavg VwVw_rnd (HVX Vector
Vu, HVX Vector Vv)

vd.w=vnavg (Vu.w,Vv.w) HVX Vector Q6 Vw vnavg VwVw (HVX Vector Vu,
HVX Vector Vv)

Encoding

31|3o|29\2a 27\26\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 Parse us d5
o/ofo|1y1/1j0(0|{1|1/0|v|v|iv| v| v P/P/O|ujujujufu|1|0|0|d|d|d|d]|d]|Vd.ub=vavg(Vu.ub,Vv.ub)
o/ofo|1y1/1j0f(0|{1|1/0|v|v|iv| v| v P/P/O|ujuju/ufu|1|0|1|d|d|d|d]|d]|Vduh=vavg(Vu.uh,\Vv.uh)
o/ofoj1y1{1jofo0|{1|1j/0|v|iviv| v|(v| P/P/O|jujujujufu|1|1]0|d|d|d|d]|d]|Vdh=vavg(Vu.hVv.h)
o(fo/oy1j1{1j0ofof11|/0|vjviviv|v|P|P|{[O|jufujujufu|1|1|1|d|d|d|d]|d]|Vdw=vavg(Vu.w,Vv.w)
ofo/o1j1{1jofof111|vjivjiviv|v|P/P|O|jufujujuju|0|0|0|d|d|d|d]|d|Vdb=vnavg(Vu.ub,Vv.ub)
o(o/oy1j1{1jofof11(1|v{viv|iv|(v/P/P|O|uj/ufufuju|0|0|1|d|d|d|d]d]|Vdh=vnavg(Vu.hVv.h)
o/ofoj1ty1/1jofoj{1|1j{1|vjiviv|iv|iv| P/ P/Ojujuju/ufu|{0|1]0|d|d|d|d]|d]|Vdw=vhavg(Vu.w,Vv.w)

0001 |1|1]0o01|1]1|v|v|v|v|v|P|P|o|u|u|ulululo|1|1|d|d d|d|a|ydub=vavg(Vuub.Vvub)r

Vd.uh=vavg(Vu.uh,Vv.uh):r
nd

ofo/oy1j1j1jofof11{1|v{viv|iv|iv/P/P|O|jujufufuju|1|0|1|d|d|d|d]|d]|Vdh=vavg(Vu.h,Vv.h):rnd
o/ofoj1y1j1jofoj{1|1j{1|viviv|iv|iv|P/P/Ojujujujufu|1|1]0|d|d|d|d]|d]|Vdw=vavg(Vu.wVv.w).:rnd

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
u5 Field to encode register u
v5 Field to encode register v
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Compare vectors

Perform compares between the two vector register inputs Vu and Vv. Depending on the
element size, an appropriate number of bits are written into the vector predicate register
Qd for each pair of elements.

Two types of compare are supported: equal (.eq) and greater than (.gt)
Supports comparison of word, signed and unsigned halfword, signed and unsigned byte.

For each element comparison, the respective number of bits in the destination register are:
bytes 1 bit, halfwords 2 bits, and words 4 bits.

Optionally supports xor(*) with the destination, and(&) with the destination, and or(|) with
the destination.

Syntax Behavior

Qd4=vcmp.eq(Vu.b,Vv.b) for( i = 0; i < VWIDTH; i += 1) {
QAv[i+1-1:11 = ((Vu.b[i/1] ==

Vv.b[1i/1]) ? 0x1 : 0);
Qd4=vcmp.eqg(Vu.h,Vv.h) for( i = 0; 1 < VWIDTH; 1 += 2)

Qdv[i+2-1:i] = ((Vu.h[i/2]
Vv.h[i/2]) ? 0x3 : 0);

1

I~

I

Qd4=vcmp.eq(Vu.ub, Vv.ub) Assembler mapped to: "Qd4=vcmp.eqg(Vu." "b"
",VV. n Ilbll Il) n
Qd4=vcmp.eq(Vu.uh, Vv.uh) Assembler mapped to: "Qd4=vcmp.eqg(Vu." "h"
",VV. n Ilhll Il) n
Qd4=vcmp.eq (Vu.uw, Vv.uw) Assembler mapped to: "Qd4=vcmp.eqg(Vu." "w"
",VV. n Ilwll Il) n
Qd4=vcmp.eqg(Vu.w,Vv.w) for( i = 0; 1 < VWIDTH; 1 += 4) {
Qdv[i+4-1:1] = ((Vu.w[i/4] ==

Vv.w[i/4]) ? OxF : 0);

1

I

Qd4=vcmp.gt (Vu.b,Vv.b) for( i = 0; i < VWIDTH; i += 1) {
Qdv([i+1-1:i] = ((Vu.b[i/1] > Vv.b[i/1])
? 0x1 : 0);
b
Qd4=vecmp.gt (Vu.h,Vv.h) for( i = 0; i < VWIDTH; i += 2) {
Qdv[i+2-1:1i] = ((Vu.h[i/2] > Vv.h[i/2])
? 0x3 : 0);
b5
Qd4=vcmp.gt (Vu.ub, Vv.ub) for( i = 0; i < VWIDTH; i += 1) {

Qdv[i+1-1:1] = ((Vu.ub[i/1] >
Vv.ub[i/1]) ? 0x1 : 0);

7
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Syntax

Qd4=vcmp.gt (Vu.uh, Vv.uh)

Qd4=vcmp.gt (Vu.uw, Vv.uw)

Qd4=vcmp.gt (Vu.w, Vv.w)

0x4 [&]]=vcmp.eq(Vu.b,Vv.Db)

0x4 [&|]=vcmp.eqg(Vu.h,Vv.h)

0x4 [&]]=vcmp.eq (Vu.ub, Vv.ub)

0x4 [&|] =vemp.eq (Vu.uh, Vv.uh)

0x4 [&]]=vecmp.eq (Vu.uw, Vv.uw)

0x4 [&|]=vcmp.eq(Vu.w, Vv.w)

0x4 [&]]=vemp.gt (Vu.b,Vv.Db)

0x4 [&|]=vemp.gt (Vu.h,Vv.h)

0x4 [&]]=vemp.gt (Vu.ub, Vv.ub)

Behavior
for( i = 0; i < VWIDTH; i += 2) {
Qdv[i+2-1:i] = ((Vu.uh[i/2]
Vv.uh[i/2]) ? 0x3 0);
for( i = 0; i < VWIDTH; i += 4) {

QdvV[i+4-1:1i] =
Vv.uw[i/4]) ? OXF

7

((Vu.uwl[i/4]
0);

for( i = 0; i < VWIDTH; i += 4) {
QdvV[i+4-1:1] = ((Vu.w[i/4] > Vv.w[i/4])

? 0xF : 0);

b 5

for( i = 0; i < VWIDTH; i += 1) {
OxV[i+1-1:1] = OxV[i+1-1:1] []|&]

((Vu.b[i/1] == Vv.b[i/1]) ? O0x1 : 0);

b5

for( i = 0; 1 < VWIDTH; 1 += 2)
OxV[i+2-1:1] = QxV[i+2-1:1] []|&]

((Vu.h[i/2] == Vv.h[i/2]) ? 0x3 : 0);

1

I

Assembler mapped to:

"Ox4 [ | &] =vemp.eq (Vu. "

Ilbll n ,VV. n Ilbll Il) n

Assembler mapped to: "QOx4[|&]=vcmp.eq(Vu."

Ilhll n ,VV. n Ilhll Il) n

Assembler mapped to: "Qx4[|&]=vcmp.eq(Vu."

Ilwll n ,VV. n Ilwll Il) n

for( i = 0; i < VWIDTH; i += 4) {
OxV[i+4-1:1] = QxV[i+4-1:i] [|&

((Vu.w([i/4] == Vv.w[i/4]) ? OxF : 0);

for( i = 0; i < VWIDTH; i += 1)
OxV[i+1-1:1] = OxV[i+1-1:i] []|&]

((Vu.b[i/1] > Vv.b[i/1]) ? 0x1l : 0);

¥

for( i = 0; 1 < VWIDTH; 1 += 2)
OxV[i+2-1:1] = QxV[i+2-1:1] []|&]

((Vu.h[i/2] > Vv.h[i/2]) ? 0x3 0);

for( i = 0; i < VWIDTH; i += 1) {
OxV[i+1-1:1] = OxV[i+1-1:1] []|&]

(Vu.ub[i/1] > Vv.ub[i/1]) ? Ox1 0) ;

(
}i
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0x4 [&|]=vemp.gt (Vu.uh, Vv.uh)

0x4 [&]]=vemp.gt (Vu.uw, Vv.uw)

0x4 [&|]=vcmp.gt (Vu.w, Vv.w)

Qx4”=vcmp.

Qx4 =vcmp.

Qx4”=vcmp.
Qx4 =vcmp.
Qx4”=vcmp.

Qx4 =vcmp.

Qx4”=vcmp.

Syntax

eq (Vu

eq (Vu.

eq (Vu.

eq (Vu.

eq (Vu.

eq (Vu.

gt (Vu.

.b,Vv.Db)

h,Vv.h)

ub, Vv.ub)

uh, Vv.uh)

uw, Vv.uw)

w,Vv.w)

b,Vv.b)

for( i = 0;
OxXV [i+2-
((Vu.uh[i/2]
for( i = 0;
OxV [1+4-
((Vu.uw[i/4]
b
for( i = 0;
QOxXV [i+4-
((Vu.w([i/4]
for( i = 0;
OxV[i+1-
((Vu.b[i/1]
b
for( i = 0;
OxXV [i+2-
((Vvu.h[i/2]

1

I

Assembler mapped to:
||) n

",VV." npn

Assembler mapped to:
Il) n

",VV." Ilhll

Assembler mapped to:
||) n

",VV." "

for( i = 0;

OxV[i+4-

((Vu.w[i/4]

1

I

for( i = 0;

OxVI[i+1-

((Vu.bl[i/1]
}i

Behavior

i < VWIDTH; 1 += 2)
1:1] = OxVI[i+2-1:1]

> Vv.uh[i/2]) ? 0x3
i < VWIDTH; 1 += 4)
1:1] = QxVI[i+4-1:i]

> Vv.uwl[i/4]) ? OxF
i < VWIDTH; 1 += 4)
1:1] = OxV[i+4-1:1]
> Vv.w([i/4]) ? OxF
i < VWIDTH; 1 += 1)
1:1] = QxVI[i+1-1:i]
== Vv.b[i/1]) ? 0x1
i < VWIDTH; 1 += 2)
1:1] = OxVI[i+2-1:1]
== Vv.h[i/2]) ? 0x3

i < VWIDTH; 1 += 4)
1:1] = OxV[i+4-1:1]
Vv.w[i/4]) ? OxF

i < VWIDTH; 1 += 1)
1:1] = OxV[i+1-1:1i]
> Vv.b[i/1]) ? Ox1

{
[

{
[

A

{

A

"Qx4"=vcmp.eq (Vu. "

"Qx4*=vcmp.eq (Vu."

"Qx4"=vcmp.eq (Vu. "

{

A

{

A

| &]
: 0);

| &]
s @) 3

0);

0);

npn
nhn

Ilwll

0);

0);
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Syntax

Qx4*=vcmp.gt (Vu.h,Vv.h)

Qx4 =vcmp.gt (Vu.

Qx4 =vcmp.gt (Vu.

Qx4 =vcmp.gt (Vu.

Qx4 =vcmp.gt (Vu.

ub, Vv.ub)

uh, Vv.uh)

uw, Vv.uw)

w,Vv.w)

Behavior

for( i = 0; 1 < VWIDTH; 1 += 2)
OxV[i+2-1:1] = QxV[i+2-1:1]
((Vvu.h[i/2] > Vv.h[i/2]) ? 0x3 : 0);

1

>

for( i = 0; 1 < VWIDTH; i += 1)

OxVI[i+1-1:1] = OxV[i+1-1:1]
((Vu.ub[i/1] > Vv.ub[i/1]) ? Ox1l : O0);
}i

>

for( i = 0; i < VWIDTH; i += 2) {
OxV[i+2-1:i] = QxV[i+2-1:1i] *
((Vvu.uh[1i/2] > Vv.uh[i/2]) ? 0x3 : 0);

1

I

for( i = 0; i < VWIDTH; i += 4) {

OxV[i+4-1:1] = QxV[i+4-1:i] *
((Vu.uw[i/4] > Vv.uwl[i/4]) ? OxF : 0);
}i

for( i = 0; i < VWIDTH; i += 4) {
OxV[i+4-1:i] = QxV[i+4-1:1i] *
((Vu.w([i/4] > Vv.w[i/4]) ? OxF : 0);

1

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

Qd4=vcmp.eq(Vu.b,Vv.b) HVX VectorPred Q6 _Q vcmp eq VbVb (HVX Vector
Vu, HVX Vector Vv)

Qd4=vcmp.eq(Vu.h,Vv.h) HVX VectorPred Q6_Q vcmp_eq VhVh (HVX Vector
Vu, HVX Vector Vv)

Qd4=vcmp.eq(Vu.w,Vv.w) HVX VectorPred Q6 Q vcmp eqg VwVw (HVX Vector
Vu, HVX Vector Vv)

Qd4=vcmp.gt (Vu.b,Vv.b) HVX VectorPred Q6_Q vcmp_ gt VbVb (HVX Vector
Vu, HVX Vector Vv)

Qd4=vcmp.gt (Vu.h,Vv.h) HVX VectorPred Q6 Q vcmp gt VhVh (HVX Vector
Vu, HVX Vector Vv)

Qd4=vcmp.gt (Vu.ub, Vv.ub) HVX VectorPred
Q6 Q vecmp gt VubVub (HVX Vector Vu,
HVX Vector Vv)

Qd4=vcmp.gt (Vu.uh,Vv.uh) HVX VectorPred
Q6_Q vcmp gt VuhVuh (HVX Vector Vu,
HVX Vector Vv)
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Qd4=vcmp.gt (Vu.uw, Vv.uw)

Qd4=vcmp.gt (Vu.w,Vv.w)

Qx4 &=vcmp.eq(Vu.b,Vv.Db)

Qx4 &=vcmp.eq(Vu.h,Vv.h)

Qx4 &=vcmp.eq(Vu.w,Vv.w)

Qx4 &=vcmp.gt (Vu.b,Vv.Db)

Qx4 &=vcmp.gt (Vu.h,Vv.h)

Qx4 &=vcmp.gt (Vu.ub, Vv.ub)

Qx4 &=vcmp.gt (Vu.uh, Vv.uh)

Qx4 &=vcmp.gt (Vu.uw, Vv.uw)

Qx4 &=vcmp.gt (Vu.w, Vv.w)

Q0x4"=vcmp.eq(Vu.b,Vv.b)

0x4”=vcmp.eq(Vu.h,Vv.h)

Qx4*=vcmp.eq (Vu.w, Vv.w)

Qx4*=vcmp.gt (Vu.b,Vv.Db)

Qx4*=vcmp.gt (Vu.h,Vv.h)

Qx4*=vcmp.gt (Vu.ub, Vv.ub)

HVX VectorPred
Q6 Q vemp gt VuwVuw (HVX Vector Vu,
HVX Vector Vv)

HVX VectorPred Q6_Q vcmp_ gt VwVw (HVX Vector
Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp egand QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp egand QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vcmp egand QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vcmp gtand QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vecmp gtand QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp gtand QVubVub (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp gtand QVuhVuh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp gtand QVuwVuw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vecmp gtand QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vcmp egxacc QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vcmp egxacc QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp egxacc_QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp gtxacc QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6_Q vcmp gtxacc_ QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)

HVX VectorPred
Q6 _Q vemp gtxacc QVubVub (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
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Qx4 =vcmp.

Qx4”=vcmp.

Qx4"=vcmp.

Qx4 | =vemp.

Ox4 | =vemp.

Ox4 | =vemp.

Ox4 | =vemp.

Qx4 | =vemp.
Qx4 | =vemp.
Qx4 | =vemp.

Ox4 | =vemp.

0Ox4 | =vemp.

gt (Vu.

gt (Vu.

gt (Vu.

eq (Vu.

eq (Vu.

eq (Vu.

gt (Vu.

gt (Vu.

gt (Vu.

gt (Vu.

gt (Vu.

gt (Vu.

uh, Vv.uh)

uw, Vv.uw)

w,Vv.

b,Vv.

h,Vv.h)

w,Vv.

b,Vv.

h,vv.h)

ub, Vv.ub)

uh,Vv.uh)

uw, Vv.uw)

w,Vv.w)

HVX VectorPred

Q6 _Q vemp gtxacc QVuhVuh (HVX VectorPred Qx,

HVX Vector Vu,

HVX VectorPred

HVX Vector Vv)

Q6_Q_vcmp_gtxacc_QVquuw(HVX_VectorPredQx,

HVX Vector Vu,

HVX VectorPred

HVX Vector Vv)

Q6_Q_vcmp_gtxacc_QVwVw(HVX_VectorPred ox,

HVX Vector Vu, HVX Vector Vv)

HVX VectorPred

Q6_Q vcmp_ eqgor QVbVb (HVX VectorPred Qx,

HVX Vector Vu, HVX Vector Vv)

HVX VectorPred

Q6_Q vcmp eqgor QVhVh (HVX VectorPred Qx,

HVX Vector Vu, HVX Vector Vv)

HVX VectorPred

Q6_Q vcmp eqor QVwVw (HVX VectorPred Qx,

HVX Vector Vu,

HVX VectorPred

HVX Vector Vv)

Q6 Q vecmp gtor QVbVb (HVX VectorPred Qx,

HVX Vector Vu,

HVX_ VectorPred

HVX Vector Vv)

Q6 Q vecmp gtor QVhVh (HVX VectorPred Qx,

HVX Vector Vu,

HVX VectorPred

HVX Vector Vv)

Q6 _Q vecmp gtor QVubVub (HVX VectorPred Qx,

HVX Vector Vu, HVX Vector Vv)

HVX VectorPred

Q6_Q vcmp gtor QVuhVuh (HVX VectorPred Qx,

HVX Vector Vu, HVX Vector Vv)

HVX VectorPred

Q6_Q vcmp gtor QVuwVuw (HVX VectorPred Qx,

HVX Vector Vu, HVX Vector Vv)

HVX VectorPred

Q6_Q vcmp gtor QVwVw (HVX VectorPred Qx,

HVX Vector Vu,

HVX Vector Vv)

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 ub x2
o/0of0|141}{1j0f0|{1/0|0|v|Vv| Vv v Vv P/P/1| ujujujufu|{0|0|0|0 |0 |0 |x|x | Qx4&=vcmp.eq(Vu.b,Vv.b)
o/0of0|141}{1j0f0|{1|/0|0|v|Vv| Vv v| Vv P/P/{1|ujujujufu|{0|0|0|0 |0 |1 |x]|x | Qx4&=vcmp.eq(Vu.h,\Vv.h)
0/0(0|1|1]1]0(0|1]|0 |0 ]|V |V v|iv|P|P|1|u|jujufu|fuf0 0|0 |0 |10 x|x|Qx4&=vcmp.eq(Vu.w,Vv.w)
0/0(0|1T|1]1]0[0|1]|0 |0 ]|V |V v|iv|P|P|1|ufujufufuf0 |00 |10 |0 | x|x|Qx4&=vcmp.gt(Vu.b,Vv.b)
0/0(0|1T|1]1]0(0|1]|0 |0 ]|V |V v|iv|P|P|1|ufujufufuf0 |0 (0|10 |1 |x|x|Qx4&=vcmp.gt(Vu.h,Vv.h)
o/0f0|141{1j0f0|{1|/0|0|v|Vv| Vv Vv V| P/P/{1|ujujujufu|{0 |0 |0 |1 |1]0|x]|x| Qx4&=vcmp.gt(Vu.w,Vv.w)
ololol1]|1]1]olo|1]ofo|v|v|v|v|v|P|P|1|u|ulu|u|lulo|o|1]o]o]o]|x]|x )C’X“&zvcmp-g‘(vu-”b*v"-“b
olofof1/1(1]olo(1|olo|v|viv|v|v P|P|[1 ulu/ulululolof1]olo|1]x x )C’X“&:chp-g‘(vu-”hvv"-“h
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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
olojol1|1|1]olo|1]olo|v|v|v|v|v|P|P|1 ulululululofo][1/0|1|0]|x]|x \‘3;‘4&=V°mp-9‘(vu-uw'v"-”
ojojoj1j{1{1jofof1/0/0|v|v|v|v|v|P|P|{1|ufuflufufu|0|1]|0]|0]|0 |0 |x|x |Qx4=vcmp.eq(Vu.b,Vv.b)
o/ofo|1ty1/1j0(0|{1/0j|0|v|v|iv| v| v P/P{1T|{ujujujufu|{0|1]0|0 |0 |1 |x]|x|Qx4]=vcmp.eq(Vu.h,Vv.h)
o001 41}/1j0(0|{1|/0|0|v|Vv| Vv Vv Vv P/P/1T| ujujujufu|{0|1]0|0 1|0 x|x|Qx4]=vcmp.eq(Vu.w,Vv.w)
o/0o(0|1y1/1j0(0|{1|/0|0|v|Vv| Vv v v P/P/1T|ujujujufu|0|1]0|1 |00 |x|x|Qx4]=vemp.gt(Vu.b,Vv.b)
ojofoj{1}{1}(1f0of0f1|/0O|0O|v|v|v|v|Vv| P|P|{1|ujufufufu|0O 1|0 |1]|0]|1]|x]|x|Qx4=vemp.gt(Vu.h,Vv.h)
ojojoj1j{1{1jofof1/0/0|v|v|v|v|v|P|P|{1|ufujlufufu|0|1]|0]|1]|1]|0|x|x |Qx4=vcmp.gt(Vu.w,Vv.w)
o001 y1}/1j0(0{1|0 0|V V| V| V| V| P/P/1T|lujujujufu|0 |11 0 |0 | x| x | Qx4|=vecmp.gt(Vu.ub,Vv.ub)
o001 |1}/1j0(0|{1|0|0|Vv|Vv| Vv Vv V| P/P/{1|ujujujufu|0 |11 0 |1 | x| x |Qx4|=vemp.gt(Vu.uh,Vv.uh)
ofojol1|1|1]olo|1]olo|v|v|v|v|v| P|P|1 ulululululo|[1]1/0]1|0]|x]|x $X4|=V°mp-9t(vu-uw'v"-”""
ojojoj{1j1{1fofof1/0/0|v|v|v|v|v|P|P|{1|ufuflufufu|1|0|0]|0|0|0|x|x |Qx4*=vcmp.eq(Vu.b,Vv.b)
ojojoj{1j1(1fofof1/0|0|v|v|v|v|Vv| P|P|{1|ufuflufufu|1|0|0]|0|0|1]|x]|x |Qx4*=vcmp.eq(Vu.h,Vv.h)
ojojoj{1j{1(1fofof1/0|0|v|v|v|v|Vv| P|P|{1|ujuflufufu|1|0|0|0|1]|0|x|x|Qx4*=vcmp.eq(Vu.w,Vv.w)
o/0/0|1|1}{1j0(0|{1|/0|0O|Vv|Vv| Vv Vv | V| P/P{1T|{ujujujufu|1|0|0|1 |00 |x|x|Qx4*=vcmp.gt(Vu.b,Vv.b)
o/0(0|1|1}{1j0(0|1|0|0O|v|Vv| Vv Vv V| P/P{1T|{ujujujufu|1 |0 |0 |10 |1 |x]|x|Qx4*=vcmp.gt(Vu.h,Vv.h)
o/0(0j1y1}(1j0(0|{1|0|0|v|v| Vv v V| P/P{1T|ujujujufu|1 |00 |1 |10 |x]|x|Qx4*=vcmp.gt(Vu.w,Vv.w)
olojol1|1|1]olo|1]olo|v|v|v|v|v|P|P|1 ululululu/1|o]1/0|0|0]|x]|x ?X“A:chp-gt(vu-“b'v"-“b
olojof1]1[1lolol1/0l0|v|v|v|v| v P[P[1|ululululu/t1]o]1]0]0]1|x]|x ?X“A:VC’“"'gt(VU'“h'V"'”h
0001 ]1]1]olo[1]00|v|v|v| v v P[P 1 lululuuju/1 o[1]o]1]|0 x| x| Q4=vempgtlVuuwVvu
ICLASS Parse us d2
ojojoj{1{1j{1f(1f{1(1/0j0|v|v|v|v|v|P|/P|O|ujufufufuf0O 0|0 |0|0|0|d|d|Qd4=vcmp.eq(Vu.b,Vv.b)
ojojoj{1{1j{1f(1{1(1/0j0|v|v|v|v|v|P|P|O|ujufufuful0 0|0 |0|0|1|d]|d|Qd4=vcmp.eq(Vu.h,Vv.h)
o/ofoj1ty1}{1{1(1{1/0/0|viviv|iv|(v| P/ P/Ojujuju/ufu|{0|0|0|0 |10 d]|d|Qd4=vcmp.eq(Vu.w,Vv.w)
o/ofoj1ty1/1{1{1{1/0/0|vjviv| v|(v/ P/ P/Ojujuju/ufu|{0|0|0|1 |00 d]|d|Qd4=vcmp.gt(Vu.b,Vv.b)
o/ofoj1ty1/1{1{1{1/0/0|viviv| v|(v/ P/P/Ojujuju/ufu|{0|0|0|1 |01 |d]|d]|Qd4=vcmp.gt(Vu.h,Vv.h)
ojojoj{1{1{1f(1{1(1/0|0|v|v|v|v|v|P|P|O|jujufufufuf0| 0|0 |1]|1]|0|d]|d|Qd4=vcmp.gt(Vu.w,Vv.w)
ojojoj{1{1{1f(1(1(1/0/0|v|iv|v|v|v| P/P|O|jujufufufu/0|0|1|0]|0|0|d]|d|Qd4=vcmp.gt(Vu.ub,Vv.ub)
ojojo{1{1{1f(1{1(1/0/0|v|iv|v|v|v| P|/P|O|ujufufufu/0|0|1|0]|0]|1]|d]|d|Qd4=vcmp.gt(Vu.uh,Vv.uh)
o/ofoj1ty1/1{1(1{1/0/0|v|viv| v v P/P/Ojujuju/ufu|{0|0|1|0 |10 |d]|d|Qd4=vcmp.gt(Vu.uw,Vv.uw)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

dz Field to encode register d

us Field to encode register u

v5 Field to encode register v

x2 Field to encode register x
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Conditional accumulate

Conditionally add or subtract a value to the destination register. If the corresponding bits
are set in the vector predicate register, the elements in Vu are added to or subtracted from
the corresponding elements in Vx. Supports byte, halfword, and word. No saturation is
performed on the result.

if (Qv4) Vx.b +[-]=Vu.b

[N-1] -+ ————— > [1] [0] Vu
[N-1] - ———— > [1] (0] Qv
0 0 0
\ 4 A\ 4 A 4
<
©
2 P
S =
® 3
w £
o O
(Y
S E
€
€3
(]
s 5
©w o
=2
[N-1] - ————— > [1] [0] Vx
Syntax Behavior
if ([!1Qv4) Vx.b[+-]1=Vu.b for (i = 0; i < VELEM(8); il[+-]1[+-1) {
Vx.ub[1]=QvV.i ? Vx.ub[i] : Vx.ub[i] [+-
JVu.ub[i] ;
¥
if ([!]Qv4) Vx.h[+-]1=Vu.h for (i1 = 0; 1 < VELEM(16); i[+-11[+-1) {
Vx.h[i]=select bytes (QvV,i,Vx.h[i],6Vx.
h{i] [+-]1Vu.h[i]) ;
if ([!']Qv4) Vx.w[+-]1=Vu.w for (i = 0; 1 < VELEM(32); 1i[+-]11[+-]) {

Vx.w([i]=select bytes (QvV,i,Vx.w[i],6 Vx.
wli] [+-1Vu.w[i]) ;

b

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 69



Hexagon V60 HVX Programmer’s Reference Manual Instruction Set

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

if (!Qv4) Vx.b+=Vu.b HVX Vector
Q6 Vb condacc_QnVbVb (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (!'Qv4) Vx.b-=Vu.b HVX Vector
Q6 Vb condnac_QnVbVb (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (!'Qv4) Vx.h+=Vu.h HVX Vector
Q6 Vh condacc_QnVhVh (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (!'Qv4) Vx.h-=Vu.h HVX Vector
Q6 _Vh condnac_QnVhVh (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (!'Qv4) Vx.w+=Vu.w HVX Vector
Q6 Vw_condacc_QnVwVw (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (!Qv4) Vx.w-=Vu.w HVX Vector
Q6 Vw_condnac_QnvVwVw (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (Qv4) Vx.b+=Vu.b HVX Vector
Q6 Vb condacc_ QVbVb (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (Qv4) Vx.b-=Vu.b HVX Vector
Q6 Vb condnac_QVbVb (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (Qv4) Vx.h+=Vu.h HVX Vector
Q6 Vh condacc_QVhVh (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (Qv4) Vx.h-=Vu.h HVX Vector
Q6_Vh condnac_QVhVh (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (Qv4) Vx.w+=Vu.w HVX Vector
Q6 _Vw_condacc_QVwVw (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)

if (Qv4) Vx.w-=Vu.w HVX Vector

Q6 Vw_condnac_QVwVw (HVX VectorPred Qv,
HVX Vector Vx, HVX Vector Vu)
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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 us x5
0|0 (0|1 1/0|v|v]|O -/ =101 |P|P ujuju u/0 (0|0 |x X if (Qv4) Vx.b+=Vu.b
0|0 (0|1 1/0|v|v]|O -/ -/0(1T|P|P|{1T|ujuju u/0(0 |1 |x X if (Qv4) Vx.h+=Vu.h
0(0 |0 1 1/0|v|v]0 =/ =|/0(1|P|P|{1|ujuju u/0 (1|0 |x X if (Qv4) Vx.w+=Vu.w
0(0 |0 |1 1/0|v|v]0 =/ =/0(1|P|P|{1|ujuju u/0 1|1 |x X if (!Qv4) Vx.b+=Vu.b
0(0 |0 |1 1/0|v|v]O0 =/ =/0(1|P|P|{1|ujuju u/1|0|0|x X if (!Qv4) Vx.h+=Vu.h
0|0 (0|1 1/0|v|v]|O -/ =01 |P|P|1T|ujuju u/1(0|1|x X if (1Qv4) Vx.w+=Vu.w
0|0 (0|1 1/0|v|v]|O -/ =-/0(1T|P|P|1T|ujuju u/1 (10 |x X if (Qv4) Vx.b-=Vu.b
0|0 (0|1 1/0|v|v]|O -/ =01 |P|P{1T|ujuju u/1 (1)1 |x X if (Qv4) Vx.h-=Vu.h
0(0 |0 |1 1/0|v|v]0 =/ =|/1|/0|P|P|{1|ujuju u/0 (0|0 |x X if (Qv4) Vx.w-=Vu.w
0(0 |0 1 1/0|v|v]0 =/ =|/1|/0|P|P|{1|ujuju u/0 0|1 |x X if (!Qv4) Vx.b-=Vu.b
0(0 |0 |1 1/0|v|v]0 =/ =|/1|/0|P|P|{1|ujuju u/0 (1|0 |x X if (!Qv4) Vx.h-=Vu.h
0|0 (0|1 1/0|v|v]|O -/ =-/1/0|P|P|1T|ujuju u/0 (1)1 |x X if (1Qv4) Vx.w-=Vu.w
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

us Field to encode register u

v2 Field to encode register v

X5 Field to encode register x
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Mux select

Perform a parallel if-then-else operation. Based on a predicate bit in a vector predicate
register, if the bit is set, the corresponding byte from vector register Vu is placed in the
destination vector register Vd. Otherwise, the corresponding byte from Vv is written. The
operation works on bytes so it can handle all data sizes.

Vd=vmux(Qt4,Vu,Vv)

b[N-1] | { — — — b[3] b[2] b[1] b[0] Vu
b[N-1] | {— — —> b[3] b[2] b[1] b[0] Vv
o
9 A
é Y v\ /47 Qt.b[0]
2 v Vv \ /é Qt.b[1]
= e
g \ 2 \ /- th[Z]
4 e
g . \ A Qt.b[3]
L v v
o
L
3 \__/‘ Qt.b[N-1]
€
S
c
w Y A A 4 Y Y
2
b[N-1] | {— — — b[3] b[2] b[1] b[0] vd
Syntax Behavior
Vd=vmux (Qt4,Vu, Vv) for (i = 0; 1 < VELEM(8); 1i++) {

Vd.ub[i] = QtV[i] ? Vu.ub[i] : Vv.ub[i]

}i
Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics

Vd=vmux (Qt4,Vu, Vv) HVX Vector Q6 V vmux QVV (HVX VectorPred Qt,
HVX Vector Vu, HVX Vector Vv)
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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 u5 t2 d5
o|o|o ‘1 1 ‘1 ‘1 |o|1 |1 ‘1 ‘v‘v‘v|v|v P|P 1 u‘u‘u|u|u - t‘t d‘d‘d|d|d Vd=vmux(Qt4,Vu,Vv)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

t2 Field to encode register t

u5 Field to encode register u

v5 Field to encode register v
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Saturation

Take the elements from the same position in the two input vector registers Vu and Vv,
saturate them to one element size smaller, and pack them into the same position in the
destination vector register Vd. Available saturation options are signed word to signed
halfword, and signed halfword to unsigned byte.

Vd.ub=vsat(Vu.h,Vv.h)
<& -N bits —»

A
: -+ ————- > [1] [0] Vu
|
|
|
|
|
|
| «-———- > [1] [0] W
(%]
(]
2
%
@
e
=
o
o
|
|
|
|
|
|
¢ -+ -—-—-—-- > [3] 2] [1] [0] \e!
N/2
bits
Syntax Behavior
Vd.h=vsat (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.w[i] .h[0]l=sat_16(Vv.wl[i]l);
vd.w[i] .h[1]l=sat 16 (Vu.wl[i]) ;
b
Vd.ub=vsat (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {

Vd.uh[i] .b[0]=usat_8 (Vv.h[i]);
Vd.uh[i] .b[1]=usat 8(Vu.h[i]) ;

}i
Class: COPROC_VX (slots 0,1,2,3)

Notes

= This instruction uses the HVX shift resource.
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Instruction Set

Intrinsics

Vd.h=vsat (Vu.w,Vv.w)

Vd.ub=vsat (Vu.h,Vv.h)

HVX Vector

HVX Vector Vv)

HVX_Vector

HVX Vector Vv)

Q6 Vh vsat VwVw (HVX Vector Vu,

Q6 Vub vsat VhVh (HVX Vector Vu,

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 ub d5
ofojo1|1{1j{1{1{0(1{1|v|viv|v| v P|P uju|u ul(0 (1|0 d | d | Vd.ub=vsat(Vu.h,Vv.h)
ofo/of1j1{1{1{1/0o1(1|viviviv|/v| P|P|O|ufu|u u(0 |11 d | d | d|Vdh=vsat(Vu.w,Vv.w)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

us Field to encode register u

v5 Field to encode register v
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In-lane shuffle

Shuffle the even or odd elements respectively from two vector registers into one
destination vector register. Supports bytes and halfwords.

Vd.b=vshuffe(Vu.b,Vv.b)

b[N-1] | b[N-2] b[3] b[2] b[1] b[0] Vv

b[N-1] | b[N-2] b[3] b[2] b1] b[0] Vu
Y Y Y

bIN-1] | bIN-2] b[3] b[2] b[1] b[0] vd

Vd.b=vshuffo(Vu.b,Vv.b)

b[N-1] | b[N-2] b[3] b[2] b[1] b[0] Vv

bIN-1] | bIN-2] b[3] b[2] b[1] bo] Vu
Y Y Y

bIN-1] | bIN-2] b[3] b[2] b[1] b[0] vd

This group of shuffles is limited to bytes and halfwords.
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Syntax Behavior

Vd.b=vshuffe (Vu.b,Vv.Db) for (i = 0; 1 < VELEM(16); 1++) {
Vd.uh[i] .b[0]=Vv.uh[i] .ub[0];
Vd.uh[i] .b[1]=Vu.uh[i] .ub[0] ;

b
Vd.b=vshuffo (Vu.b, Vv.b) for (i = 0; i < VELEM(16); i++) {
vd.uh[i] .b[0]=Vv.uh[i] .ub[1];
vd.uh([i] .b[1]=Vu.uh[i] .ub[1] ;
b5
Vd.h=vshuffe (Vu.h,Vv.h) for (i = 0; i < VELEM(32); i++) {
Vd.uw([i] .h[0]=Vv.uw[i] .uh[0] ;
Vd.uw([i] .h[1]=Vu.uw[i] .uh[0] ;
b5
Vd.h=vshuffo (Vu.h,Vv.h) for (i = 0; i < VELEM(32); i++) {
Vd.uw([i] .h[0]=Vv.uw[i] .uh[1];
Vd.uw([i] .h[1]=Vu.uw[i] .uh[1] ;
b5

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction can use any HVX resource.

Intrinsics
Vd.b=vshuffe (Vu.b,Vv.b) HVX Vector Q6 Vb vshuffe VbVb (HVX Vector
Vu, HVX Vector Vv)
vVd.b=vshuffo(Vu.b,Vv.Db) HVX Vector Q6 Vb vshuffo VbVb (HVX Vector
Vu, HVX Vector Vv)
Vd.h=vshuffe (Vu.h,Vv.h) HVX Vector Q6 Vh vshuffe VhVh (HVX Vector
Vu, HVX Vector Vv)
Vd.h=vshuffo(Vu.h,Vv.h) HVX Vector Q6 Vh vshuffo VhVh (HVX Vector
Vu, HVX Vector Vv)
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 ub d5
ofo/oy1j1{1j1{1/0o1|/0|v{viv|iv|(v|/P/P/Ojujululuju|0|0|1|d|d|d|d]|d |Vdb=vshuffe(Vu.b,Vv.b)
ofo/oy1j1{1j1{1/o1/0|v{viviv|(v|/P/P/Ojujufjfufuju|0|1]0|d|d|d|d]|d |Vd.b=vshuffo(Vu.b,Vv.b)
o/ofoj1y1{1{1(1/0/1/0|v|iviv|v|(v| P/P/O|ujujujufu|0|1|1|d|d|d|d]|d]|Vdh=vshuffe(Vu.hVv.h)
o/ofoj1y1{1{1(1/0/1/0|v|iviv|v|(v| P/P/|O|ujujujufu|1|0|0|d|d|d|d]|d|Vdh=vshuffo(Vu.hVv.h)
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Instruction Set

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
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5.2.3 HVX/DEBUG

The HVX/DEBUG instruction subclass includes instructions used for debugging.
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Extract vector element

Extract a word from the vector register Vu using bits 5:2 of Rs as the word index. The
result is placed in the scalar register Rd. A memory address can be used as the control
selection Rs after data has been read from memory using a vector load.

This is a very high latency instruction and should only be used in debug. A memory to
memory transfer is more efficient.

Rs 28

Rd.w=vextract(Vu,Rs)

Vu w[15] | w[14] | w[13] | w[12] | w[11] | w[10] | w([9] | w([8] | w[7] | w[6] | w[5] | w[4] | w[3] | w[2] | w[1] | w[O]

Rd w(7]
Syntax Behavior
Rd.w=vextract (Vu, Rs) Assembler mapped to: "Rd=vextract (Vu,Rs)"
Rd=vextract (Vu,Rs) Rd = Vu.uw[ (Rs & (VWIDTH-1)) >> 2];

Class: LD (slots 0)

Notes

» This is a solo instruction. It must not be grouped with other instructions in a

packet.
Intrinsics
Rd=vextract (Vu,Rs) Word32 Q6 R vextract VR (HVX Vector Vu,
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 Amode Type H s5 Parse u5 d5

1|o|o‘1 0‘0‘1 o|o|o

o

s‘s‘s|s|s P|P - u‘u‘u|u|u -|-‘1 d‘d‘d|d|d Rd=vextract(Vu,Rs)
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Field name Description
ICLASS Instruction Class
Amode Amode
Type Type
UN Unsigned
Parse Packet/Loop parse bits
as Field to encode register d
s5 Field to encode register s
u5 Field to encode register u
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5.2.4 HVX/LOAD

The HVX/LOAD instruction subclass includes memory load instructions.
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Load - aligned

Read a full vector register Vd from memory, using a vector-size-aligned address. The
operation has three ways to generate the memory pointer address: Rt with a constant 4-bit
signed offset, Rx with a signed post-increment, and Rx with a modifier register Mu post-
increment. For the immediate forms, the value specifies the number of vectors worth of
data. Mu contains the actual byte offset.

If the pointer presented to the instruction is not aligned, the instruction simply ignores the
lower bits, yielding an aligned address.

If a scalar predicate register Pv evaluates true, load a full vector register Vs from memory,
using a vector-size-aligned address. Otherwise, the operation becomes a NOP.

Syntax Behavior
Vd=vmem (Rt ) Assembler mapped to: "Vd=vmem (Rt+#0)"
Vd=vmem (Rt) :nt Assembler mapped to: "Vd=vmem(Rt+#0) :nt"
Vd=vmem (Rt +#s4) EA=Rt+#s*VBYTES;

Vd = * (EA&~ (ALIGNMENT-1)) ;

Vd=vmem (Rt+#s4) :nt EA=Rt+#s*VBYTES;
vd = * (EA&~ (ALIGNMENT-1)) ;

Vd=vmem (Rx++#s3) EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

Vd=vmem (Rx++#s3) :nt EA=Rx;
vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

Vd=vmem (Rx++Mu) EA=RX;
vVd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;

Vd=vmem (Rx++Mu) :nt EA=RXx;
vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0,1)

Notes

m This instruction can use any HVX resource.

= An optional "non-temporal” hint to the micro-architecture can be specified to
indicate the data has no reuse.

= Immediates used in address computation are specificed in multiples of vector
length.
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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 NT t5 Parse d5
ojof1]o|1|ojofojojofo|t|t|t|t|t|P|P|i|OfO|i|i|i|O0|0|0|d|d|d]|d]|d]|Vd=vmem(Rt+#s4)
ojof1]of1|ojofojo|1|Oo|t|t|t|t|t|P|[P|i|O|O|i|i|i|l0O|0]|0|d|d]|d]|d]|d]|Vd=vmem(Rt+#s4):nt
ICLASS NT x5 Parse d5
ojof1]of1]|ojof1]|0|0|0|x|x|x|x|x|P|[P|-|0|0|i|i|i|0|0]|0|d|d]|d]|d]|d]|Vd=vmem(Rx++#s3)
ojof1]of1]ojof1]|o|1]0|x|x|x|x|x|P|[P|-|0f0|i|i|i|l0]|0]|0|d|d]|d]|d]|d]|Vd=vmem(Rx++#s3):nt
ICLASS NT x5 Parse |u1 d5
o/0(1/j0/1/0|1(1/0/0|0|x|x|x|x|(x|P/Pluj0|0O|-|-|-]/0|0]|0|d|d|d|d]|d]|Vd=vmem(Rx++Mu)
o/o(1jof1j0}{1(1/0|1/0|x|x|x|x|(x|P/Pluj0|0O|-|-[-]0|0|0|d|d|d|d]|d]|Vd=vmem(Rx++Mu):nt
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load - immediate use

Read a full vector register Vd (and/or temporary vector register) from memory, using a
vector-size-aligned address. The operation has three ways to generate the memory pointer
address: Rt with a constant 4-bit signed offset, Rx with a signed post-increment, and Rx
with a modifier register Mu post-increment. For the immediate forms, the value indicates
the number of vectors worth of data. Mu contains the actual byte offset.

If the pointer presented to the instruction is not aligned, the instruction simply ignores the
lower bits, yielding an aligned address. The value is used immediately in the packet as a
source operand of any instruction.

"Vd.cur" writes the load value to a vector register in addition to consuming it within the
packet.

"Vd.tmp" does not write the incoming data to the vector register file. The data is only used
as a source in the current packet, and then immediately discarded. Note that this form does
not consume any vector resources, allowing it to be placed in parallel with some
instructions that a normal align load cannot.

If a scalar predicate register Pv evaluates true, load a full vector register Vs from memory,
using a vector-size-aligned address. Otherwise, the operation becomes a NOP.

Syntax Behavior

Vd.cur=vmem (Rt +#s4) EA=Rt+#s*VBYTES;
vd = * (EA&~ (ALIGNMENT-1)) ;

Vd.cur=vmem (Rt+#s4) :nt EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;

Vd.cur=vmem (Rx++#s3) EA=RXx;
vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

Vd.cur=vmem (Rx++#s3) :nt EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

Vd.cur=vmem (Rx++Mu) EA=Rx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=RxX+MuV;

Vd.cur=vmem (Rx++Mu) :nt EA=Rx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
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Class: COPROC_VMEM (slots 0,1)

Notes

m This instruction can use any HVX resource.

= An optional "non-temporal” hint to the micro-architecture can be specified to
indicate the data has no reuse.

= Immediates used in address computation are specificed in multiples of vector

length.
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 NT t5 Parse ds
olo|1|of1|ofofofofo|Oo|t|t|t|t|t|(P|P|i|O|O|i|i|i|lO|0|1|d|d|d|d]|d]|Vd.cur=vmem(Rt+#s4)
olof1|of1|ofofofof1|0|¢t|t|t|t|t|P|P|i|O|O|i|i|i|O0|0|1|d|d|d]|d]|d|Vdcur=vmem(Rt+#s4):nt
ICLASS NT x5 Parse d5
o/0(1j0(1/0|0(1|0|0|0|x|x|x|x|(x|P|/P|-]0|0]i|i|[i|0|0|1|d|d|d|d]|d]|Vd.cur=vmem(Rx++#s3)
o(o/1/0j|1/0j0f(1/01|0|x|x|x|x|x|P|P|-]0|0|i|i|i|O0]|0|1|d|d|d]|d]|d]|Vd.cur=vmem(Rx++#s3):nt
ICLASS NT x5 Parse |u1 d5
ofof1/0{1{0{1{1/0/0|0|x|{x|x|x|x|/P|P{uj0|0|-|-|=-]/0]|0]|1|d|d|d]|d]|d|Vd.cur=vmem(Rx++Mu)
o/o(1jo41j0|1(1/0|1/0|x|x|x|x|(x|P/Pjluj0|0O|-|-[-]0|0]1|d|d|d|d]|d]|Vd.cur=vmem(Rx++Mu):nt
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load - temporary immediate use

Read a full vector register Vd (and/or temporary vector register) from memory, using a
vector-size-aligned address. The operation has three ways to generate the memory pointer
address: Rt with a constant 4-bit signed offset, Rx with a signed post-increment, and Rx
with a modifier register Mu post-increment. For the immediate forms, the value indicates
the number of vectors worth of data. Mu contains the actual byte offset.

If the pointer presented to the instruction is not aligned, the instruction simply ignores the
lower bits, yielding an aligned address. The value is used immediately in the packet as a
source operand of any instruction.

"Vd.tmp" does not write the incoming data to the vector register file. The data is only used
as a source in the current packet, and then immediately discarded. Note that this form does
not consume any vector resources, allowing it to be placed in parallel with some
instructions that a normal align load cannot.

If a scalar predicate register Pv evaluates true, load a full vector register Vs from memory,
using a vector-size-aligned address. Otherwise, the operation becomes a NOP.

Syntax Behavior

Vd. tmp=vmem (Rt +#s4) EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;

Vd.tmp=vmem (Rt +#s4) :nt EA=Rt+#s*VBYTES;
vd = * (EA&~ (ALIGNMENT-1)) ;

Vd. tmp=vmem (Rx++#s3) EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

Vd. tmp=vmem (Rx++#s3) :nt EA=Rx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

Vd. tmp=vmem (Rx++Mu) EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;

Vd. tmp=vmem (Rx++Mu) :nt EA=RXx;
vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0,1)

Notes

m This instruction can use any HVX resource.

= An optional "non-temporal” hint to the micro-architecture can be specified to
indicate the data has no reuse.

» Immediates used in address computation are specificed in multiples of vector
length.
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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 NT t5 Parse d5
olof1|of1|ofofofofo|o|t|t|t|t|t|P|P|i|O|O|i|i|ilO|1|0|d|d|d]|d]d]|Vdtmp=vmem(Rt+#s4)
olo|1|of1|ofofofof1|o|t|t|t|t|t|P|P|il|O|O|i|i|i|O|1|0|d|d|d]|d]|d|Vdtmp=vmem(Rt+#s4)nt
ICLASS NT x5 Parse d5
olof1|of1|ofof1]0f0|0|x|x|x|x|x|P|P|-]|0|0]|i|i|i|0|1|0|d|d|d]|d]|d]|Vdtmp=vmem(Rx++#s3)
ofo/1/0j|1{0j0f{1/0|1|/0|x|x|x|(x|x|P|P|-]0[0|i|i|i|O0|1]0|d|d|d]|d]|d]|Vdtmp=vmem(Rx++#s3):nt
ICLASS NT x5 Parse |u1 d5
o/o(1j041/0|{1(1/0/0|0|x|x|x|x|(x|/P/Pluj0|0O|-|-|[-]0|1]0|d|d|d|d]|d]|Vdtmp=vmem(Rx++Mu)
o/o(1jo41j0|1(1/0|1/0|x|x|x|x|(x|P/Pjluj0|0O|-|-|-]0|1]0|d|d|d|d]|d]|Vdtmp=vmem(Rx++Mu):nt
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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Load

- unaligned

Read a full vector register Vd from memory, using an arbitrary byte-aligned address. The
operation has three ways to generate the memory pointer address: Rt with a constant 4-bit
signed offset, Rx with a 3-bit signed post-increment, and Rx with a modifier register Mu
post-increment. For the immediate forms, the value indicates the number of vectors worth
of data. Mu contains the actual byte offset. Unaligned memory operations require two
accesses to the memory system, and thus incur increased power and bandwidth over
aligned accesses. However, they require fewer instructions.

It is more efficient to use aligned memory operations when possible, and sometimes
multiple aligned memory accesses and the valign operation, to synthesise a non-aligned
access.

Note that this instruction uses both slot 0 and slot 1, allowing only 3 instructions at most to
execute in a packet with vmemu in it.

Syntax Behavior
Vd=vmemu (Rt ) Assembler mapped to: "Vd=vmemu (Rt+#0)"

Vd=vmemu (Rt +#s4) EA=Rt+#s*VBYTES;
Vd = *EA;

Vd=vmemu (Rx++#s3) EA=Rx;
Vd = *EA;
Rx=Rx+#s*VBYTES;
Vd=vmemu (Rx++Mu) EA=RXx;
Vd = *EA;
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Notes

m This instruction uses the HVX permute resource.

» Immediates used in address computation are specificed in multiples of vector

length.
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 NT t5 Parse d5
o|o|1‘01‘0‘0|0|000 t‘t‘t|t|tP|Pi‘O‘O‘i|i|i|1|1‘1 d‘d‘d|d|d Vd=vmemu(Rt+#s4)
ICLASS NT x5 Parse d5
o|o|1‘01‘0‘0|1|000 x‘x‘x|x|x P|P -0‘0‘i|i|i|1|1‘1 d‘d‘d|d|d Vd=vmemu(Rx++#s3)
ICLASS NT x5 Parse |u1 d5
o|o|1‘01‘0‘1|1|000 x‘x‘x|x|x P|Pu0‘0 |||1|1‘1 d‘d‘d|d|d Vd=vmemu(Rx++Mu)
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Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
as Field to encode register d
t5 Field to encode register t
ul Field to encode register u
X5 Field to encode register x
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5.2.5 HVX/MPY-DOUBLE-RESOURCE

The HVX/ALU-DOUBLE-RESOURCE instruction subclass includes instructions which
use both HVX multiply resources.
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Arithmetic widening

Add or subtract the elements of vector registers Vu and Vv. The resulting elements are
double the width of the input size in order to capture any data growth in the result. The
result is placed in a double vector register.

Supports unsigned byte, and signed and unsigned halfword.

Vdd.w=vadd(Vu.h,Vv.h)

-4 -N bits—»

A
R > 1] [0] Vu
|
|
|
|
|
|
| 4————— [l [0] W
D
O
f
(@)
© +/-
|
|
|
|
|
|
: -+ ————- > [0] Vdd_e
|
|
|
|
| Y
v - > [0] vdd_o
<4 ————2N bits————--
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Syntax
Vdd.h=vadd (Vu.ub, Vv.ub)

Vdd.h=vsub (Vu.ub, Vv.ub)

vVdd.w=vadd (Vu.h,Vv.h)

vdd.w=vadd (Vu.uh, Vv.uh)

vVdd.w=vsub (Vu.h,Vv.h)

vdd.w=vsub (Vu.uh, Vv.uh)

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Behavior

for (i = 0; i < VELEM(16); i++) {

vdd.v[0] .h[i] =

Vv.uh[i] .ub[0] ;

vdd.vI[1].h[i] =

Vv.uh[i] .ub[1] ;

¥

Vu.uh[i] .ub[0]

Vu.uh[i] .ub[1]

for (i = 0; i < VELEM(16); i++) {

vdd.v[0] .h[i] =

Vv.uh[i] .ub[0];

vdd.vI[1].h[i] =

Vv.uh[i] .ub[1] ;

Iz

Vu.uh[i] .ub[0]

Vu.uh[i] .ub[1]

for (i = 0; i < VELEM(32); i++) {

vdd.v[0] .w[i] =

vv.w([i] .h[O0];

vdad.vI[1] .w[i] =

Vv.w[i] .h[1] ;

1

vVu.w([i] .h[0] +

Vu.w(l[i] .h[1] +

for (i = 0; i < VELEM(32); i++) {

vdd.v[0] .w[i] =

Vv.uw[i] .uh[0];

vdd.v[1] .w[i] =

Vv.uw[i] .uh[1] ;

T

Vu.uw[i] .uh[0]

Vu.uw[i] .uh[1]

for (i = 0; i < VELEM(32); i++) {

vdd.v[o0] .w[i] =

Vv.wl[i] .h[0];

vdd.v[1] .w[i] =

Vv.w([i] .h[1] ;

1

vu.w([i] .h[0] -

Vu.w([i] .h[1] -

for (i = 0; i < VELEM(32); i++) {

vdd.v[0] .w[i] =

Vv.uw[i] .uh[O0] ;

vdd.v[1] .w[i] =

Vv.uw[i] .uh[1] ;

¥

Vu.uw[i] .uh[0]

Vu.uw[i] .uh[1]
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Intrinsics

vdd

.h=vadd (Vu.ub, Vv.ub)

HVX VectorPair Q6 Wh vadd VubVub (HVX Vector

Vu, HVX Vector Vv)

vdd.h=vsub (Vu.ub, Vv.ub) HVX VectorPair Q6 Wh vsub VubVub (HVX Vector
Vu, HVX Vector Vv)
vdd.w=vadd (Vu.h,Vv.h) HVX VectorPair Q6 Ww_vadd VhVh (HVX Vector
Vu, HVX Vector Vv)
vdd.w=vadd (Vu.uh, Vv.uh) HVX VectorPair Q6 Ww_vadd VuhVuh (HVX Vector
Vu, HVX Vector Vv)
vdd.w=vsub (Vu.h,Vv.h) HVX VectorPair Q6 Ww_vsub VhVh (HVX Vector
Vu, HVX Vector Vv)
vdd.w=vsub (Vu.uh, Vv.uh) HVX VectorPair Q6 Ww_vsub VuhVuh (HVX Vector
Vu, HVX Vector Vv)
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 Parse ub d5
0(0 |0 111(0(0(1 (01 |v|v|Vv|Vv| Vv P/P|O|u|fuu u(0|1/0|d|d|d|d|d|Vdd.h=vadd(Vu.ub,Vv.ub)
0(0 |0 111(0(0(1 (01 |v|v|Vv|Vv| Vv P/P|O|u|fuu ul0|1|1|d|{d|d|d|d|Vdd.w=vadd(Vu.uh,Vv.uh)
000 111{0{0 (101 |v|Vv|Vv| V| V| P/P|O|u|fuu u/1(0|0|d|d|d|d]|d|Vddw=vadd(Vu.h,Vv.h)
0(0 |0 111{0{0 {101 |v|Vv|Vv|Vv| V| P/P|O|u|fuu u/1/0|1|d|d|d|d]|d|Vdd.h=vsub(Vu.ub,Vv.ub)
0(0 |0 1110|0101 |v|Vv|Vv| V| V| P/P|O|u|fuu u/1(1]0|d|d|d|d]|d|Vddw=vsub(Vu.uh,Vv.uh)
0(0 |0 111(0(0[(1 (01 |v|v|Vv|Vv| Vv P/P|O|u|fuu ul1|1|1]|d|{d|d|d]|d|Vdd.w=vsub(Vu.h\Vv.h)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Multiply with 2-wide reduction

Multiply elements from Vu by the corresponding elements in the scalar register Rt. The
products are added in pairs to yield a by-2 reduction. The products can optionally be

accumulated with Vx, with optional saturation after summation.

Supports multiplication of unsigned bytes by bytes, halfwords by signed bytes, and
halfwords by halfwords. The double-vector version performs a sliding window 2-way

reduction, where the odd register output contains the offset computation.

Vd.h[+]=vdmpy(Vu.ub, Rt.b) / Vd.w[+]=vdmpy(Vu.h, Rt.b)

ub/h(3] | ub/h(2] | ub/h[1] | ub/h[0] | Vu

Rt.b[0]

Rt.b[1]

Rt.b[2]

Rt.b[3]

Optional Accumulation

vd

-4——32/64bit Lane——»

Vd.w[+]=vdmpy(Vu.h, Rt.h):sat

h[1] h[0] Vu

Rt.h[0]

Rt.h[1]

Optional Accumulation

wo] vd

-4——32bit Lane———»

Vdd.h[+]=vdmpy(Vuu.ub, Rt.b) / Vdd.w[+]=vdmpy(Vuu.h, Rt.b)

l

Rt.b[0] > x

Rt.b[1] M

Rt.b[2]

Rt.b[3]

Optional Accumulation

h/w[1] h/w[0] vdd[1] h/w(1] h/w([0] vdd[0]
T T T T
[ [ LI [
- 32/64bit Lane Pair———————————»
Vd.w[+]=vdmpy(Vuu.h, Rt.h):sat
h(1] h[0] Vuu[1] h[1] h[0] Vuu[0]

Rt.h[0]

Rt.h[1]

------ Optional Accumulation

N
Optional Saturation I SAT )

Ne-

wio] vdd[o]

-4———32bit Lane Pair————»

ub/h(3] | ub/h[2] | ub/h[1] | ub/h(0] | Vuu[1] ub/h(3] | ub/hl2] | ub/h(1] | ub/h[0] | Vuu[O]
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Multiply halfword elements from vector register Vu by the corresponding halfword

elements in the vector register Vv. The products are added in pairs to make a 32-bit wide
sum. The sum is optionally accumulated with the vector register destination Vx, and then
saturated to 32 bits.

Vd.w[+]=vdmpy(Vu.h, Vv.h):sat

h(1] h[0] Vv
h[1] h(0] Vu
------ Optional

Accumulation

wO vd
-4—32bit Lane————»
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Syntax Behavior
Vd.w=vdmpy (Vu.h,Rt.h) :sat for (i = 0; i < VELEM(32); i++) {
accum = (Vu.wl[i] .h[0] * Rt.h[O0]);
accum += (Vu.wl[i] .h[1] * Rt.h[1]);
vd.w[i] = sat 32 (accum) ;
¥
Vd.w=vdmpy (Vu.h,Rt.uh) :sat for (i = 0; 1 < VELEM(32); 1++) {
accum = (Vu.w[i] .h[0] * Rt.uh[0]);
accum += (Vu.w[i].h[1] * Rt.uh[1]);
vd.w[i] = sat 32 (accum) ;
¥
Vd.w=vdmpy (Vu.h,Vv.h) :sat for (i = 0; 1 < VELEM(32); 1++)
accum = (Vu.w[i] .h[0] * Vv.w[i].h[O0]);
accum += (Vu.wl[i] .h[1] * Vv.w[i] .h[1]);
vd.w[i] = sat_ 32 (accum) ;
¥
Vd.w=vdmpy (Vuu.h,Rt .h) :sat for (i = 0; 1 < VELEM(32); 1++) {
accum = (Vuu.v[0].w[i].h[1] * Rt.h[0]);
accum += (Vuu.v([1l].w([i].h[0] =*
Rt.h[1]);
vd.w[i] = sat 32 (accum) ;
¥
Vd.w=vdmpy (Vuu.h,Rt.uh,#1) :s for (i = 0; i < VELEM(32); i++) {
at accum = (Vuu.v[0] .w[i] .h[1] *
Rt.uh[0]) ;
accum += (Vuu.v[1l].w[i].h[0] =*
Rt.uh[1]) ;
vd.w[i] = sat_ 32 (accum) ;
¥
Vdd.h=vdmpy (Vuu.ub, Rt .b) for (i = 0; i < VELEM(16); i++) {

vdd.v[0] .h[i] = (Vuu.v[0] .uh[i] .ub[0] *
Rt.b[(2*1) % 4]);

vdd.v[0] .h[i] += (Vuu.v[0].uh[i] .ub[1]
* Rt.b[(2*i+1)%4]);

vdd.v[1] .h[i] = (Vuu.v[0] .uh[i] .ub[1] *
Rt.b[(2*1) % 4]);

vdd.v[1] .h[i] += (Vuu.v[1] .uh[i] .ub[O0]
* Rt.b[(2%i+1)%4]) ;

Iz

Vdd.w=vdmpy (Vuu.h, Rt .b) for (i = 0; i < VELEM(32); i++) {

vdd.vI[0] .w[i] = (Vuu.v[0] .w[i] .h[0] *
Rt.b[(2*%i+0)%4]) ;

vdd.v[0] .w[i] += (Vuu.v[0] .w[i].h[1] *
Rt.b[(2*i+1)%4]) ;

vdd.v[1l] .w[i] = (Vuu.v[0] .w[i].h[1] *
Rt.b[(2*1+0) %4]) ;

vdd.v[1] .w[i] += (Vuu.v[1] .w[i].h[O0] *
Rt.b[(2*i+1)%4]) ;

¥

Vx.w+=vdmpy (Vu.h,Rt.h) :sat for (i = 0; i < VELEM(32); i++) {
accum = Vx.wl[i];
accum += (Vu.w[i].h[0] * Rt.h[O0]);
accum += (Vu.wl[i] .h[1] * Rt.h[1]);
Vx.w[i] = sat 32 (accum) ;
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Syntax Behavior

Vx.w+=vdmpy (Vu.h, Rt .uh) : sat for (1 = 0; 1 < VELEM(32); 1++) {
accum=Vx.w[i] ;
accum += (Vu.wl[i] .h[0] * Rt.uh[0]) ;
accum += (Vu.w[i].h[1] * Rt.uh[1]);

Vx.w[i] = sat 32 (accum) ;
¥
Vx.w+=vdmpy (Vu.h,Vv.h) :sat for (i = 0; 1 < VELEM(32); 1i++) {
accum = (Vu.w[i] .h[0] * Vv.w[i] .h[O0]);
accum += (Vu.wl[i] .h[1] * Vv.w[i] .h[1]);
Vx.w([i] = sat 32 (Vx.w[i] +accum) ;
¥

Vx.w+=vdmpy (Vuu.h,Rt.h) :sat for (i = 0; i < VELEM(32); i++) {
accum = Vx.w([i];
accum += (Vuu.v[0].w[i].h[1] =*

Rt.h[0]);
accum += (Vuu.v[1].w[i] .h[0] *
Rt.h[1]);
Vx.w[i] = sat 32 (accum) ;
¥
Vx.w+=vdmpy (Vuu.h,Rt.uh,#1) : for (i = 0; i < VELEM(32); i++) {
sat accum=Vx.w[i] ;
accum += (Vuu.v[0] .w[i] .h[1] *
Rt.uh[0]) ;
accum += (Vuu.v[1l].w[i].h[0] =*
Rt.uh[1]) ;
Vx.w[i] = sat 32 (accum) ;
¥
Vxx .h+=vdmpy (Vuu.ub, Rt .b) for (i = 0; i < VELEM(16); i++) {

Vxx.v[0] .h[i] 4= (Vuu.vI[0] .uh[i] .ubl[O0]
* Rt.b[(2*i) % 4]);

Vxx.v[0] .h[i] += (Vuu.v[0] .uh[i] .ub[1]
* Rt.b[(2*%1+1)%4]) ;

Vxx.v([1] .h[i] += (Vuu.v[0].uh[i] .ub[1]
* Rt.b[(2*i) % 4]);

Vxx.v[1] .h[i] += (Vuu.v[1] .uh[i] .ub[O0]
* Rt.b[(2%i+1)%4]) ;

¥

Vxx .w+=vdmpy (Vuu.h, Rt .b) for (i = 0; i < VELEM(32); i++) {

Vxx.v[0] .w[i] += (Vuu.vI[0] .w[i].h[O0] *
Rt.b[(2*i+0)%4]) ;

Vxx.v[0] .w[i] += (Vuu.v[0] .w[i].h[1] *
Rt.b[(2*i+1)%4]);

Vxx.v[1] .w[i] += (Vuu.v[0] .w[i].h[1] *
Rt.b[(2*1+0) %4]) ;

Vxx.v[1] .w[i] += (Vuu.v[1l].w[i].h[O0] *
Rt.b[(2*i+1)%4]) ;

b5
Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Intrinsics

Vd.w=vdmpy (Vu.h,Rt.h) :sat HVX Vector Q6 Vw vdmpy VhRh sat (HVX Vector
Vu, Word32 Rt)

Vd.w=vdmpy (Vu.h,Rt .uh) : sat HVX Vector Q6 _Vw_vdmpy VhRuh sat (HVX_ Vector
Vu, Word32 Rt)

Vd.w=vdmpy (Vu.h,Vv.h) :sat HVX Vector Q6 Vw vdmpy VhVh sat (HVX Vector
Vu, HVX Vector Vv)

vVd.w=vdmpy (Vuu.h,Rt.h) : sat HVX Vector
Q6 _Vw_vdmpy WhRh sat (HVX VectorPair Vuu,
Word32 Rt)

Vd.w=vdmpy (Vuu.h,Rt.uh, #1) : s HVX Vector
at Q6_Vw_vdmpy WhRuh sat (HVX VectorPair Vuu,
Word32 Rt)

vdd.h=vdmpy (Vuu.ub, Rt .Db) HVX VectorPair
Q6 _Wh_ vdmpy WubRb (HVX VectorPair Vuu,
Word32 Rt)

Vdd.w=vdmpy (Vuu.h, Rt .b) HVX VectorPair
Q6 Ww_vdmpy WhRb (HVX VectorPair Vuu, Word32
Rt)

Vx.w+=vdmpy (Vu.h,Rt.h) : sat HVX Vector
Q6 Vw_vdmpyacc_ VwVhRh sat (HVX Vector Vx,
HVX Vector Vu, Word32 Rt)

Vx.w+=vdmpy (Vu.h,Rt.uh) :sat HVX Vector
Q6 Vw_vdmpyacc VwVhRuh sat (HVX Vector Vx,
HVX Vector Vu, Word32 Rt)

Vx.w+=vdmpy (Vu.h,Vv.h) :sat HVX Vector
Q6_Vw_vdmpyacc_VwVhVh_ sat (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv)

Vx.w+=vdmpy (Vuu.h,Rt.h) :sat HVX Vector
Q6_Vw_vdmpyacc_VwWhRh sat (HVX Vector Vx,
HVX VectorPair Vuu, Word32 Rt)

Vx.w+=vdmpy (Vuu.h,Rt.uh, #1) : HVX Vector
sat Q6 _Vw_vdmpyacc_VwWhRuh sat (HVX Vector Vx,
HVX VectorPair Vuu, Word32 Rt)

Vxx.h+=vdmpy (Vuu.ub, Rt .b) HVX VectorPair
Q6 Wh vdmpyacc WhWubRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)

Vxx.w+=vdmpy (Vuu.h, Rt .Db) HVX VectorPair
Q6 Ww_vdmpyacc WwWhRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)
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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 t5 Parse u5 d5
o|o|o‘1 1‘0‘0|1|0|0‘0 t‘t‘t|t|t P|P0 u‘u‘u|u|u1|1‘1 d‘d‘d|d|d Vdd.h=vdmpy(Vuu.ub,Rt.b)
ICLASS t5 Parse u5 x5
0lolo |1 olof1lojojo|t|t|t|t|t|P|P|1 ululu ult1 (11 x| x|x|x ;’XX-hJ':Vd"‘PV(V““-“b*Rt-b
ICLASS t5 Parse ubs d5
0lolo|1 olof1lolo|1|t|t|lt|t|t|P|P|o u|ulu ul0|0|0|d|d|d|d|d|Ydw=vdmpy(VuhRtuh)s
0lolo |1 olof1lolo|1|t|t|lt|t|t|P|P|o ululu ulo|o|1|d|d|d|d }’;?é‘g’dempV(V“”-tht-“h'#
0(0 |0 1 ojof1jo|jo1|t|t|t|t|t P/P|{O|ujfuju ul0|1/0|d|{d|d|d Vd.w=vdmpy(Vu.h,Rt.h):sat
0lolo|1 olof1lolo|1|t|t|lt|t|t|P|P|o u|ulu ulo[1]1|d|d|d|d|d|Ydwsvdmpy(VuuhReh)s
oloo |1 olof1lofof1]t]tlt|t[t|P|Plo]ululululul1]o]o]d|d]d]|d]|d]vddw=vdmpy(vuu.hReb)
ICLASS t5 Parse u5 x5
0lolo |1 olof1lolo|1|t|t|t|t|t|P|P|1 ululu ul0 00| x| x|x|x| x| xwr=vdmpy(Vu.hRtuh):
0lolo |1 olof1lolo|1|t|t|lt|t|t|P|P|1 ululu ulofol1x|x|x|x ij‘_’;;t:"dmpy(\’”“-h'm-“h’
0lolo |1 olof1lolo|1|t|t|lt|t|t|P|P|1 ululu w0 [1]0 | x|x|x|x|x|Yxwr=vdmpy(Vuu.n.Rth):
0lolo |1 olof1lolo|1|t|t|t|t|t|P|[P|1 ululu ul0 11 x| x|x|x|x|yxwr=vdmpy(VuhRehys
0(0 |0 1 ojof1jojo1|t|t|t|t|t P/P|{1|ujuju ul1|0 |0 |x|x|x|x Vxx.w+=vdmpy(Vuu.h,Rt.b)
ICLASS Parse u5 d5
o|o|o‘1 ‘1‘0|0|0|0‘0‘v‘v‘v|v|v P|P0 u‘u‘u| u0|1‘1 d‘d‘d|d vd.w=vdmpy(Vu.h,Vv.h):sat
ICLASS Parse u5 x5
0lolo |1 110lofofolo|v|v|v|v|v|P|P|[1|ulu|u ul0 11 x| x|x|x| x| xwr=vdmpy(VuhVvh)s

Field name

ICLASS Instruction Class

Parse Packet/Loop parse bits
as Field to encode register d
t5 Field to encode register t
us Field to encode register u
v5 Field to encode register v
X5 Field to encode register x

Description
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Multiply-add

Compute the sum of two byte multiplies. The two products consist of either unsigned
bytes or signed halfwords coming from the vector registers Vuu and Vvv. These are
multiplied by a signed byte coming from a scalar register Rt. The result of the summation
is a signed halfword or word. Each corresponding pair of elements in Vuu and Vvv is
weighted, using Rt.b[0] and Rt.b[ 1] for the even elements, and Rt.b[2] amd Rt.b[3] for the
odd elements.

Optionally accumulates the product with the destination vector register Vxx.

For vector by vector, compute the sum of two byte multiplies. The two products consist of
an unsigned byte vector operand multiplied by a signed byte scalar. The result of the
summation is a signed halfword. Even elements from the input vector register pairs Vuu
and Vvv are multiplied together and placed in the even register of Vdd. Odd elements are
placed in the odd register of Vdd.
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Instruction Set

Vdd.h [+]=vmpa(Vuu.ub,Rt.b)

(1] [0] Vuu.V[1]

(1] [0] Vuu.V[0]

Rtb[3]—» X Rt.b[1]

Rt.b[2] Rt.b[O]

[0] Vdd.V[1]

[0] Vvdd.V[0]

-4—Fach lane——»
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Vdd.h =vmpa(Vuu.ub,Vvv.b)

b[1] b[0] Vuu.V[1] b[1] b[0] Vuu.V[0]
b[1] b[0] | Vwv.V[1] b[1] b[0] Vw.V[0]
X
+ e
>+
h[0] Vdd.V[1] h[0] Vdd.V[0]
- Each 16bit lane pair >
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Syntax Behavior

Vdd.h=vmpa (Vuu.ub, Rt .b) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vuu.v[0].uh[i] .ub[0] *
Rt.b[0]) + (Vuu.v[1l].uh[i] .ub[0] *
Rt.b[1]);
vdd.vI[1] .h[i] = (Vuu.v[0].uh[i] .ub[1] *
Rt.b[2]) + (Vuu.v[1].uh[i].ub[1] * Rt.b[3])

I

Iz

Vdd.h=vmpa (Vuu.ub, Vvv.b) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vuu.v[0] .uh[i] .ub[0] *
Vvv.vI[0] .uh[i] .b[0]) +
(Vuu.v[1] .uh[i] .ub[0] *
Vvv.vI[1l] .uh[i] .b[0]) ;
vdd.v[1] .h[i] = (Vuu.v[0] .uh[i] .ub[1] *
Vvv.vI[0] .uh[i] .b[1]) +
(Vuu.v[1] .uh[i] .ub[1] *
Vvv.v[1l].uh[i] .b[1]) ;

Iz

Vdd .h=vmpa (Vuu.ub, Vvv.ub) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vuu.v[0] .uh[i] .ub[0] *
Vvv.vI[0].uh[i] .ub[0]) +
(Vuu.v[1] .uh[i] .ub[0] *
Vvv.vI[1l] .uh[i] .ub[0]) ;
vdd.v[1] .h[i] = (Vuu.v[0] .uh[i] .ub[1] *
Vvv.v[0] .uh[i] .ub[1]) +
(Vuu.v[1] .uh[i] .ub[1] *
Vvv.vI[1l] .uh[i] .ub[1]) ;

b5
Vdd.w=vmpa (Vuu.h, Rt .b) for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = (Vuu.v[0].w[i].h[0O] *
Rt.b[0]) + (Vuu.v[1].w[i].h[0] * Rt.b[1]);
vdd.v[1] .w[i] = (Vuu.v[0] .w[i].h[1] *
Rt.b[2]) + (Vuu.v[1].w[i].h[1] * Rt.b[3]) ;
b 5
Vxx.h+=vmpa (Vuu.ub, Rt .b) for (i = 0; i < VELEM(16); i++) {

Vxx.v[0] .h[i] 4= (Vuu.v[0] .uh[i] .ubl[0]
* Rt.b[0]) + (Vuu.v[1l].uh[i].ub[0] *
Rt.b[1]);

Vxx.v[1] .h[i] += (Vuu.v[0] .uh[i] .ub[1]
* Rt.b[2]) + (Vuu.v[1l].uh[i] .ub[1] *
Rt.bI[3]) ;

7

Vxx.w+=vmpa (Vuu.h, Rt .b) for (1 = 0; 1 < VELEM(32); 1++) {
Vxx.v[0] .w[i] += (Vuu.v[0].w[i].h[0] *
Rt.b[0]) + (Vuu.v[1l] .w[i] .h[0] * Rt.b[1]);
Vxx.v[1] .w[i] += (Vuu.vI[0] .w[i].h[1] *
Rt.b[2]) + (Vuu.v[1l].w[i].h[1] * Rt.b[3]) ;

b5
Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Instruction Set

Intrinsics

Vdd.h=vmpa

vdd . h=vmpa

vdd . h=vmpa

vdd . w=vmpa

(Vuu.ub, Rt .b)

(Vuu.ub, Vvv.Db)

(Vuu.ub, Vvv.ub)

(Vuu.h,Rt.b)

Vxx.h+=vmpa (Vuu.ub, Rt .Db)

Vxx.w+=vmpa (Vuu.h, Rt .b)

HVX VectorPair
Q6 Wh vmpa WubRb (HVX VectorPair Vuu, Word32
Rt)

HVX VectorPair
Q6 Wh vmpa WubWb (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 _Wh vmpa WubWub (HVX VectorPair Vuu,
HVX VectorPair Vvv)

HVX VectorPair
Q6 Ww_vmpa WhRb (HVX VectorPair Vuu, Word32
Rt)

HVX VectorPair
Q6 _Wh vmpaacc_ WhWubRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)

HVX VectorPair
Q6 _Ww_vmpaacc WwWhRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, 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 t5 Parse ub d5
ofofo|1]1]o]o(1|ofof1|t|t|t|t|t|P|P|O|ululululul1|1]|0|d|d|d]|d]d|Vddh=vmpa(Vuu.ub,Rtb)
ofofo|1]|1]o]ol1|ofo|1|t|t|t|t|t|P|P|O|ujululuful1]|1|1|d|d]|d]|d]d]|Vddw=vmpa(Vuu.hRtb)

ICLASS t5 Parse u5 x5
0O(0/0O|1|1]|O0Oj0O[1T (OO |1 |t|t t|¢t]|t P/1T/ujujujujul1|1|0|x|x|x|x|x |Vxxh+=vmpa(Vuu.ub,Rt.b)
0|0 (0|11 100 |1 [t|t | t|¢t|t Pi1Tjujujujujul1|1|1|x|x|x|x|x|Vxxw+=vmpa(Vuu.h,Rt.b)

ICLASS Parse ub d5
o(o/oy1j1{1jofofo|/01|v{viviv|v|P|/P|Ojujujuflu|u|0|1|1|d|d|d]|d]|d]|Vddh=vmpa(Vuu.ub,Vvv.b)
ololol1|1]1]ofo|1]1]/1]|v|v|v|v|v|PPlo|ulu|lulu|ul1]1]1]|d|d| d|d]d L’)"d-hz""‘pa(v““-“b'v""-“

Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d
t5 Field to encode register t
u5 Field to encode register u
v5 Field to encode register v
x5 Field to encode register x
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Multiply - vector by scalar

Multiply groups of elements in the vector Vu by the corresponding elements in the scalar
register Rt.

This operation has two forms. In the first form the product is not modified, and is
optionally accumulated with the destination register. The even results are placed in the
even vector register of the destination register pair, while the odd results are placed in the
odd vector register.

Supports signed by signed halfword, unsigned by unsigned byte, unsigned by signed byte,
and unsigned halfword by unsigned halfword.

The second form of this operation keeps the output precision the same as the input width
by shifting the product left by 1, saturating the product to 32 bits, and placing the upper 16
bits in the output. Optional rounding of the result is supported.
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Instruction Set

Vxx.h [+]=vmpy(Vu.ub,Rt.b)

ub[3] | ub[2] | ub[1] | ub[0] | Vu

<&

h[1] h[0]

h[1] h[0]

-«——Each 32bit lane—»

Rt.b[0]

Rt.b[1]

Rt.b[2]

Rt.b[3]

Optional
Accumulation

Vdd.V[0]

Vdd.V[1]

Vd.h =vmpy(Vu.h,Rt.h):<<1:rnd:sat

h[1] h[0] Vu

X Rt.h[O]

Rt.h[1]

{ +0x8000 }  Optional Round

Seaop e

h[1] h[0] vd

Saturate upper
16bits

-«——=Each 32bit lane—»
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Instruction Set

Syntax

Vd.h=vmpy (Vu.h,Rt.h) :<<1l:rnd for

:sat

Vd.h=vmpy (Vu.h,Rt.h) :<<1l:sat

vdd.h=vmpy (Vu.ub, Rt .b)

vdd.uh=vmpy (Vu.ub, Rt .ub)

vdd.uw=vmpy (Vu.uh, Rt .uh)

Behavior

(i = 0; i < VELEM(32); i++) {

Vd.w([i] .h[0]=sat 16 (sat 32 (round( ((Vu.

w(i] .h[0] * Rt.h[0])<<1))).h[1]);
Vd.w([i] .h[1l]=sat 16 (sat_ 32 (round( ( (Vu.
w[i] .h[1] * Rt.h[1])<<1))).h[1]);
}i
for (i = 0; i < VELEM(32); i++) {

Vd.w[i] .h[0]=sat_16(sat_32(((Vu.w[i].h

[0] * Rt.h[0])<<1)) .h[1]);

Vd.w[i] .h[1]l=sat_16(sat_32(((Vu.w[i].h

[1] * Rt.h[1])<<1)) .h[1]);

I

T

for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vu.uh[i].ub[0]

Rt.b[(2*1+0)%4]);
vdd.v[1].h[i] =

Rt.b[(2%i+1)%4]) ;

¥

for (i = 0; i < VELEM(16); i++) {
Vdd.v[0].uh[i] = (Vu.uh[i].ubl0]

Rt.ub[(2*1+0)%4]) ;
Vdd.v[1] .uh[i] =

Rt.ub[(2*i+1)%4]) ;

(Vu.uh[i] .ub[1]

(Vu.uh[1i] .ub[1]

¥
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .uw[i] = (Vu.uw[i] .uh[0]
Rt.uh[0]) ;
vdd.v[1] .uw[i] = (Vu.uw[i] .uh[1]
Rt.uh[1]) ;
¥
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Syntax

vdd.w=vmpy (Vu.h,Rt .h)

Vxx.h+=vmpy (Vu.ub, Rt .b)

Vxx.uh+=vmpy (Vu.ub, Rt .ub)

Vxx.uw+=vmpy (Vu.uh, Rt .uh)

Vxx.w+=vmpy (Vu.h,Rt .h) :sat

Class: COPROC_VX (slots 2,3)

Notes

Behavior

for (i = 0; i < VELEM(32); i++) {

Vdd.v[0] .w[i] = (Vu.w[i].h[0] *
Rt.h[0]);

vdd.vI[1] .w[i] = (Vu.w[i].h[1] *
Rt.h[1]) ;
}i
for (i = 0; i < VELEM(16); i++) {

Vxx.v[0] .h[i] += (Vu.uh[i] .ub[0] *
Rt.b[(2*i+0)%4]) ;
Vxx.v[1] .h[i] +=

Rt.b[(2*1i+1)%4]) ;

(Vu.uh[i] .ub[1] *

¥
for (i = 0; 1 < VELEM(16); 1++)
Vxx.v[0] .uh[i] += (Vu.uh[i] .ub[0] *
Rt.ub[(2*1+40)%4]) ;
Vxx.v[1] .uh[i] += (Vu.uh[i] .ub[1] *
Rt.ub[(2*1i+1)%4]) ;
¥
for (i = 0; 1 < VELEM(32); 1+4+)
Vxx.v[0] .uw[i] += (Vu.uw[i] .uh[0] *
Rt.uh[0]) ;
Vxx.v[1] .uw[i] += (Vu.uw[i] .uh[1] *
Rt.uh[1]) ;
for (i = 0; i < VELEM(32); i++) {

Vxx.v[0] .w[i] =
sat 32 (Vxx.v[0] .w[i].s64 +
Rt.h[0]));

Vxx.vI[1] .w[i] =
sat 32 (Vxx.v([1l].w[i].s64 +
Rt.h[1])) ;

7

(Vu.w[i] .h[0]

(Vu.w[i] .h[1]

m This instruction uses both HVX multiply resources.

*

*
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Intrinsics

Vd.h=vmpy (Vu.h,Rt.h) :<<1l:rnd HVX Vector
:sat

Vd.h=vmpy (Vu.h,Rt.h) :<<1l:sat

Q6 Vh vmpy VhRh sl rnd sat (HVX Vector Vu,
Word32 Rt)

HVX Vector
Q6 _Vh vmpy VhRh sl sat (HVX Vector Vu,
Word32 Rt)

Vdd.h=vmpy (Vu.ub, Rt .b) HVX VectorPair Q6 Wh vmpy VubRb (HVX Vector
Vu, Word32 Rt)
vdd.uh=vmpy (Vu.ub, Rt .ub) HVX VectorPair
Q6 Wuh vmpy VubRub (HVX Vector Vu, Word32
Rt)
vdd.uw=vmpy (Vu.uh, Rt .uh) HVX VectorPair
Q6 Wuw_vmpy VuhRuh (HVX Vector Vu, Word32
Rt)
vdd.w=vmpy (Vu.h,Rt.h) HVX VectorPair Q6 Ww_vmpy VhRh (HVX Vector
Vu, Word32 Rt)
Vxx.h+=vmpy (Vu.ub, Rt .b) HVX VectorPair
Q6 _Wh vmpyacc WhVubRb (HVX VectorPair Vxx,
HVX Vector Vu, Word32 Rt)
Vxx.uh+=vmpy (Vu.ub, Rt .ub) HVX VectorPair
Q6 _Wuh vmpyacc WuhVubRub (HVX VectorPair
Vxx, HVX Vector Vu, Word32 Rt)
Vxx.uw+=vmpy (Vu.uh, Rt .uh) HVX VectorPair
Q6 Wuw_vmpyacc_ WuwVuhRuh (HVX VectorPair
Vxx, HVX Vector Vu, Word32 Rt)
Vxx.w+=vmpy (Vu.h,Rt.h) : sat HVX VectorPair
Q6 Ww_vmpyacc WwVhRh sat (HVX VectorPair
Vxx, HVX Vector Vu, 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 t5 Parse ub d5
o|o|o‘1 1‘0‘0|1|0|0‘1 t‘t‘t|t|t P|P 0 u‘u‘u|u|u 1|0‘1 d‘d‘d|d|d Vdd.h=vmpy(Vu.ub,Rt.b)
ICLASS t5 Parse us x5
o|o|o‘1 1‘0‘0|1|0|0‘1 t‘t‘t|t|t P|P u‘u‘u|u|u 1|0‘1 x‘x‘x|x|x Vxx.h+=vmpy(Vu.ub,Rt.b)
ICLASS t5 Parse ub d5
000 17/0(0(1(0(1|0|t|t|t|t|t P/P/|Oj{ujufufuju|0|0|0|d|d|d|d]|d]|Vddw=vmpy(Vu.h,Rt.h)
000 1|1]ofo1]o|1]o|t|t|t t|t|P|P|o|ujujujujulofo|1|d|d|d|d]|ad]ydn=vmpyVuhRthy<<i:
000 1|1]0ofo1]o|1]o|t|t|t t|t|P|P|o|ujujujujulo|1|o|d|d|d|d]|ad]yEmympy(VuhRth)<<i:
0(0 |0 1/0(0(1j0o(1jo0|t|t|t|t|t/P/P/Ojujujufufu|0|1|1|d|d|d|d|d]|Vdd.uw=vmpy(Vu.uh,Rt.uh)
ICLASS t5 Parse ub x5
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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

0001 |1]ofo1]o|1]o|t|t|t|t|t|P|P|1|ujujulululo]o]o]|x|x| x|x]|x|Frwr=vmpy(VuhRth)s

OOO11001010tttttPP1uuuuu001xxxxx?]l)xx'uw"'zvmpy(vu'Uh’Rt'u

00011001100tttttPP1uuuquOOxxxxx;/XX'Uh+=Vmpy(Vu'Ub’Rt‘Ub

ICLASS t5 Parse u5 d5
o|o|o‘1 1‘0‘0|1|1|1‘0 t‘t‘t|t|t P|P 0 u‘u‘u|u|u 0|0‘0 d‘d‘d|d|d Vdd.uh=vmpy(Vu.ub,Rt.ub)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
t5 Field to encode register t
u5 Field to encode register u
X5 Field to encode register x
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Multiply - vector by vector

Multiply groups of elements in the vector Vu by the corresponding elements in the vector
register Vv.

This operation has two forms. In the first form the product is not modified, and is
optionally accumulated with the destination register. The even results are placed in the
even vector register of the destination register pair, while the odd results are placed in the
odd vector register.

Supports signed by signed halfword, unsigned by unsigned byte, unsigned by signed byte,
and unsigned halfword by unsigned halfword.

The second form of this operation keeps the output precision the same as the input width
by shifting the product left by 1, saturating the product to 32 bits, and placing the upper 16
bits in the output. Optional rounding of the result is supported.
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Vxx.h [+]=vmpy(Vu.ub,Vv.b)

bi3] | b[2] | bra] | bio] | w

ub[3] [ ub[2] [ ub[1] | ub[0] | Vu

<&

Optional
Accumulation

Vd.h =vmpy(Vu.h,Vv.h):<<1:rnd:sat

h(1] h[0] Vv
h[1] h[0] Vu

X
Yy Y

X
) 4
<1
5:+0><80°°;5 Optional Round

{ +0x8000 }

Saturate upper

h[1]

h[0]

Vdd.V[0]

h[1] h[0]

-«——=Each 32bit lane—»

Vdd.V[1]

16bits
v
(1) hio] vd

-«——Each 32bit lane—»
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Syntax

Vd.h=vmpy (Vu.h,Vv.h) : <<1:rnd
:sat

vdd.h=vmpy (Vu.b,Vv.Db)

vdd.

h=vmpy (Vu.ub, Vv.Db)

vdd.

uh=vmpy (Vu.ub, Vv.ub)

vdd.uw=vmpy (Vu.uh, Vv.uh)

vdd.

w=vmpy (Vu.h,Vv.h)

vdd.

w=vmpy (Vu.h, Vv.uh)

Vxx.h+=vmpy (Vu.b, Vv.b)

Behavior
for (i = 0; i < VELEM(16); i++) {
Vd.h[i] = sat_16(sat_ 32 (round(((Vu.h[i]
* Vv.h[i])<<1))).h[1]) ;
for (i = 0; i < VELEM(16); i++) {

vdd.v[0] .h[i] =
Vv.h([i] .b[0]) ;

vdd.v([1].h[i] =
Vv.h[i] .b[1]) ;

¥

for

(Vu.h[i] .b[0] *

(Vu.h[i] .b[1] *

(i = 0; i < VELEM(16); i++) {
vdd.v[0].h[i] = (Vu.uh[i].ub[0] *
Vv.h[i] .b[0]) ;
vdd.v[1] .h[i] =
Vv.h[i] .b[1]) ;

¥

for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .uh[i] = (Vu.uh[i] .ub[0] *

Vv.uh[i] .ub[0]) ;
vdd.v[1] .uh[i] =

Vv.uh[i] .ub[1]) ;

Iz

for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .uw[i] = (Vu.uw[i] .uh[0] *

Vv.uw[i] .uh[0]) ;
vdd.v[1] .uw[i] =

Vv.uw[i] .uh[1]) ;

Iz

for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = (Vu.w[i] .h[0] *

Vv.wl[i] .h[0]);
vdd.v([1] .w[i] =

vv.w([i] .h[1]) ;

1

(Vu.uh[i] .ub[1] *

(Vu.uh[i] .ub[1] *

(Vu.uw[i] .uh[1] *

(Vu.w[i] .h[1] *

for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = (Vu.w[i].h[0] *

Vv.uw[i] .uh[0]) ;
vad.v[1l] .w[i] =

Vv.uw[i] .uh[1]) ;

¥

for (i = 0;
Vxx.v[0].h[1]

Vv.h[i] .b[0]) ;
Vxx.vI[1] .h[1]

Vv.h([i] .b[1]) ;

¥

(Vu.w[i] .h[1] *

i < VELEM(16); i++) {
+= (Vu.h[i] .b[0] *

+= (Vu.h[i] .b[1] =
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Syntax

Vxx.h+=vmpy (Vu.ub, Vv.b)

Vxx .uh+=vmpy (Vu.ub, Vv.ub)

Vxx.uw+=vmpy (Vu.uh, Vv.uh)

Vxx.w+=vmpy (Vu.h, Vv.h)

Vxx.w+=vmpy (Vu.h, Vv.uh)

Class: COPROC_VX (slots 2,3)

Notes

Behavior

for (i = 0; i < VELEM(16); i++) {
Vxx.v[0] .h[i] += (Vu.uh[i] .ub[0] *
Vv.h[i] .b[0]) ;
Vxx.v[1] .h[i] += (Vu.uh[i] .ub[1] *
vv.h[i] .b[1]) ;

1

for (1 = 0; 1 < VELEM(16); i++)
Vxx.v[0] .uh[i] += (Vu.uh[i] .ub[0] *
Vv.uh[i] .ub[0]) ;
Vxx.v[1] .uh[i] += (Vu.uh[i] .ub[1] *
Vv.uh[i] .ub[1]) ;

¥

for (i = 0; 1 < VELEM(32); 1++)
Vxx.v[0] .uw[i] += (Vu.uw[i] .uh[0] *
Vv.uw[i] .uh[0]) ;
Vxx.v[1] .uw[i] += (Vu.uw[i] .uh[1] *
Vv.uwl[i] .uh[1]) ;

¥

for (i = 0; i < VELEM(32); i++) {
Vxx.v[0] .w[i] += (Vu.w[i] .h[0] *
Vv.w([i] .h[0]);
Vxx.vI[1] .w[i] += (Vu.w[i].h[1] *
Vv.w([i] .h[1]) ;
for (i = 0; i < VELEM(32); i++) {
Vxx.v[0] .w[i] += (Vu.w[i].h[0] *
Vv.uw[i] .uh[0]) ;
Vxx.vI[1] .w[i] += (Vu.w[i].h[1] *
Vv.uw[i] .uh[1]) ;

Iz

m This instruction uses both HVX multiply resources.

Intrinsics

Vd.h=vmpy (Vu.h,Vv.h) :<<1l:rnd HVX Vector

:sat

vdd.h=vmpy (Vu.b,Vv.Db)

vdd.h=vmpy (Vu.ub, Vv.b)

vdd.uh=vmpy (Vu.ub, Vv.ub)

vdd.uw=vmpy (Vu.uh, Vv.uh)

Q6 Vh vmpy VhVh sl rnd sat (HVX Vector Vu,
HVX Vector Vv)

HVX VectorPair Q6 Wh vmpy VbVb (HVX Vector
Vu, HVX Vector Vv)

HVX VectorPair Q6 Wh vmpy VubVb (HVX Vector
Vu, HVX Vector Vv)

HVX VectorPair
Q6 Wuh vmpy VubVub (HVX Vector Vu,
HVX Vector Vv)

HVX VectorPair
Q6_Wuw_vmpy VuhVuh (HVX Vector Vu,
HVX Vector Vv)
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vdd.w=vmpy (Vu.h,Vv.h) HVX VectorPair Q6 Ww_vmpy VhVh (HVX Vector
Vu, HVX Vector Vv)
vdd.w=vmpy (Vu.h, Vv.uh) HVX_VectorPair Q6_Ww_vmpy_ VhVuh (HVX Vector
Vu, HVX Vector Vv)
Vxx.h+=vmpy (Vu.b, Vv.b) HVX VectorPair
Q6 _Wh vmpyacc_ WhVbVb (HVX VectorPair Vxx,
HVX_Vector Vu, HVX_Vector Vv)
Vxx . h+=vmpy (Vu.ub, Vv.Db) HVX VectorPair
Q6 Wh vmpyacc WhVubVb (HVX VectorPair Vxx,
HVX_Vector Vu, HVX_Vector Vv)
Vxx.uh+=vmpy (Vu.ub, Vv.ub) HVX VectorPair
Q6 Wuh vmpyacc WuhVubVub (HVX VectorPair
Vxx, HVX Vector Vu, HVX Vector Vv)
Vxx.uw+=vmpy (Vu.uh, Vv.uh) HVX VectorPair
Q6 _Wuw_vmpyacc_WuwVuhVuh (HVX VectorPair
Vxx, HVX Vector Vu, HVX Vector Vv)
Vxx.w+=vmpy (Vu.h,Vv.h) HVX VectorPair
Q6 _Ww_vmpyacc_WwVhVh (HVX VectorPair Vxx,
HVX Vector Vu, HVX Vector Vv)
Vxx.w+=vmpy (Vu.h, Vv.uh) HVX VectorPair
Q6 _Ww_vmpyacc_WwVhVuh (HVX VectorPair Vxx,
HVX_Vector Vu, HVX_Vector Vv)
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 Parse ub d5
0(0 |0 1 0o|0(0f0|O0O|v|Vv| V| Vv| V| P/P|O|ujufufu|lu|1|0|0|d|d|d|d]|d]|Vddh=vmpy(Vu.b,Vv.b)
0(0 |0 1 o|o(0f0f0O|v|Vv|Vv|Vv| v P/ P/IO|ulujufufu/1|0|1|d|d d | d | Vdd.uh=vmpy(Vu.ub,Vv.ub)
00|01 o|0(0f(0Of0O|Vv|Vv| V| V| V| P/ PIO|ulujufufu/1|1|0|d|d d | d | Vdd.h=vmpy(Vu.ub,Vv.b)
00|01 0(0|0|0|0|v|Vv| V| V| V| P/P/O|lujlujujufu|1|1|1|d|d|d|d]|d]|Vdd.w=vmpy(Vu.hVv.h)
ICLASS Parse us x5
0(0 |0 1 0|0[(0f0fO0O|v|Vv| V| V| VIP/IP|1T|ujujufu|lu|1|0|0|x|x|x]|x|x|Vxxh+t=vmpy(Vu.b,Vv.b)
0|0 (0|1 00000vvvvaP1uuuuu101xxxxx;/XX‘Uh+=vmw(vu'Ub’vv'Ub
0|0 (0|1 00 |0 V|iv| v v/ v Pi1Tjujujujujul1|1|0|x|x|x|x|x |Vxxh+=vmpy(Vu.ub,Vv.b)
0|0 (0|1 00|00 |0 |V V| V| V|V Pi1jujujujujul1|1|1|x|x|x|x|x|Vxxw+=vmpy(Vu.h,Vv.h)
ICLASS Parse us d5
0(0 |0 1 0O|0(0(0Of1|v|Vv|Vv| V| Vv|/P/P/IO|ujujufulu|0|0|0|d|d|d|d]|d|Vdd.uw=vmpy(Vu.uh,Vv.uh)
0loo |1 ofofojo|1|viv v v v|P|Plo|ulujufujulolof1|d d|d d| d| Vdh=vmpyVuhvvhy<<i:
00|01 00|00 1|v|v| Vv Vv| V| P/P/O|luju/ujufu|0|1|0|d|d|d|d]|d]|Vdd.w=vmpy(Vu.hVv.uh)
ICLASS Parse us x5
0|0 (0|1 00001vvvvaP1uuuuu000xxxxx?1/))0('UW"':\lmpy(vu'Uh’VV'u
0(0 |0 1 00001 |v|Vv|Vv|Vv| Vv P|/P|1T|ujufufu|lu|0|0 |1 |x|x|Xx|Xx]|x|Vxxw+=vmpy(Vu.h,Vv.uh)
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
x5 Field to encode register x
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Integer multiply - vector by vector

Multiply corresponding elements in Vu by the corresponding elements in Vv, and place
the lower half of the result in the destination vector register Vd. Supports signed

halfwords, and optional accumulation of the product with the destination vector register
Vx.

Vd.h = vmpyi(Vu.h,Vv.h)

h[0] Vv

h[0] Vu

Output only lower

16 LSBs
Optional
accumulate

h[0] Vvd

Each 16bit
- »
lane
Syntax Behavior
Vd.h=vmpyi (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {
vd.h[i] = (Vu.h[i] * Vv.h[i]) ;
b

Vx.h+=vmpyi (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {

Vx.h[i] += (Vu.h[i] * Vv.h[i]) ;
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Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics
Vd.h=vmpyi (Vu.h,Vv.h) HVX Vector Q6 Vh vmpyi VhVh (HVX Vector Vu,
HVX Vector Vv)
Vx.h+=vmpyi (Vu.h,Vv.h) HVX Vector Q6 Vh vmpyiacc VhVhVh (HVX Vector
Vx, HVX Vector Vu, HVX Vector Vv)
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 Parse ub d5
0 |o |o ‘1 1 ‘1 ‘0 |o |0 |0 ‘1 ‘v‘v‘v|v|v P|P 0 u‘u‘u|u|u 1 |o ‘0 d‘d‘d|d|d Vd.h=vmpyi(Vu.h,Vv.h)
ICLASS Parse ub x5

o|o|o‘1 1‘1‘0|0|0|0‘1‘v‘v‘v|v|v P|P 1 u‘u‘u|u|u 1|o‘0 x‘x‘x|x|x Vx.h+=vmpyi(Vu.h,Vv.h)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
u5 Field to encode register u
v5 Field to encode register v
X5 Field to encode register x

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 119



Hexagon V60 HVX Programmer’s Reference Manual Instruction Set

Integer Multiply (32x16)

Multiply words in one vector by even or odd halfwords in another vector. Take the lower
part. Some versions of this operation perform unusual shifts to facilitate 32x32 multiply

synthesis.
Syntax Behavior
Vd.w=vmpyie (Vu.w, Vv.uh) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.w[i] * Vv.w[i].uh[0]) ;
b
Vd.w=vmpyio (Vu.w,Vv.h) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.w[i] * Vv.w[i].h[1]) ;
b5
Vx.w+=vmpyie (Vu.w,Vv.h) for (i = 0; i < VELEM(32); i++) {
Vx.wl[i] = Vx.w[i] + (Vu.w[i] *
Vv.wl[i] .h[0]) ;
b
Vx.w+=vmpyie (Vu.w, Vv.uh) for (i = 0; i < VELEM(32); i++) {

Vx.wl[i] = Vx.w[i] + (Vu.w[i] *
Vv.w([i] .uh[0]) ;

b5
Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

vd.w=vmpyie (Vu.w,Vv.uh) HVX Vector Q6 Vw vmpyie VwVuh (HVX Vector
Vu, HVX Vector Vv)

Vd.w=vmpyio (Vu.w,Vv.h) HVX Vector Q6 Vw_vmpyio VwVh (HVX Vector Vu,
HVX Vector Vv)

Vx.w+=vmpyie (Vu.w,Vv.h) HVX Vector
Q6 _Vw_vmpyieacc VwVwVh (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv)

Vx.w+=vmpyie (Vu.w,Vv.uh) HVX Vector

Q6 _Vw_vmpyieacc VwVwVuh (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv)
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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 u5 x5
o/0o(0|1|1}(1]j0(0|0|0O 1|V Vv V| V| V| P/P|1|u|uu u/1|0|1|x|x|x Vx.w+=vmpyie(Vu.w,Vv.uh)
0|0 (0|1 |11 0/0(1|0|v|v|Vv| v Vv P|P|1 | uju|u u/0 (0|0 |x|x|Xx Vx.w+=vmpyie(Vu.w,Vv.h)
ICLASS Parse ub d5
o001 |1 |11 |1 (1 [1|0|v|Vv| V| |Vv| Vv P/O|u|u|u ul(0 |0 |0 d|d Vd.w=vmpyie(Vu.w,Vv.uh)
000 (1|1 (1|1 [1 11 Viv|iv|v|v P ujuju u(0|0 1 Vd.w=vmpyio(Vu.w,Vv.h)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
us Field to encode register u
v5 Field to encode register v
X5 Field to encode register x
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Integer multiply accumulate even/odd

Multiply groups of words in vector register Vu by the elements in Rt. The lower 32-bit
results are placed in vector register Vd.

The operation has two forms: signed words or halfwords in Vu, multiplied by signed bytes
in Rt.

Optionally accumulates the product with the destination vector register Vx.

Vd.w [+]= vmpyi(Vu.w,Rt.b) Vd.w [+]= vmpyi(Vu.w,Rt.h)

w(3] w(2] w(1] w(0] Vu w(3] w(2] w(1] w(0] Vu

X | Rt.b[3] X e Rt.h[1]
/ ) 4 _/ v

Cx\: Rt.b[2] CX\:
_j A 4 J A4
D Rt.b[1] x\‘
Y
Output only lower 32 LSBs X e Rt.b[0] Output only lower 32 LSBs X ereeeeeeene ‘- Rt.h[0]
A4 A4 4 Y
+ + Optional ; . ; . ; ; Optional
Accumulate Accumulate
w(3] w(2] w(1] w(0] vd w(3] w(2] w(1] w(0] vd
-——Fach 128bit lane——» -4——————Fach 128bit lane————
Syntax Behavior
Vd.w=vmpyi (Vu.w,Rt.h) for (i = 0; i < VELEM(32); i++) {
vd.wl[i] = (Vu.w[i] * Rt.h[i % 2]) ;
VX .w+=vmpyi (Vu.w, Rt .h) for (i = 0; i < VELEM(32); i++) {
Vx.w[i] += (Vu.w[i] * Rt.h[i % 2]) ;
b5

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Intrinsics
vd.w=vmpyi (Vu.w,Rt.h) HVX Vector Q6 Vw vmpyi VwRh (HVX Vector Vu,
Word32 Rt)
Vx.w+=vmpyi (Vu.w,Rt .h) HVX Vector Q6 Vw_vmpyiacc VwVwRh (HVX Vector
Vx, HVX Vector Vu, 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 t5 Parse ub x5
o|o|o‘1 1‘0‘0|1|0|1‘0 t‘t‘t|t|t P|P1 u‘u‘u|u|u o|1‘1 x‘x‘x|x|x Vx.w+=vmpyi(Vu.w,Rt.h)
ICLASS t5 Parse ub d5
o|o|o‘1 1‘0‘0|1|1|0‘0 t‘t‘t|t|tP|P0 u‘u‘u|u|u1|1‘1 d‘d‘d|d|d Vd.w=vmpyi(Vu.w,Rt.h)

Field name
ICLASS
Parse
ds
t5
ub

x5

Instruction Class
Packet/Loop parse bits

Field to encode register d
Field to encode register t
Field to encode register u
Field to encode register x

Description
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Multiply (32x16)

Multiply words in one vector by even or odd halfwords in another vector. Take the upper
part. Some versions of this operation perform specific shifts to facilitate 32x32 multiply
synthesis. The intended use of the accumulating versions is for 32x32 multiplication.

An important operation is a 32x32 fractional multiply, equivalent to (OP1 * OP2)>>31.
The case of fn(0x80000000, 0x80000000) must saturate to 0x7fftfftt.

The rounding fractional multiply:
vectorize( sat 32(x * y + 0x40000000)>>31) )
... 1s equivalent to:

{ v2 = vmpye (VO.w, V1.uh) }
{ v2+= vmpyo (V0.w, V1.h):<<l:rnd:sat:shift }

... and the non-rounding fractional multiply version:
vectorize( sat 32(x * y)>>31)
... 1s equivalent to:

{ v2 = vmpye (VO.w, V1.uh) }
{ v24+= vmpyo (V0.w, V1.h):<<l:sat:shift }

Also a key function is a 32 x 32 signed multiply where the 64-bit result is kept:
vectorize( (inté64) x * (inté4) y )
... 1s equivalent to:
{ v3:2 = vmpye (VO.w, V1.uh) } { V3:2+= vmpyo(V0.w, V1.h) }
The lower 32 bits of the products are in V2 and the upper 32 bits in V3.

If only vmpye is performed, the result will be a 48-bit product of 32-bit signed x 16-bit
unsigned asserted into the upper 48 bits of Vdd.

If only vmpyo is performed assuming Vxx = #0, the result will be a 32-bit signed x 16-bit
signed product asserted into the upper 48 bits of Vxx.

Syntax Behavior
Vd.w=vmpye (Vu.w, Vv.uh) for (1 = 0; 1 < VELEM(32); 1++) {
vd.wl[i] = (Vu.w[i] * Vv.w[i] .uh[0]) >>

16 ;

Iz

Vd.w=vmpyo (Vu.w,Vv.h) :<<1[:r for (i = 0; i < VELEM(32); i++) {
nd] : sat Vd.w([i] = sat 32(((((Vu.w[i] *
Vv.wl[i] .h[1]) >> 14) + 1) >> 1)) ;

1

Vx.w+=vmpyo (Vu.w,Vv.h) :<<1[: for (i = 0; i < VELEM(32); i++) {
rnd] :sat:shift Vx.w([i] = sat 32 (((((Vx.w([i] + (Vu.w[i]
* Vv.wl[i] .h[1])) >> 14) + 1) >> 1)) ;

}i
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Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

vd.w=vmpye (Vu.w, Vv.uh) HVX Vector Q6 Vw vmpye VwVuh (HVX Vector Vu,
HVX Vector Vv)

Vd.w=vmpyo (Vu.w,Vv.h) :<<1l:rn HVX Vector

d:sat Q6_Vw_vmpyo VwVh sl rnd sat (HVX Vector Vu,
HVX Vector Vv)

Vd.w=vmpyo (Vu.w,Vv.h) :<<l:sa HVX Vector

t Q6 _Vw_vmpyo VwVh sl sat (HVX Vector Vu,
HVX Vector Vv)

Vx.w+=vmpyo (Vu.w,Vv.h) :<<l:r HVX Vector

nd:sat:shift Q6 _Vw_vmpyoacc_VwVwVh sl rnd sat shift (HVX
Vector Vx, HVX Vector Vu, HVX Vector Vv)

Vx.w+=vmpyo (Vu.w,Vv.h) :<<l:s HVX Vector

at:shift Q6 Vw_vmpyoacc VwVwVh sl sat shift (HVX Vect
or Vx, HVX Vector Vu, HVX Vector Vv)

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|o

ICLASS

Parse ub x5

0O(0(1|v|v|v|v| v P/P/1T|ujujufuflu|1|1|0|x|x|x|x|Xx

Vx.w+=vmpyo(Vu.w,Vv.h):<

<1:sat:shift

Vx.w+=vmpyo(Vu.w,Vv.h):<

<1:rnd:sat:shift

Parse ub d5

Vd.w=vmpyo(Vu.w,Vv.h):<<

1:rnd:sat

Vd.w=vmpye(Vu.w,Vv.uh)

Vd.w=vmpyo(Vu.w,Vv.h):<<

1:sat

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
x5 Field to encode register x
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Multiply bytes with 4-wide reduction - vector by scalar

Perform multiplication between the elements in vector Vu and the corresponding elements
in the scalar register Rt, followed by a 4-way reduction to a word in each 32-bit lane.
Accumulate the result in Vx or Vxx.

Supports the multiplication of unsigned byte data by signed or unsigned bytes in the
scalar.

The operation has two forms: the first performs simple dot product of 4 elements into a
single result. The second form takes a 1-bit immediate input and generates a vector
register pair. For #1 = 0 the even destination contains a simple dot product, the odd
destination contains a dot product of the coefficients rotated by 2 elements and the upper 2
data elements taken from the even register of Vuu. For #u = 1, the even destination takes
coefficients rotated by -1 and data element 0 from the odd register of Vuu. The odd
destination uses coefficients rotated by -1 and takes data element 3 from the even register
of Vuu.

Vdd.w([+]=vrmpy(Vuu.ub,Rt.b, #0) Vdd.w[+]=vrmpy(Vuu.h,Rt.b, #1)
Vd.w[+]=vrmpy(Vu.ub,Rt.b)

Vu ub([3] | ub[2] [ ub[1] | ub[0] [Vuu.V[1] ub[3] | ub[2] | ub[1] | ub[0] [Vuu.V[0] ub[3] | ub[2]

]

ub[1] [ ub[0] | Vuu.V[1] ub[3] [ ub[2] | ub[1] | ub[0] | Vuu.V[0]

b[3] ‘ b[2] | b[1] | b[0]

Rt.b[0]

Rt.b[1]

Rt.b[2]

Rt.b[3] <= Rt.b[0]

Rt.b[1]

Optional
Accumulation

Rt.b[2]

Rt.b[3]

Optional
ot —— ———— Accumulation

Optional
------ Accumulation

Optional
Accumulation

Optional
Accumulation

Vdd.Vv[1] vdd.v[0]

1
1
I
I
i
Vdd.V[1] ‘ w(0] ‘ |vdd.v(o] ‘ w(0] ‘
1
1
]

- 32bit lane pair - -+ 32bit lane pair -
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Syntax

Vdd.uw=vrmpy (Vuu.ub, Rt .ub, #u
1)

vdd.w=vrmpy (Vuu.ub, Rt .b, #ul)

Vxx.uw+=vrmpy (Vuu.ub,Rt .ub, #
ul)

Behavior

for (i = 0;
vdd.v[0] .uw[i]
1:0] .uw[i] .ub[0] *
vdd.v[0] .uw[i]
].uw[i] .ub[1] * Rt.
vdd.v[0] .uw[i]
].uw([i] .ub[2] * Rt.
vdd.v[0] .uw[i]
].uw([i] .ub[3] * Rt.
vdad.vI[1] .uw[i]
* Rt.ub[ (2-#u)
vdd.v[1] .uw[i]
].uw([i] .ub[1] * Rt.
vdd.v[1] .uw[i]

i < VELEM(32) ;

iv+) |
= (Vuu.v[#u ?
Rt .ub [ (0-#u)

+= (Vuu.v [0

ub [ (1-#u) & 0x3]);
+= (Vuu.v [0
ub [ (2-#u) &
+= (Vuu.v [0
ub [ (3-#u) &
= (Vuu.vI[1 ].

& 0x3]);

(
(
( 0x31) ;
(

0x3]) ;
uw[i] .ub[0]

& 0x3])

+= EVuu.v[l
ub[ (3-#u) & 0x3]);
+= (Vuu.v[#u ?

1:0] .uw[i] .ub[2] * Rt.ub[(0-#u) & 0x3]);
vdd.v[1] .uw[i] += (Vuu.v [0
J.uw[i] .ub[3] * Rt.ub[(1-#u) & 0x3]) ;
¥
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = (Vuu.v[#u ?
1:0] .uw[i] .ub[0] * Rt.b[(0-#u) & 0x3]);
vdd.v[0] .w[i] += (Vuu.v[0 ].uwl[i] .ub[1]
* Rt.b[(1-#u) & 0x3]);
vdd.v[0] .w[i] += (Vuu.vI[0 ].uw[i] .ub[2]
* Rt.b[(2-#u) & 0x3]);
vdd.v[0] .w[i] += (Vuu.v[0 ].uwl[i] .ub[3]
* Rt.b[(3-#u) & 0x3]);
vdd.v[1l] .w[i] = (Vuu.vI[1l ].uw[i] .ub[O0]
* Rt.b[(2-#u) & 0x3]);
vdd.v([1] .w[i] += (Vuu.vI[1 ].uw[i] .ub[1]

* Rt.b[(3-#u) & 0x3
vdd.v[1] .w[i] +
1:0] .uw[i] .ub[2] *

vdd.v[1] .w[i] += (Vuu.v [0 ].

* Rt.b[(1-#u)

¥

for

& 0x3

(1 = 0;
Vxx.v[0] .uw[i]
1:0] .uw[i] .ub[0] *
Vxx.v[0] .uw[i]
].uw[i] .ub[1] * Rt
Vxx.v[0] .uw[i]
].uw[i] .ub[2] * Rt
Vxx.v[0] .uw[i]
].uw[i] .ub[3] * Rt
Vxx.v[1] .uw[i]
].uw[i] .ub[0] * Rt
Vxx.vI[1] .uw[i]
].uw([i] .ub[1] * Rt
Vxx.v[1] .uw[i]
1:0] .uw[i] .ub[2] *
Vxx.vI[1] .uw[i]
].uw[i] .ub[3] * Rt

i < VELEM(32) ;

1)

= (Vuu.v[#u ?
Rt.b[(0-#u) & 0x3]);
uw[i] .ub[3]
1)

i++) |

+= (Vuu.v[#u ?

Rt.ub[(0-#u) & 0x3]);
+= (Vuu.v [0

.ub[ (1-#u) & 0x3]);

+= (Vuu.v [0
ub [ (2-#u) & 0x31]);

+= (Vuu.v [0
.ub [ (3-#u) & 0x3]);

+= (Vuu.v([1

.ub[ (2-#u) & 0x31]);

+= (Vuu.v([1
.ub [ (3-#u) & 0x3]);

+= (Vuu.v[#u ?
Rt.ub[(0-#u) & 0x3]);
+= (Vuu.v|[O0

.ub[ (1-#u) & 0x31) ;
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Class: COPROC_VX (slots 2,3)

Syntax

Behavior

Vxx.w+=vrmpy (Vuu.ub,Rt.b,#ul for (i = 0; i < VELEM(32); i++) {

)

Notes

Vxx.v[0] .w[i] += (Vuu.v[#u ?
1:0] .uw[i] .ub[0] * Rt.b[(0-#u) & 0x3]);

Vxx.v[0] .w[i] += (Vuu.v[0 ].uw[i] .ub[1]
* Rt.b[(1-#u) & 0x3]);

Vxx.v[0] .w[i] += (Vuu.vI[0 ].uw[i] .ub[2]
* Rt.b[(2-#u) & 0x3]);

Vxx.v[0] .w[i] += (Vuu.v[0 ] .uw[i] .ub[3]
* Rt.b[(3-#u) & 0x3]);

Vxx.v[1] .w[i] += (Vuu.v[1 ].uw[i] .ub[0]
* Rt.b[(2-#u) & 0x3]);

Vxx.v[1] .w[i] += (Vuu.vI[1 ].uw[i] .ub[1]
* Rt.b[(3-#u) & 0x3]);

Vxx.v[1] .w[i] += (Vuu.v[#u ?
1:0] .uw[i] .ub[2] * Rt.b[(0-#u) & 0x3]);

Vxx.v[1] .w[i] += (Vuu.v[0 ].uw[i] .ub[3]

Rt.b[(1-#u) & 0x3]) ;

7

—— %

m This instruction uses both HVX multiply resources.

Intrinsics

vdd.uw=vrmpy (Vuu.ub, Rt .ub, #u
1)

vdd.w=vrmpy (Vuu.ub,Rt.Db, #ul)
VXX .uw+=vrmpy (Vuu.ub,Rt .ub, #
ul)

Vxx.w+=vrmpy (Vuu.ub,Rt.Db, #ul

HVX VectorPair
Q6 _Wuw_vrmpy WubRubI (HVX VectorPair Vuu,
Word32 Rt, Word32 Iul)

HVX VectorPair
Q6 _Ww_vrmpy WubRbI (HVX VectorPair Vuu,
Word32 Rt, Word32 Iul)

HVX VectorPair

Q6 _Wuw_vrmpyacc WuwWubRubI (HVX VectorPair
Vxx, HVX VectorPair Vuu, Word32 Rt, Word32
Tul)

HVX VectorPair
Q6 Ww_vrmpyacc WwWubRbI (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt, Word32 Iul)
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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 t5 Parse u5 d5
ololof1]1]o]o ol1]o|t|t|t|t|t|P|P|0 ululu ul1/0ild d ¥3$5W=Vrmpy(vuu-”b'Rt-b'
ICLASS t5 Parse ub x5
ololol1]1]o]o0 of1lolt|t|t|tlt|P|P|[1|ulu|u ul1]ol]ilx x \,’;ﬁﬁ-‘)””:‘”mpy(v“”-“b'm-b
olofof1]1]o]o o1 (1]t|t|t|t|t|P|P|1 ululu ul11]ilx x L’;@ﬂ‘?’)ﬂwmpy(\’”“-“b'm-
ICLASS t5 Parse u5 d5
ololol1]1]o]0 1101 ]t|t|t|t|t|P|P|lo|ululu ul1]1]ild d Viﬂ-;‘;"’zvrmpy(\’““-“b*Rt-“
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
us Field to encode register u
x5 Field to encode register x
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Multiply accumulate with 4-wide reduction - vector by vector

vrmpy performs a dot product function between 4 byte elements in vector register Vu and
4 byte elements in Vv. the sum of products can be optionally accumulated into Vx or
written into Vd as words within each 32-bit lane.

Data types can be unsigned by unsigned, signed by signed, or unsigned by signed.

Vd.w[+]=vrmpy(Vu.b,Vv.b)

b[3] | b[2] | b[1] | b[O] Vu

L1

b[0] Vv

————————— Optional Accumulation

w(0] vd

<«4+—32bit Lane———»
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Syntax Behavior

Vx . uw+=vrmpy (Vu.ub, Vv.ub) for (i = 0; i < VELEM(32); i++) {
Vx.uw[i] += (Vu.uw[i].ub[0] *
Vv.uwl[i] .ub[0]) ;
Vx.uw[i] += (Vu.uw[i] .ub[1] *
Vv.uw([i] .ub[1]);
Vx.uw[i] += (Vu.uw[i] .ub[2] *
Vv.uwl[i] .ub[2]) ;
Vx.uw[i] += (Vu.uw[i].ub[3] *
Vv.uwl[i] .ub[3]) ;

¥

Vx.w+=vrmpy (Vu.b, Vv.b) for (1 = 0; 1 < VELEM(32); 1++) {

Vx.wl[i] += (Vu.w[i].b[0] =*
Vv.wl[i] .b[0]) ;

Vx.wl[i] += (Vu.w[i].b[1] *
Vv.w([i] .b[1]);

Vx.wl[i] += (Vu.w[i] .b[2] *
vv.w([i] .b[2]);

Vx.wl[i] += (Vu.w[i].b[3] *
vVv.wl[i] .b[3]) ;

Iz

Vx.w+=vrmpy (Vu.ub, Vv.b) for (i = 0; 1 < VELEM(32); 1i++) {
Vx.w[i] += (Vu.uw[i] .ub[0] *
Vv.wl[i] .b[0]) ;
Vx.w[i] += (Vu.uw[i] .ub[1] *
Vv.wl[i] .b[1]) ;
Vx.wl[i] += (Vu.uw[i] .ub[2] *
vv.w([i] .b[2]);
Vx.wl[i] += (Vu.uw[i] .ub[3] *
Vv.wl[i] .b[3]) ;

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

Vx.uw+=vrmpy (Vu.ub, Vv.ub) HVX Vector
Q6 _Vuw_vrmpyacc VuwVubVub (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv)

Vx.w+=vrmpy (Vu.b,Vv.b) HVX Vector Q6 Vw_vrmpyacc_VwVbVb (HVX Vector
Vx, HVX Vector Vu, HVX Vector Vv)

Vx.w+=vrmpy (Vu.ub, Vv.b) HVX Vector

Q6_Vw_vrmpyacc_VwVubVb (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv)
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Encoding

w

31|3o|29\28 27\26\25|24|23|22\21\20\19\1a|17|1615|141 12\11\1o|9|8 7|6\5 4\3\2|1|o
ICLASS Parse us x5

ololol1]|1]1]ololofolo|v|v|v|v|v|P|P|1 | ulululululo|o|o]x]|x]|x]|x]|x]|Yxuw+=vimpy(Vu.ubVv.ub

o(o/of1|1{1j0f(0f0|0|0O|Vv|Vv|Vv|Vv| V| P|P|{1T|uju|ju|lu|u|0 |0 |1 |x|x]|x|x]|Xx|Vxw+=vrmpy(Vu.b,Vv.b)

o(o/0o|1|1{1j0f0f(0|0O|O0O|Vv|Vv| V| Vv| VI P/P|{1T|uju|lu|lu|lu|0|1]|0|x|x|x|Xx]|Xx|Vxw+=vrmpy(Vu.ub,Vv.b)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
u5 Field to encode register u
v5 Field to encode register v
x5 Field to encode register x
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Multiply with 3-wide reduction

Perform a 3-element sliding window pattern operation consisting of a two multiplies with
an additional accumulation. Data elements are stored in the vector register pair Vuu, and
coefficients in the scalar register Rt.

Vdd.h[+]=vtmpy(Vuu.b,Rt.b)

b[3] | b[2] | b[1] | b[O] | Vuu.V[1] b[3] | b[2] | b[1] | b[O] | Vuu.V[O]

—

Rt.b[0]

Rt.b[1]

Rt.b[2]

Rt.b[3]

ffffff Optional Accumulation Optional Accumulation

h[1] h[0] vdd.V[1] h[1] h[0] Vdd.V[0]

- 32bit lane pair >
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Instruction Set

Vdd[+]=vtmpyhb(Vuu,Rt)

h[1] | h[O] | Vuu.V[1]

w[0] Vdd.V[1]

Syntax

vVdd.h=vtmpy (Vuu.b, Rt .Db)

h[1] | h[0] | Vuu.V[O]

X Rt.b[0/2]

X Rt.b[1/3]

Optional Accumulation

w[0] Vdd.V[0]

-432bit [aned»

Behavior

for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vuu.v[0].h[i].b[0] *
Rt.b[(2*1 )%4]);
vVdd.v[0] .h[i] +=
Rt.b[(2*i+1)%4]) ;
vdd.v[0] .h[i] += Vuu.v[1].h[i].b[0];
Vdd.vI[1] .h[i] = (Vuu.v[0].h[i].b[1] *
Rt.b[(2*1 )%4]);
vdd.v[1] .h[i] +=
Rt.b[(2*i+1)%4]);
vdd.vI[1] .h[i]

(Vuu.v[0] .h[i] .b[1] *

(Vuu.v[1] .h[i] .b[0] =*

+= Vuu.vI[1] .h[i] .b[1] ;
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Instruction Set

Syntax

Vdd.h=vtmpy (Vuu.ub, Rt .Db)

Vdd.w=vtmpy (Vuu.h, Rt .b)

Vxx.h+=vtmpy (Vuu.b, Rt .Db)

Vxx.h+=vtmpy (Vuu.ub, Rt .Db)

Behavior

for (i = 0; i < VELEM(16); i++) {

vdd.v[0] .h[i] = (Vuu.v[0] .uh[i] .ub[0] *
Rt.b[(2*i )%4]);

vdd.v[0] .h[i] += (Vuu.v[0].uh[i] .ub[1]
* Rt.b[(2%i+1)%4]) ;

vdd.v[0] .h[i] += Vuu.v[1] .uh[i] .ub[O0];

vdd.v[1] .h[i] = (Vuu.v[0] .uh[i] .ub[1] *
Rt.b[(2*%1 )%4]);

vdd.v[1] .h[i] += (Vuu.v[1].uh[i] .ub[O0]
* Rt.b[(2%1i+1)%41]1) ;

vdd.v[1] .h[i] += Vuu.v[1] .uh[i] .ub[1] ;
¥

for (i = 0; i < VELEM(32); i++) {

vdd.v[0] .w[i] = (Vuu.v[0].w[i].h[O0] =*
Rt.b[(2*i+0)%4]) ;

vdd.v[0] .w[il+= (Vuu.v[0] .w[i].h[1] =*
Rt.b[(2*i+1)%4]);

vdd.v[0] .w[i]l+= Vuu.v[1] .w[i] .h[O0];

vdd.v[1] .w[i] = (Vuu.v[0] .w[i].h[1] *
Rt.b[(2*i+0)%4]) ;

vdd.v[1] .w[i]l+= (Vuu.v[1l] .w[i].h[O0] *
Rt.b[(2*i+1)%4]);

vdd.v[1l] .w[il+= Vuu.v[1] .w[i] .h[1] ;
}i

for (i = 0; i < VELEM(16); i++) {

Vxx.v[0] .h[i] += (Vuu.vI[0].h[i] .b[O]
Rt.b[(2*i )%4]);

Vxx.v[0] .h[i] += (Vuu.v[0] .h[i].b[1] *
Rt.b[(2*%i+1)%4]) ;

Vxx.v[0] .h[i] += Vuu.v[1].h[i].b[O0];

Vxx.v[1] .h[i] += (Vuu.v[0] .h[i] .b[1]
Rt.b[(2*i )%4]1);

Vxx.v[1] .h[i] += (Vuu.v[1] .h[i] .b[0]
Rt.b[(2*i+1)%4]);

Vxx.vI[1] .h[i] += Vuu.v[1l] .h[i] .b[1] ;
¥

for (i = 0; i < VELEM(16); i++) {

Vxx.v[0] .h[i] += (Vuu.v[0].uh[i] .ub[O0]
* Rt.b[(2%1 )%4]);

Vxx.v[0] .h[i] += (Vuu.v[0] .uh[i] .ub[1]
* Rt.b[(2%1i+1)%41]1) ;

Vxx.v[0] .h[i] += Vuu.v[1l] .uh[i] .ub[0];

Vxx.v[1] .h[i] += (Vuu.v[0] .uh[i] .ub[1]
* Rt.b[(2%1 )%4]);

Vxx.v[1] .h[i] += (Vuu.v[1l].uh[i] .ub[O0]
* Rt.b[(2*i+1)%4]);

Vxx.vI[1] .h[i] 4= Vuu.v[1l].uh[i] .ub[1] ;
¥

*

*

*
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Syntax Behavior
Vxx.w+=vtmpy (Vuu.h,Rt .Db) for (1 = 0; 1 < VELEM(32); 1++) {
Vxx.v[0] .w[i]l+= (Vuu.v[0] .w[i].h[O0] *

Rt.b[(2*%1+0) %4]) ;

Vxx.v[0] .w[il+= (Vuu.v[0] .w[i].h[1] =*
Rt.b[(2*%1+1) %4]) ;

Vxx.v[0] .w[i]l+= Vuu.v[1] .w[i] .h[O0];

Vxx.v[1] .w[i]l+= (Vuu.v[0] .w[i].h[1] *
Rt.b[(2*%1+0) %4]) ;

Vxx.v[1] .w[i]l+= (Vuu.v[1] .w[i] .h[0] *
Rt.b[(2*i+1)%4]);

Vxx.v[1] .w[i]l+= Vuu.v[1] .w[i] .h[1] ;
¥

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

vdd.h=vtmpy (Vuu.b,Rt.Db) HVX VectorPair
Q6 Wh vtmpy WbRb (HVX VectorPair Vuu, Word32
Rt)

vdd.h=vtmpy (Vuu.ub, Rt .Db) HVX VectorPair
Q6 Wh vtmpy WubRb (HVX VectorPair Vuu,
Word32 Rt)

vdd.w=vtmpy (Vuu.h,Rt.Db) HVX VectorPair
Q6 _Ww_vtmpy WhRb (HVX VectorPair Vuu, Word32
Rt)

Vxx.h+=vtmpy (Vuu.b,Rt .Db) HVX VectorPair
Q6 _Wh vtmpyacc WhWbRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)

Vxx.h+=vtmpy (Vuu.ub, Rt .b) HVX VectorPair
Q6 _Wh vtmpyacc WhWubRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)

Vxx.w+=vtmpy (Vuu.h,Rt.Db) HVX VectorPair
Q6 Ww_vtmpyacc WwWhRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, 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 t5 Parse u5 d5
o|lojof1|1|ofo|1]0]0]0O t|t|{t|t|P|{P|O|uulu ulo|fo]o d|d|d|d|Vddh=vtmpy(Vuu.b,Rt.b)
000 |1]1 11010 t| t|t|(t P|P ujuju u(0|0 1 d Vdd.h=vtmpy(Vuu.ub,Rt.b)

ICLASS t5 Parse ub x5
o(o/0O|1|1]0|0/|1|0|0|O t|t|t|(t/ P/P|{1|ufuju ul(0 |0 |0 |x|x|x|x|x|Vxxh+t=vtmpy(Vuu.b,Rt.b)
0(0 |0 |1]1 11010 t|t|t|(t/ P/P|{1|ujuju ul(0 |0 |1 |x|x|x|x|x|Vxxh+t=vtmpy(Vuu.ub,Rt.b)
o/0(0|1|1]0|0([1|0|0 |0 t|t|t| t/P/P|1|ujuju u/0[1]0|x|x|x|x]|x|Vxx.w+=vtmpy(Vuu.h,Rt.b)

ICLASS t5 Parse u5 d5
o|o|o‘1 1‘0‘0|1|1|0‘1 ‘t‘t|t|t P|P0 u‘u‘u|u|u1|0‘0 d‘d‘d|d|d Vdd.w=vtmpy(Vuu.h,Rt.b)

Field name
ICLASS
Parse
ds
t5
ub

x5

Instruction Class
Packet/Loop parse bits
Field to encode register d
Field to encode register t
Field to encode register u
Field to encode register x

Description
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Sum of reduction of absolute differences halfwords

Takes groups of 2 unsigned halfwords from the vector register source Vuu, subtracts the
halfwords from the scalar register Rt, and takes the absolute value as an unsigned result.
These are summed together and optionally added to the destination register Vxx, or
written directly to Vdd. The even destination register contains the data from Vuu[0] and
Rt, Vdd[1] contains the absolute difference of half of the data from Vuu[0] and half from

Vuu[1].

This operation is used to implement a sliding window.

Vdd.uw=vdsad(Vuu.uh,Rt.uh)

h[1]

h[0]

Vuu[1]

h[1]

h[0]

Optional

Rt.uh[0]

Rt.uh[1]

Accumulate

w(0]

-4—32hit Lane———»

vdd[1]

w(0]

-4—32hit Lane——»

Vuu[0]

vdd[0]
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Syntax Behavior

Vdd.uw=vdsad (Vuu.uh, Rt .uh) for (i = 0; i < VELEM(32); i++) {

vdd.vI[0] .uw[i] =

ABS (Vuu.v[0] .uw[i] .uh[0] - Rt.uh[0]) ;
vdd.v[0] .uw[i] +=

ABS (Vuu.v[0] .uw[i] .uh[1] - Rt.uh[1]);
vdd.v[1] .uw[i] =

ABS (Vuu.v[0] .uw[i] .uh[1] - Rt.uh[0]) ;
vad.vI[1l] .uw[i] +=

ABS (Vuu.v[1] .uw[i] .uh[0] - Rt.uh[1]) ;

¥

Vxx .uw+=vdsad (Vuu.uh, Rt .uh) for (1 = 0; 1 < VELEM(32); 1++) {

Vxx.v[0] .uw[i] +=

ABS (Vuu.v[0] .uw[i] .uh[0] - Rt.uh[0]) ;
Vxx.v[0] .uw[i] +=

ABS (Vuu.v[0] .uw[i] .uh[1] - Rt.uh[1]) ;
Vxx.vI[1] .uw[i] +=

ABS (Vuu.v[0] .uw[i] .uh[1] - Rt.uh[O0]) ;
Vxx.vI[1] .uw[i] +=

ABS (Vuu.v[1l] .uw[i] .uh[0] - Rt.uh[1]) ;

}i
Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

Vdd.uw=vdsad (Vuu.uh, Rt .uh) HVX VectorPair
Q6 Wuw_vdsad WuhRuh (HVX VectorPair Vuu,
Word32 Rt)

Vxx .uw+=vdsad (Vuu.uh, Rt .uh) HVX VectorPair
Q6 Wuw_vdsadacc WuwWuhRuh (HVX VectorPair
Vxx, HVX VectorPair Vuu, Word32 Rt)

Encoding

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 \ 54 \ 3 \ 2 | 1 | 0
ICLASS t5 Parse us d5

w

00011001000tttttPPOuuuuu101dddddx;jd'uwz\/dsad(vuu'l"h’m'u

ICLASS t5 Parse ub x5

00011001011tttttPP1uuuquOOxxxxx}J/r)](;('UW+=Vdsad(VUU'Uh’Rt'
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
us Field to encode register u
x5 Field to encode register x
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Sum of absolute differences byte

Take groups of 4 bytes from the vector register source Vuu, subtract the bytes from the
scalar register Rt, and take the absolute value as an unsigned result. These are summed
together and optionally added to the destination register Vxx, or written directly to Vdd. IF
#ul is 0 the even destination register contains the data from Vuu[0] and Rt, Vdd[1]
contains the absolute difference of half of the data from Vuu[0] and half from Vuu[1]. If
#ul is 1 Vdd[0] takes btye 0 from Vuu[1] and bytes 1,2,3 from Vuu[0], while Vdd[1] takes
byte 3 from Vuu[0] and the rest from Vuu[1].

This operation is used to implement a sliding window between data in Vuu and Rt.

Vdd.uw=vrsad(Vuu.ub,Rt.ub, #0) Vdd.uw=vrsad(Vuu.ub,Rt.ub, #1)

b[3] | b[2] | b[1] | b[O] | Vuu[1] b[3] | b[2] | b[1] | b[0] |Vuu[0] b[3] | b[2] | b[1] | b[O] | Vuu[1] b[3] | b[2] | b[1] | b[O] |Vuu[0]

Rt.b[0] Rt.b[0]

) 4
Rt.b[1] (-} Rt.b[1] —
Rt.b[2] — Rt.b[2]

Rt.b[3] Rt.b[3]

Optional
Accumulate

Optional
Accumulate

---------------------------------------------------

wl[0] Vdd([1] w[0] vdd[0] w(0] Vdd[1] w(0] Vvdd[0]

-+—32bit Lane———» -+—32bit Lane——» -+—32bit Lane———» -4———32bit Lane———»
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Instruction Set

Syntax

Vdd.uw=vrsad (Vuu.ub, Rt .ub, #u
1)

Vxx.uw+=vrsad (Vuu.ub,Rt .ub, #
ul)

Class: COPROC_VX (slots 2,3)

Notes

Intrinsics

vdd.uw=vrsad (Vuu.ub, Rt .ub, #u
1)

Vxx.uw+=vrsad (Vuu.ub,Rt .ub, #
ul)

for (i1 = 0;

vdd.v[0] .uw[i]

ABS (Vuu.v [#u?1:0] .uw[i] .ub[0]

#u) &31) ;
vdd.v[0] .uw[i]
].uw([i] .ub[1] - Rt
vdd.v[0] .uw[i]
.uw[i] .ub[2] - Rt
vdd.v[0] .uw[i]
.uw[i] .ub[3] - Rt
vdd.vI[1] .uw[i]
.uw [1] .ub[0] - Rt
vdd.v[1] .uw[i]
.uw[i] .ub[1] - Rt
vdd.v[1] .uw[i]

]
1
1
]

ABS (Vuu.v [#u?1:0] .uw[i] .ub[2]

#u) &31) ;
vdd.v[1] .uw[i]
] .uw[i] .ub[3] - Rt

Iz

for (i 0;
Vxx.v[0] .uw[i]

ABS (Vuu.v [#u?1:0] .uw[i] .ub[0]

#u) &31) ;
Vxx.v[0] .uw[i]
].uw[i] .ub[1] - Rt
Vxx.v[0] .uw[i]
].uw[i] .ub[2] - Rt
Vxx.v[0] .uw[i]
].uw[i] .ub[3] - Rt
Vxx.vI[1] .uw[i]
].uw[i] .ub[0] - Rt
Vxx.v[1] .uw[i]
].uw[i] .ub[1] - Rt
Vxx.v[1] .uw[i]

ABS (Vuu.v [#u?1:0] .uw[i] .ub[2]

#u) &31) ;
Vxx.v[1] .uw[i]
].uw([i] .ub[3]

¥

This instruction uses both HVX multiply resources.

HVX VectorPair

i < VELEM(32) ;

i < VELEM(32) ;

- Rt.

Behavior

{

i++)

+= ABS (Vuu.v|[0

.ub [ (1-#u)&3]) ;

+= ABS (Vuu.v [0

.ub[ (2-#u) &31) ;

+= ABS (Vuu.v [0

.ub [ (3-#u)&3]) ;

ABS (Vuu.v[1

.ub[ (2-#u) &3]) ;

+= ABS (Vuu.v[1

.ub [ (3-#u)&31) ;

4=
- R

+= ABS(Vuu.v [0

.ub [ (1-#u)&3])

i++)

{

- R

4=

+= ABS (Vuu.v [0

.ub [ (1-#u)&31);

+= ABS (Vuu.v|[0

.ub[ (2-#u) &3]) ;

+= ABS (Vuu.v|[0

.ub [ (3-#u)&31) ;

+= ABS (Vuu.v[1

.ub [ (2-#u) &31) ;

+= ABS (Vuu.v[1l

.ub [ (3-#u)&3]) ;

+=
- R

+= ABS (Vuu.v|[0
ub [ (1-#u)&3])

- Rt.ub[(0-

t.ub[(0-

7

t.ub[(0-

t.ub[(0-

1

Q6 _Wuw_vrsad WubRubI (HVX VectorPair Vuu,

Word32 Rt,

HVX VectorPair

Word32 Iul)

Q6 _Wuw_vrsadacc WuwWubRubI (HVX VectorPair
Vxx, HVX VectorPair Vuu, Word32 Rt, Word32

Tul)
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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 t5 Parse u5 d5
ooo11001010tttttPP0uuuuu11idddddXiﬂ-;‘;’”‘”sad(vuu-”b'Rt-“
ICLASS t5 Parse ub x5
00011001010tttttPP1uuuuu11ixxxxxtj/g?;ﬂ‘%v;:wsad(vuu'uhm'
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
t5 Field to encode register t
us Field to encode register u
X5 Field to encode register x
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5.2.6 HVX/MPY-RESOURCE

The HVX/MPY-RESOURCE instruction subclass includes instructions which use a single
HVX multiply resource.
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Multiply with 2-wide reduction

Multiply elements from Vu by the corresponding elements in the scalar register Rt. The
products are added in pairs to yield a by-2 reduction. The products can optionally be
accumulated with Vx.

Supports multiplication of unsigned bytes by bytes, and halfwords by signed bytes. The
double-vector version performs a sliding-window 2-way reduction, where the odd register
output contains the offset computation.

Vd.h[+]=vdmpy(Vu.ub, Rt.b) / Vd.w[+]=vdmpy(Vu.h, Rt.b) Vdd.h[+]=vdmpy(Vuu.ub, Rt.b) / Vdd.w[+]=vdmpy(Vuu.h, Rt.b)

ub/h[3] | ub/h[2] | ub/h[1] | ub/h[0] | Vuu[1] ub/h[3] [ ub/h[2] | ub/h[1] | ub/h[0] | Vuu[0]

ub/h(3] | ub/h(2] | ub/h[1] | ub/h[0] | Vu |

Rt.b[1] X Rt.b[1]

Rt.b[3]

Rt.b[3]

Optional Accumulation Optional Accumulation

vdd[1] h/w[1] vdd[0]

h/w[1]

h/w[0] vd h/w[1] h/w[0]

A\

-+—32/64bit Lane—» 32/64bit Lane Pair

A
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Syntax Behavior
Vd.h=vdmpy (Vu.ub, Rt .b) for (i = 0; i < VELEM(16); i++) {
vd.h[i] = (Vu.uh[i] .ub[0] * Rt.b[(2*1i)
5 41);

vd.h[i] += (Vu.uh[i] .ub[1] *

Rt.b[(2*i+1)%4]) ;
¥
Vd.w=vdmpy (Vu.h,Rt.Db) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.w[i].h[0] =

Rt.b[(2*1+0) %4]) ;
vd.w([i] += (Vu.wl[i] .h[1] *
Rt.b[(2*i+1)%4]) ;

Iz

Vx.h+=vdmpy (Vu.ub, Rt .b) for (i = 0; i < VELEM(16); i++) {

Vx.h[i] += (Vu.uh[i].ub[0] * Rt.b[(2*1)
4]);

Vx.h[i] += (Vu.uh[i] .ub[1] *
Rt.b[(2*1i+1)%4]1) ;

Iz

Vx.w+=vdmpy (Vu.h, Rt .b) for (i = 0; i < VELEM(32); i++) {
Vx.w[i] += (Vu.wl[i] .h[0] *
Rt.b[(2*i+0)%4]) ;
Vx.wl[i] += (Vu.w[i].h[1] =*
Rt.b[(2*i+1)%4]) ;

T

o\°

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.h=vdmpy (Vu.ub, Rt .b) HVX Vector Q6 Vh vdmpy VubRb (HVX Vector Vu,
Word32 Rt)

vd.w=vdmpy (Vu.h,Rt.b) HVX Vector Q6 Vw vdmpy VhRb (HVX Vector Vu,
Word32 Rt)

Vx.h+=vdmpy (Vu.ub, Rt .b) HVX Vector
Q6 Vh vdmpyacc VhVubRb (HVX Vector Vx,
HVX Vector Vu, Word32 Rt)

Vx.w+=vdmpy (Vu.h,Rt .b) HVX Vector Q6 Vw_vdmpyacc_VwVhRb (HVX Vector

Vx, HVX Vector Vu, 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 t5 Parse u5 d5
ojojo|1|1]0]0 ojo|o|t|t|t|t|[t|P|P|O|ujulu ulo|1]0 d Vd.w=vdmpy(Vu.h,Rt.b)
0|0 (0|11 0|0 t|t|t t|t PP ujuiu ult1 |1 Vd.h=vdmpy(Vu.ub,Rt.b)
ICLASS t5 Parse ub x5
o(0|/0|1]|1]0]0 O[O0 |t |t|t|t]|t P{1|u|uju ul0 |1 |1]|x X Vx.w+=vdmpy(Vu.h,Rt.b)
0(0 |0 |1]1 010 t | t|t|t|t P{1|u|uju ul1|1|0|x X Vx.h+=vdmpy(Vu.ub,Rt.b)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
t5 Field to encode register t
us Field to encode register u
X5 Field to encode register x

80-N2040-30 Rev. C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

147



Hexagon V60 HVX Programmer’s Reference Manual Instruction Set

Integer multiply - even by odd

Multiply even elements of Vu by odd elements of Vv, shift the result left by 16 bits, and
place the result in each lane of Vd. This instruction is useful for 32x32 low-half multiplies.

Syntax Behavior
Vd.w=vmpyieo (Vu.h,Vv.h) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.w([i].h[0]*Vv.w[i] .h[1])
<< 16 ;
¥

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.w=vmpyieo (Vu.h,Vv.h) HVX Vector Q6 Vw_vmpyieo VhVh (HVX Vector
Vu, HVX Vector Vv)

Encoding

w

31|30|29‘28 27‘26‘25|24|23|22‘21‘20‘19‘18|17|1615|141 12‘11‘10|9|8 7|6‘5 4\3\2|1|0
ICLASS Parse us d5

o|o|o‘1 1‘1‘1|1|O|1‘1‘v‘v‘v|v|v P|P 0 u‘u‘u|u|u o|o‘o d‘d‘d|d|d Vd.w=vmpyieo(Vu.h,Vv.h)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Integer multiply even/odd

Multiply groups of words in vector register Vu by the elements in Rt. The lower 32-bit
results are placed in vector register Vd.

The operation has two forms: signed words or halfwords in Vu, multiplied by signed bytes

in Rt.

Optionally accumulates the product with the destination vector register Vx.

Vd.w [+]= vmpyi(Vu.w,Rt.b)

Vd.w [+]= vmpyi(Vu.w,Rt.h)

w(3] w(2] w(1] w[0] Vu w(3] w(2] w(1] w[0] Vu
X e Rt.b[3] X e Rt.h[1]
_/ ) 4 _/ v
(X\‘ Rt.b[2] <X\‘
_/‘ A 4 ,/‘ A 4
X e Rt.b[1] x\:
Y. Y
Output only lower 32 LSBs X e Rt.b[0]  Output only lower 32 LSBs X et ~— Rt.h[0]
Y Y. A4 Y.
+ + Optional + + Optional
Accumulate Accumulate
w(3] w(2] w(1] w[0] vd w(3] w(2] w(1] w[0] vd
-—Fach 128bit lane———» -+——Fach 128bit lane———»
Syntax Behavior
Vd.h=vmpyi (Vu.h,Rt.Db) for (i = 0; i < VELEM(16); i++) {
Vd.h[i] = (Vu.h[i] * Rt.b[i % 4]) ;
¥
Vd.w=vmpyi (Vu.w,Rt.Db) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.w[i] * Rt.b[i % 4]) ;
¥
Vx.h+=vmpyi (Vu.h,Rt.b) for (i = 0; i < VELEM(16); i++) {
Vx.h[i] += (Vu.h[i] * Rt.b[i % 4]) ;
¥
VX .w+=vmpyi (Vu.w, Rt .b) for (i = 0; i < VELEM(32); i++) {
Vx.w[i] += (Vu.w[i] * Rt.b[i % 4]) ;
b
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Notes

Class: COPROC_VX (slots 2,3)

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.h=vmpyi

Vd.w=vmpyi

(Vu.h,Rt.Db)

(Vu.w,Rt.b)

Vx.h+=vmpyi (Vu.h,Rt.b)

Vx.w+=vmpyi (Vu.w,Rt.b)

HVX Vector Q6 Vh vmpyi VhRb (HVX Vector Vu,
Word32 Rt)

HVX Vector Q6 Vw_vmpyi VwRb (HVX Vector Vu,
Word32 Rt)

HVX Vector Q6 Vh vmpyiacc VhVhRb (HVX Vector
Vx, HVX Vector Vu, Word32 Rt)

HVX Vector Q6 Vw_vmpyiacc VwVwRb (HVX Vector

Vx, HVX Vector Vu, 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 t5 Parse ub x5
o|o|o‘1 1‘0‘0|1|o|1‘0 t‘t‘t|t|t P|P1 u‘u‘u|u|u o|1‘0 x‘x‘x|x|x Vx.w+=vmpyi(Vu.w,Rt.b)
ICLASS t5 Parse ub d5
o|o|o‘1 1‘0‘0|1|0|1‘1 t‘t‘t|t|tP|P0 u‘u‘u|u|u 0|0‘0 d‘d‘d|d|d Vd.h=vmpyi(Vu.h,Rt.b)
ICLASS t5 Parse u5 x5
o|o|o‘1 1‘0‘0|1|0|1‘1 t‘t‘t|t|tP|P1 u‘u‘u|u|u 0|0‘1 x‘x‘x|x|x Vx.h+=vmpyi(Vu.h,Rt.b)
ICLASS t5 Parse ub d5
o|o|o‘1 1‘0‘0|1|1|0‘1 t‘t‘t|t|tP|P0 u‘u‘u|u|u o|o‘0 d‘d‘d|d|d Vd.w=vmpyi(Vu.w,Rt.b)

Field name
ICLASS
Parse
ds
t5
ub

x5

Instruction Class
Packet/Loop parse bits

Field to encode register d
Field to encode register t
Field to encode register u
Field to encode register x

Description
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Multiply bytes with 4-wide reduction - vector by scalar

Perform multiplication between the elements in vector Vu and the corresponding elements
in the scalar register Rt, followed by a 4-way reduction to a word in each 32-bit lane.

Supports the multiplication of unsigned byte data by signed or unsigned bytes in the
scalar.

The operation has two forms: the first performs simple dot product of 4 elements into a
single result. The second form takes a 1 bit immediate input and generates a vector register
pair. For #1 = 0 the even destination contains a simple dot product, the odd destination
contains a dot product of the coefficients rotated by 2 elements and the upper 2 data
elements taken from the even register of Vuu. For #u = 1, the even destination takes
coefficients rotated by -1 and data element 0 from the odd register of Vuu. The odd
destination uses coefficients rotated by -1 and takes data element 3 from the even register
of Vuu.

Vdd.w[+]=vrmpy(Vuu.ub,Rt.b, #0) Vdd.w[+]=vrmpy(Vuu.h,Rt.b, #1)
Vd.w[+]=vrmpy(Vu.ub,Rt.b)

ub[3] | ub[2] | ub[1] | ub[0] [Vuu.V[1] ub[3] | ub[2]

ub[1]

ub[0] [Vuu.V[0] ub[3] | ub[2] | ub[1] | ub[0] | Vuu.V[1] ub[3] | ub[2] | ub[1] | ub[0] | Vuu.V[0]

b[2] Vu

]

Rt.b[0]

Rt.b[1]

Rt.b[2]

Rt.b[3] Rt.b[0] Rt.b[0]

Rt.b[1] Rt.b[1]

Optional
Accumulation

Rt.b[2]

Rt.b[2]

Rt.b[3] Rt.b[3]

Optional
—————— Accumulation

Optional

|
Optiona| ja—————— Accumulation

Optional
Accumulation

vdd.v[1] vdd.v[0]

2bit lane pair > 32bit lane pair
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Syntax Behavior
Vd.uw=vrmpy (Vu.ub, Rt .ub) for (i = 0; i < VELEM(32); i++) {
vd.uw[i] = (Vu.uw[i] .ub[0] * Rt.ub[O0]);
Vd.uw([i] 4= (Vu.uwl[i] .ub[1] *
Rt.ub[1]);
vd.uw[i] += (Vu.uw[i] .ub[2] *
Rt.ub[2]);

vVd.uw[i] += (Vu.uw[i] .ub[3] * Rt.ub[3])

¥

Vd.w=vrmpy (Vu.ub, Rt .b) for (i = 0; i < VELEM(32); i++) {
vd.w([i] = (Vu.uw[i] .ub[0] * Rt.b[0]);
vd.w[i] += (Vu.uw[i] .ub[1] * Rt.b[1]);
Vd.w[i] += (Vu.uw[i] .ub[2] * Rt.b[2]);
vd.w[i] += (Vu.uw[i].ub[3] * Rt.b[3]) ;
)i
Vx .uw+=vrmpy (Vu.ub, Rt .ub) for (i = 0; i < VELEM(32); i++) {
Vx.uw[i] += (Vu.uw[i] .ub[0] *
Rt.ub[0]) ;
Vx.uw[i] 4= (Vu.uwl[i] .ub[1] *
Rt.ub[1]) ;
Vx.uw[i] += (Vu.uw[i] .ub[2] *
Rt.ub[2]) ;

Vx.uw([i] += (Vu.uw[i] .ub[3] * Rt.ub[3])

¥

VX .w+=vrmpy (Vu.ub, Rt .b) for (i = 0; i < VELEM(32); i++) {
Vx.w[i] += (Vu.uw[i] .ub[0] * Rt.b[0]);
Vx.w[i] += (Vu.uw[i] .ub[1] * Rt.b[1]);
Vx.wl[i] += (Vu.uw[i] .ub[2] * Rt.b[2]);
Vx.wl[i] += (Vu.uw[i].ub[3] * Rt.b[3]) ;
Iz
Class: COPROC_VX (slots 2,3)
Notes
m This instruction uses a HVX multiply resource.
Intrinsics
vVd.uw=vrmpy (Vu.ub, Rt .ub) HVX Vector Q6 Vuw_vrmpy VubRub (HVX Vector
Vu, Word32 Rt)
Vd.w=vrmpy (Vu.ub,Rt.b) HVX Vector Q6 Vw_vrmpy VubRb (HVX Vector Vu,
Word32 Rt)
Vx.uw+=vrmpy (Vu.ub, Rt .ub) HVX Vector
Q6 _Vuw_vrmpyacc VuwVubRub (HVX Vector Vx,
HVX Vector Vu, Word32 Rt)
Vx.w+=vrmpy (Vu.ub,Rt.Db) HVX Vector

Q6 Vw_vrmpyacc VwVubRb (HVX Vector Vx,
HVX Vector Vu, 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 t5 Parse u5 d5
o(0|/0|1]|1]0]0 o(ojo|t|t|t|t|t(P P|O|ujuju u(0 |11 d|d Vd.uw=vrmpy(Vu.ub,Rt.ub)
0|0 (0|11 0|0 t|t|t t|t PP ujuiu u/1/0]|0 Vd.w=vrmpy(Vu.ub,Rt.b)
ICLASS t5 Parse ub x5

Vx.uw+=vrmpy(Vu.ub,Rt.ub
)

Vx.w+=vrmpy(Vu.ub,Rt.b)

Field name
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
t5 Field to encode register t
u5 Field to encode register u
X5 Field to encode register x

Description
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Multiply with 4-wide reduction - vector by vector

vrmpy performs a dot product function between 4-byte elements in vector register Vu, and
4-byte elements in Vv. The sum of the products is written into Vd as words within each
32-bit lane.

Data types can be unsigned by unsigned, signed by signed, or unsigned by signed.

Vd.w[+]=vrmpy(Vu.b,Vv.b)

b[3] | b[2] | b[1] | b[O] Vu

L1

b[0] Vv

————————— Optional Accumulation

w(0] vd

<«4+—32bit Lane———»
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Syntax Behavior
Vd.uw=vrmpy (Vu.ub, Vv.ub) for (i = 0; i < VELEM(32); i++) {
vd.uw([i] = (Vu.uw[i] .ub[0] *

Vv.uw[i] .ub[0]) ;

Vd.uw[i] += (Vu.uw[i] .ub[1] *
Vv.uw[i] .ub[1]) ;

Vd.uw[i] 4= (Vu.uwl[i] .ub[2] *
Vv.uw[i] .ub[2]) ;

vd.uw[i] += (Vu.uw[i] .ub[3] *
Vv.uw[i] .ub[3]) ;

¥

Vd.w=vrmpy (Vu.b,Vv.b) for (i = 0; i < VELEM(32); i++) {

vd.w([i] = (Vu.w[i].b[0] =*
Vv.w([i] .b[0]) ;

vd.wl[i] += (Vu.w[i].b[1] *
Vv.w([i] .b[1]);

vd.w[i] += (Vu.wl[i] .b[2] *
vv.w([i] .b[2]);

vd.wl[i] += (Vu.w[i].b[3] *
vVv.wl[i] .b[3]) ;

Iz

Vd.w=vrmpy (Vu.ub, Vv.b) for (i = 0; 1 < VELEM(32); 1i++) {

vd.w([i] = (Vu.uwl[i] .ub[0] *
Vv.wl[i] .b[0]) ;

vd.w[i] += (Vu.uw[i] .ub[1] *
Vv.wl[i] .b[1]) ;

Vd.wl[i] += (Vu.uw[i] .ub[2] *
vv.w([i] .b[2]);

Vd.wl[i] += (Vu.uw[i] .ub[3] *
Vv.wl[i] .b[3]) ;

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.uw=vrmpy (Vu.ub, Vv.ub) HVX Vector Q6 Vuw_vrmpy VubVub (HVX Vector
Vu, HVX Vector Vv)

vd.w=vrmpy (Vu.b,Vv.b) HVX Vector Q6 Vw vrmpy VbVb (HVX Vector Vu,
HVX Vector Vv)

Vd.w=vrmpy (Vu.ub, Vv.b) HVX Vector Q6 Vw_vrmpy VubVb (HVX Vector Vu,

HVX Vector Vv)
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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 u5 d5
o(fo/of1j{1{1/0(0(0|/0|0O|V|V| V| V| V|IP|P|O|ufu|u ul(0 0|0 d | d|d|Vduw=vrmpy(Vu.ub,Vv.ub)
o/0(0|1/1}/1]0(0|0|0|0O|V|V| V| V| V| PP ujuiu u/0 (0|1 d | d | Vd.w=vrmpy(Vu.b,Vv.b)
o(o/0O|1|1{1j0[(0f0(0O|O0O|V|V| V| V| Vv P|P uju|u ul(0 (1|0 d | d | Vd.w=vrmpy(Vu.ub,Vv.b)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

u5 Field to encode register u

v5 Field to encode register v
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Splat word from scalar

Set all destination vector register words to the value specified by the contents of scalar

register Rt.
Vd=vsplat(Rt) W
A 4
w[N"-1] w(1] w[0]
*N number of operations in vector

Syntax Behavior
Vd=vsplat (Rt) for (i = 0; 1 < VELEM(32) ;

Vd.uw[i] = Rt ;

b

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd=vsplat (Rt)

Rt

vd

i++) |

HVX Vector Q6 V vsplat R(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 t5 Parse d5
o|o|o‘1 1‘0‘0|1 |1 |0‘1 t‘t‘t|t|t P|P 0‘-‘-‘-|-|-|o|o‘1 d‘d‘d|d|d Vd=vsplat(Rt)
Field name Description

ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
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Vector to predicate transfer

Copy bits into the destination vector predicate register, under the control of the scalar
register Rt and the input vector register Vu. Instead of a direct write, the destination can
also be or'd with the result. If the corresponding byte i of Vu matches any of the bits in Rt
byte[1%4] the destination Qd is or'd with or set to 1 or 0.

If Rt contains 0x01010101 then Qt can effectively be filled with the Isb's of Vu, 1 bit per

byte.

Syntax

Qd4=vand (Vu, Rt)

Qx4 |=vand (Vu, Rt)

Behavior
for (i = 0; i < VELEM(8); i++) {
Qdv[i]l=((Vu.ub[i] & Rt.ubl[i % 4]) != 0)
? 1 : 0;
¥
for (i = 0; i < VELEM(8); i++) {
OxV[1]1=0xV[i] | (((Vu.ub[i] & Rt.ubl[i %
4]) !'=10) 2 1 0);
}i

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Qd4=vand (Vu,Rt)

0x4 | =vand (Vu, Rt)

HVX VectorPred Q6 Q vand VR (HVX Vector Vu,
Word32 Rt)

HVX VectorPred
Q6 Q vandor QVR (HVX VectorPred 0Qx,
HVX Vector Vu, 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 t5 Parse ub x2
o|o|o‘1 1‘0‘0|1|0|1‘1 t‘t‘t|t|tP|P1 u‘u‘u|u|u1|0‘0‘-‘-‘-x|x Qxd|=vand(Vu,Rt)
ICLASS t5 Parse u5 d2
o|o|o‘1 1‘0‘0|1|1|0‘1 t‘t‘t|t|tP|P0 u‘u‘u|u|u o|1‘0‘-‘1‘0 d|d Qd4=vand(Vu,Rt)
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
t5 Field to encode register t
us Field to encode register u
x2 Field to encode register x
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Predicate to vector transfer

Copy the byte elements of scalar register Rt into the destination vector register Vd, under
the control of the vector predicate register. Instead of a direct write, the destination can
also be or'd with the result. If the corresponding bit i of Qu is set, the contents of byte[i %
4] are written or or'ed into Vd or Vx.

If Rt contains 0x01010101 then Qt can effectively be expanded into Vd or Vx, 1 bit per

byte.
Syntax Behavior
Vd=vand (Qu4,Rt) for (i = 0; i < VELEM(8); i++) {
Vd.ub[i] = QuVv[i] ? Rt.ubli % 4] : 0;
b5
Vx |=vand (Qu4,Rt) for (i = 0; i < VELEM(8); i++) {
Vx.ub[i] |= (Quv[i]) 2 Rt.ub[i % 4]
0;
Iz

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd=vand (Qu4, Rt) HVX Vector Q6 V vand QR (HVX VectorPred Qu,
Word32 Rt)

Vx| =vand (Qu4,Rt) HVX Vector Q6 V_vandor_ VQR (HVX Vector Vx,
HVX VectorPred Qu, 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 t5 Parse u2 x5
o|o|o‘1 1‘0‘0|1|o|1‘1 t‘t‘t|t|t P|P1‘- - u|u o|1‘1 x‘x‘x|x|x Vx|=vand(Qu4,Rt)
ICLASS t5 Parse u2 d5
o|o|o‘1 1‘0‘0|1|1|0‘1 t‘t‘t|t|tP|P 0‘- -u|u1|0‘1 d‘d‘d|d|d Vd=vand(Qu4,Rt)
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Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t5 Field to encode register t
u2 Field to encode register u
x5 Field to encode register x
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Absolute value of difference

Return the absolute value of the difference between corresponding elements in vector
registers Vu and Vv, and place the result in Vd. Supports unsigned byte, signed and
unsigned halfword, and signed word.

Vd.uh=vabsdiff(Vu.h,Vv.h)

N-1]  |¢—————= > [1] [0] Vu
N-1]  |¢=—————= > [1] [0] Vv
N-1]  |¢=-————= > [1] [0] vd

N is the number of elements implemented in a vector register.
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Syntax Behavior

Vd.ub=vabsdiff (Vu.ub, Vv.ub) for (i = 0; 1 < VELEM(8); i++) {
vd.ub[i] = (Vu.ub[i] > Vv.ubl[i]) ?
(Vu.ub[i] - Vv.ub[i]) : (Vv.ub[i] -
Vu.ub[i]) ;

7

¥

Vd.uh=vabsdiff (Vu.h,Vv.h) for (i = 0; 1 < VELEM(16); 1i++) {
vd.uh[i] = (Vu.h[i] > Vv.h[i]) ?
(Vvu.h[i] - Vvv.h[i]) : (Vv.h[i] - Vu.h[i]);

I

Iz

vd.uh=vabsdiff (Vu.uh, Vv.uh) for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = (Vu.uh[i] > Vv.uh[i]) ?
(Vu.uh[i] - Vv.uh[i]) : (Vv.uh[i] -
Vu.uh[i]) ;

i
Vd.uw=vabsdiff (Vu.w,Vv.w) for (i = 0; 1 < VELEM(32); 1++) {
vd.uw[i] = (Vu.w[i] > Vv.w[i]) ?
(Vu.wl[i] - Vv.w[i]) : (Vv.w[i] - Vu.wl[i]);

7

}i
Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.ub=vabsdiff (Vu.ub, Vv.ub) HVX Vector
Q6 Vub vabsdiff VubVub (HVX Vector Vu,
HVX Vector Vv)

Vd.uh=vabsdiff (Vu.h,Vv.h) HVX Vector Q6 Vuh vabsdiff VhVh (HVX Vector
Vu, HVX Vector Vv)

Vd.uh=vabsdiff (Vu.uh, Vv.uh) HVX Vector
Q6 _Vuh vabsdiff VuhVuh (HVX Vector Vu,
HVX Vector Vv)

vVd.uw=vabsdiff (Vu.w,Vv.w) HVX Vector Q6 Vuw_vabsdiff VwVw (HVX Vector
Vu, HVX Vector Vv)
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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 u5 d5
ololof1/1[1]olol1|1|o|v|v|v|v|v P|[P|o|u|u|ulu|lulo|o|o|d|d]|d ;’d-”b=Vab3diﬁ(V”-“b'VV-“b
ofo/of1j1{1j0f(0f11|/0|v|{v|iv|iv| v| P|P|O|ufu|u ul0|0|1]|d d Vd.uh=vabsdiff(Vu.h,Vv.h)
ololol1|1]1]olo|1|1]o|v|v|v|v|v|P|P|o|u|ululu|ulo|1]|0 d|d]|d ;’d-”hz"abSdiﬁ(V“-“h'VV-“h
o001 y1}{1j0f0|{1|1|0|v|v| Vv Vv V| P/P|O|u|uu u/0(1]1|d d Vd.uw=vabsdiff(Vu.w,Vv.w)

Field name
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
us Field to encode register u
v5 Field to encode register v

Description
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Insert element

Insert a 32-bit element in Rt into the destination vector register Vx, at the word element 0.

Syntax Behavior

Vx.w=vinsert (Rt) Vx.uw[0] = Rt;

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vx.w=vinsert (Rt) HVX Vector Q6 Vw_vinsert VwR (HVX Vector Vx,
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 t5 Parse x5
o|o|o‘1 1‘0‘0|1|1|0‘1 t‘t‘t|t|tP|P1 -] - -|-|-|o|o‘1 x‘x‘x|x|x Vx.w=vinsert(Rt)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
t5 Field to encode register t
X5 Field to encode register x
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5.2.7 HVX/MULTICYCLE

The HVX/MULTCY CLE instruction subclass includes instructions which require multiple
processor cycles to execute.
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Histogram

The vhist instructions use all of the HVX core resources: the register file, VO-V31, and all
4 instruction pipes. The instruction also takes 4 execution packets to complete. The basic
unit of the histogram instruction is a 128-bit wide slice - there can be 4 or 8 slices,
depending on the particular configuration. The 32 vector registers are configured as
multiple 256-entry histograms, where each histogram bin has a width of 16 bits. This
allows up to 65535 8-bit elements of the same value to be accumulated. Each histogram is
128 bits wide and 32 elements deep, giving a total of 256 histogram bins. A vector is read
from memory and stored in a temporary location, outside of the register file. The data read
is then divided equally between the histograms. For example:

Bytes 0 to 15 are profiled into bits 0 to 127 of all 32 vector registers, histogram 0.
Bytes 16 to 31 are profiled into bits 128 to 255 of all 32 vector registers, histogram 1.
... and so on.

The bytes are processed over multiple cycles to update the histogram bins. For each of the
histogram slices, the lower 3 bits of each byte element in the 128-bit slice is used to select
the 16-bit position, while the upper 5 bits select which vector register. The register file
entry is then incremented by one.

vhist is the only instruction that occupies all pipes and resources.

Before use, the vector register file must be cleared if a new histogram is to begin,
otherwise the current state will be added to the histograms of the next data.

vhist supports the same addressing modes as standard loads. In addition, a byte-enabled
version is available which enables the selection of the elements used in the accumulation.

The following diagram shows a single 8-bit element in position 2 of the source data. The
value is 124, the register number assigned to this is 124 >> 3 = V15, and the element
number in the register is 124 & 7 =4. The byte position in the example is 2, which is in the
first 16 bytes of the input line from memory, so the data will affect the first 128-bit wide
slice of the register file. The 16-bit histogram bin location is then incremented by 1. Each
64-bit input group of bytes will affect the respective 128-bit histogram slice.

For a 64-byte vector size there can be a peak total consumption of 64(bytes per
vector)/4(packets per operation) * 4(threads) = 64 bytes per clock cycle per core,
assuming all threads are performing histogramming.
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Line from
Memory

V31

vhist(Qv4)
b[2]
b[31:16] b[15] b[14:3] 124 b[1] | b[0]
& 0x7 >>q
Histogram Histogram
-——Multiple Datapath Slices—» Datapath 1 Datapath O
Element Select Register Select
M
A
Increment Element ( +
h[15:8] h(7] | h{6] | h[5] | h[4]l[| h[3] | h[2] | h[1] | h[O] K-
Vector Register File |_
VO0-V31
Histogram 1 Storage Histogram 0 Storage
v

V15

V1-V30

Vo
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Syntax Behavior

vhist inputVec=Data from .tmp load and clear tmp
status;
for (lane = 0; lane < VELEM(128); lane++) ({
for (i=0; 1<128/8; ++i) {
unsigned char value =
inputVec.ub [ (128/8) *lane+i] ;
unsigned char regno = value>>3;
unsigned char element = value & 7;
READ EXT VREG (regno, tmp) ;
tmp.uh[(128/16) *lane+ (element) ] ++;
WRITE_EXT_VREG(regno,tmp,EXT_NEW);
b
b

7

vhist (Qv4) inputVec=Data from .tmp load and clear tmp
status;
for (lane = 0; lane < VELEM(128); lane++) {
for (i=0; i<128/8; ++i) {
unsigned char value =
inputVec.ub[ (128/8) *lane+i] ;
unsigned char regno = value>>3;
unsigned char element = value & 7;
READ EXT VREG (regno, tmp) ;
if (QvVv[128/8*lane+i])
tmp.uh[(128/16) *lane+ (element) ] ++;
WRITE_EXT_VREG(regno,tmp,EXT_NEW);
¥

b

7

Class: COPROC_VX (slots 0,1,2,3)

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 Parse
000 [1|1|1]|1|0|-|=]0]=-|=-]|=-|[0]|0|P|P|1|=|=|=|-|-|1]0]0|-|-]|-]-]-~]vhist
ojojo 11|11 |o|v|v|o|-|-]|-[1|0|P|[P|1|-]-|-|-|-[1]0]0]-|-]|=-]|-]-/vhistQu4d)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
v2 Field to encode register v
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5.2.8 HVX/PERMUTE-RESOURCE

The HVX/PERMUTE-RESOURCE instruction subclass includes instructions which use
the HVX permute resource.
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Byte alignment

Select a continuous group of bytes the size of a vector register from vector registers Vu
and Vv. The starting location is provided by the lower bits of Rt (modulo the vector

length) or by a 3-bit immediate value.

There are two forms of the operation, The first, valign, uses the Rt or immediate input
directly to specify the beginning of the block. The second, vlalign, uses the inverse of the
input value by subtracting it from the vector length.

The operation can be used to implement a non-aligned vector load, using two aligned
loads (above and below the pointer) and a valign where the pointer is used as the control

input.

Vd=valign(Vu,Vv, Rt/u3)

Vd=vlalign(Vu,Vv, Rt/u3)

Vu

b[N-1]

\\ // Starting Byte = Rt (E g.2)

b[N-3] b[1] b[0]

b[N-1] | b[N-2] [ b[N-3] b[1] b[0]
Vu b[N-1]

Y \

b[N-1] b[3] b[2] b[1] b[0]

Starting Byte = N-Rt (E.g. 2)

vd
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Perform a right rotate vector operation on vector register Vu, by the number of bytes
specified by the lower bits of Rt. The result is written into Vd. Byte[i] moves to
Byte[(i+N-R)%N], where R is the right rotate amount in bytes, and N is the vector register

size in bytes.

Vd = vror(Vu, Rt)

Rt indicates rotation
amount in bytes (e.g. 4)

Vd=valign (Vu, Vv, Rt)

Vd=vlalign (Vu, Vv, #u3)

Vd=vlalign (Vu,Vv,Rt)

Vd=vror (Vu, Rt)

b[N-1] | b[N-2] | b[N-3] b[5] b[4] b[3] b[2] b[1] b[0]

b[N-1] | b[N-2] | b[N-3] | b[N-4] | b[N-5] | b[N-4] | b[N-3] b[1] b[0]
Syntax Behavior

Vd=valign (Vu, Vv, #u3) for(i = 0; 1 < VWIDTH; i++) Vd.ub[i] =

(1+#u>=VWIDTH)
Vv.ub [1+#u] ;

I

? Vu.ub [i+#u-VWIDTH]

unsigned shift = Rt & (VWIDTH-1) ;

for(i = 0; 1 < VWIDTH; i++) Vd.ubl[i] =
(i+shift>=VWIDTH) ? Vu.ub[i+shift-VWIDTH]
Vv.ub[i+shift];

7

unsigned shift = VWIDTH - #u;

for(i = 0; 1 < VWIDTH; i++) Vd.ub[i] =
(1+shift>=VWIDTH) ? Vu.ub[i+shift-VWIDTH]
Vv.ub[i+shift];

I

unsigned shift = VWIDTH - (Rt & (VWIDTH-
1));
for(i = 0; 1 < VWIDTH; i++) Vd.ubl[i] =

(1+shift>=VWIDTH)
Vv.ub[i+shift];

7

? Vu.ub[i+shift-VWIDTH]

for (k=0;k<VWIDTH;k++) Vd.ub[k] =
Vu.ub [ (k+Rt) & (VWIDTH-1)] ;

Vu

vd
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Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

Intrinsics

Vd=valign (Vu, Vv, #u3)

Vd=valign (Vu, Vv, Rt)

HVX Vector
HVX Vector

HVX_Vector
HVX_ Vector

Q6 V valign VVI (HVX Vector Vu,
Vv, Word32 Iu3)

Q6 _V_valign VVR (HVX Vector Vu,
Vv, Word32 Rt)

Vd=vlalign (Vu, Vv, #u3) HVX Vector Q6 V vlalign VVI (HVX Vector Vu,
HVX Vector Vv, Word32 Iu3)
Vd=vlalign (Vu,Vv,Rt) HVX Vector Q6 V_vlalign VVR (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)
Vd=vror (Vu,Rt) HVX Vector Q6 V vror VR (HVX Vector Vu,
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 t5 Parse u5 d5
0|0|0 ‘1 1 ‘0‘0|1 |o|1 ‘1 t‘t t|t|t P|P 0 u‘u‘u|u|u 0|0 ‘1 d‘d‘d|d|d Vd=vror(Vu,Rt)
ICLASS 3 Parse u5 d5
0(0 |0 |1 1T11|v|iviv|iv|iv|t|t|t|P|P ujujujuj{u|0|0 |0 d Vd=valign(Vu,Vv,Rt)
0(0 |0 1 1T11|v|iv|iv|iv|iv|t|t|t|P|/P/O|lulujufujuf0| 0|1 d|d|d|d|Vd=vlalign(Vu,Vv,Rt)
ICLASS Parse ub d5
0|0 (0|1 11000 |1 |v|v| Vv |Vv|Vv Pi1T ujujujujulilili d|d Vd=valign(Vu,Vv,#u3)
0|0 (0|1 1100 (1|1 |v]iv| Vv |Vv]|Vv Pi1T ujujujujulilili d|d Vd=vlalign(Vu,Vv,#u3)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t3 Field to encode register t
t5 Field to encode register t
us Field to encode register u
v2 Field to encode register v
v3 Field to encode register v
v5 Field to encode register v
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General permute network

Perform permutation and re-arrangement of the 64 input bytes, which is the width of a
data slice. The input data is passed through a network of switch boxes, these are able to
take two inputs and based on the two controls can pass through, swap, replicate the first
input, or replicate the second input. Though the functionality is powerful the algorithms to
compute the controls are complex.

The input vector of bytes is passed through six levels of switches which have an increasing
stride varying from 1 to 32 at the last stage. The diagram below shows the vrdelta network,
the vdelta network is the mirror image, with the largest stride first followed by smaller
strides down to 1. Each stage output is controlled by the control inputs in the vector
register Vv. For each stage (for example stage 3), the bit at that position would look at the
corresponding bit (bit 3) in the control byte. This is shown in the switch box in the
diagram.

There are two main forms of data rearrangement. One uses a simple reverse butterfly
network shown as vrdelta, and a butterfly network vdelta shown below. These are known
as blocking networks, as not all possible paths can be allowed, simultaneously from input
to output. The data does not have to be a permutation, defined as a one-to-one mapping of
every input to its own output position. A subset of data rearrangement such as data
replication can be accommodated. It can handle a family of patterns that have symmetric
properties.

Vu[0] — Vd[0]
VV[O] b[‘O] b[‘1] bEZ]

VU[1] . 0 \\ / - Vd[1]
Wil 5[0] B \ \/ / bi2)

Vu[2] Vd[2]
Wi2] N V\\% =

Vu[3] 1 1 Vd[3]
W3] bEO] bE1] /\ /\ /\ bE2]

Vu[4] ~ Vd[4]
Vv[4] b[‘O] b[‘1] />>/2<\ bfZ]

Vu[5] — Vd[5]
Vv[5] BL0] B{] / / \\ b2

Vu[6] Vd[6]
Vv[6] \ b[‘O] b[‘1] / \ bEZ]

Vu[7] 1 0 11 vd[7]
VV[7] b[‘O] bE1] bE2]
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WiO! Vu[0] N \Vd[0]
\' \ \ \
vurt] \ / [0] g]/\ [2] V]
VV[1 ] \ \ / bEOI bh] bEZI
W[2] MANAVAV = N — = Vel
wislINANAI T o
Vu[4] Vd[4]
Vv[4] / /X\ b[‘O] b[‘1] b[‘2]
WS VulS] = L | | vdi5]
/ / \ b[0] b[1] b[2]
Wi Vu[6] / \ L ‘ ] vdie]
[ ] / b[0] b[1] b[2]
Vul7] . : 1] vd[7]
VV[7] bEOI b[‘1] bEZI

An example is shown in the diagram above of such a valid pattern using an 8-element
vrdelta network for clarity: 0,2,4,6,7,5,3,1.

However the desired pattern 0,2,4,6,1,3,5,7 is not possible, as this overuses available paths
in the trellis. The position of the output for a particular input is determined by using the bit
sequence produced by the destination position D from source position S. The bit vector for
the path through the trellis is a function of this destination bit sequence. In the example D
=17, S =1, the element in position 1 is to be moved to position 7. The first switch box
control bit at position 1 is 0, the next control bit at position 3 is 1, and finally the bit at
position 7 is 1, yielding the sequence 0,1,1. Also, element 6 is moved to position 3, with
the control vector 1,0,1. Bits must be placed at the appropriate position in the control bytes
to guide the inputs to the desired positions. Every input can be placed into any output, but
certain combinations conflict for resources, and so the rearrangement is not possible. A
total of 512 control bits are required for a single vrdelta or vdelta slice.

Example of a permitted arrangement:
0,2,4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,54,56,58,60
,62,63,61,59,57,55,53,51,49,47,45,43,41,39,37,35,33,31,29,27,25,23,21,19,17,15,13,11,9,
7,5,3,1

controls =
{0x00,0x02,0x05,0x07,0x0A,0x08,0x0F,0x0D,0x14,0x16,0x11,0x13,0x1E,0x1C,0x1B,0
x19,0x28,0x2A,0x2D,0x2F,0x22,0x20,0x27,0x25,0x3C,0x3E,0x39,0x3B,0x36,0x34,0x3
3,0x31,0x10,0x12,0x15,0x17,0x1A,0x18,0x1F,0x1D,0x04,0x06,0x01,0x03,0x0E,0x0C,0
x0B,0x09,0x38,0x3A,0x3D,0x3F,0x32,0x30,0x37,0x35,0x2C,0x2E,0x29,0x2B,0x26,0x2
4,0x23,0x21}
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Similarly, here is a function that replicates every 4th element:
0,0,0,0,4,4,4,4,8,8,8,8,12,12,12,12,16,16,16,16,20,20,20,20,24,24,24,24,28,28,28,28,32,3
2,32,32,36,36,36,36,40,40,40,40,44,44,44,44,48,48,48,48,52,52,52,52,56,56,56,56,60,60,
60,60

Valid controls =
{0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x0
3,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x0
3,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x0
3,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x03,0x00,0x01,0x02,0x0
3}

The other general form of permute is a Benes Network, which requires a vrdelta
immediately followed by a vdelta operation. This form is non-blocking: any possible
permute, however random, can be accommodated, though it has to be a permutation, each
input must have a position in the output. Replication can be performed by using a pre- or
post-conditioning vrdelta pass to perform the replications before or after the permute.

Element sizes larger than a byte can be implemented by grouping bytes together and
moving them to a group in the output. An example of a general permute is the following
random mix, where the 64 inputs are put in the following output positions:

33,42,40,61,28, 6,17,16,12,38,57,21,58,63,37,13,26,51,50,23,46, 5,52,53, 0,25,39,
7,10,19,18,56,44,41,11,14,43,45, 3,35,32,60,15,55,22,24,48, 9, 4,31,27, 8,
2,62,30,34,54,20,49,59,29,47,36

vrdelta controls ={0x00, 0x00, 0x21, 0x21, 0x20, 0x02, 0x00, 0x02, 0x20, 0x22, 0x00,
0x06, 0x23, 0x23, 0x02, 0x26, 0x06, 0x04, 0x2A, 0x0C, 0x2D, 0x2F, 0x20, 0x2E, 0x04,
0x00, 0x09, 0x29, 0x0C, 0x0A, 0x20, 0x0A, 0x05, 0xO0F, 0x29, 0x2B, 0x2C, 0x0E, 0x11,
0x13, 0x31, 0x2F, 0x08, 0x0A, 0x2A, 0x3E, 0x02, 0x32, 0x0B, 0x07, 0x26, 0x0E, 0x2A,
0x2E, 0x36, 0x36, 0x1D, 0x07, 0x01, 0x2B, 0x0C, 0x1E, 0x21, 0x13}

vdelta controls={ 0x1D, 0x01, 0x00, 0x00, 0x1D, 0x1B, 0x00, 0x1A, Ox1E, 0x02, 0x13,
0x03, 0x0C, 0x18, 0x10, 0x08, 0x1A, 0x06, 0x07, 0x03, 0x11, 0x1D, 0x0D, 0x11, 0x19,
0x03, 0x15, 0x03, 0x03, 0x19, 0x1F, 0x01, 0x1B, 0x1B, 0x06, 0x12, 0x18, 0x00, 0x1D,

0x09, 0x1A, 0x0E, 0x02, 0x02, 0x0B, 0x05, 0x0A, 0x18, 0x1D, Ox1F, 0x01, 0x17, 0x14,
0x06, 0x19, 0xOF, 0x1D, 0x0D, 0x05, 0x01, 0x06, 0x06, 0xOF, 0x1B}
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Vd = vrdelta(Vu,Vv) Vd = vdelta(Vu,Vv)

Vu vd  Vu vd

i | Example Switch box

\ )y pi VY Vu.ub[i] : out)
f :

Vu.ubfi+2] Outi+2]

Vv.ubfi& (1 <<k) Vv.ubfi+298(1<<K)
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Syntax Behavior

Vd=vdelta (Vu, Vv) i

for (offset=VWIDTH; (offset>>=1)>0; ) {
for (k = 0; k<VWIDTH; k++)
vVd.ub[k] = (Vv.ub[k]&offset) ?

vu.ub [k offset] : Vu.ubl[k];

¥

for (k = 0; k<VWIDTH; k++) {
Vu.ub[k] = Vvd.ub[k];

}i
Vi

Vd=vrdelta (Vu, Vv) 5

for (offset=1; offset<VWIDTH; offset<<=1) {
for (k = 0; k<VWIDTH; k++) {
vd.ub[k] = (Vv.ub[k]&offset) ?

Vu.ub[k®offset] : Vu.ubl[k];

Iz

for (k = 0; k<VWIDTH; k++)

Vu.ub [k] = Vd.ub [k]
¥
}i

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

7

Intrinsics

Vd=vdelta (Vu, Vv) HVX Vector Q6 V vdelta VV (HVX Vector Vu,
HVX Vector Vv)

Vd=vrdelta (Vu, Vv) HVX Vector Q6 _V_vrdelta VV(HVX Vector Vu,
HVX Vector Vv)

Encoding

31|3o|29\28 27\26\25|24|23|22\21\20\19\1a|17|16 12\11\1o|9|8 7|6\5 4\3\2|1|o

=Y
| @ |
—
N
—
w

ICLASS Parse u5 d5

o

ojojoj1 11411001 |vjviviv| v/ PP Ojufujufu/u|0|/0|1|d|{d|d|d

Vd=vdelta(Vu,Vv)

o

ofo/o1j1{1j1{1/o/0f1|v{viv|iv|(v/P/P|O|jujufufuju|0|1|1|d|d|d|d

Vd=vrdelta(Vu,Vv)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
us Field to encode register u
v5 Field to encode register v

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

178



Hexagon V60 HVX Programmer’s Reference Manual

Instruction Set

Shuffle - Deal

Vd.h=

Deal or deinterleave the elements into the destination register Vd. Even elements of Vu are
placed in the lower half of Vd, and odd elements are placed in the upper half.

In the case of vdeale, the even elements of Vv are dealt into the lower half of the
destination vector register Vd, and the even elements of Vu are dealt into the upper half of
Vd. The deal operation takes even-even elements of Vv and places them in the lower
quarter of Vd, while odd-even elements of Vv are placed in the second quarter of Vd.
Similarly, even-even elements of Vu are placed in the third quarter of Vd, while odd-even

elements of Vu are placed in the fourth quarter of Vd.

vdeal(Vu.h)

[N-1]

[N-2]

Bl 21 [ [0

[N-1]

[N/2+2)

N/2-1] 2 [ [0l

vd

.b=vdeale(Vu.b, Vv.b)

vd

1o

[81

m (61 [s] 4

[10]

m

3N/ BN/
2] | 442

[3n/4] [N/2+2] | IN/2+1] | [N/2]

N/4+2)

[N/a+1]

IN/4]

vd

Shuffle elements within a vector. Elements from the same position - but in the upper half
of the vector register - are packed together in even and odd element pairs, and then placed
in the destination vector register Vd.

Supports byte and halfword. Operates on a single register input, in a way similar to

vshuffoe.
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Vd.b=vshuff(Vu.b)

[N-1] vee [N/2+2] | [N/2+#1] | [N/2] [ [N/2-1] [2] [1] [0] Vu
A A 4
[N-1] [N-2] e [5] [4] B3] [2] (1 [0] vd

*N is the number of element operations allowed in the vector

Syntax Behavior

Vd.b=vdeal (Vu.b) for (i = 0; i < VELEM(16); i++) {
Vd.ub[i ] = Vu.uh[i] .ub[O0];
Vd.ub[1i+VBITS/16] = Vu.uh[i] .ub[1] ;

b
Vd.b=vdeale (Vu.b,Vv.Db) for (i = 0; 1 < VELEM(32); 1+4+) {
Vd.ub[0+1i ] = Vv.uw[i] .ub[0];
Vd.ub [VBITS/32+1 ] = Vv.uwl[i] .ub[2];
VAd.ub [2*VBITS/32+i] = Vu.uw[i] .ub[0];
Vd.ub [3*VBITS/32+i] = Vu.uwl[i] .ub[2] ;
¥
Vd.b=vshuff (Vu.b) for (i = 0; 1 < VELEM(16); i++) {
Vd.uh[i] .b[0]=Vu.ubl[i];
Vd.uh([i] .b[1]=Vu.ub[i+VBITS/16] ;
b
Vd.h=vdeal (Vu.h) for (i = 0; i < VELEM(32); i++) {
Vd.uh[i ] = Vu.uw[i] .uh[O0];
Vd.uh[1i+VBITS/32] = Vu.uwl[i] .uh[1] ;
b
Vd.h=vshuff (Vu.h) for (i = 0; 1 < VELEM(32); i++) {
Vd.uw[i] .h[0]=Vu.uh[i];
Vd.uw([i] .h[1]=Vu.uh[i+VBITS/32] ;
b

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.
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Intrinsics

Vd.b=vdeal (Vu.b)

Vd.b=vdeale (Vu.b,Vv.b)

Vd.b=vshuff (Vu.b)
Vd.h=vdeal (Vu.h)
Vd.h=vshuff (Vu.h)

HVX Vector Q6 Vb vdeal Vb (HVX Vector Vu)

HVX Vector Q6 Vb vdeale VbVb (HVX Vector Vu,

HVX Vector Vv)

HVX Vector Q6 Vb vshuff Vb (HVX Vector Vu)
HVX Vector Q6 Vh vdeal Vh (HVX Vector Vu)

HVX Vector Q6 Vh vshuff Vh(HVX Vector Vu)

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 u5 d5
0|00 1110 |-|-|-|-]-|-|0|0|P|P|O|u|u]u ul1|(1]0|d|d|d|d]|d]|Vdh=vdeal(Vu.h)
0|00 11110 |-|-|-|-]-|-|0|0|P|P|O|u|u]u ul1|1]1|d|d|d|d]|d]|Vdb=vdeal(Vu.b)
0|0|o0 1110 |-|-|-|-]-|-|0[1|P|P|O|u|u]u ul1|1]1|d|d|d|d]|d]|Vdh=vshuff(vu.h)
0|00 1110 |-|-|-|-]-|-|1|0|P|P|O|u|u]u ul0|0|0|d|d|d|d]|d|Vdb=vshuff(Vu.b)
0(0 |0 11111001 |v|v|Vv|Vv| Vv P/P/O|u|fuu u/1(1|1|d|d|d|d]|d|Vdb=vdeale(Vu.b,\Vv.b)
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

u5 Field to encode register u

v5 Field to encode register v
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Vector in-lane lookup table

The vlut32 instruction is used to implement fast vectorized lookup-tables. The lookup
table is contained in the Vv register while the indexes are held in Vu. Table elements are 8-
bit and consist of 32 entries.

The required entry is conditionally selected by using the lower 5 bits of the input byte for
the respective output byte. A control input register, Rt, contains match and select bits. The
lower 3 bits of Rt must match the upper 3 bits of the input byte in order for the table entry
to be written to or Or'ed with the destination vector register byte in Vd.

Up to two 32-byte lookup tables can be stored in vector register Vv. The first table of 32
bytes is stored in the even bytes of the input register Vv and the second is stored in the odd
bytes. The Isb of the scalar register Rt is used to select which table is read.

For larger than 32-element tables in the byte case (for example 256 entries), the user must
access the main lookup table in 4 different 64-byte sections. Each section contains 2
interleaved 32-byte sub-tables. With the first 32-byte table Rt = 0, this accesses table 0 and
decodes only inputs 0-31. Rt=1 accesses table 1 and decodes inputs 32-63. This is then
repeated with a new table access and Rt =2 and 3 to access inputs 64-95 and 96-127. This
repeats for Rt = 4-7 for the whole 256-byte table. Users must be aware that the raw lookup
table must be interleaved in memory on 32-element chunks for 8-bit operations.

The following diagram shows vIut32 and byte zero being used to look up a table value,
with the result written into the destination.
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Vd.b = vlut32(Vu.b, Vv.b, Rt)

Vu Input . Rt
Vector b[63:8] b[7] | b[6] | b[5] | b[4] | b[3] | b[2] | b[1] | b[O]
e
o
Bits 7:5 4]
£
«—— Replicated for all other input bytes————
N
Vv Table | blil/ali] pay
veaor | io31104 | bM31 | al3) | bl2] | al2] | b{a] | a[1] | blo] | a[o] s
To other selects L‘ ,J P—P—' Bit0
1 1
Other
inputs
4 Y {V {V
HL Bits 4:0
o
\4
0
«—— Replicated for all other output bytes——m— i
vd/Vx
Output b[63:1] b[O] Optional OR
Vector accumulate
Syntax Behavior
vVd.b=vlut32 (Vu.b,Vv.b,Rt) for (i = 0; 1 < VELEM(8); i++) {
{

matchval = Rt & 0x7;
oddhalf = (Rt >>
(log2 (VECTOR_SIZE)-6)) & 0x1;
idx = Vu.ub[i];
Vd.b[i] = ((idx & OxEQ) ==

(matchval << 5)) ? Vv.h[idx %
VBITS/16] .b[oddhalf] : 0;

¥
}i
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Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

Intrinsics
vVd.b=vlut32(Vu.b,Vv.b,Rt) HVX Vector Q6 Vb vlut32 VbVDbR (HVX Vector
Vu, HVX Vector Vv, 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 t3 Parse u5 d5
0 |o |o ‘1 1 ‘0 ‘1 |1 |v|v‘v‘v‘v t|t|t P|P 1 u‘u‘u|u|u 0 |o ‘1 d‘d|d|d|d Vd.b=viut32(Vu.b,Vv.b,Rt)

Field name

ICLASS Instruction Class

Parse Packet/Loop parse bits
as Field to encode register d
t3 Field to encode register t
u5 Field to encode register u
v2 Field to encode register v
v3 Field to encode register v

Description
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Pack

The vpack operation has three forms. All of them pack elements from the vector registers
Vu and Vv into the destination vector register Vd.

vpacke writes even elements from Vv and Vu into the lower half and upper half of Vd
respectively.

vpacko writes odd elements from Vv and Vu into the lower half and upper half of Vd
respectively.

vpack takes all elements from Vv and Vu, saturates them to the next smallest element size,
and writes them into Vd.

Vd.b=vpacke(Vu.h,Vv.h)

[N-1] [N-2] [3] [2] [1] [0] Vv

[N-1] | [N-2] [3] [2] [1] [0] Vu
/ v

[N-1] wo | IN242) | IN/2) [ IN/2-2) | L [1] [0] vd

Vd.b=vpacko(Vu.h,Vv.h)

[N-1] [N-2] [3] [2] [1] [0] Vv

[N-1] [N-2] [3] [2] [1] [0] Vu
| =t

[N-1] e | IN2421 | [N/2] | IN/21D L [1] [0] vd

Vd.b=vpack(Vu.h,Vv.h):sat

[N/2-1] [1] [0] Vu [N/2-1] [1] [0] Vv

[N-1] N/2+1) | [N/2] | [N/2-1) [1] [0] vd
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vd.

vd.

vd.

vd.

vd.

vd.

vd.

vd.

Syntax

b=vpack (Vu.h,Vv.h) :sat

b=vpacke (Vu.h,Vv.h)

b=vpacko (Vu.h,Vv.h)

h=vpack (Vu.w,Vv.w) :sat

h=vpacke (Vu.

h=vpacko (Vu.

ub=vpack (Vu.

uh=vpack (Vu.

w,Vv.

w,Vv.

h,vv.

w,Vv.

:sat

:sat

Class: COPROC_VX (slots 0,1,2,3)

Notes

(1
vd
vd

(i
vd

vd.

(i
vd

vd.

(1

vd.
vd.

vd.
vd.

vd

vd.

vd.

vd

(1

vd.
vd.

Behavior

= 0; i < VELEM(16); i++) {
.b[i] = sat_8(Vv.h[il]);
.b[i+VBITS/16] = sat 8 (Vu.h[i]) ;

= 0; i < VELEM(16); i++) {
.ub[i] = Vv.uh[i] .ublO0];
ub [1+VBITS/16] = Vu.uh[i] .ub[0] ;

= 0; i < VELEM(16); i++) {
.ub[i] = Vv.uh[i] .ub[1];
ub [1+VBITS/16] = Vu.uh[i] .ub[1] ;

= 0; i < VELEM(32); i++) {
h[i] = sat_16(Vv.wl[i]);
h[i+VBITS/32] = sat_16(Vu.wl[il) ;

= 0; i < VELEM(32); i++) {
uh([i] = Vv.uw[i] .uh[O0];
uh[1+VBITS/32] = Vu.uw[i].uh[O0] ;

= 0; i < VELEM(32); i++) {
.uh[i] = Vv.uw[i] .uh[1];
uh [1+VBITS/32] = Vu.uw[i].uh[1] ;

= 0; 1 < VELEM(16); i++) {
ub[i] = usat 8(Vvv.h([i]);
.ub[i+VBITS/16] = usat 8 (Vu.h[i]) ;

= 0; i < VELEM(32); i++) {
uh[i] = usat_16(Vv.w[i]);
uh[i+VBITS/32] = usat 16 (Vu.w[i]) ;

m This instruction uses the HVX permute resource.
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Intrinsics

vd.

b=vpack (Vu.h,Vv.h) :sat

Vu, HVX Vector Vv)

HVX Vector Q6 Vb vpack VhVh sat (HVX Vector

Vd.b=vpacke (Vu.h,Vv.h) HVX Vector Q6 Vb vpacke VhVh (HVX Vector Vu,
HVX Vector Vv)
Vd.b=vpacko (Vu.h,Vv.h) HVX Vector Q6 Vb vpacko VhVh (HVX Vector Vu,
HVX Vector Vv)
Vd.h=vpack (Vu.w,Vv.w) :sat HVX Vector Q6 Vh vpack VwVw_sat (HVX Vector
Vu, HVX Vector Vv)
Vd.h=vpacke (Vu.w,Vv.w) HVX Vector Q6 Vh vpacke VwVw (HVX Vector Vu,
HVX Vector Vv)
Vd.h=vpacko (Vu.w,Vv.w) HVX Vector Q6 _Vh vpacko VwVw (HVX Vector Vu,
HVX Vector Vv)
Vd.ub=vpack (Vu.h,Vv.h) :sat HVX Vector Q6 Vub_ vpack VhVh sat (HVX Vector
Vu, HVX Vector Vv)
Vd.uh=vpack (Vu.w,Vv.w) :sat HVX Vector Q6 Vuh vpack VwVw_sat (HVX Vector
Vu, HVX Vector Vv)
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 Parse ub d5
0(0 |0 1|1 |11 1/1]/0|v|v|v|v| v | P|P|O|u|u|u u(0|1/0|d|{d|d|d]|d|Vdb=vpacke(Vu.h,Vv.h)
0001|111 1/1]/0|v|v|v|v| v | P|P|O|u|u|u ul(0|1|1|d|d|d|d]|d | Vdh=vpacke(Vu.w,Vv.w)
0001|111 1/1]/0|v|v|v|v| Vv P|P|O|u|u|u u/1/0|1|d|d|d|d]|d|Vdub=vpack(Vu.hVv.h):sat
0001|111 1/1]0|v|v|v|v| Vv | P|P|O|u|u|u u/1(1]0|d|d|d|d]|d|Vdb=vpack(Vu.hVv.h):sat
olofol1]1]1]1 1010 |v|v|v| v v P P[0|ulujuuu1[1][1]|dd]d|d]|d]|/dun=vpackVuwViw)sa
0001|111 111 |v|v|v|v|Vv| P|P uju|u ul(0 |0 |0 d Vd.h=vpack(Vu.w,Vv.w):sat
0001|111 1T/1{1|v|iv|iv|v|vVv Ojufu|u u(0|0 1 d|d|d|d|Vdb=vpacko(Vu.h,Vv.h)
0|0 (0|1 |1]1]1 111 |v]iv|v|v|vVv Ofjuju|u u/0|f1]0 d|d|d|d|Vdh=vpacko(Vu.w,Vv.w)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
u5 Field to encode register u
v5 Field to encode register v
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Set predicate

Set a vector predicate register with a sequence of 1's based on the lower bits of the scalar
register Rt.

Rt=0x11:Qd4 =0-----0011111111111111111b
Rt =0x07 : Qd4 = 0-----0000000000001111111b

The operation is element-size agnostic, and typically is used to create a mask to predicate
an operation if it does not span a whole vector register width.

Syntax Behavior

Qd4=vsetq(Rt) for(i = 0; i < VWIDTH; i++) Qdv[il=(i < (Rt
& (VWIDTH-1))) ? 1 : O;

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

Intrinsics
Qd4=vsetqg(Rt) HVX VectorPred Q6 Q vsetg R(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 \ 5 \ 4 \ 3 \ 2[1 | 0
ICLASS t5 Parse d2
o|o|o‘1 1‘0‘0|1 |1 |o‘1 t‘t‘t|t|t P|P 0‘-‘-‘-|-|-|o|1 ‘0‘-‘0‘1 d|d Qd4=vsetqg(Rt)

Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
dz2 Field to encode register d
t5 Field to encode register t
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5.2.9 HVX/PERMUTE-SHIFT-RESOURCE

The HVX/PERMUTE-RESOURCE instruction subclass includes instructions which use
both the HVX permute and shift resources.
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Vector in-lane lookup table

The vlut instructions are used to implement fast vectorized lookup-tables. The lookup
table is contained in the Vv register while the indexes are held in Vu. Table elements can
be either 8-bit or 16-bit. An optional aggregation feature is used to implement large tables.
Tables with 8-bit elements support 32 entry lookup table using the vlut32 instructions. The
required entry is conditionally selected by using the lower 5 bits of the input byte for the
respective output byte. A control input register, Rt, contains match and select bits. The
lower 3 bits of Rt must match the upper 3 bits of the input byte in order for the table entry
to be written to or Or'ed with the destination vector register byte in Vdd or Vx
respectively. Up to two 32-byte lookup tables can be stored in vector register Vv. The first
table of 32 bytes is stored in the even bytes of the input register Vv and the second is
stored in the odd bytes.

For tables with 16-bit elements, the basic unit is a 16-entry lookup table, and are support
with the vIut16 instructions. The even byte entries conditionally select using the lower 4
bits for the even destination register Vdd0, the odd byte entries select table entries into the
odd vector destination register Vdd1. A control input register, Rt, contains match and
select bits. The lower 4 bits of Rt must match the upper 4 bits of the input bytes in order
for the table entry to be written to or Or'ed with the destination Vector Register bytes in
Vdd or Vxx respectively. Up to two 16-halfword lookup tables can be stored in vector
register Vv. The first table of 16 halfwords is stored in the even halfwords of the input
register Vv and the second is stored in the odd halfwords. In both 8- and 16-bit cases the
Isb of the scalar register Rt is used to select which table is read.

For larger than 32-element tables in the byte case (for example 256 entries), the user must
access the main lookup table in 4 different 64-byte sections. Each section contains 2
interleaved 32-byte sub-tables. With the first 32-byte table Rt = 0, this accesses table 0 and
decodes only inputs 0-31. Rt=1 accesses table 1 and decodes inputs 32-63. This is then
repeated with a new table access and Rt =2 and 3 to access inputs 64-95 and 96-127. This
repeats for Rt = 4-7 for the whole 256-byte table. Similarly in the 16-bit case each table
vector register Vv contains two 16-halfword tables. The maximum table size again is 256
entries, so each Rt value 0-15 now selects a 16-element sub-table, with again bit 0 of Rt
selecting even or odd tables. Users must be aware that the raw lookup table must be
interleaved in memory on 32- or 16-element chunks for 8- and 16-bit operations
respectively.

The following diagram shows vIut32 and byte zero being used to look up a table value,
with the result written into the destination.
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Vu Input
Vector

Vv Table
Vector

vd/Vx
Output
Vector

Vx.b |=vlut32(Vu.b, Vv.b, Rt)

Rt
b[63:8] b[7] | b[6] | b[5] | b[4] | b[3] | b[2] | b[1] | b[O]
C.>.
o
Bits 7:5 — Y1 @
£
<—— Replicated for all other input bytes————>
<
blil/ali] Py
31104 | P31 | al3] | bi2] | al2] | b[1] | a[1] | b[0] | al0] 5
o
To other selects L‘ ’J P—T—' Bit0
1 1 1
Other
inputs
P \ \ {V
Hp Bits 4:0
‘o
Y
0
vy
«——  Replicated for all other output bytes———— @
accumulate

The diagram shows byte zero being used to look up a 16-bit table value, with the result
written into the even destination, and byte one being used to look up a 16-bit table value,
with the result written into the odd destination at halfword 0.
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Vdd.h = vlut16(Vu.b, Vv.h, Rt) / Wxx.h |= viutl6{Vu.b, Vv.h, Rt)

0Odd bytes Even bytes
Bytes Vu lnput Bytes
Rt ) b[7
i=63tog | oV bls] bi3] bl1] Vector . bls] b[4] bl2] blo]
=] Bits 7:4 Bits 7:4
o
@ «——Replicated for all other odd input bytes——— - +——Replicated for all other even input bytes—— -
" Vv Table
i Vv Table blil/ali] b[il/a
5 | Vector | i-istoa | B3| 2B1 | b2l | al2) | bl | al1) | blo] | al0] vector | S i3y | of3) | bi2) | af2) | bi1) | o) | lo) | o
2 (copy)
: ] )
To other selects 1 ILI i - BitO To other selects 1 it BitO
7 a\_ I 0 [ [
‘On_..m_. Other
inputs ! \ inputs \
T‘ ! Bits 3:0 ——1— Bis30
‘0" o
i i
[ [
«——Replicated for all other output bytes—— «—Replicated for all other output bytes———
WVdd1/Vixl Vddo/Vxx0
Output h[31:1] h[0] Qutput h[31:1] h[0]
Vector Vector
Optional OR Optional OR
accumulate accumulate
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Syntax Behavior

Vdd.h=vlutlé (Vu.b,Vv.h,Rt) for (i = 0; 1 < VELEM(16); 1++) {

{
matchval = Rt & OXF;

oddhalf = (Rt >>
(log2 (VECTOR_SIZE)-6)) & O0x1;

idx = Vu.uh[i] .ub[0];

Vdd.v[0] .h[i] = ((idx & O0xF0) ==
(matchval << 4)) ? Vv.wl[idx %
VBITS/32] .h[oddhalf] : 0;

idx = Vu.uh[i] .ub[1];

vdd.v([1] .h[i] = ((idx & O0xFO0) ==
(matchval << 4)) ? Vv.w[idx %

VBITS/32] .h[oddhalf] : 0;
¥

Vx.b|=vlut32(Vu.b,Vv.b,Rt) for (i = 0; i < VELEM(8); i++) {
{

matchval = Rt & 0x7;

oddhalf = (Rt >>
(log2 (VECTOR_SIZE)-6)) & O0x1;

idx = Vu.ub[i];

Vx.b[i] |= ((idx & OxXE0) ==
(matchval << 5)) ? Vv.h[idx %
VBITS/16] .bl[oddhalf] : 0;

Vi
}i

Vxx.h|:vlut16(Vu.b,Vv.h,Rt) for (i = 0; 1 < VELEM(16); 1i++) {

matchval = Rt.ub[0] & OxF;

oddhalf = (Rt >>
(log2 (VECTOR_SIZE)-6)) & O0x1;

idx = Vu.uh[i] .ub[0];

Vxx.v[0].h[i] |= ((idx & O0xFO)
(matchval << 4)) ? Vv.wl[idx %
VBITS/32] .h[oddhalf] : 0;

idx = Vu.uh[i] .ub[1];

Vxx.v[1] .h[i] |= ((idx & OxF0) ==
(matchval << 4)) ? Vv.w[idx %
VBITS/32] .h[oddhalf] : 0;

Iz

I

}i
Class: COPROC_VX (slots 0,1,2,3)
Notes

m This instruction uses the HVX permute resource.

= This instruction uses the HVX shift resource.
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Intrinsics

vdd.h=vlutlé (Vu.b,Vv.h,Rt)

Vx.b|=vlut32(Vu.b,Vv.b,Rt)

Vxx.h|=vlutlé6 (Vu.b,Vv.h,Rt)

HVX VectorPair
Q6 Wh vlutlé VbVhR (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

HVX Vector
Q6 Vb vlut32or VbVbVbR (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv, Word32 Rt)

HVX VectorPair
Q6 Wh vlutléor WhVbVhR (HVX VectorPair Vxx,
HVX Vector Vu, HVX Vector Vv, 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 3 Parse u5 x5
0 |o |0 ‘1 1 ‘0 ‘1 |1 |v|v‘v‘v‘v t|t|t P|P 1 u‘u‘u|u|u 1 |o ‘1 x‘x|x|x|x Vx.bl=vIut32(Vu.b,Vv.b,Rt)
ICLASS 3 Parse u5 d5
0 |o |o ‘1 1 ‘0 ‘1 |1 |v|v‘v‘v‘v t|t|t P|P 1 u‘u‘u|u|u 1 |1 ‘0 d‘d|d|d|d Vdd.h=viut16(Vu.b,Vv.h,RY)
ICLASS t3 Parse ub x5
0 |o |o ‘1 1 ‘0 ‘1 |1 |v|v‘v‘v‘v t|t|t P|P 1 u‘u‘u|u|u 1 |1 ‘1 x‘x|x|x|x Vioch|=viut16(Vu.b,Vv.h,Rt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
t3 Field to encode register t
u5 Field to encode register u
v2 Field to encode register v
v3 Field to encode register v
x5 Field to encode register x
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Vector shuffle and deal cross-lane

vshuff (formerly vtrans2x2) and vdeal perform a multiple-level transpose operation
between groups of elements in two vectors. The element size is specified by the scalar
register Rt. Rt=1 indicates an element size of 1 byte, Rt=2 indicates halfwords, Rt=4
words, Rt=8 8 bytes, Rt=16 16 bytes, and Rt=32 32 bytes. The data in the two registers
should be considered as two rows of 64 bytes each. Each two-by-two group is transposed.
For example, if Rt = 4 this indicates that each element contains 4 bytes. The matrix of 4 of
these elements, made up of two elements from the even register and two corresponding
elements of the odd register. This two-by-two array is then transposed, and the resulting
elements are then presented in the two destination registers. Note that a value of Rt =0
leaves the input unchanged.

Examples for Rt =1,2,4,8,16,32 are shown below. In these cases vdeal and vshuff perform
the same operation. The diagram is valid for vshuff and vdeal.
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vshuff/vdeal(Vy,Vx,Rt) N = 64/Rt Rt = 247

[N-1] | [N-2] (1] 0] | Vx [ I[N-1] | [N-2] [1] [0]
v A A A
[N-17 | [N-2] | [N-3] | [N-4] [0] Vx| [N-1] [3] [2] [1] [0]

Vvdd = vshuff/vdeal(Vu,Vv,Rt) N = 64 /Rt Rt = 2Aj
[N-1] | [N-2] (1] [0] | Vu [|[N-1] | [N-2] [1] [0]
v A A A
[N-17 | [N-2] | [N-3] | [N-4] [0] |vdd[1]| [N-1] | [N-2]| [3] [2] [1] [0]
d BN Elements

ElementRt=4 N =

16

Vy

vy’

Vv

vdd[0]

When a value of Rt other than 1,2,4,8,16,32 is used, the effect is a compound hierarchical
transpose. For example, if the value 23 is used, 23 = 1+2+4+16. This indicates that the
transformation is the same as performing the vshuff instruction with Rt=1, then Rt=2 on
that result, then Rt = 4 on its result, then Rt = 16 on its result. Note that the order is in
increasing element size. In the case of vdeal the order is reversed, starting with the largest
element size first, then working down to the smallest.
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When the Rt value is the negated power of 2: -1,-2,-4,-8,-16,-32, it performs a a perfect
shuffle for vshuff, or a deal for vdeal of the smallest element size. For example, if Rt =-24
this is a multiple of &, so 8 is the smallest element size. With a -ve value of Rt, all the
upper bits of the value Rt are set. For example, with Rt=-8 this is the same as 32+16+8.
The diagram below shows the effect of this transform for both vshuff and vdeal.

vshuff(Vy,Vx,Rt) Rt = -8 == 32+16+8

[15] | [14] | [13] | [22] | [22] | [200 | [O | [8] | Wx (71 | (6] | [51 | [4]1 | (31 | [21 | (2] [ [o] | Vy
[15] | (71 | [14] | [6] | [23] | [5] | [12] | [4] | WX [11] | (3] | (201 | [2] | [o1 | (2] | (8] | [O] | vy
7 6 5 4 3 2 1 0
Element size 8
Vdd = vshuff(Vu,Vv,Rt) Rt = 24

[15] | [14] | [13] | [22] | [21] | [200 | (O] | [8] | Vu (71 | (6] | [501 | [41 | (31 | [21 | (2] [ [O] | Wv
[15] | (71 | [14] | [6] | [13] | [5] | [12] | [4] |vddi1] [11] | 3] | (201 | [2] | [91 | (2] | [8] | [O] |vddio]
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vdeal(Vy,Vx,Rt) Rt = -8 or 56

(15] | [14] | [13] | [12] | [11] | [10] | (O] | [8] | Vx (71 [ (6] | [5] | [4 | 18] | [21 | (1] | [o] | vy

N 1 [
2} | e || !
Lo Lo __L___L

(15] | [13] | [21] | (O] | [71 | (50 | (3] | [1] | W (14] | [22] | [20] | (8] | [6] | (4] | 2] | [O] | Wy

Element size 8 7 6 5 4 3 2 1 0

Vdd = vdeal(Vu,Vv,Rt) Rt = -8 or 56

(15] | [14] | [13] | [12] | [21] | [20] | (o1 | [8] | Vu (71 | (6] | 51 | [4 | B | [2] | [a] | (O] | wv

A A 4

(15] | [13] | [21] | (81 | [71 | [51 | (31 | [1] |vadii] (14] | [12] | [20] | (8] | (6] | (4] | (2] | [O] |vddiO]

If in addition to this family of transformations a block size is defined B, and the element
size is defined as E, then if Rt = B - E, the resulting transformation will be a set of B
contiguous blocks, each containing perfectly shuffled or dealt elements of element size E.
Each block B will contain 128/B elements in the 64B vector case. This represents the
majority of data transformations commonly used. When B is set to 0, the result is a shuffle
or deal of elements across the whole vector register pair.
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Syntax Behavior

Vdd=vdeal (Vu, Vv, Rt) vdd.v[0] Vv ;
vdd.vI[1l] = Vu;
for (offset=VWIDTH>>1; offset>0;
offset>>=1)
if ( Rt & offset) ({
for (k = 0; k < VELEM(8); k++)
if (1 ( k & offset)) {
SWAP (Vdd.v[1] .ub[k],vdd.v I
0] .ub[k+offset]) ;

Vi
Vi

b

Vdd=vshuff (Vu, Vv, Rt) vdd.v[0] = Vv;
vdd.vI[1l] = Vu;
for (offset=1; offset<VWIDTH; offset<<=1) ({
if ( Rt & offset) {
for (k = 0; k < VELEM(8); k++) {
if (1 ( k & offset)) ({
SWAP (VdAdd.v [1] .ub[k] ,Vvdd.v[
0] .ub[k+offset]) ;

}i
}i
Vi

vdeal (Vy, Vx,Rt) for (offset=VWIDTH>>1; offset>0;
offset>>=1)
if ( Rt & offset) {
for (k = 0; k < VELEM(8); k++) {
if (! ( k & offset)) {
SWAP (Vy.ub [k] ,Vx.ub [k+offs

et]) ;
b5
¥
¥
vshuff (Vy, Vx, Rt) for (offset=1; offset<VWIDTH; offset<<=1) {
if ( Rt & offset) {
for (k = 0; k < VELEM(8); k++) {
if (1 ( k & offset)) {
SWAP (Vy.ub [k] ,Vx.ub [k+offs
et]) ;
b5
¥
¥
vtrans2x2 (Vy, Vx, Rt) Assembler mapped to: "vshuff (Vy,Vx,Rt)"

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

= This instruction uses the HVX shift resource.
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Intrinsics

vdd=vdeal (Vu,Vv,Rt)

vVdd=vshuff (Vu, Vv, Rt)

HVX VectorPair
Vu, HVX Vector

HVX VectorPair

Vu, HVX Vector Vv,

Q6 W vdeal VVR(HVX Vector
Vv, Word32 Rt)

Q6 W _vshuff VVR (HVX Vector
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 t5 Parse y5 x5
ojojof1|1|ojo (1|11 [1][t|t|t|t|t|P|P|1 001 ]x x vshuff(Vy,Vx,Rt)
ojojof1|1|ojo (1|11 [1][t|t|t|t|t|P|P|1 0[110]x x vdeal(Vy,Vx,Rt)
ICLASS 3 Parse u5 d5
0001|101 (1 |v|Vv] v v v |t t]|t P|1|ujuju u/0 |11 d Vdd=vshuff(Vu,Vv,Rt)
0001 |1T]O0 (1|1 v v iv|v| v t|t]|t P{1|ujuju ul(1/0 |0 d Vdd=vdeal(Vu,Vv,Rt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t3 Field to encode register t
t5 Field to encode register t
us Field to encode register u
v2 Field to encode register v
v3 Field to encode register v
X5 Field to encode register x
y5 Field to encode register y
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Unpack

The unpack operation has two forms. The first form takes each element in vector register
Vu and either zero or sign extends it to the next largest element size. The results are
written into the vector register Vdd. This operation supports the unpacking of signed or
unsigned byte to halfword, signed or unsigned halfword to word, and unsigned word to

unsigned double.

The second form inserts elements from Vu into the odd element locations of Vxx. The
even elements of Vxx are not changed. This operation supports the unpacking of signed or
unsigned byte to halfword, and signed or unsigned halfword to word.

Vdd.h=vunpack(Vu.b)

[N-1] e (31 | [2] | 1] | [0O]
sign | [2N-1] sign | [6] |sign | [4] |sign| [2] |sign | [O]
Vxx.h|=vunpacko(Vu.b)

[N-1] (4] | 31| [2] | [2] | [O]
[2N-1] | [2N-2] (o1 [ 8] | [71 | [6] | [5] | [4] | [3]1 | [2] | [1] | [0O]

Unmodified

Vu

Vdd

Vu

Vxx

80-N2040-30 Rev. C
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Syntax Behavior

Vdd .h=vunpack (Vu.b) for (i = 0; i < VELEM(8); i++) {
vdd.h[i] = Vu.b[i] ;

Vdd .uh=vunpack (Vu.ub) for (i = 0; i < VELEM(8); i++) {
vdd.uh[i] = Vu.ub[i] ;
b 5
Vdd .uw=vunpack (Vu.uh) for (i = 0; i < VELEM(16); i++) {

vdd.uw[i] = Vu.uh[i] ;

Vdd.w=vunpack (Vu.h) for (i = 0; i < VELEM(16); i++) {
vdd.w([i] = Vu.h[i] ;
¥
Vxx.h|=vunpacko (Vu.b) for (i = 0; i < VELEM(8); i++) {
Vxx.uh[i] |= Vu.ub[i]<<8 ;
}i
Vxx.w|=vunpacko (Vu.h) for (i = 0; i < VELEM(16); i++) {
Vxx.uw[i] |= Vu.uh[i]l<<16 ;

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

= This instruction uses the HVX shift resource.

Intrinsics

vdd.h=vunpack (Vu.b) HVX VectorPair Q6 Wh vunpack Vb (HVX Vector
vu)

vdd.uh=vunpack (Vu.ub) HVX VectorPair
Q6 Wuh vunpack Vub (HVX Vector Vu)

vdd.uw=vunpack (Vu.uh) HVX VectorPair
Q6_Wuw_vunpack Vuh (HVX_ Vector Vu)

vdd.w=vunpack (Vu.h) HVX VectorPair Q6 Ww_vunpack Vh (HVX Vector
vu)

Vxx.h|=vunpacko (Vu.b) HVX VectorPair
Q6_Wh vunpackoor WhVb (HVX VectorPair Vxx,
HVX Vector Vu)

Vxx.w|=vunpacko (Vu.h) HVX VectorPair

Q6 Ww_vunpackoor WwVh (HVX VectorPair Vxx,
HVX Vector Vu)

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 202



Hexagon V60 HVX 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 Parse u5 d5
o001 |1 {110 f-|=-|=|=|=|=[0[1T|P|P|O|ujuju u/0 (0|0 |d|d|d|d]|d|Vdd.uh=vunpack(Vu.ub)
o001 |1 {110 f-|=-|=|=|=|=[0[1T|P|P|Ojufu|u u(0|0|1|d|d d | d | Vdd.uw=vunpack(Vu.uh)
olofof1(1(1f1]0o|-|=-]|-]|-]-]-|0[1|P|P|O|u|u|u ul0(1]0|d|d d | d | vdd.h=vunpack(Vu.b)
ofo/of1j1{1{1{0f-|=-|=-|=-|=-]=-(0[1T|P|P|O|ufu|u ul0|(111|d|d d | d | Vdd.w=vunpack(Vu.h)
ICLASS Parse ub x5
00|01 |1 |1 ]|1[0]|-]- -|-1-1010 Pi{1|ujuju u(0 |0 |0 |x|x|x|x|x |Vxxh|=vunpacko(Vu.b)
ofojoj1|1{1|{1j0|=-|{=-|0|=-|=-]=-|0]0 Pi{1|ujuju u(0 |0 |1 |x|x|x|x|x|Vxxw|=vunpacko(Vu.h)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
u5 Field to encode register u
X5 Field to encode register x
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5.2.10 HVX/SHIFT-RESOURCE

The HVX/SHIFT-RESOURCE instruction subclass includes instructions which use the
HVX shift resource.
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Narrowing Shift

Arithmetically shift-right the elements in vector registers Vu and Vv by the lower bits of
the scalar register Rt. Each result is optionally saturated, rounded to infinity, and packed
into a single destination vector register. Each even element in the destination vector
register Vd comes from the vector register Vv, and each odd element in Vd comes from
the vector register Vu.

Vd.h=vasr(Vu.w,Vv.w,Rt)[:rnd][:sat]

[N-1]  f——————= [1] (0] Vu

Vv

Optional Round

Arithmetic
Shift by Rt

Optional Saturate to next

{ sat } sat ; it sat ; sat } sat ; sat .

smaller element limits
[2N-1] [ [2N-2] === ———= (3] (2] [1] [0] vd
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) :rnd: for (i = 0; i < VELEM(16); i++) {
sat shamt = Rt & 0x7;

Vd.h[i] .b[0]=sat_8((Vv.h[i] + ((shamt-
1)>0)? (1l<< (shamt-1)) : (1>>(shamt-1)) ) >>
shamt) ;

Vd.h[i] .b[1]=sat_8((Vu.h[i] + ((shamt-
1)>0)?(l<<(shamt-1)) : (1>>(shamt-1)) ) >>
shamt) ;

i
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd: for (i = 0; i < VELEM(32); i++) {
sat shamt = Rt & OxF;

vd.w([i] .h[0]=sat 16 ((Vv.w[i] + ((shamt-
1)>0)? (8xXtyy_ .64 (1) << (shamt-1)) : (sxt;,_
.64 (1) >>(shamt-1)) ) >> shamt);

vd.w([i] .h[1]=sat 16 ((Vu.w[i] + ((shamt-
1)>0)? (8xXtyy_ .64 (1) << (shamt-1)) : (sxt;,_

.64 (1) >>(shamt-1)) ) >> shamt) ;

1

Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat for (i = 0; i < VELEM(32); i++) {

] Vd.w([i] .h[0]=[sat_16] (Vv.w[i] >> (Rt &
OxF) ) ;
Vd.w([i] .h[1]=[sat_16] (Vu.w[i] >> (Rt &
0xF)) ;
¥
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rn for (i = 0; i < VELEM(16); i++) {
d] :sat shamt = Rt & 0x7;
Vd.uh[i] .b[0]=usat 8 ((Vv.h[i] +
((shamt-1)>0)? (1l<<(shamt-1)) : (1>> (shamt-
1)) ) >> shamt);
Vd.uh[i] .b[1]=usat 8 ((Vu.h[i] +
((shamt-1)>0)? (1l<<(shamt-1)) : (1>> (shamt-
1)) ) >> shamt) ;

I

Vd.uh=vasr (Vu.w,Vv.w,Rt) :sat for (i = 0; i < VELEM(32); 1i++) {
Vd.uw[i] .h[0]=usat 16 (Vv.w[i] >> (Rt &
0xF)) ;
Vd.uw[i] .h[1]=usat 16 (Vu.w[i] >> (Rt &
0xF)) ;

}i
Class: COPROC_VX (slots 0,1,2,3)

Notes

= This instruction uses the HVX shift resource.
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Intrinsics

Vd.b=vasr(Vu.h,Vv.h,Rt) :xnd: HVX Vector
sat Q6 Vb vasr VhVhR rnd sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.h=vasr(Vu.w,Vv.w,Rt) HVX Vector Q6 Vh vasr VwVwR (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.h=vasr (Vu.w,Vv.w,Rt) :xrnd: HVX Vector
sat Q6 _Vh vasr VwVwR_rnd sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.h=vasr (Vu.w,Vv.w,Rt) :sat HVX Vector Q6 Vh vasr VwVwR sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)

Vd.ub=vasr (Vu.h,Vv.h,Rt) :rnd HVX Vector
:sat Q6 Vub vasr VhVhR rnd sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.ub=vasr (Vu.h,Vv.h,Rt) :sat HVX Vector Q6 Vub vasr VhVhR sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)

Vd.uh=vasr (Vu.w,Vv.w,Rt) :sat HVX Vector Q6 Vuh vasr VwVwR sat (HVX Vector
Vu, HVX Vector Vv, 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 t3 Parse us d5
o/ofoj1y1j0j{1(1|viviv|iviv| ittt/ P P/Ojujuju/ufu|{0|1]/0|d|d|d|d]|d]|Vdh=vasr(Vuw\Vv.w,Rt)

000 1|1]o|1][1|v|v|v|v|v|t|t|t|P|P|o|ufululululo1|1 d d|d] d]a]/o=vasiVuwIvwRYsa

Vd.h=vasr(Vu.w,Vv.w,Rt):rn
d:sat

000 11|01 1 ]|v|v|v|v|v|t|t|t|P|P|o|ujujululul1|o|1|d|d| d|d]|a| your=vasrVuwVvwRi):s

Vd.ub=vasr(Vu.h,Vv.h,Rt):s
at

Vd.ub=vasr(Vu.h,Vv.h,Rt):r
nd:sat

d Vd.b=vasr(Vu.h,Vv.h,Rt):rn
d:sat

Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

das Field to encode register d

t3 Field to encode register t

us Field to encode register u

v2 Field to encode register v

v3 Field to encode register v
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Shift and add

Each element in the vector register Vu is arithmetically shifted right by the value specified
by the lower bits of the scalar register Rt. The result is then added to the destination vector
register VX. For signed word shifts the lower 5 bits of Rt specify the shift amount.

The left shift does not saturate the result to the element size.

Vx.w += vasr(Vu.w,Rt)

w[N-1] - ————— > w1] w[0] Vu

Shift right, and
sign fill, by lower
5 bits of Rt

w[N-1] - ————— > w1] w|0] Vx

*N is the number of operations implemented in each vector
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Vx.w += vasl(Vu.w,Rt)

w[N-1] - ————— > wl1] w[0] Vu

Shift by lower

5 bits of Rt
w[N-1] .+ ————— > w1] w|0] Vx
*N is the number of operations implemented in each vector
Syntax Behavior
Vx.w+=vasl (Vu.w,Rt) for (i = 0; i < VELEM(32); i++) {

Vx.wl[i] += (Vu.w[i] << (Rt & (32-1))) ;

Iz

VX.w+=vasr (Vu.w, Rt) for (i = 0; 1 < VELEM(32); 1++) {
Vx.wl[i] += (Vu.w[i] >> (Rt & (32-1))) ;
¥

Class: COPROC_VX (slots 0,1,2,3)

Notes

= This instruction uses the HVX shift resource.

Intrinsics

Vx.w+=vasl (Vu.w,Rt) HVX Vector Q6 Vw vaslacc_ VwVwR (HVX Vector
Vx, HVX Vector Vu, Word32 Rt)

Vx.w+=vasr (Vu.w,Rt) HVX Vector Q6 Vw vasracc VwVwR (HVX Vector

Vx, HVX Vector Vu, Word32 Rt)

80-N2040-30 Rev. C MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 209



Hexagon V60 HVX Programmer’s Reference Manual

Instruction Set

Encod

ing

31|3o|29\28 27\26\25|24|23

|22\21 20\19\1a|17|16 12\11\1o|9|8 7|6\5 4\3\2|1|o

=Y
| @ |
—
N
—
w

ICLASS

t5 Parse ub x5

0|/0|0|1}1]0(0 1|0

x

11t jt|t|t|t|P|/P/1/ujujujujuf0 1|0 |x|x|x]|X

Vx.w+=vasl(Vu.w,Rt)

o/jofoj1ty1jojof(1joj1 1|ttt t(t|PP{1|ujujujufu|{1|0|1|x|x|x|x]|x|Vxwt+=vasr(Vu.wRt)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
t5 Field to encode register t
u5 Field to encode register u
X5 Field to encode register x
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Shift

Each element in the vector register Vu is arithmetically (logically) shifted right (left) by
the value specified in the lower bits of the corresponding element of vector register Vv (or

scalar register Rt). For halfword shifts the lower 4 bits are used, while for word shifts the
lower 5 bits are used.

The logical left shift does not saturate the result to the element size.

Vd.w=vlsr(Vu.w,Rt)

——Rt—> <——Rt—>
[N-1] Dont | | [0] Don’t Vu
care care
Logical
¢—N-1to 1--> Shift by Rt
Zero fill [N-1] kK——————= Zero fill [0] vd
Vd.w=vasl(Vu.w,Rt)
<——Rt—> <——Rt——>
Don’t N-1]  k——m—m— e Don’t [0] Vu
care care
Shift left
¢—N-1to 1--> by Rt
[N-1] Zerofill g——————= [0] Zero fill vd
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Syntax

Vd.b=vasr (Vu.h,Vv.h,Rt) :rnd:
sat

Vd.h=vasl (Vu.h,Rt)

Vd.h=vasl (Vu.h,Vv.h)

Vd.h=vasr (Vu.h,Rt)

Vd.h=vasr (Vu.h,Vv.h)

Vd.h=vasr (Vu.
sat

w,Vv.w,Rt) :rnd:

Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat
1

Vd.h=vlsr (Vu.h,Vv.h)

Vd.ub=vasr (Vu.h,Vv.h,Rt) [:¥rn
d] :sat

Behavior
for (i = 0; i < VELEM(16); i++) {

shamt = Rt & 0x7;

Vd.h[i] .b[0]=sat 8 ((Vv.h[i] + ((shamt-
1)>0)? (1l<< (shamt-1)) : (1>>(shamt-1)) ) >>
shamt) ;

Vd.h[i] .b[1]=sat 8 ((Vu.h[i] + ((shamt-
1)>0)?(l<<(shamt-1)) : (1>>(shamt-1)) ) >>
shamt) ;
b5
for (i = 0; i < VELEM(16); i++) {

Vd.h([i] = (Vu.h[i] << (Rt & (16-1))) ;
b 5
for (i = 0; i < VELEM(16); i++) {

vd.h[i] = (Vu.h[i] << (Vv.uh[i] & (16-
1))
b5
for (i = 0; i < VELEM(16); i++) {

vVd.h([i] = (Vu.h[i] >> (Rt & (16-1))) ;
b 5
for (i = 0; i < VELEM(16); i++) {

vd.h[i] = (Vu.h[i] >> (Vv.uh[i] & (16-
1)))
b5
for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;

Vd.w([i] .h[0]=sat 16 ((Vv.w[i] + ((shamt-
1)>0)? (8xXtyy_ .64 (1) << (shamt-1)) : (sxt;,_
.64 (1) >>(shamt-1)) ) >> shamt);

vd.w([i] .h[1]=sat 16 ((Vu.w[i] + ((shamt-
1)>0)? (8xXtyy_ .64 (1) << (shamt-1)) : (sxt;,_
.64 (1) >>(shamt-1)) ) >> shamt) ;

1

for (i = 0; i < VELEM(32); i++) {
vd.w[i] .h[0]=[sat _16] (Vv.w[i]
0xF)) ;
vd.w[i] .h[1]=[sat_16] (Vu.w[i]
0xF)) ;

Iz

for (i = 0; 1 < VELEM(16) ;
Vd.uh[i] = (Vu.uh[i] >>
(16-1))) ;

Iz

for (i = 0; 1 < VELEM(16) ;
shamt = Rt & 0x7;
Vd.uh[i] .b[0]=usat 8 ((Vv.h[i] +
((shamt-1)>0)? (1<< (shamt-1)) : (1>> (shamt-
1)) ) >> shamt);
Vd.uh[i] .b[1]=usat 8 ((Vu.h[i] +
((shamt-1)>0)? (1<< (shamt-1)) : (1>> (shamt-
1)) ) >> shamt) ;

T

>> (Rt &

>> (Rt &

iv+) |
(Vv.uh[i] &

i+4) {
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Syntax

.uh=vasr (Vu.w,Vv.w,Rt) : sat

.uh=vlsr (Vu.uh, Rt)

.uw=vlsr (Vu.uw, Rt)

.w=vasl (Vu.w,Rt)

.w=vasl (Vu.w,Vv.w)

.w=vasr (Vu.w, Rt)

.w=vasr (Vu.w,Vv.w)

.w=vlsr (Vu.w,Vv.w)

i < VELEM(32) ;

{

Vd.uw[i] .h[0]=usat 16 (Vv.w[i] >> (Rt &

Vd.uw[i] .h[1]=usat 16 (Vu.w[i] >> (Rt &

for (i = 0;

0xF)) ;

0xF)) ;

}i

for (1 = 0;
vd.uh[i]

¥

for (i = 0;
vd.uw[1i]

¥

for (1 = 0;
vd.w[i]

¥

for (1 = 0;
vd.w[i]

1))) ;

¥

for (i = 0;
vd.w[i]

¥

for (1 = 0;
vd.w[i]

1))) ;

¥

for (i = 0;
vVd.uw[i]

(32-1))) ;

¥

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX shift resource.

i < VELEM(16) ;

i < VELEM(32) ;

< VELEM (32) ;

-

< VELEM (32) ;

-

< VELEM (32) ;

-

< VELEM (32) ;

-

i < VELEM(32) ;

{

(Rt & (16-1)))

{

(Rt & (32-1)))

{

(32-1)))

{

(Vv.uw([i] & (32-

{
(

32-1))) ;

{

(Vv.uw([i] & (32-

{

(Vv.uw[i] &
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Intrinsics

vd

.b=vasr (Vu.

sat

vd

vd

vd

vd

vd

vd

.h=vasl (Vu.

.h=vasl (Vu.

.h=vasr (Vu.

.h=vasr (Vu.

.h=vasr (Vu.

.h=vasr (Vu.

sat

vd

vd

vd

.h=vasr (Vu.

.h=vlsr (Vu.

.ub=vasr (Vu

:sat

vd

vd.

vd.

vd.

vd.

vd.

vd.

vd.

vd.

.ub=vasr (Vu.

w=vasl (Vu.

w=vasl (Vu.

w=vasr (Vu.

w=vasr (Vu.

w=vlsr (Vu.

uh=vasr (Vu.

uh=vlsr (Vu.

uw=vlsr (Vu.

h,vv.h,Rt) :rnd:

h,Rt)
h,vv.h)
h,Rt)
h,vv.h)

w, Rt)

w,Vv.

w,Vv.w,Rt) :rnd:

w,Vv.w,Rt) :sat

h,vv.h)

.h,vv.h,Rt) :rnd

uh, Rt)

uw, Rt)

w, Rt)

w,Vv.w)

w, Rt)

w,Vv.w)

w,Vv.w)

h,Vv.h,Rt) :sat

w,Vv.w,Rt) :sat

HVX Vector
Q6 Vb vasr
HVX_ Vector

HVX_ Vector
Word32 Rt)

HVX Vector
HVX_ Vector

HVX_ Vector
Word32 Rt)

HVX Vector
HVX_ Vector

HVX_ Vector
HVX Vector

HVX Vector
Q6 _Vh vasr
HVX Vector

HVX Vector
Vu, HVX Ve

HVX_ Vector
HVX Vector

HVX Vector
Q6 _Vub vas
HVX_ Vector

HVX Vector
Vu, HVX Ve

HVX_ Vector
Vu, HVX Ve

HVX Vector
Word32 Rt)

HVX_ Vector
Word32 Rt)

HVX Vector
Word32 Rt)

HVX_ Vector
HVX_ Vector

HVX Vector
Word32 Rt)

HVX_ Vector
HVX_ Vector

HVX Vector
HVX Vector

~ VhVhR rnd sat (HVX Vector Vu,
Vv, Word32 Rt)

Q6_Vh vasl VhR (HVX Vector Vu,

Q6 Vh vasl VhVh (HVX Vector Vu,
Vv)

Q6_Vh vasr_ VhR (HVX Vector Vu,

Q6 Vh vasr VhVh (HVX Vector Vu,
Vv)

Q6_Vh vasr VwVwR (HVX Vector Vu,
Vv, Word32 Rt)

_VwVwR_rnd_sat (HVX Vector Vu,
Vv, Word32 Rt)

Q6 Vh vasr VwVwR_ sat (HVX Vector
ctor Vv, Word32 Rt)

Q6_Vh vlsr VhVh (HVX Vector Vu,
Vv)

r VhVhR rnd sat (HVX Vector Vu,
Vv, Word32 Rt)

Q6 Vub vasr VhVhR sat (HVX Vector
ctor Vv, Word32 Rt)

Q6 _Vuh vasr VwVwR_sat (HVX Vector
ctor Vv, Word32 Rt)

Q6 Vuh vlsr VuhR (HVX Vector Vu,

Q6_Vuw_vlsr VuwR (HVX Vector Vu,

Q6 Vw_vasl VwR(HVX Vector Vu,

Q6_Vw_vasl VwVw (HVX Vector Vu,
Vv)

Q6 Vw_vasr VwR (HVX Vector Vu,

Q6_Vw_vasr_ VwVw (HVX Vector Vu,
Vv)

Q6 Vw_vlsr VwVw (HVX Vector Vu,
Vv)
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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 t5 Parse u5 d5
0|00 010 Oj1|1|t|t|t|t|[t|P|P|O|ujulu ul1{0[1|d|d|d|d]|d|Vdw=vasr(Vuw,Rt)
0|00 010 Oj1|1|t|t|t|t|[t|P|P|O|ujulu ul1{1]0|d|d|d|d|d|Vdh=vasr(Vu.hRt)
0|00 010 O/1|1|t|t|t|t|t|P|P|O|ujulu ul1{1]1|d|d|d|d]|d]|Vdw=vasi(Vuw,Rt)
0|00 010 1(0l0|t|t|t|t|t|P|P|O|ulu]u ul0|0|0|d|d|d|d]|d]|Vdh=vasl(Vu.hRt)
0(0 |0 010 1/0/0|t|t|t|t|t|P|P|O|ujuju u(0 |0 |1|d|d|d|d]|d|Vduw=visr(Vu.uw,Rt)
0|00 010 1(0|0|t|t|t|t|t|P|P|O|ulu]u u|0|1]0|d|d|d|d]|d|Vd.uh=visr(Vu.uhRt)
ICLASS t3 Parse u5 d5
0(0 |0 01 viviviv|v| t|t|[t P P/O|ufuu u/0 (1|0 |d|d|d|d]|d|Vdh=vasr(Vu.w,Vv.w,Rt)
olofo 01 vivivivivit/t|t P[P0 ulujulujuol1|1|dd|d d g /d"=vasiVuwvwRYsa
olofo 0|1 vivivivivit/t/t/P|Plo|ululululult1|oo|d| dd d d jdhvasrVuwVvwRe:m
olofo 01 vivivivivit/t|t|P|Plo|ululululul1|o/1|d|dd d d Jdun=vasiVuwVvwRY:s
olofo 01 vivivivivit/t|t P[P0 ulujuuju1/1|o|dd|d d d|YdubvasVuhVvhRY)s
0ololo 01 vivivivivit|t/t P|P|o|ululuuju1|1|1 d d|d d|d|VdubvasiVunVehRT
olofo 0|1 vivivivivit/t/t/P|P[1 ulululululoloo|d|d| d| d d ydb=vasrvunyvhR)m
ICLASS Parse ub d5
0(0 |0 111 1/0{1|v|v|v|v|v| P|P|O|u|u|u u(0|/0|0|d|{d|d|d]|d|Vdw=vasr(Vuw,Vv.w)
0(0 |0 111 1/0{1|v|v|v|v|v| P|P|O|u|u|u u(0|0|1|d|{d|d|d]|d]|Vdw=visr(Vuw\Vv.w)
0(0 |0 111 1/0{1|v|v|v|v| Vv P|P|O|u|u|u u/0 (1|0 |d|d|d|d]|d|Vdh=visr(Vu.hVv.h)
0(0 |0 111 1/0{1|v|v|v|v| Vv P|P|O|u|u|u u/0(1|1|d|d|d|d]|d|Vdh=vasr(Vu.hVv.h)
00 |0 111 1/0{1|v|v|v|v| Vv P|/P|O|uju|u u/1/0|0|d|d|d|d]|d|Vdw=vasl(VuwVv.w)
0(0 |0 111 1/0{1|v|v|v|v|v| P|P|O|u|u|u u(1/0|1|d|d|d|d|d|Vdh=vasl(Vu.hVv.h)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
das Field to encode register d
t3 Field to encode register t
t5 Field to encode register t
us Field to encode register u
v2 Field to encode register v
v3 Field to encode register v
v5 Field to encode register v
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Round to next smaller element size

Pack signed words to signed or unsigned halfwords, add 0x8000 to the lower 16 bits,

logically or arithmetically right-shift by 16, and saturate the results to unsigned or signed
halfwords respectively. Alternatively pack signed halfwords to signed or unsigned bytes,
add 0x80 to the lower 8 bits, logically or arithmetically right-shift by 8, and saturate the
results to unsigned or signed bytes respectively. The odd elements in the destination vector
register Vd come from vector register Vv, and the even elements from Vu.

Vd.b=vround(Vu.h,Vv.h):sat

h[N-1]

h[N-1]

b[2N-1] | b[2N-2]

h[1]

h[0O]

h[1]

h[0O]

b[3]

b[2]

b[1]

b[0]

Vu

Vv

Round

Saturate

to
Byte

vd
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Syntax

Vd.b=vround (Vu.h,Vv.h) : sat

Vd.h=vround (Vu.w,Vv.w) :sat

Vd.ub=vround (Vu.h,Vv.h) :sat

Vd.uh=vround (Vu.w,Vv.w) : sat

Behavior

for (i = 0; i < VELEM(16); i++) {

Vd.uh[i] .b[0]=sat 8 ((Vv.h[i] + 0x80) >>
8);

Vd.uh[i] .b[1l]=sat 8 ((Vu.h[i] + 0x80) >>
8) ;

¥

for (i = 0; i < VELEM(32); i++) {

Vd.uw[i] .h[0]=sat 16 ((Vv.w[i] + 0x8000)
>> 16) ;

Vd.uw[i] .h[1l]=sat_ 16 ((Vu.w[i] + 0x8000)
>> 16) ;

Iz

for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] .b[0]=usat 8 ((Vv.h[i] + 0x80)
>> 8);
Vd.uh[i] .b[1]=usat 8 ((Vu.h[i] + 0x80)
>> 8) ;

Iz

for (i = 0; i < VELEM(32); i++) {
Vd.uw[i] .h[0]=usat 16 ((Vv.w[i] +
0x8000) >> 16);
Vd.uw[i] .h[1]=usat 16 ((Vu.w[i] +
0x8000) >> 16) ;

T

Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX shift resource.

Intrinsics

Vd.b=vround (Vu.h,Vv.h) :sat

Vd.h=vround (Vu.w,Vv.w) :sat

Vd.ub=vround (Vu.h,Vv.h) :sat

Vd.uh=vround (Vu.w,Vv.w) : sat

HVX Vector Q6 Vb vround VhVh sat (HVX_ Vector
Vu, HVX Vector Vv)

HVX Vector Q6 Vh vround VwVw_sat (HVX Vector
Vu, HVX Vector Vv)

HVX_ Vector
Q6 Vub vround VhVh sat (HVX Vector Vu,
HVX Vector Vv)

HVX_ Vector
Q6_Vuh vround VwVw_sat (HVX Vector Vu,
HVX Vector Vv)
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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 u5 d5
olofol1]1]1]1 ol1]1|v|v|v|v|viP|P|lo|u|u|ululul1|o]o]|d|d]|d ah=vround(Vu.w,Vv.w):sa
ololo|1]1/]1]1 o111 v|v|v|v|v|P|Plo|ulu|u|lulul1|o]|1|d|d]d vd.uh=vround(Vu.w,Vv.w):s
0(0 |0 1|1 |11 O(1{1|v|v|v|v| v P/P|O|u|fu|u ul1/1/0]|d d Vd.b=vround(Vu.h,Vv.h):sat
olofol1]1]1]1 ol1]1|v|v|viv|viP|P|lo|ulu|ululul1|1]1]|d|d]|d vd.ub=vround(Vu-h,Vvh):s
Field name Description

ICLASS Instruction Class

Parse Packet/Loop parse bits

as Field to encode register d

u5 Field to encode register u

v5 Field to encode register v
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Bit counting

The bit counting operations are applied to each vector element in a vector register Vu, and
place the result in the corresponding element in the vector destination register Vd.

Count leading zeros (vcl0) counts the number of consecutive zeros starting with the most
significant bit. It supports unsigned halfword and word. Population count (vpopcount)
counts the number of non-zero bits in a halfword element. Normalization Amount
(vnormamt) counts the number of bits for normalization (consecutive sign bits minus one,
with zero treated specially).

Syntax Behavior

Vd.h=vnormamt (Vu.h) for (i = 0; i < VELEM(16); i++) {

Vd.h[i] =max (count leading ones (~Vu
.h[i]),count leading ones (Vu.h[i]))-1;

Vd.h=vpopcount (Vu.h) for (i = 0; i < VELEM(16); i++) {

Vd.uh[i] =count ones (Vu.uh[i]) ;

Vd.uh=vcl0 (Vu.uh) for (i = 0; i < VELEM(16); i++) {

Vd.uh[i] =count leading ones (~Vu.uh

Vd.uw=vcl0 (Vu.uw) for (i = 0; i < VELEM(32); i++) {

Vd.uw[i] =count leading ones (~Vu.uw

Vd.w=vnormamt (Vu.w) for (1 = 0; 1 < VELEM(32); 1++) {
{
Vd.w[i] =max (count leading ones (~Vu
.w[i]),count leading ones (Vu.w[i]))-1;
¥

I

}i
Class: COPROC_VX (slots 0,1,2,3)

Notes

= This instruction uses the HVX shift resource.
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Intrinsics
Vd.h=vnormamt (Vu.h) HVX Vector Q6 Vh vnormamt Vh (HVX Vector Vu)
Vd.h=vpopcount (Vu.h) HVX Vector Q6 Vh vpopcount Vh(HVX Vector
vu)
Vd.uh=vcl0 (Vu.uh) HVX Vector Q6 Vuh vcl0 Vuh (HVX Vector Vu)
Vd.uw=vcl0 (Vu.uw) HVX Vector Q6 Vuw vclO0 Vuw (HVX Vector Vu)
Vd.w=vnormamt (Vu.w) HVX Vector Q6 Vw vnormamt Vw(HVX Vector Vu)
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 us d5
ofo/jof1j1{1j1j{of-|=-|=-|=-|{={=-{1/0O|P|P|{Ojujujufuju|1|0|1|d|d|d|d]|d]|Vduw=vclO(Vu.uw)
ofo/jof1j1{1{1j0f-|=-|=-|=-|{=-/=-{1/0O|P|P|{Ojufjujujuju|1|1]0|d|d|d]|d]|d]|Vdh=vpopcount(Vu.h)
ofojof1j|1{1j1jof-|=-|=-|=-{=-}=-[{1/0|/P|P|Ojujufufuju|1|1|1|d|d|d|d]|d]|Vd.uh=vclOo(Vu.uh)
o/ofoj1y1j{1j{1(0|-|-{-|-|-/-|/1{1|P/P|Ojujujujufu|1|0|0|d|d|d|d]|d]|Vdw=vnormamt(Vu.w)
o/of0oj1y1j{1j1(0|-|-|{-|-|-/-|/1[1|P|/P|0Ojujujujufu|1|0|1|d|d|d|d]|d]|Vdh=vnormamt(Vu.h)
Field name Description
ICLASS Instruction Class
Parse Packet/Loop parse bits
as Field to encode register d
u5 Field to encode register u
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5.2.11 HVX/STORE

The HVX/STORE instruction subclass includes memory store instructions.
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Store - byte-enabled aligned

Of the bytes in vector register Vs, store to memory only the ones where the corresponding
bit in the predicate register Qv is enabled. The block of memory to store into is at a vector-
size-aligned address. The operation has three ways to generate the memory pointer
address: Rt with a constant 4-bit signed offset, Rx with a signed post-increment, and Rx

with a modifier register Mu post-increment. For the immediate forms, the value indicates
the number of vectors worth of data. Mu contains the actual byte offset.

If all bits in Qv are set to zero, no data will be stored to memory, but the post-increment of

the pointer in Rt will occur.

If the pointer presented to the instruction is not aligned, the instruction simply ignores the
lower bits, yielding an aligned address.

If (Qv4) vmem(Rt) = Vs

[N-1] [2] [1] [0] | Vs.b
En v.b[0]
@ Qv.b[2]
€mmm - > 0
3
Qv.b[N-1]
A J A J Y
MEMORY
Syntax Behavior
if ([!]Qv4) vmem(Rt) :nt=Vs Assembler mapped to: "if ([!]1Qv4)
vmem (Rt +#0) :nt=Vs"
if ([!]Qv4) vmem (Rt)=Vs Assembler mapped to: "if ([!]1Qv4)
vmem (Rt +#0) =Vg"
if ([!]1Qv4) EA=Rt+#s*VBYTES;

vmem (Rt+#s4) :nt=Vs

* (EA&~ (ALIGNMENT-1)) = Vs;
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Syntax

if ([!]1Qv4) vmem (Rt+#s4)=Vs

if ([!]1Qv4)
vmem (Rx++#s3) :nt=Vs

if ([!1Qv4)

if ([!1Qv4)
vmem (Rx++Mu) :nt=Vs
if

([!'1Qv4) vmem (Rx++Mu) =Vs

vmem (Rx++#s3) =Vs

Behavior

EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1) )

EA=Rx;
* (EA&~ (ALIGNMENT-1) )
Rx=Rx+#s*VBYTES;

EA=RX;
* (EA&~ (ALIGNMENT-1))
Rx=Rx+#s*VBYTES;

EA=RX;

* (EA&~ (ALIGNMENT-1) )
Rx=RxX+MuV;

EA=RX;

* (EA&~ (ALIGNMENT-1) )
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Notes

m This instruction can use any HVX resource.

Vs;

Vs;

= An optional "non-temporal" hint to the micro-architecture can be specified to
indicate the data has no reuse.

» Immediates used in address computation are specificed in multiples of vector

length.

80-N2040-30 Rev. C

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

223



Hexagon V60 HVX 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 NT t5 Parse s5
ojoj1joj1jofofof1t/oj0|t|t|t|t|t|P|P|i|v|v|i|[i|i|O|O0|O0|s|s]|s]|s]|s|if(Qv4d)vmem(Rt+#s4)=Vs
ojo(1jo(1jofofof1 /o0 |t|t|t|t|t|P|P|i|v|v|i|[i|i|O|O0|1|s]|s]|s]|s]|s/|if(lQvd)vmem(Rt+#s4)=Vs
. A if (Qv4)
00101000110tttttPP|VV|||000sssssvmem(Rt+#s4):nt=VS
if (\Qv4)
00101000110tttttpp'vv"'001sssssvmem(Rt+#s4):nt=Vs
ICLASS NT x5 Parse s5
0 0|1 0|1 00 1]1]0]0x x| x| x|xPP|-|viviililioo0|s|s|s/s|s/ Q0
00 1]0 1 00 1|1 /00 x|x|x x| x P[P -|viviiliiloo]1]s|s|s| s|s LD .o
if (Qv4)
00’10100’1110xxxxxPP-VV|||000sssssvmem(RX++#S3):mzvS
if (\Qv4)
0010100111OXXXXXPP-VVII|001sssssvmem(Rx++#S3):nt=Vs
ICLASS NT x5 Parse |u1 s5
if (Qv4)
00’101011100xxxxxPPuvv---000sssssVmem(R)(_'__'_lvlu)zvS
if ('\Qv4)
00’101011100xxxxxPPuvv---OO1sssssVmem(R)(_'__'_lvlu)zvS
if (Qv4)
0010101111OXXXXXPPUVV"'000sssssvmem(Rx++Mu):nt=Vs
if (\Qv4)
0010101’l’l’lexxxxPPuvv---OO1sssssVmem(Rx*_*_l\/lldl):mzvS
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
v2 Field to encode register v
x5 Field to encode register x
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Store - new

Store the result of an operation in the current packet to memory, using a vector-aligned
address. The result is also written to the vector register file at the vector register location.

For example, in the instruction "vmem(R8++#1) = V12.new", the value in V12 in this

packet is written to memory, and V12 is also written to the vector register file.

The operation has three ways to generate the memory pointer address: Rt with a constant
4-bit signed offset, Rx with a 3-bit signed post-increment, and Rx with a modifier register
Mu post-increment. For the immediate forms, the value indicates the number of vectors

worth of data. Mu contains the actual byte offset.

The store is conditional, based on the value of the scalar predicate register Pv. If the

condition evaluates false, the operation becomes a NOP.

Syntax

if ([!]1Pv)
vmem (Rt+#s4) :nt=0s8.new

Behavior

if ([t1pvio]) {
EA=Rt+#s*VBYTES;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
} else {
NOP;
¥
if ([!]1Pv) if ([r1pv(o]) {
vmem (Rt+#s4) =0s8 .new EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
} else {
NOP;
¥
if ([!]1Pv) if ([!1Pv[0])
vmem (Rx++#s3) :nt=0s8.new EA=RX;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+#s*VBYTES;
} else {
NOP;
¥
if ([!]1Pv) if ([r1pv(o]) {
vmem (Rx++#s3) =0s8 .new EA=RX;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+#s*VBYTES;
} else {
NOP;
¥
if ([!]1Pv) if ([r1pv(o]) {
vmem (Rx++Mu) :nt=0s88 .new EA=RXx;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+MuV;
} else {
NOP;

T
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Syntax

if ([!]1Pv)
vmem (Rx++Mu) =0s8 .new

vmem (Rt ) :nt=0s8.new

vmem (Rt) =0s8 .new

vmem (Rt +#s4) :nt=0s8.new

vmem (Rt+#s4) =0s8 .new

vmem (Rx++#s3) :nt=0s8.new

vmem (Rx++#s3) =0s8 .new

vmem (Rx++Mu) :nt=0s88.new

vmem (Rx++Mu) =0s8 .new

Behavior
if ([t1pvio]l) {
EA=RX;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+MuV;
} else {
NOP;

T

Assembler mapped to:
"vmem (Rt+#0) :nt=0s8 .new"

Assembler mapped to: "vmem (Rt+#0)=0s8.new"

EA=Rt+#s*VBYTES;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
EA=Rt+#s*VBYTES;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
EA=RX;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+#s*VBYTES;

EA=RXx;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+#s*VBYTES;

EA=RXx;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=RxX+MuV;

EA=RXx;

* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Notes

m This instruction can use any HVX resource.

= An optional "non-temporal” hint to the micro-architecture can be specified to

indicate the data has no reuse.

= Immediates used in address computation are specificed in multiples of vector

length.
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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 NT t5 Parse s3
0|0 (1 0 oo1 |ttt t(t| P P i|-]|- i0|0|1]- s | s | s | vmem(Rt+#s4)=0s8.new
0|0 (1 o1 |1 |ttt t|(t|P P i|-]|- i0|0|1]- s | s | s | vmem(Rt+#s4):nt=0s8.new
if (Pv)
001 0 1101 |ttt t|t|P|P|i|Vv| |V i|0[1]0|0 s|s|s vmem(Rt+#s4)=0s8.new
if (1Pv)
00 |1 0 1101 |ttt t|t|P|P|i|Vv| |V i|0[1]1|0 s|s|s vmem(Rt+#s4)=0s8.new
if (Pv)
001 0 111ttt t|t|P|P|i|v| |V i|0|1]0 |1 s|s|s vmem(Rt+#s4):nt=0s8.new
if (1Pv)
001 0 111ttt t|t|P|P|i|Vv| |V i|0 |11 |1 s|s|s vmem(Rt+#s4):nt=0s8.new
ICLASS NT x5 Parse s3
0|0 (1 0 001 |x|x|x|x|[x|P|P|-]|-]|- i0|0|1]- s | s | s | vmem(Rx++#s3)=0s8.new
0|01 ol1lol1]1|x|x|x x/x|P|P|-|-]|- ifofo[1]-]-|s|s|s |/mem{Rxt+is3)nt=Os8.ne
if (Pv)
001 0 1101 |x|(x|x|x|x|P|P|-|Vv| |V i|0[1]0|0 s|s|s vmem(Rx++#s3)=0s8.new
if (1Pv)
001 0 1101 | x|x|x|x|x|P|P|-|v| Vv i|0[1]1|0 s|s|s vmem(Rx++#53)=0s8.new
if (Pv)
0|0 (1 0 111 |x|x|x|[x|x| P|P|-|v]|Vv il0|1/0 1 s | s | s | vmem(Rx++#s3):nt=0s8.ne
w
if (1Pv)
001 0 1111 | x|({x|x|x|x|P|[P|-|v|vVv i|0 |1 ]1|1 s | s | s | vmem(Rx++#s3):nt=0s8.ne
w
ICLASS NT x5 Parse |u1 s3
0|0 (1 1 001 |x|x|x|x|[x|P/Plu|-|- -0 |0 1] - s | s | s | vmem(Rx++Mu)=0s8.new
0o |1 111011 x|x|x|x|x P|P|ul-]|- -lofo 1| -|-]s|s|s|ymem{Rx++Mujnt=Os8.ne
if (Pv)
001 1 1101 | x|(x|x|x|x|P|[Pjlu|v|v -|/0|11]0 10 s|s|s vmem(Rx++Mu)=0s8.new
if (IPv)
001 1 1101 |x|(x|x|x|x|P|[Pjlufv|v =101 (110 s|s|s vmem(Rx++Mu)=0s8.new
if (Pv)
001 1 1111 | x|({x|x|x|x|P|[Pjlufv|v -0 |11]0 |1 s | s | s | vmem(Rx++Mu):nt=0s8.ne
w
if (IPv)
0|0 (1 1 111 |x|x|x|[x|x| P|Plu|lv|v -0 111 s | s | s | vmem(Rx++Mu):nt=0s8.ne
w
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
s3 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
v2 Field to encode register v
X5 Field to encode register x
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Store - aligned

Write a full vector register Vs to memory, using a vector-size-aligned address. The
operation has three ways to generate the memory pointer address: Rt with a constant 4-bit
signed offset, Rx with a signed post-increment, and Rx with a modifier register Mu post-
increment. For the immediate forms, the value indicates the number of vectors worth of
data. Mu contains the actual byte offset.

If the pointer presented to the instruction is not aligned, the instruction simply ignores the
lower bits, yielding an aligned address.

If a scalar predicate register Pv evaluates true, store a full vector register Vs to memory,
using a vector-size-aligned address. Otherwise, the operation becomes a NOP

Syntax
if ([!]Pv) vmem(Rt) :nt=Vs
if ([!]Pv) vmem(Rt)=Vs
if ([!]Pv)

vmem (Rt +#s4) :nt=Vs

if ([!]Pv) vmem(Rt+#s4)=Vs

if ([!]Pv)
vmem (Rx++#s3) :nt=Vs

if ([!]Pv) vmem(Rx++#s3)=Vs

if ([!]Pv)
vmem (Rx++Mu) :nt=Vs

Behavior
Assembler mapped to: "if
vmem (Rt+#0) :nt=Vs"
Assembler mapped to: "if

vmem (Rt+#0) =Vg"

if ([t1Pviol) |
EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1))
} else {
NOP;
%

if ([t1Pviol) |
EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1) )
} else {
NOP;
¥

if ([!1pv[0]) {
EA=RX;
* (EA&~ (ALIGNMENT-1) )
Rx=Rx+#s*VBYTES;
} else {
NOP;
}i

if ([!1pv[o0]) {
EA=RX;

* (EA&~ (ALIGNMENT-1)) =

Rx=Rx+#s*VBYTES;
} else {

NOP;
¥

if ([!1pv[o0]) {

EA=RX;
* (EA&~ (ALIGNMENT-1)) =
Rx=Rx+MuV;
} else {
NOP;

¥

([!1Pv)

([1]1Pv)

= Vs;

= Vs;

Vs;
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Syntax

if ([!]Pv) vmem(Rx++Mu)=Vs

vmem (Rt) :nt=Vs
vmem (Rt) =Vs

vmem (Rt+#s4) :nt=Vs

vmem (Rt +#s4) =Vs

vmem (Rx++#s3) :nt=Vs

vmem (Rx++#s83) =Vs

vmem (Rx++Mu) :nt=Vs

vmem (Rx++Mu) =Vs

Behavior
if ([t1pvio]l) {
EA=RX;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+MuV;
} else {
NOP;

b 5
Assembler mapped to:
Assembler mapped to:

EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1) )

EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1) )

EA=Rx;
* (EA&~ (ALIGNMENT-1) )
Rx=Rx+#s*VBYTES;

EA=RX;
* (EA&~ (ALIGNMENT-1))
Rx=Rx+#s*VBYTES;

EA=RX;

* (EA&~ (ALIGNMENT-1) )
Rx=RxX+MuV;

EA=RX;

* (EA&~ (ALIGNMENT-1) )
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Notes

m This instruction can use any HVX resource.

"vmem (Rt +#0) :nt=vVg"

"vmem (Rt+#0) =Vs"

Vs;

Il
<
0

Vs;

Il
<
0

= An optional "non-temporal" hint to the micro-architecture can be specified to
indicate the data has no reuse.

m Immediates used in address computation are specificed in multiples of vector

length.
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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 NT t5 Parse s5
olo|1(of1|ofofofO0fO|1|t|t|t|t|t|P|P]i il0|0|0]|s s vmem(Rt+#s4)=Vs
olof1(of1(ofofofO[1 |1 |t|t|t|t|t|P|P]|i il0|0]0]|s s vmem(Rt+#s4):nt=Vs
olof1|of1(ofofof1|of1|t|t|t|t|t|P|P]i il0|0]|0]|s s if (Pv) vmem(Rt+#s4)=Vs
olof1|of1(ofofof1|of1|t|t|t|t|t|P|P]i ilo|0|1]s s if (IPv) vmem(Rt+#s4)=Vs
olof1(of1(ofofof[1[1|1|t|t|t|t|t|P|P]i il0|0]|0]|s s if (Pv) vmem(Rt+#s4):nt=Vs
olol1lol1]ofofo|1|1|1]tlt|t|t|t|p|P]|i ilofol1]s|s]|s ifnfe"r‘]’q)(RH#s‘,r):m:Vs
ICLASS NT x5 Parse s5
o(0(1/0|1]j0j0[1(0 |01 |x|x|x|x|x|P|P]|- i|0[0|0|s s vmem(Rx++#s3)=Vs
o(of1j0j|1jo0jo0f1(0 1|1 |x|x|x|x|x|P|P]|- i|0[0|0|s s vmem(Rx++#s3):nt=Vs
o(o(1/0|1j0j0f1 (1|01 |x|x|x|x|x|P|P]|- i|0[0|0|s s if (Pv) vmem(Rx++#s3)=Vs
o/0(1j01/0|0 1|10 1 |x|x|x|x|[x|P|P]|- i(0|0|1]s s if (IPv) vmem(Rx++#s3)=Vs
oot /ol1]olof1]1]1/1]x|x|x|x|x|P/P|- ilofojo|s|s|s T Rk His3nt=Vs
olol1ol1]olof1 |11 /1]x|x|/x|x|x|P/P|- ijofo|1]s|s|s e Rock +is3)nt=Vs
ICLASS NT x5 Parse |u1 s5
0/0(1|0|1/0|1 (1|00 |1 |x|x|x|x|[x|P|P|u -/0|0 1|0 |s s vmem(Rx++Mu)=Vs
o/0o(1jof1j/0|1 (1|01 |1 |x|x|x|x|[x|P|Plu -10|0 1|0 |s s vmem(Rx++Mu):nt=Vs
o/0(1j0o|1/0|1 (11|01 |x|x|x|x|[x|P|P|u -10|0 1|0 |s s if (Pv) vmem(Rx++Mu)=Vs
o(0(1/0|1{0}{1 {1101 |x|x|x|[x|x|P|P|u -|10|0 |1 s s if (IPv) vmem(Rx++Mu)=Vs
oo 1 of1]ol1[1]1[1|1]x|x|x x|x|P|P|u -lojojo|s|s|s o (Rock+Mu)nt=Ve
oo 1 of1]ol1/1]1]1|1]x|x|x x|x|P|P|u -lojof1]|s|s|s AR+ MUYtV
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
v2 Field to encode register v
x5 Field to encode register x
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Store - unaligned

Write a full vector register Vs to memory, using an arbitrary byte-aligned address. The
operation has three ways to generate the memory pointer address: Rt with a constant 4-bit
signed offset, Rx with a 3-bit signed post-increment, and Rx with a modifier register Mu
post-increment. For the immediate forms, the value indicates the number of vectors worth
of data. Mu contains the actual byte offset.

Unaligned memory operations require two accesses to the memory system, and thus incur
increased power and bandwidth over aligned accesses. However, they require fewer
instructions. Care should be taken to use aligned memory operations and combinations of
permute operations, when possible.

Note that this instruction uses both slot 0 and slot 1, allowing only 3 instructions at most to
execute in a packet with vmemu in it.

If the scalar predicate register Pv is true, store a full vector register Vs to memory, using an
arbitrary byte-aligned address. Otherwise, the operation becomes a NOP.

Syntax Behavior

if ([!]Pv) vmemu (Rt)=Vs Assembler mapped to: "if ([!]Pv)

vmemu (Rt +#0) =Vs"

if ([!]1Pv) vmemu (Rt+#s4)=Vs if ([!]Pv[0]) {
EA=Rt+#s*VBYTES;
*EA = Vs;
} else {
NOP;
¥

if ([!]1Pv) vmemu (Rx++#s3)=Vs if ([!]Pv[0]) {
EA=RX;
*EA = Vs;
Rx=Rx+#s*VBYTES;
} else {
NOP;
¥

if ([!]Pv) vmemu (Rx++Mu)=Vs if ([!]Pv[0]) {
EA=RX;
*EA = Vs;
Rx=Rx+MuV;
} else {
NOP;
¥

vmemu (Rt ) =Vs Assembler mapped to: "vmemu (Rt+#0)=Vs"

vmemu (Rt +#s4) =Vs

EA=Rt+#s*VBYTES;

*EA = Vs;
vmemu (Rx++#s3) =Vs EA=Rx;
*BEA = Vs;

Rx=Rx+#s*VBYTES;

vmemu (Rx++Mu) =Vs EA=RXx;
*EA = Vs;
Rx=Rx+MuV;
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Class: COPROC_VMEM (slots 0)

Notes

m This instruction uses the HVX permute resource.

» Immediates used in address computation are specificed in multiples of vector

length.
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 NT t5 Parse s5
o(0(1|0|1]0]0 ofo(1 | t|t|t|t|t|P|P|i|-]|- i1 11|1]s s vmemu(Rt+#s4)=Vs
o(0(1|0|1]0]0 1101 |ttt t|t|P|P|i|Vv| |V i|1(1]0|s s if (Pv) vmemu(Rt+#s4)=Vs
o(0(1|0|1]0]0 1101 |ttt t|t|P|P|i|Vv| |V i|1(1]1|s s if (IPv) vmemu(Rt+#s4)=Vs
ICLASS NT x5 Parse s5
o/0(1|0|1]0]0 001 |x|x|x|x|[x|P|P|-]|-]|- i1 ]111]s s vmemu(Rx++#s3)=Vs
if (Pv)
0|0|1/0[1(0 0 1101 |x|x|{x|x|x|P[P|-|v vV i|1]1]0]|s s vmemu(Rx++#s3)=Vs
if (IPv)
00|10 (1(0 0 1101 |x|x|{x|x|x|P[P|-|v vV i|1|1]1]s s vmemu(Rx++#s3)=Vs
ICLASS NT x5 Parse |u1 s5
0|0 (1|0 |1]0]|1 00 |1 |x|x|x|x|Xx Plu|-|- -1 1111 |s s vmemu(Rx++Mu)=Vs
0|0 (1|0 |1]0]|1 1101 |x|x|x|[x|Xx Plujv|v -1 1110 |s s if (Pv) vmemu(Rx++Mu)=Vs
if (IPv)
0|0 |1]0 1|01 1101 |x|x|{x|x|x|P[Plu|v v =111 s s vmemu(Rx++Mu)=Vs
Field name Description
ICLASS Instruction Class
NT NonTemporal
Parse Packet/Loop parse bits
s5 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
v2 Field to encode register v
X5 Field to encode register x
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A vand
Qd4=vand (Vu,Rt) 158
and 0x4 |=vand (Vu,Rt) 158
Qd4=and (Qs4, [!]10Qt4) 32 XZ 3223(324\]? 5é60
N Vx| =vand (Qu4,Rt) 160
. vasl
no “i‘rfle:“[‘??Plsc) e 57 vd.h=vasl (Vv .h,Rt) 21512
if ([!1Qv4) Vx.h[+-]=Vu.h 69 vd.w=vasl (V .w’\/'v w) 213
i(fi ([!5]7QV4) Vx.wl+-]1=Vu.w 69 Vx.w+=vasl (Vu.w,Rt) 209
Vd=Vu
vasr
not
vd.b=vasr (Vu.h,Vv.h,Rt) :rnd:sat 200, 212
Qd4=not (Qs4) 48 Vd.h=vasr (Vu.h,Rt) 212
o Vd.h=vasr (Vu.h,Vv.h) 212
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat 206 212
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] 200, 212
or Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat 206, 212
0d4=or (Qs4, [!10t4) 32 Vd.uh=vasr (Vu.w,Vv.w,Rt) :sat 206, 213
Vd.w=vasr (Vu.w,Rt) 213
V vd.w=vasr (Vu.w,Vv.w) 213
Vx.w+=vasr (Vu.w,Rt) 209
vabs
Vd.h=vabs (Vu.h )[ sat] 51 vavg
vd.w=vabs (Vu.w) [:sat] 51 vd.h=vavg (Vu.h,Vv.h) [:rnd] 60
Vd.ub=vavg (Vu.ub, Vv.ub) [:rnd] 60
vabsdiff Vd.uh=vavg (Vu.uh, Vv.uh) [:rnd] 60
Vd.ub=vabsdiff (Vu.ub, Vv.ub) 163 Vd.w=vavg (Vu.w,Vv.w) [:rnd] 60
vd.uh=vabsdiff (Vu.h,vv.h) 163
Vd.uh=vabsdiff (Vu.uh, Vv.uh) 163 veclo
Vd.uw=vabsdiff (Vu.w,Vv.w) 163 Vd.uh=veclo ( ) 219
Vd.uw=vclo ( ) 219
vadd
vd.b=vadd (Vu.b,Vv. b) 52 vemp . eq
Vd.h=vadd (Vu.h,Vv.h) [:sat] 52 Qd4=vemp.eq(Vu.b,Vv.b) 62
Vd.ub=vadd (Vu.ub, Vv.ub) :sat 52 Qd4=vemp.eq (Vu.h,Vv.h) 62
vd.uh=vadd (Vu.uh, Vv.uh) :sat 52 Qd4=vecmp.eq (Vu.ub, Vv.ub) 62
Vd.w=vadd (Vu.w,Vv.w) [:sat] 52 Qd4=vemp.eq (Vu.uh,Vv.uh) 62
vdd.b=vadd (Vuu.b, vvv.b) 43 Qd4=vemp. eq (Vu.uw, Vv.uw) 62
Vdd.h=vadd (Vu.ub,Vv.ub) 93 Qd4=vemp.eq (Vu.w, Vv.w) 62
Vdd.h=vadd (Vuu.h,Vvv.h) [:sat] 43 Ox4”=vemp.eq(Vu.b, Vv.b) 64
Vdd.ub=vadd (Vuu.ub, Vvv.ub) :sat 43 Qx4”*=vcmp.eq(Vu.h,Vvv.h) 64
Vdd.uh=vadd (Vuu.uh, Vvv.uh) : sat 44 Qx4*=vcmp.eq(Vu.ub, Vv.ub) 64
vdd.w=vadd (Vu.h, Vv.h) 93 Qx4":vcmp‘eq(Vu‘uh,Vv‘uh) 64
vdd.w=vadd (Vu.uh, Vv.uh) 93 Qx4 =vcmp.eq (Vu.uw, Vv.uw) 64
Vdd.w=vadd (Vuu.w,Vvv.w) [:sat] 44 Qx4 =vemp.eq(Vu.w,Vv.w) 64
0x4 [&|]=vemp.eq(Vu.b,Vv.b) 63
valign x4 [&|]=vemp.eq(Vu.h,Vv.h) 63
Vd=valign (Vu, Vv, #u3) 172 0x4 [&|]=vemp.eq(Vu.ub, Vv.ub) 63
Vd—valign (Vu.vv Rt) 172 0x4 [&|]=vemp.eq (Vu.uh, Vv.uh) 63
! ! Qx4 [&|]:vcmp.eq(Vu.uw,Vv.uw) 63
x4 [&]]=vemp.eq (Vu.w,Vv.w) 63
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vcmp . gt

Qd4=vemp.gt (Vu.b,Vv.b) 62
Qd4=vemp.gt (Vu.h,Vv.h) 62
Qd4=vecmp.gt (Vu.ub, Vv.ub) 62
Qd4=vemp.gt (Vu.uh,Vv.uh) 63
Qd4=vemp.gt (Vu.uw, Vv.uw) 63
Qd4=vemp. gt (Vu.w,Vv.w) 63

(
(
(
(
(
(
Qx4”=vcmp.gt
Qx4 =vcmp.gt
Qx4”=vcmp.gt
Qx4 =vcmp.gt
Qx4”=vcmp.gt
Qx4 =vcmp.gt

(Vu.b,Vv.b) 64
(Vu.h,Vvv.h) 65
(Vu.ub,Vv.ub) 65
(Vu.uh, Vv.uh) 65
(Vu.uw, Vv.uw) 65
(Vu.w,Vv.w) 65

0x4 [&|]=vemp.gt (Vu.b, Vv.b) 63
0x4 [&|]=vcmp.gt (Vu.h,Vv.h) 63

0x4 [&|]=vcmp.gt (Vu.uh,Vv.uh) 64
0x4 [&|]=vemp.gt (Vu.uw, Vv.uw) 64

(
(
0x4 [&|]=vemp.gt (Vu.ub, Vv.ub) 63
(
(
(

ox4 [&|] =vcmp.gt (Vu.w, Vv.w) 64

vcombine
if ([!]1Ps) Vdd=vcombine (Vu,Vv) 34
vdd=vcombine (Vu,Vv) 34

vdeal
vd.b=vdeal (Vu.b) 180
vd.h=vdeal (Vu.h) 180
vdd=vdeal (Vu,Vv,Rt) 199
vdeal (Vy, Vx,Rt) 199

vdeale
Vd.b=vdeale (Vu.b,Vv.b) 180

vdelta
Vd=vdelta (Vu, Vv) ) 178

vdmpy

Vd.h=vdmpy (Vu.ub, Rt .b) 146

vd.w=vdmpy (Vu.h,Rt.b) 146
Vd.w=vdmpy (Vu.h,Rt.h) :sat 97
vd.w=vdmpy (Vu.h,Rt.uh) :sat 97
vd.w=vdmpy (Vu.h,Vv.h) :sat 97
vd.w=vdmpy (Vuu.h,Rt.h) :sat 97
Vd.w=vdmpy (Vuu.h,Rt.uh, #1) :sat 97
Vdd. h=vdmpy (Vuu.ub,Rt.b) 97
vdd.w=vdmpy (Vuu.h,Rt.b) 97
Vx.h+=vdmpy (Vu.ub,Rt.b) 146
Vx.w+=vdmpy (Vu.h, Rt .b) 146
Vx.w+=vdmpy (Vu.h,Rt.h) :sat 97
Vx.w+=vdmpy (Vu.h,Rt.uh) :sat 98
Vx.w+=vdmpy (Vu.h,Vv.h) :sat 98
Vx.w+=vdmpy (Vuu.h,Rt .h) :sat 98
Vx.w+=vdmpy (Vuu.h, Rt .uh, #1) :sat 98
Vxx . h+=vdmpy (Vuu.ub, Rt .b) 98
Vxx . w+=vdmpy (Vuu.h,Rt.b) 98

vdsad
Vdd.uw=vdsad (Vuu.uh, Rt .uh) 139
Vxx.uw+=vdsad (Vuu.uh,Rt.uh) 139

vextract
Rd.w=vextract (Vu,Rs) ) 80
Rd=vextract (Vu,Rs) 80

vhist
vhist 169
vhist (Qv4) 169

vinsert
Vx.w=vinsert (Rt) 165

vlalign
Vd=vlalign (Vu, Vv, #u3) 172
vd=vlalign (Vu,Vvv,Rt) 172

vlsr
vd.h=vlsr (Vu.h,Vv.h) 212
Vd.uh=vlsr (Vu.uh,Rt 213

)

)
Vd.uw=vlsr (Vu.uw, Rt) 213
vVd.w=vlsr (Vu.w,Vv.w) 213

viutlé
vdd.h=vlutl6 (Vu.b,Vvv.h,Rt) 193
Vxx.h|=vlutlé (Vvu.b,Vvv.h,Rt) 193

viut32
vd.b=vlut32 (Vu.b,Vv.b,Rt) 183
Vx.b|=vlut32 (Vu.b,Vv.b,Rt) 193

vmax
Vd.h=vmax (Vu.h,Vv.h) 49
Vd.ub=vmax (Vu.ub, Vv.ub) 49
Vd.uh=vmax (Vu.uh, Vv.uh) 49
Vd.w=vmax (Vu.w,Vv.w) 49
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vmem
if ([!]1Pv) vmem(R ) :nt=vVs 228
if ([!11Pv) vmem(Rt)=Vs 228
if ([!]1Pv) vmem(Rt+#s4) nt=0s8.new 225
if ([!11Pv) vmem(Rt+#s4) :nt=Vs 228
if ([!1Pv) vmem(Rt+#s4)=0s8.new 225
if ([!1Pv) vmem(Rt+#s4)=Vs 228
if ([!1Pv) vmem(Rx++#s3) :nt=0s8.new 225
if ([!11Pv) vmem(Rx++#s3) :nt=Vs 228
if ([!1Pv) vmem(Rx++#s3)=0s8.new 225
if ([!11Pv) vmem(Rx++#s3)=Vs 228
if ([!1Pv) vmem(Rx++Mu) :nt=0s8.new 225
if ([!11Pv) vmem(Rx++Mu) :nt=Vs 228
if ([!1Pv) vmem(Rx++Mu)=0s8.new 226
if ([!1Pv) vmem(Rx++Mu)=Vs 229
if ([!1Qv4) vmem(Rt) :nt=Vs 222
if ([!11Qv4) vmem(Rt)=Vs 222
if ([!1Qv4) vmem(Rt+#s4) :nt=Vs 222
if ([11Qv4) vmem(Rt+#s4)=Vs 223
if ([!11Qv4) vmem(Rx++#s3) :nt=vVs 223
if ([!1Qv4) vmem (Rx++#s3)=Vs 223
if ([!1Qv4) vmem(Rx++Mu) :nt=vVs 223
if ([!]1Qv4) vmem (Rx++Mu)=Vs 223

Vd.cur=vmem (Rt +#s4) 85
Vd.cur=vmem (Rt +#s4) :nt 85
Vd. cur=vmem (Rx++#s3) 85
Vd.cur=vmem (Rx++#s3) :nt 85
Vd. cur=vmem (Rx++Mu) 85
Vd.cur=vmem (Rx++Mu) :nt 85
vd. tmp=vmem (Rt +#s4) 87
Vd.tmp=vmem (Rt+#s4) :nt 87
vd. tmp=vmem (Rx++#s3) 87
Vd.tmp=vmem (Rx++#s3) :nt 87
vd. tmp=vmem (Rx++Mu) 87
Vd.tmp=vmem (Rx++Mu) :nt 87
vd=vmem (Rt) 83
Vd=vmem (Rt) :nt 83
vd= Vmem(Rt+#s4 ) 83
Vd=vmem (Rt +#s4) :nt 83
vd=vmem (Rx++#s3) 83
Vd=vmem (Rx++#s3) :nt 83
vd=vmem (Rx++Mu) 83
Vd=vmem (Rx++Mu) :nt 83

t) :nt=0s8.new 226

t):

)

vmem (R

vmem (R nt=vs 229

vmem (Rt) =0s8 .new 226

vmem (Rt) =Vs 229
vmem(Rt+#s4) :nt=0s8.new 226
vmem (Rt +#s4) :nt=Vs 229
vmem (Rt +#s4) =0s8 .new 226
vmem (Rt +#s4) =Vs 229

vmem (Rx++#s3) :nt=0s8.new 226
vmem (Rx++#s3) :nt=Vs 229
vmem (Rx++#s3) =0s8 .new 226
vmem (Rx++#s3) =Vs 229

vmem (Rx++Mu) :nt=0s8.new 226
vmem (Rx++Mu) :nt=Vs 229

vmem (Rx++Mu) =0s8 .new 226
vmem (Rx++Mu) =Vs 229

vmemu
if
if
if
if

([11Pv) vmemu (Rt)=Vs 231

([!1Pv) Vmemu(Rt+#s4 =vs 231

([11Pv) vmemu (Rx++#s3)=Vs 231
V) (

([11p vmemu (Rx++Mu) =Vs 231

Vd=vmemu (Rt) 89

vd=vmemu (Rt +#s4) 89
Vd=vmemu (Rx++#s3) 89
vd=vmemu (Rx++Mu) 89

vmemu (Rt)

=vs 231

vmemu (Rt+#s4) =Vs 231

vmemu (Rx++#s3)

=vs 231

vmemu (Rx++Mu) =Vs 231

vmin

Vd.h=vmin (Vu.h,Vvv.h) 49
Vd.ub=vmin (Vu.ub, Vv.ub) 49
Vd.uh=vmin (Vu.uh, Vv.uh) 49
Vd.w=vmin (Vu.w,Vv.w) 49

vmpa
vdd
vad
vdd
vad

VXX.
VXX.

vmpy

.h=vmpa (Vuu.ub,Rt.b) 104
.h=vmpa (Vuu.ub, Vvv.b) 104
.h=vmpa (Vuu.ub, Vvv.ub) 104
.w=vmpa (Vuu.h,Rt.b) 104

a

<
I
é
kel
]
=3
c
c
=
o
o
o
—_
(e}
X

Vd.h=vmpy (Vu.h,Rt.h) :<<1:rnd:sat 108
Vd.h=vmpy (Vu.h,Rt .h) :<<1:sat 108

vd.

vdd.

vdad

vdd.

vdd
vdd
vdd
vdd
vdd
vdd
vdd
Vxx
Vxx

VXX.

Vxx
Vxx
Vxx
Vxx
Vxx
Vxx
Vxx

vmpye
vd.

vmpyi

.h=vmpyi (Vu
.h=vmpyi (Vu.h,Vv.h
.w=vmpyi (Vu.w,Rt.b
.w=vimpyi (
.h+=vmpyi
.h+=vmpyi (Vu
.w+=vmpyi (Vu
.w+=vmpyi (Vu

h=vmpy (Vu.h,Vv.h) :<<l:rnd:sat 114
h=vmpy (Vu.b,Vvv.b) 114
.h=vmpy (Vu.ub,Rt.b) 108
h=vmpy (Vu.ub,Vv.b) 114
.uh=vmpy (Vu.ub, Rt .ub) 108
.uh=vmpy (Vu.ub, Vv.ub) 114
.uw=vmpy (Vu.uh, Rt .uh) 108
.uw=vmpy (Vu.uh,Vv.uh) 114
.w=vmpy (Vu.h,Rt .h) 109
.w=vmpy (Vu.h,vv.h) 114
.w=vmpy (Vu.h, Vv.uh) 114
.h+=vmpy (Vu.b,Vvv.b) 114
.h+=vmpy (Vu.ub,Rt.Db) 109
h+=vmpy (Vu.ub,Vv.b) 115
.uh+=vmpy (Vu.ub, Rt .ub) 109
.uh+=vmpy (Vu.ub,Vv.ub) 115
.uw+=vmpy (Vu.uh, Rt .uh) 109
.uw+=vmpy (Vu.uh,Vv.uh) 115
.w+=vmpy (Vu.h,Rt.h) :sat 109
.w+=vmpy (Vu.h,Vvv.h) 115
.w+=vmpy (Vu.h, Vv.uh) 115

w=vmpye (Vu.w, Vv.uh) 124

.h,Rt.b

)

)

)
Vu.w,Rt.h) 122
i(Vu.h,Rt.b

(
(
(

)
)
.w,Rt.b) 149
.w,Rt.h)

vmpyie

vd.w=vmpyie (Vu.w,Vv.uh) 120
Vx.w+=vmpyie (Vu.w,Vv.h) 120
Vx.w+=vmpyie (Vu.w,Vv.uh) 120
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vmpyieo
Vd.w=vmpyieo (Vu.h,Vv.h) 148

vmpyio
Vd.w=vmpyio (Vu.w,Vv.h) 120

vmpyo
Vd.w=vmpyo (Vu.w,Vv.h) :<<1[:rnd] :sat 124
Vx.w+=vmpyo (Vu.w,Vv.h) :<<1[:rnd] :sat:shift 124

vimux
vd=vmux (Qt4,Vu,Vv) 72

vnavg
Vd.b=vnavg (Vu.ub, Vv.ub) 60
Vd.h=vnavg (Vu.h,Vv.h) 60
vd.w=vnavg (Vu.w,Vv.w) 60

vnormamt
Vd.h=vnormamt ( ) 219
Vd.w=vnormamt ( ) 219
vnot

vd=vnot (vu) 55

vor
Vd=vor (Vu, vv) 55

vpack
Vd.b=vpack (Vu.h,Vv.h)
Vd.h=vpack (Vu.w,Vv.w)
Vd.ub=vpack (Vu.h,Vv.h)
Vd.uh=vpack (Vu.w, Vv.w)

:sat 186
:sat 186
:sat 186
:sat 186

vpacke
Vd.b=vpacke (Vu
vd.h=vpacke (Vu

.h,vv.h) 186
w,Vv.w) 186

vpacko
Vvd.b=vpacko (Vu
Vd.h=vpacko (Vu

.h,vv.h) 186
W, Vv.w) 186

vpopcount
Vd.h=vpopcount (Vu.h) 219

vrdelta
Vd=vrdelta (Vu, Vv) ) 178

vIrmpy
Vd.uw=vrmpy (Vu.ub, Rt .ub) 152
Vd.uw=vrmpy (Vu.ub, Vv.ub) 155
Vd.w=vrmpy (Vu.b,Vv.b) 155
vd.w=vrmpy (Vu.ub,Rt.b) 152
Vd.w=vrmpy (Vu.ub, Vv.Db) 155
Vdd.uw=vrmpy (Vuu.ub, Rt .ub, #ul) 127
vdd.w=vrmpy (Vuu.ub, Rt .b, #ul) 127
Vx.uw+=vrmpy (Vu.ub,Rt.ub) 152
Vx.uw+=vrmpy (Vu.ub, Vv.ub) 131
Vx.w+=vrmpy (Vu.b,Vv.b) 131
Vx.w+=vrmpy (Vu.ub,Rt.b) 152
Vx.w+=vrmpy (Vu.ub,Vv.b) 131
Vxx.uw+=vrmpy (Vuu.ub,Rt.ub, #ul) 127
Vxx.w+=vrmpy (Vuu.ub, Rt.b, #ul) 128

vror
vd=vror (Vu,Rt) 172

vround
Vd.b=vround (Vu.h,Vv.h)
Vd.h=vround (Vu.w, Vv.w)
Vd.ub=vround (Vu.h,Vv.h)
Vd.uh=vround (Vu.w, Vv.w)

:sat 217
:sat 217
:sat 217
:sat 217

vrsad
vdd.uw=vrsad (Vuu.ub,Rt.ub, #ul) 142
VxX.uw+=vrsad (Vuu.ub,Rt.ub, #ul) 14

vsat
Vd.h=vsat (Vu.w,Vv.w) 74
Vd.ub=vsat (Vu.h,Vv.h) 74

vsetqg
Qd4a=vsetq(Rt) 188

vshuff
vd.b=vshuff (Vu.b) 180
Vd.h=vshuff (vu.h) 180
vdd=vshuff (Vu,Vvv,Rt) ) 199
vshuff (Vy,Vx,Rt) 199

vshuffe
Vd.b=vshuffe (Vu
Vd.h=vshuffe (Vu

.b,vv.b) 77
.h,vv.h) 77

vshuffo
Vd.b=vshuffo (Vu
Vd.h=vshuffo (Vu

.b,vv.b) 77
.h,vv.n) 77

vshuffoe
Vdd.b=vshuffoe (Vu.b,Vvv.b) 37
vdd.h=vshuffoe (Vu.h,Vv.h) 37

vsplat
Vd=vsplat (Rt) ) 157

vsub
Vd.b=vsub (Vu.b,Vv.b) 52
vd.h=vsub (Vu.h,Vv.h) [:sat] 52
Vd.ub=vsub (Vu.ub,Vv.ub) :sat 52
Vd.uh=vsub (Vu.uh, Vv.uh) :sat 52
Vd.w=vsub (Vu.w,Vv.w) [:sat] 52
vdd.b=vsub (Vuu.b,Vvv.b) 43
Vvdd.h=vsub (Vu.ub, Vv.ub) 93
Vdd.h=vsub (Vuu.h,Vvv.h) [:sat] 43
Vdd.ub=vsub (Vuu.ub, Vvv.ub) :sat 44
Vdd.uh=vsub (Vuu.uh, Vvv.uh) :sat 44
vdd.w=vsub (Vu.h,Vv.h) 93
vdd.w=vsub (Vu.uh, Vv.uh) 93
vdd.w=vsub (Vuu.w,Vvv.w) [:sat] 44

vswap
Vdd=vswap (Qt4, Vu, Vv) 38

vsxt
vdd.h=vsxt (Vu
Vdd.w=vsxt (Vu

.b) 41
.h) 41

vsxtb
vdd=vsxtb (vu) 41

vsxth
vdd=vsxth (vu) 41
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vtmpy
vdd.h=vtmpy (Vuu.b,Rt.b) 134
Vdd.h=vtmpy (Vuu.ub,Rt.b) 135
vdd.w=vtmpy (Vuu.h,Rt.b) 135
Vxx.h+=vtmpy (Vuu.b,Rt.b) 135
Vxx.h+=vtmpy (Vuu.ub, Rt .b) 135
Vxx.w+=vtmpy (Vuu.h,Rt.b) 136

vtrans2x2
vtrans2x2 (Vy,Vx,Rt) 199

vunpack
vdd.h=vunpack (Vu.b) 202
vdd.uh=vunpack (Vu.ub) 202
Vdd.uw=vunpack (Vu.uh) 202
Vvdd.w=vunpack (Vu.h) 202

vunpacko
Vxx.h|=vunpacko (Vu.b) 202
Vxx.w|=vunpacko (Vu.h) 202
VXOor

Vd=vxor (Vu, Vv) 55

vzxt
Vdd.uh=vzxt (Vu.ub) 41
vdd.uw=vzxt (Vu.uh) 41

vzxtb
vdd=vzxtb (Vu) 41

vzxth
vdd=vzxth (vu) 41

X

Xor
Qd4=xor (Qs4,Qt4) 32
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