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1.1

Introduction

The Qualcomm Hexagon™ processor is a general-purpose digital signal processor
designed for high performance and low power across a wide variety of multimedia and
modem applications. V65 is a member of the sixth generation of the Hexagon processor
architecture.

Features

Memory

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

Registers

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

Data types

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

Parallel execution

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

Program flow

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

Instruction pipeline

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

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

Cache memory

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

Virtual memory

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

Figure 1-1 shows the major functional units of the Hexagon V65 processor architecture:

m Memory and registers
m Instruction sequencer
m Execution units

m Load/store units

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

Figure 11

S0: Load/Store
Unit

LD Instructions

ST Instructions
ALU32 Instructions
MEMORP Instructions
NV Instructions
SYSTEM Instructions

=)

Hexagon V65 processor architecture
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1.2.1

1.2.2

1.2.3

1.2.4

1.2.5

Memory

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

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

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

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

Sequencer

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

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

Execution units

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

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

NOTE Each execution unit supports floating-point instructions.

Load/store units

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

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

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

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

m A large set of SIMD and application-specific instructions

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

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

m Bit-reversed with auto-increment register

For example:

R2 = memw (##myvariable)

R2 = memw (R3=##myvariable)

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

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

(

(

(

(

(R

R2 = memw (R3+#100)
(

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

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

R2 = memw (RO++M1l:brev)

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

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

m Predicate operations

1.3.3 Vector operations

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

m Addition and subtraction of word and halfword data

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

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

m Reduce, sum of absolute differences on unsigned bytes

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

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

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

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

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

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

64-bit Register Pair

Figure 1-2 Vector instruction example

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

m Format conversion

80-N2040-39 A MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 23



Hexagon V65 Programmer’s Reference Manual Introduction

1.3.5

1.3.6

Program flow

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

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

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

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

Pl = cmp.eqg(R2, R3)

if (P1) jump end

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

jump end

jumpr R1

call function

callr R2

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

jumpr R31 // subroutine return

Instruction packets

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

}

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

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

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

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

{

PO = cmp.eq(R2, #4)

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

}

{

R2 = memh (R4+#8)

memw (R5) = R2.new

}

1.3.8 Compound instructions

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

1.3.9 Duplex instructions

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

1.3.10 Instruction classes

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

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

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

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

together.

Slot 0

LD Instructions

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

Slot 1

LD Instructions
ST Instructions
ALU32 Instructions
Some J Instructions

Slot 2
XTYPE Instructions
ALU32 Instructions
J Instructions
JR Instructions

Slot 3
XTYPE Instructions
ALU32 Instructions
J Instructions
CR Instructions

Figure 1-3

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

Permute / Vector Permute Operations
Predicate Operations

Shift / Shift with Add/Sub/Logical

Vector Byte ALU

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

ALU32 Instructions
Arithmetic / Logical (32 bit)
Vector Halfword

CR Instructions
Control-Register Transfers
Hardware Loop Setup

Predicate Logicals & Reductions

NV Instructions

New-value Jumps
New-value Stores

Instruction intrinsics

Instruction classes and combinations

J Instructions
Jump/Call PC-relative

JR Instructions

Jump/Call Register

LD Instructions

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

ST Instructions

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

MEMOP Instructions

Operation on memory (8/16/32 bit)

SYSTEM Instructions

Prefetch
Cache Maintenance
Bus Operations

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

int main ()

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

}

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

Intrinsics are defined for most of the Hexagon processor instructions.

80-N2040-39 A

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 26



Hexagon V65 Programmer’s Reference Manual Introduction

1.4 Notation

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

m Instruction syntax
m Register operands

m  Numeric operands

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

1.4.1 Instruction syntax

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

m Braces indicate a choice of items (e.g., {Rs, #s16}, means that either Rs or a
signed 16-bit immediate can be used)
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1.4.2

Register operands

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

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

Rds[.els

1]

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

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

Examples of ds field (describing instruction syntax):

Rd = n
Rd = x

Rx = insert (Rs,Rtt)

eg (Rs)
or (Rs,Rt)

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

Examples of ds field (describing instruction behavior):

Rdd =

Rss + Rtt

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

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

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

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

A

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

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

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

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

Figure 1-4 Register field symbols

Table 1-2  Register bit field symbols

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

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

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

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

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

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

NOTE The control and predicate registers use the same notation as the general
registers, but are written as Cx and px (respectively) instead of Rx.
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1.4.3

Numeric operands

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

Table 1-3  Instruction operands
Symbol Meaning Min Max

#uN Unsigned N-bit immediate value 0 oN_1

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

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

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

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

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

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

usaty Saturate value to unsigned N-bit number 0 oN_1

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

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

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

call my proc // instruction example

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

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

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

Examples of operand symbols:

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

Rd = ##u32

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

// #s4:2 -> scaled signed 4-bit imm value
// #r22:2 -> scaled 22-bit PC-rel addr value
// ##u32 -> unsigned 32-bit imm value
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1.5

1.6

NOTE

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

where they appear in the instruction encodings

Terminology

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

Table 1-4 Data symbols
Size Symbol Type

8-bit B Byte

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

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

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

Technical assistance

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

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

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

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

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

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

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

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

m  Vector operands for vector instructions

For example:

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

Figure 2-1 shows the general registers.

R3 R2 R1 RO

R3:2 R1:0

R31 R30 R29 R28

Y Y
R31:30 R29:28

Figure 2-1 General registers

Aliased registers

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

For example:

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

Table 2-1  General register aliases

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

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

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

Register pairs

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

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

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

Table 2-2 lists the general register pairs.

Table 2-2  General register pairs

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

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

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

m Instructions that require a specific control register as an operand

m Register transfer instructions

For example:

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

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

Figure 2-2 shows the control registers.

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

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

Table 2-3 lists the aliased control registers.

Table 2-3  Aliased control registers

Register Alias Name
SA0 Co Loop start address register 0
LCO C1 Loop count register 0
SA1 Cc2 Loop start address register 1
LC1 C3 Loop count register 1
P3:0 C4 Predicate registers 3:0
reserved C5 -
MO C6 Modifier register 0
M1 C7 Modifier register 1
USR Cc8 User status register
PC C9 Program counter
UGP Cc10 User general pointer
GP C11 Global pointer
CS0 C12 Circular start register 0
CS1 C13 Circular start register 1
UPCYCLELO Cc14 Cycle count register (low)
UPCYCLEHI C15 Cycle count register (high)
UPCYCLE C15:14 Cycle count register
FRAMELIMIT C16 Frame limit register
FRAMEKEY c17 Frame key register
PKTCOUNTLO Cc18 Packet count register (low)
PKTCOUNTHI C19 Packet count register (high)
PKTCOUNT C19:18 Packet count register
reserved C20-29 |-
UTIMERLO C30 Qtimer register (low)
UTIMERHI C31 Qtimer register (high)
UTIMER C31:30 | Qtimer register

NOTE The control register numbers (0-31) are used to specify the control registers in
instruction encodings (Chapter 10).
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2.21

Register pairs

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

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

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

Table 2-4 lists the control register pairs.

Table 2-4  Control register pairs

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

Program counter

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

R7 = PC // Get program counter

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

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

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

Table 2-5 defines the loop registers.

Table 2-5 Loop registers

Register Name Description

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

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

2.2.3 User status register

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

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

USR stores the following status and control values:
m  Cache prefetch enable (Section 5.10.6)

= Cache prefetch status (Section 5.10.6)

m  Floating point modes (Section 4.3.4)

»  Floating point status (Section 4.3.4)

»  Hardware loop configuration (Section 7.2)

m  Sticky saturation overflow (Section 4.2.2)

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

Whenever a transfer to USR changes the Enable trap bits [29:25], an isync
instruction (Section 5.11) must be executed before the new exception
programming can take effect.

80-N2040-39 A MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION 38



Hexagon V65 Programmer’s Reference Manual Registers

Table 2-6 defines the user status register.

Table 2-6  User status register

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

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

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

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

R 30 |reserved Return 0 if read.

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

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

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

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

R 24 |reserved Reserved

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

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

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

R 21:20 |reserved Return 0 if read.

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

R 19:18 |reserved Reserved

R 17 | reserved Return 0 if read.

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

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

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

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

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

00: Disable

01: Conservative
10: Moderate

11: Aggressive

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

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

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

R 76 |reserved Return 0 if read.

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

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

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

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

R/W 0 OVF Sticky Saturation Overflow.

1: Saturation occurred
0: No saturation

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

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

Modifier registers

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

m Indirect auto-increment register addressing

m Circular addressing

= Bit-reversed addressing

Indirect auto-increment

In indirect auto-increment register addressing (Section 5.8.9) the modifier registers store a
signed 32-bit value which specifies the increment (or decrement) value. For example:

M1l = RO
R3

memw (R2++M1)

// Set modifier register
// Load word

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

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

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

In circular addressing (Section 5.8.10) the modifier registers store the circular buffer
length and related “K” and “I”” values. For example:

MO = R7

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

RO

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

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

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

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

Table 2-8  Modifier registers (circular addressing)

Name R/W Bits Field Description
MO, M1 32 Circular buffer specifier.
R/W | 31:28 |1[10:7] | value (MSB - see Section 5.8.11)
R/W | 27:24 |K K value (Section 5.8.10)
R/W | 23:17 |1[6:0] | value (LSB)
R/W 16:0 |Length Circular buffer length
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2.2.5

Bit-reversed

In bit-reversed addressing (Section 5.8.12) the modifier registers store a signed 32-bit
value which specifies the increment (or decrement) value. For example:

M1l = R7 // Set modifier register

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

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

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

Register Name Description

MO, M1 Increment Signed auto-increment value.

Predicate registers

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

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

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

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

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

Table 2-10 defines the predicate registers.

Table 2-10 Predicate registers

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

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

7:0 PO register
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2.2.6

2.2.7

2.2.8

Circular start registers

The circular start registers (CS0 - CS1) store the start address of a circular buffer in
circular addressing (Section 5.8.10). For example:

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

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

Table 2-11 Circular start registers

Register Name Description

CS0, Cs1 Circular Start Circular buffer start address.

User general pointer register

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

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

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

Table 2-12 defines the user general pointer register.

Table 2-12 User general pointer register

Register Name Description

UGP User General Pointer General-purpose control register.

Global pointer

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

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

Table 2-13 defines the global pointer register.

Table 2-13 Global pointer register

Name R/W Bits Field Description
GP 32 Global Pointer Register
R/W | 31:7 |GDP Global Data Pointer (Section 5.8.4).
R 6:0 |reserved Return 0 if read.

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

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

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

R5 = UPCYCLEHI
R4 = UPCYCLELO
R5:4 = UPCYCLE

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

Table 2-14 defines the cycle count registers.

Table 2-14 Cycle count registers

Register Name Description

UPCYCLELO

Cycle count (low)

Processor cycle count (low 32 bits)

UPCYCLEHT

Cycle count (high)

Processor cycle count (high 32 bits)

UPCYCLE

Cycle count

Processor cycle count (64 bits)

2.210 Frame limit register

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

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

R9 = FRAMELIMIT
FRAMELIMIT = R3

Table 2-15 defines the frame limit register.

Table 2-15 Frame limit register

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

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

R2 = FRAMEKEY
FRAMEKEY = R1

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

Table 2-16 defines the frame key register.

Table 2-16 Frame key register

Register Name

FRAMEKEY

Description

Frame Key Key used to scramble return addresses

stored on software stack.

2.212 Packet count registers

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

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

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

Packets with exceptions are not counted as committed packets.

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

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

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

Table 2-17 defines the packet count registers.

Table 2-17 Packet count registers

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

PKTCOUNT Cycle count Processor packet count (64 bits)
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2.213

Qtimer registers

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

R5 = UTIMERHI
R4 = UTIMERLO
R5:4 = UTIMER

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

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

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

Table 2-18 defines the packet count registers.

Table 2-18 Qtimer registers

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

UTIMER Qtimer Qtimer global reference count (64 bits)
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Instructions

This chapter covers the following topics:

» Instruction syntax

m Instruction classes

» Instruction packets

m Instruction intrinsics

s  Compound instructions

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

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

Instruction syntax

Most Hexagon processor instructions have the following syntax:

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

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

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

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

Table 3-1  Instruction symbols
Symbol Example Meaning
= R2 = R3 Assignment of RHS to LHS
# R1 = #1 Immediate value
0x 0xBABE Hexadecimal number prefix
memXX R2 = memub (R3) Memory access
XX specifies access size and type
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Table 3-1  Instruction symbols (Continued)
Symbol Example Meaning
; R2 = R3; R4 = R5; Instruction delimiter, or end of instruction
{...} {R2 = R3; R5 = R6} Instruction packet delimiter
(...) R2 = memw (RO + #100) Source list delimiter
:endloopX :endloop0 Loop end
X specifies loop instruction (0 or 1)
it if (PO.new) jump:t target Direction hint (jump taken)
:nt if (!Pl.new) jump:nt target Direction hint (jump not taken)
:sat R2 = add(R1,R2) :sat Saturate result
:rnd R2 = mpy(R1.H,R2.H) :rnd Round result
:carry R5:4=add(R1:0,R3:2,P1) :carry Predicate used as carry input and output
<<16 R2 = add(R1.L,R2.L) :<<16 Shift result left by halfword
:mem_noshuf {memw (R5) = R2; Inhibit load/store reordering (Section 5.5)
R3 = memh (R6) }:mem noshuf
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3.2

Instruction classes

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

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

Table 3-2 lists the instruction classes and subclasses.

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

Instruction packets

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

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

{ RO = R1; R2 = R3 }

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

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

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

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

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

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

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

3.3.2

Packet execution semantics

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

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

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

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

NOTE Dual stores (Section 5.4), dual jumps (Section 7.7), new-value stores
(Section 5.6), new-value compare jumps (Section 7.5.1), and dot-new
predicates (Section 6.1.4) have non-parallel execution semantics.

Sequencing semantics

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

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

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

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

Thus, the packet is atomic from the program perspective.

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

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

Resource constraints

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

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

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

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

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

Slot 0 Slot 1 Slot 2 Slot 3

LD Instructions LD Instructions

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

ST Instructions
ALU32 Instructions
Some J Instructions

XTYPE Instructions
ALU32 Instructions
J Instructions

JR Instructions

XTYPE Instructions
ALU32 Instructions
J Instructions

CR Instructions

Figure 3-1

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

Permute / Vector Permute Operations
Predicate Operations

Shift / Shift with Add/Sub/Logical

Vector Byte ALU

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

ALU32 Instructions
Arithmetic / Logical (32 bit)
Vector Halfword

CR Instructions
Control-Register Transfers
Hardware Loop Setup

Predicate Logicals & Reductions

NV Instructions
New-value Jumps
New-value Stores

Packet grouping combinations

J Instructions
Jump/Call PC-relative

JR Instructions
Jump/Call Register

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

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

MEMOP Instructions

Operation on memory (8/16/32 bit)

YSTEM Instruction
Prefetch
Cache Maintenance
Bus Operations
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3.3.4 Grouping constraints

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

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

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

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

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

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

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

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

m  The SYSTEM-class instructions include prefetch, cache operations, bus
operations, load locked, and store conditional instructions (Section 5.10). These
instructions have the following grouping rules:

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

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

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

3.3.6

Dependency constraints

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

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

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

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

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

Ordering constraints

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

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

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

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

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

m Slot 0 instructions at the last (highest) address

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

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

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

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

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

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

3.4 Instruction intrinsics

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

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

#include <hexagon protos.h>

int main()

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

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

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

s SYSTEM (dcfetch only)

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

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

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

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

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

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

{ // compare and jump

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

}

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

}

Using compound instructions reduces code size and improves code performance.

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

3.6 Duplex instructions

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

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

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

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

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

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

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

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

411

4.1.2

41.3

41.4

Data types

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

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

m  Vector data

Fixed-point data

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

Floating-point data

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

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

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

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

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

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

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

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

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

Rss
Rtt
y Yy Y F Y 4
(Cop Y op X op JC0p SO0 N Op N Op Y Op )
4 4 Y Y y 4 4 4
Rdd

Figure 4-1 Vector byte operation

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

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

Rss
Rtt
A 4 ) J A4 A4 ) J
T e e (e
Y A Y Y
Rdd

Figure 4-2 Vector halfword operation

Two 32-bit word values can be packed in a single 64-bit register pair.

80-N2040-39 A MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

59



Hexagon V65 Programmer’s Reference Manual Data Processing

Figure 4-3 shows an example of a vector word operation.

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

Figure 4-3 Vector word operation

4.2 Instruction options

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

4.2.1 Fractional scaling

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

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

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

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

4.2.2 Saturation

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

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

R2 = abs(R1l) :sat
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4.2.3

424

4.2.5

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

Arithmetic rounding

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

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

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

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

Convergent rounding

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

These instructions work as follows:

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

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

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

Scaling for divide and square-root

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

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

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

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

NOTE

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

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

of divide and square-root library routines.

4.3 XTYPE operations

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

431 ALU

ALU

Bit manipulation
Complex
Floating point
Multiply
Permute
Predicate

Shift

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

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

Absolute value

Logical operations

Min, max, negate instructions

Register transfers of 64-bit data

Word to doubleword sign extension

Comparisons

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

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

Bit field insert

Bit field signed and unsigned extract
Count leading and trailing bits

Compare bit masks

Set / Clear / Toggle bit

Test bit operation

Interleave/deinterleave bits

Bit reverse

Split bitfield

Masked parity and Linear Feedback shift

Table index formation

For more information see Section 11.10.2.

4.3.3 Complex

Complex operations manipulate complex numbers. These operations include:

Complex add and subtract

Complex multiply with optional round and pack
Vector complex multiply

Vector complex conjugate

Vector complex rotate

Vector reduce complex multiply real or imaginary

For more information see Section 11.10.3.
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434

Floating point

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

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

m  Format conversion

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

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

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

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

For more information see Section 11.10.4.

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

Format conversion

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

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

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

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

Rounding

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

Exceptions

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

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

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

Multiply

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

Single precision

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

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

m  SS — Perform signed x signed multiply

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

m A+ —Result added to accumulator

=  A-—Result subtracted from accumulator

m (0 — Result not added to accumulator

Table 4-1  Single-precision multiply options

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

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

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

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

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

Table 4-2 Double precision multiply options

Multiply Result Sign Accumulate Sat Rnd Scale

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

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

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

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

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

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

4.3.7

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

For more information on multiply operations, see Section 11.10.5.

Permute

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

= Swizzle bytes

= Vector shuffle

= Vector align

m  Vector saturate and pack

=  Vector splat bytes

= Vector splice

= Vector sign extend halfwords

= Vector zero extend bytes

m  Vector zero extend halfwords

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

= Vector splat halfwords

For more information, see Section 11.1.2 and Section 11.10.6.

Predicate

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

= Vector mask generation
m Predicate transfers

m Viterbi packing

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

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

Rss
#/Rt
Shift
amount

) J

( 64-bit Shifter >
Y

< 64-bit Add/Sub/Logical )

A Rxx

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

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

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

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

Some shifts are available with saturation and rounding options.

For more information see Section 11.10.8.
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4.4 ALU32 operations

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

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

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

immediate

Scalar 32-bit compares

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

and Mux

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

Sign and zero-extend bytes and halfwords

Transfer immediates and registers

Vector add, subtract, and average halfwords

For more information see Section 11.1.

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

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

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

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

Vector byte operations

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

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

Vector average unsigned bytes

Vector reduce add unsigned bytes

Vector sum of absolute differences unsigned bytes

Vector halfword operations

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

Vector add and subtract halfwords

Vector average halfwords

Vector compare halfwords

Vector min and max halfwords

Vector shift halfwords

Vector dual multiply

Vector dual multiply with round and pack

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

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

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

Shift Amount

lost

lost

lost

lost

<&

s/z ext

<&

s/z ext

€

s/z ext

<&

s/z ext

Figure 4-5 Vector halfword shift right

Vector word operations

Rt/ #u4

Rss

Rdd

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

Vector add and subtract words

Vector average words
Vector compare words
Vector min and max words

Vector shift words with optional truncate and pack

For more information on vector operations see Section 11.1.1 and Section 11.10.1.
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4.6

4.7

4.8

CR operations

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

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

Table 4-3  Control register transfer instructions

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

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

numeric alias names — see Section 2.2 for details.

For more information see Section 11.2.

Compound operations

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

And/Or with inverted input

Compound logical register

Compound logical predicate

Compound add-subtract with immediates

Compound shift-operation with immediates (arithmetic or logical)

Multiply-add with immediates

For more information see Section 11.10.1.

Special operations

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

applications:

s H.264 CABAC processing

m [P internet checksum

m  Software-defined radio
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481 H.264 CABAC processing

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

= HD-DVDs
s HDTYV broadcasting

= Internet video streaming

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

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

m  The current interval range

m  The current offset in the current code interval

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

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

MPS occurs LPS occurs
o LPS ° 1! PS
o) s o) s
g g
- rMPS - rMPS
O O
E2 &
=] =]
rangeNew = rMPS rangeNew =rLPS
offsetNew = offset offsetNew = offset-rMPS
Figure 4-1 Arithmetic decoding for one bin
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4811 CABAC implementation

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

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

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

Decode Decision
(ctxldx, range, offset)

h 4
bitpos=Count_leading_zeros(range)

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

offset >= rMPS O—l

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

“

ctxIdx->valMPS=!ctxIdx->valMPS

bin = ctxIdx->valMPS
range = rtMPS

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

Renormalization1
(range, offset)

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

For more information on the decbin instruction see Section 11.10.6.

For example:

Rdd = decbin(Rss,Rtt)

INPUT: Rss and Rtt register pairs as:

Rtt.
Rtt.
Rtt.
Rss.
Rss.

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

w0 [4:0] = Dbitpos
w0 = range

wl offset

OUTPUT: Rdd register pair is packed as

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

4.8.1.2 Code example
H264CabacGetBinNC:

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

* Non-conventional call:

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

*

* Return:

* R1: 0 - offset range

* PO - (bin)

*

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

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

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

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

Pl = cmp.gtu(R6,R1)

IF (!Pl.new) jumpr:t LR

}

RENORM REFILL:

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

// save context to *ctxIdx

// re-align range and offset

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

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

m  The checksum can be summed in any order

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

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

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

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

For more information on the vradduh instruction see Section 11.10.1.

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

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

Code example

.text
.global fast_ip check

Assumes data is 8-byte aligned

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

input RO points to data
input R1 is length of data

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

80-N2040-39 A

MAY CONTAIN U.S. AND INTERNATIONAL EXPORT CONTROLLED INFORMATION

77



Hexagon V65 Programmer’s Reference Manual Data Processing

4.8.3

4.8.3.1

Software-defined radio

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

m Rake despreading
m  Scramble code generation

m  Polynomial field processing

Rake despreading

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

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

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

Rt

Im3 Re3 Im2 Re2 Im Re1 ImO Re0 Rs

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

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

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

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

For more information on the pmpy instructions, see Section 11.10.5.

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

Rs
Rs
Rt
Rt
16x16
Carryless C16X|1 6
Polynomial arryless
32x32 Kﬁpy Polynomial
Carryless Mpy
Polynomial
mpy 1
VY
_" XOR
XOR n
C ) T\ - \J
— i \ v [ $
Rxx Rxx

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

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

This section describes the memory model for the Hexagon processor.

5.1.1 Address space

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

5.1.2 Byte order

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

Address Contents

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

Figure 5-1 Hexagon processor byte order

5.1.3 Alignment

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