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1 Introduction

This document describes the Qualcomm® Hexagon™ Vector eXtensions (HVX) instruction set
architecture. These extensions are implemented in an optional coprocessor. This document
assumes the reader is familiar with the Hexagon architecture. For a full description of the
architecture, refer to the Qualcomm Hexagon Programmer’s Reference Manual.

1.1 SIMD coprocessor

HVX instructions are primarily implemented in a single instruction multiple data (SIMD)
coprocessor block that includes vector registers, vector compute elements, and dedicated
memory. This extends the baseline Hexagon architecture to enable high-performance computer
vision, image processing, or other workloads that can be mapped to SIMD parallel processing.

Hexagon core

1$
RO-R31
PO-P3
S3 | s2 | Ss1] so 1 SIMD coprocessor
V0-V31
DS Q0-Q3
mem VTCM
mpy | mpy | shift | xlane scat
ALU | ALU | ALU | ALU gath
L2/TCM

Figure 1-1 Hexagon core with attached SIMD coprocessor

The Hexagon instruction set architecture (ISA) is extended with HVX instructions. These
instructions use HVX compute resources and can freely mix with normal Hexagon instructions in
a very long instruction word (VLIW) packet. HVX instructions can also use scalar source operands
from the core.

80-N2040-49 Rev. AA
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1.2 HVX features

HVX adds very wide SIMD capability to the Hexagon ISA. SIMD operations execute on vector
registers (up to 1024 bits each), and multiple SIMD instructions can execute in parallel.

1.2.1 Vector length

HVX supports 1024-bit vectors (128 byte). To minimize porting effort, software should strive to
treat vector length as an arbitrary constant power of two.

Vector context
Vo 1024-bit | Q0 128-bit]|
Q3| 128-bit

V31 1024-bit

Figure 1-2 Registers using 128 B with a vector length of 1024 bits

1.2.2 Vector contexts

A vector context consists of a vector register file, vector predicate file, and the ability to execute
instructions using this state.

Hexagon hardware threads dynamically attach 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.

The Hexagon scalar core can contain any number of hardware threads greater 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:

SSR:XA=4: HVX instructions use vector context O
SSR:XA=5: HVX instructions use vector context 1, if available
SSR:XA=6: HVX instructions use vector context 2, if available

SSR:XA=7: HVX instructions use vector context 3, if available

80-N2040-49 Rev. AA
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Figure 1-3 shows a vector context configuration with four hardware threads, but with two of the
threads configured to use 128 byte vectors. In this configuration, two of the threads can execute
128 byte vector instructions, while the other two threads can execute scalar-only instructions.

Hexagon
DS
GRF GRF
thread0 thread2
<« >
1$
GRF GRF
threadl thread3
Coprocessor -
instruction port LTV
SIMD coprocessor
Vector context #0
Vo 1024 bit Y ———
Q3 mer |
V31 1024bit
Vector context #1
Vo 1024 bit N —r—
(oE —TT—
V31 1024bit

Figure 1-3 Four hardware threads (two HVX-enabled threads and two scalar-only threads)

1.2.3 Memory access

The HVX memory instructions (referred to as VMEM instructions) use the Hexagon general
registers (R0-R31) to form addresses that access memory. The memory access size of these
instructions is the vector length or the size of a vector register.

VMEM loads and stores the same 32-bit virtual address space as normal scalar load/stores.
VMEM load/stores are coherent with scalar load/stores and hardware maintains coherency.

80-N2040-49 Rev. AA 10
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1.2.4 Vector registers

HVX has two sets of registers:

m Data registers consist of 32 vector length registers. Certain operations can access a pair of
registers to effectively double the vector length for the operand.

m Predicate registers consist of four registers each with one bit per byte of vector length. These
registers provide operands to various compare, mux, and other special instructions.

The vector registers are partitioned into lanes that operate in SIMD fashion. For example, with
1024-bit (128 byte) vector length, each vector register can contain any of following items:

m 32 words (32-bit elements)
m 64 half-words (16-bit elements)
m 128 bytes (8-bit elements)

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

Figure 1-4.
127|126|125(124 716|514 (3]2|1]0]Byte
63 62 oo 3 2 1 0 Half-word
31 1 0 Word

Figure 1-4 1024-bit SIMD register

80-N2040-49 Rev. AA 1
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1.2.5 Vector compute instructions

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

V2.h = VADD(V3.h,V4.h)

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

When vectors are specified in instructions, the element type is also usually specified:
m .bforsigned byte

m .ub for unsigned byte

m .hfor signed halfword

m .uh for unsigned halfword

m .w for signed word

m .uw for unsigned word

m .gfl6 for gfloatl6

m .gf32 for gfloat32

m .hf for half precision

m .sffor single precision

For example:

v0.b = vadd(vl.b,v2.b) // Add vectors of bytes

v1:0.b = vadd(v3:2.b, v5:4.b) // Add vector pairs of bytes
v1l:0.h = vadd(v3:2.h, v5:4.h) // Add vector pairs of halfwords
v5:4.w = vmpy(v0.h,v1.h) // Widening vector 16x16 to 32

// multiplies: halfword inputs,
// word outputs

For operations with mixed element sizes, each operand with the smaller element size uses a
single vector register and each operand with the larger element size (double the smaller) uses a
vector register pair. One vector in a pair contains even elements and the other odd elements.

1.3 Changes in V69 HVX

The following are updates for V69 HVX:
m Added additional capacity for 16 x 16 multiplies
m Vector tmp assign instructions for intrapacket register renaming

m Vector by vector narrowing shift

80-N2040-49 Rev. AA 12
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1.4 Technical assistance

For assistance or clarification on information in this document, submit a case to Qualcomm
Technologies, Inc. (QTl) at https://createpoint.qti.qualcomm.com/.

If you do not have access to the CDMATech Support website, register for access or send email to
support.cdmatech@qti.qualcomm.com.

80-N2040-49 Rev. AA 13



2 Registers

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

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

The vector predicate registers contain the decision bits for each 8-bit quantity of the vector data
registers.

2.1 Vector data registers

211

The HVX coprocessor contains 32 vector registers (named VO through V31). These registers store
operand data for the vector instructions.

For example:
V1l = vmem(RO) // Load a vector 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 a double-vector 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

Unaligned vector pairs
V69 supports unaligned pairs for vector pair register operands.

For example:

v6:7.b = vadd(v2:3.b, v4:5.b) // Add vector pairs of bytes
v0:1.h = vadd(v12:13.h, v5:4.h)// Add vector pairs of halfwords

80-N2040-49 Rev. AA

14



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual Registers

2.1.2 VRF-GRF transfers

Table 2-1 lists the Hexagon instructions that 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.w=extractw (Vu,Rs) |Rd=Vu.uw[Rs&0xF]; Extract word from a vector into Rd with
location specified by Rs. Primarily
meant for debug.

Vx.w=insertw (Rss) Vx.uw[Rss.w[1]&0xF] = Insert word into vector at specified
Rss.wi[0]; location. The low word in Rss specifies
the data to insert, and the upper word
specifies the location.

2.2 Vector predicate registers

Vector predicate registers hold the result of vector compare instructions.

For example:
Q3 = vcmp.eq(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. For half-word operations, two bits are set per half-
word. For byte operations, one bit is set per byte.

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

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

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

3.1 Alignment

Unlike on the scalar processor, an unaligned pointer (a pointer that is not a multiple of the vector
size) does 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 (R0O) = V1 // Store to RO & ~(0x3F)
The intra-vector addressing bits are ignored.

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

VO = VMEMU(RO) // Load a vector from RO regardless of alignment

3.2 HVX local memory: VTCM

HVX supports a local memory called vector tightly coupled memory (VTCM) for scratch buffers
and scatter/gather operations. The size of the memory is implementation-defined. The size is
discoverable from the configuration table defined in the Qualcomm Hexagon V69 Architecture
System-Level Specification (80-V9418-32). VTCM needs normal virtual to physical translation just
like other memory. This memory has higher performance and lower power.

Use VTCM for intermediate vector data, or as a temporary buffer. It serves as the input or output
of the scatter/gather instructions. The following are advantages of using VTCM as the
intermediate buffer:

m  Guarantees no eviction (vs. L2 if the set is full)

m Faster than L2$ (does not have the overhead of cache management, like association)
m  Reduces L2S pressure

m Lower power than L2$

m Supports continuous read and write for every packet without contention

In addition to HVX VMEM access, normal Hexagon memory access instructions can access this
memory.
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The following conditions are invalid for VTCM access:

m Using a page size larger than the VTCM size.

m  Attempting to execute instructions from VTCM,; this includes speculative access.

m Scalar VTCM access when the HVX fuse is blown (disabled).

m Load-locked or store-conditional to VTCM.

m  memw_phys load from VTCM while more than one thread is active.

m  Accessing VTCM while HVX is not fully powered up or any VTCM banks are asleep.

m Unaligned access crossing between VTCM and non-VTCM pages.

3.3 Scatter and gather

Scatter and gather instructions allow for per-element random access of VTCM memory. Each
element can specify an independent address to read (gather) or write (scatter). Gather for HVX is
a vector copy from noncontiguous addresses to an aligned contiguous vector location. Gather
operations use slot 0 + slot 1 on the scalar side, and HVX load + store resources.

Gather is formed by two instructions, one for reading from VTCM and one for storing to VICM:

{ Vtmp.h = vgather (Rt,Mu,Vv.h)
vmem (Rs+#1) = Vtmp.new

}

If the input data of gather is in DDR, it must first be copied to VTCM and gathered from there.
Gather cannot be done directly on DDR or L2$ contents.

Vector gather (vgather) operations transfer elemental copies from a large region in VTCM to a
smaller vector-sized region in VTCM. Each instruction can gather up to 64 elements. Gather
supports halfword and word granularity. Emulate byte gather through vector predicate
instructions using two packets.

Use gather for large lookup tables (up to VTCM size).

Except for scatters and following scatters, these instructions are ordered with the following
operations. However, accesses from elements of the same scatter or gather instruction are not
ordered. The primary ordered case is loading from a gather result or from a scatter region.

Operations done via scatter or gather usually perform better via scatter.

The following conditions are invalid for scatter or gather access:

m The scatter (write) or gather (read) region covers more than one page or the M source
(length-1) is negative. An exception is generated otherwise.

m Any of the accesses are not within VTCM. This includes the gather target addresses. An
exception is generated otherwise.

m Both a gather region instruction and a scatter instruction in the same packet.
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3.4 Memory-type

NOTE:

It is illegal for HVX memory instructions (VMEM or scatter/gather) to target device-type memory.
VMEM instructions raise a VMEM address error exception if they target device-type memory. It is
also illegal to use HVX memory instructions while the MMU is off.

HVX is designed to work with the L2 cache, L2TCM, or VTCM. Mark memory as L2-cacheable for
L2 cache data and uncached for data that resides in L2ZTCM or VTCM.

3.5 Nontemporal

A VMEM instruction can have an optional nontemporal attribute. This is specified in assembly
with a “:nt” appendix. Marking an instruction nontemporal indicates to the microarchitecture
that the data is no longer needed after the instruction. The cache memory system uses this
information to inform replacement and allocation decisions.

3.6 Permissions

Unaligned VMEMU instructions that are naturally aligned only require MMU permissions for the
accessed line. The hardware suppresses generating an access to the unused portion.

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

3.7 Ordering

The HVX coprocessor follows the same sequentially consistent memory model as the scalar core
for coprocessor packets. Coprocessor threads interleave their coprocessor memory operations
with one another in an arbitrary but fair manner. This results in a consistent program order that
is globally observable by all threads in the same order.

The only exception to this rule is the scatter operations. Scatter operation memory updates are
unordered with respect to each other. Their internal transactions are also unordered.

Direct memory accesses (DMAs) through the external AXI slave port are considered noncoherent
with the coprocessor threads and require explicit memory synchronizations through the use of
the store release or polling of the DMA descriptor performed by the scalar core.
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3.8 Atomicity

Table 3-1 describes the size or alignment of decomposed atomic operations for different types of
memory accesses. When an access is not fully atomic, an observer can see atomic components of
the access.

Table 3-1 Atomicity of types of memory accesses

Access type Atomic size
Scalar Access size
A mem-op is 2 accesses
Aligned vector Base vector size
Unaligned vector 1 byte
Scatter 1 byte
Scatter-accumulate 1 byte
(read-modify-write) A larger read-modify-write can

be decomposed into multiple
equivalent smaller read-modify-

writes.
Gather read 1 byte
Gather write 1 byte

Individual scatter and gather accesses are only guaranteed to be atomic with other scatter or
gather accesses.

3.9 Maximize performance of vector memory system

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

3.9.1 Minimize VMEM access

Accessing data from the vector register file (VRF) 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 or from memory when VRF can
host it instead.

3.9.2 Use aligned data

VMEMU instruction access multiple L2 cache lines and are expensive in bandwidth and power.
Where possible, align data structures to vector boundaries. Padding the image is often the most
effective technique to provide aligned data.
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3.9.3 Avoid store to load stalls

A VMEM load instruction that follows a VMEM store to the same address incurs a store-to-load
penalty. The store must fully reach L2 before the load starts, thus the penalty can be quite large.
To avoid store-to-load stalls, there should be approximately 15 packets of intervening work.

3.9.4 L2FETCH

Use the L2FETCH instruction to prepopulate the L2 with data prior to using VMEM loads.

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

Prefetch all L2 cacheable data VMEM uses, even if it is not used in the computation. Software
pipelined loops often overload unused data. Even though the pad data is not used in
computation, the VMEM stalls if it has not been prefetched into L2.

3.9.5 Access data contiguously

Whenever possible, arrange data in memory for contiguous access. For example, instead of
repeatedly striding through memory, data might be first tiled, striped, or decimated to enable
contiguous access.

The following techniques achieve better spatial locality in memory to help avoid various
performance hazards:

m Bank conflicts: Lower address bits are typically used for parallel banks of memory. Accessing
data contiguously achieves a good distribution of these address bits. If address bits [7:1] are
unique across elements within a vector, the operation is conflict-free. Use a vector predicate
to mask out any “don’t care” values.

m Set aliasing: Caches hold a number of sets identified by lower address bits. Each set has a
small number of methods (typically 4 to 8) to help manage aliasing and multithreading.

m  Micro-TLB misses: A limited number of pages are remembered for fast translation.
Containing data to a smaller number of pages helps translation performance.

3.9.6 Use nontemporal for final data

On the last use of data, use the “:nt” attribute. The cache uses this hint to optimize the
replacement algorithm.

3.9.7 Scalar processing of vector data

When a VMEM store instruction produces data, that data is placed into L2 cache and L1 does not
contain a valid copy. Thus, if scalar loads must access the data, it first must be fetched into L1.
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3.9.8

Algorithms commonly use the vector engine to produce results that must further process on the
scalar core. Use VMEM stores to get the data into L2, then use DCFETCH to get the data in L1,
followed by scalar load instructions. Execute the DCFETCH anytime after the VMEM store,
however, software should budget at least 30 cycles before issuing the scalar load instruction.

Avoid scatter/gather stalls

Scatter and gather operations compete for memory and can result in long latency, therefore take
care to avoid stalls. The following techniques improve performance around scatter and gather:

Distribute accesses across the intra-vector address range (lower address bits). Even
distribution across the least significant inter-vector address bits can be beneficial. For V69,
address bits [10:3] are important to avoid conflicts. Ideally this applies per vector instruction,
but distributing these accesses out between vector instructions can help absorb conflicts
within a vector instruction.

Minimize the density of scatter and gather instructions. Spread out these instructions in a
larger loop rather than concentrating them in a tight loop. The hardware can process a small
number of these instructions in parallel. If it is difficult to spread these instructions out, limit
bursts to four for a given thread.

Defer loading from a gather result or a scatter store release. If the in-flight scatters and
gathers (including from other threads) avoid conflicts, generally a distance of 12 or more
packets is sufficient. Double that distance if the addresses of in-flight accesses are not
correlated.

Table 3-2 Peak scatter/gather performance for v69

Operation Addressing Vec(:lt;;rr k;:‘r;ﬁ\;vtl)d th (:::il(t::)
Scatter Conflict-free 1/2 18
Gather Conflict-free 1/2 24
Scatter Random 1/6 30
Gather Random 1/6 48
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4 \/ector Instructions

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

Section 4.8 gives a summary of Hexagon slot, HVX resource, and instruction latency for
instruction categories.

4.1 VLIW packing rules

HVX provides six resources for vector instruction execution:

m load
m store
m shift

m permute

m two multiply

Each HVX instruction consumes some combination of these resources, as defined in section 4.1.2.
VLIW packets cannot oversubscribe 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 4.1.3.

note: Invalid packet combinations should be checked and flagged by the assembler. If an invalid packet
executes, the behavior is undefined.

4.1.1 Double vector instructions

Certain instructions consume a pair of resources, either both the shift and permute as a pair or
both multiply resources as another pair. Such instructions are referred to as double vector
instructions because they use two vector compute resources.

Halfword by halfword multiplies are double vector instructions, because they consume both the
multiply resources.
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Vector Instructions

4.1.2 Vector instruction resource usage

41.3

Table 4-1 summarizes the resources that an HVX instruction uses during execution. It 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

Histogram

All

Unaligned memory access

Load, store, and permute

Double vector cross-lane permute

Permute and shift

Cross-lane permute Permute

Shift Shift

Double vector & halfword multiplies Both multiply
Single vector Either multiply

Double vector ALU operation

Either shift and permute or both multiply

Single vector ALU operation

Any one of shift, permute, or multiply

Aligned memory

Any one of shift, permute, or multiply and one of
load or store

Aligned memory (.tmp/.new)

Load or store only

Scatter (single vector indexing)

Store and any one of shift, permute, or multiply

(
Scatter (double vector indexing)

Store and either shift and permute or both multiply

Gather (single vector indexing)

Load and any one of shift, permute, or multiply

(
(

Gather (double vector indexing)

Load and either shift and permute or both multiply

Vector instruction

In addition to vector resource assignment, vector instructions also map to certain Hexagon slots.
A subset of ALU instructions that require either the full 32 bits of the scalar Rt register or 64 bits

of Rtt map to slots 2 and 3. These include lookup table, splat, insert, and add/sub with Rt.

Table 4-2 HVX instruction to Hexagon slots mapping

Instruction Used Hexagon slots Additional restriction
Aligned memory load Oor1 -
Aligned memory store 0 -
Unaligned memory load/store 0 Slot 1 must be empty.

Maximum of 3 instructions
allowed in the packet.

Scatter 0 -

Gather 1 .new store in slot 0
Vextract - Only instruction in packet
Histogram 0,1,2,0or3 tmp load in same packet
Multiplies 20r3
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Table 4-2 HVX instruction to Hexagon slots mapping

Instruction Used Hexagon slots Additional restriction
Using full 32-64 bit R 2o0r3
Simple ALU, permute, shift 0,1,2,0r3

4.2 Vector load/store

VMEM instructions move data between the 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++M1l)// Address R1l, post-modify by the value of M1

The immediate increment and post increments values are vector counts. So the byte offset is in
multiples of the vector length.

To facilitate unaligned memory access, 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 within the same packet.
A load-temp instruction does not write the load data into the register file. A register must be
specified, but it is not overwritten. Because the load-temp instruction does not write to the
register file, it does not consume a vector ALU resource.

A load-temp destination register cannot be an accumulator register within the packet. The
behavior is considered undefined.

{ v2.tmp = vmem(R1+#1) // Data loaded into a tmp
V5:4.ub = vadd(V3.ub, V2.ub) // Use loaded data as 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
writes to the register file.

{ V2.cur = vmem(R1+#1) // Data loaded into a V2
V3 = valign(V1,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.

The register used for the new value VMEM store is encoded in a field in the store instruction. The
store is always slot 0, and scalar instructions are skipped when counting the offset. Bit 0
corresponds to either the even (0) or odd (1) register of the pair.
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vmem (R1+#1)= V20.new // Store V20 that was generated in the current packet

A scalar predicate can suppress an entire VMEM write.

if PO vmem(R1++M1l) = V20 // Store V20 if PO is true

A vector predicate register can issue and control a partial byte-enabled store.

if Q0 vmem(R1++M1) = V20 // Store bytes of V20 where Q0 is true

4.3 Scatter and gather

Unlike vector loads and stores that access contiguous vectors in memory, scatter and gather
allow for noncontiguous memory access of vector data. With scatter and gather, each element
can independently index into a region of memory. This allows for use of applications that would
not otherwise map well to the SIMD parallelism that HVX provides.

A scatter transfers data from a contiguous vector to noncontiguous memory locations. Similarly,
gather transfers data from noncontiguous memory locations to a contiguous vector. In HVX,
scatter is a vector register to noncontiguous memory transfer and gather is a noncontiguous
memory to contiguous memory transfer. Additionally, HVX supports scatter-accumulate
instructions that atomically add.

To maximize performance and efficiency, the scatter and gather instructions define a bounded
region that must contain all noncontiguous accesses. This region must be within VTCM
(scatter/gather capable) and within one translatable page. A vector specifies offsets from the
base of the region for each element access. Table 4-3 lists the three sources that specify the
noncontiguous accesses of a scatter or gather:

Table 4-3 Sources for noncontiguous accesses: (Rt, Mu, Vv)

Source Meaning
Rt Base address of the region
Mu Byte offset of last valid byte of the region
(for example., region size - 1)
Vv or Vwv Vector of byte offsets for the accesses.
Use double-vector when the offset width is double the data
width

To form an HVX gather (memory to memory), vgather is paired with a vector store to specify the
destination address. A scatter is specified with a single instruction. Ignoring element sizes, the
following table describes the basic forms of scatter and gather instructions:

Table 4-4 Basic scatter and gather instructions

Instruction Behavior

vscatter(Rt,Mu,Vv)=Vw Write data in Vw to noncontiguous addresses specified by
(Rt,Mu,Vv)

vscatter(Rt,Mu,Vv)+=Vw Atomically add data in Vw to noncontiguous addresses
specified by (Rt,Mu,Vv)

{ Read data from noncontiguous addresses specified by

vtmp=vgather(Rt,Mu,Vv); (Rt,Mu,Vv) and write the data contiguously to the aligned

vmem(Addr)=vtmp.new Addr
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4.4 Memory instruction slot combinations

VMEM load/store instructions and scatter/gather instructions can group with normal scalar
load/store instructions.

Table 4-5 lists the valid grouping combinations for HVX memory instructions. A combination that
is not present in the table is invalid, and should be rejected by the assembler. The hardware
generates an invalid packet error exception.

Table 4-5 Valid VMEM load/store and scatter/gather combinations

Slot 0 instruction Slot 1 instruction
VMEM Ld Non-memory
VMEM St Non-memory
VMEM Ld Scalar Ld
Scalar St VMEM Ld
Scalar Ld VMEM Ld
VMEM St Scalar St
VMEM St Scalar Ld
VMEM St VMEM Ld
VMEMU Ld Empty
VMEMU St Empty
.new VMEM St Gather
Scatter Non-memory
Scatter Scalar St
Scatter Scalar Ld
Scatter VMEM Ld

4.5 Special instructions

4.5.1 Histogram

HVX contains a specialized histogram instruction. The vector register file divides into four
histogram tables each of 256 entries (32 registers by 8 halfwords). A temporary VMEM load
instruction fetches a line from memory. The top five bits of each byte provide a register select, and
the bottom bits provide an element index. The value of the element in the register file is
incremented. The programmer must clear the registers before use.

Example:

{ V31l.tmp = VMEM(R2) // Load a vector of data from memory
VHIST();// Perform histogram using counters in VRF and indexes from temp load
1
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4.6 QFloat

V68 HVX architecture introduced the QFloat floating point format, which offers similar dynamic
range and precision to that of IEEE-754. However, there are significant differences, as QFloat is

designed to be more hardware efficient.

15 14 0
QF16 S frac exp

31 30 0
QF32 S frac exp

Figure 4-1 Qfloat format

The QFloat format has the following properties:

The fractional field is two’s complement fixed-point format.

There is no implied MSB in the significand as there is in IEEE. The fractional field only encodes

o.frac.

Qfloat implements Von Neumann rounding, where the implied LSB of the fractional field is an

implicit one.

There is no concept of infinity or NaN. QFloat saturates to maximum exponent with
maximum positive or minimum negative significand.

The Qfloat format has one bit less of precision compared to IEEE for most algorithms.

Table 4-6 Differences between IEEE and Qfloat

Features

IEEE - 754

QFloat

Bits

1 + exp + mantissa

1 + mantissa + exp

Positive zero

Yes (subnormal)

Rounded to +tiniest

Negative zero

Yes (subnormal)

Rounded to -tiniest

Significant bits Mantissa +1 Mantissa + 1 (limited by round)
Subnormal/zero W/ exp = min Un-normals natural
Infinity/NaN W/exp = max Saturated

Lg(max/min) 2E.24+M 2E+M

Unique finite values (2E-1)*2M _ 1 2E*oM

Rounding

Nearest even

Neatest odd or odd-even

Use with QFloat

Input and
conversion/storage

Compute
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QFloat instructions make use of the same shift and multiply resources as other HVX instructions.

4.6.1 QFloat best practices

Treat QFloat like an intermediate format where the input and output of an algorithm are in an
IEEE format (single or half precision).

The QFloat instruction set supports IEEE float values as inputs on the vector operands. The
intermediate computations of an algorithm are performed in native Qfloat. The final output
converts back to IEEE through explicit convert instructions before storing to memory.

Performing a normalization step prior to a multiply is beneficial when expecting massive
cancellation in a prior addition or subtraction step.

4.7 Instruction latency

Latencies are implementation-defined and can change with future versions.

HVX packets execute over multiple clock cycles, but typically in a pipelined manner so that a
packet can be issued and completed on every context cycle. The contexts are time interleaved to
share the hardware such that using all contexts might be required to reach peak compute
bandwidth.

With a few exceptions (histogram and extract), results of packets generate within a fixed time
after execution starts. But, when the sources are required varies. Instructions that need more
pipelining require early sources. Only HVX registers are early source registers.

Early source operands include:

m Input to the multiplier. For example V3.h = vmpyh(V2.h, V4.h).V2andV4are
multiplier inputs. For multiply instructions with accumulation, the accumulator is not
considered an early source multiplier input.

m Input to shift/bit count instructions. Only the register that is being shifted or counted is
considered early source. Accumulators are not early sources.

m Input to permute instructions. Only registers that are being permuted are considered early
source (not an accumulator).

m Unaligned store data is an early source.

An early source register produced in the previous vector packet can incur an interlock stall.
Software should strive to schedule an intervening packet between the producer and an early
source consumer.
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The following example shows various interlock cases:

V8
A%
V1
V2

V5:

V2

|

= VADD(V0,VO0)

(
VADD (V8,V9)
VMPY (VO,RO)
VSUB (V2,V1)

= VUNPACK (V2)

VADD (V0,V4)

// NO STALL

// STALL due to VO

// NO STALL

on V1

// STALL due to V2
// NO STALL on V4

4.8 Slot/resource/latency summary

Table 4-7 summarizes the Hexagon slot, HVX resource, and latency requirements for all HVX

instruction types.

Table 4-7 HVX slot/resource/latency summary

extract

Core slots Vector resources

Category Variation 3 2 1 0f Id |mpy mpy]|shift xlane| st

1 vector any any
ALU 2 vectors any either pair

Rt either either
Abs-diff 1 vector either either

2 vectors either

by 8 bits; 1 vector |either
Multiply by 8 bits; 2 vectors | either

by 16 bits either
Cross-lane 1 vector any

2 vectors any
Shift or count 1 vector any

aligned either any
load aligned; tmp e?ther

aligned; .cur either any

unaligned

aligned any
store aligned; .new

unaligned
gather (needs 1 vector any
.new store) 2 vectors either pair

1 vectors any
scatter - -

2 vectors either pair
histogram (needs .tmp load) any
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5 HVX PMU events

The Hexagon processor architecture defines a performance monitor unit (PMU) to provide on-
target performance tracking.

The PMU allows for easy collection of aggregate performance data like cache performance and
instructions per packet. This data is valuable for system planning and architecture purposes
because it drives various performance and power statistical models.

In V68 and later versions, the PMU event space is expanded to 1024 events. Events 0 to 255
describe core events, and are described in the Hexagon V69 Architecture System-Level
Specification (80-V9418-32). Coproccessors use events 384 and above; these are described in the
Qualcomm Hexagon V69 Programmer’s Reference Manual (80-N2040-50)

HVX events 256 to 299 are documented in Table 5-1

Table 5-1 HVX PMU events
Event Name Description

256 |HVX_ACTIVE VFIFO not empty

257 |HVX REG_ORDER Stall cycles due to interlocks

258 |HVX ACC_ORDER Stall cycles due to accumulator not produced in previous
context cycle.

259 |HVX_LD_L2_OUTSTANDING Stall cycles due to load pending

260 |HVX_ST_L2_OUTSTANDING Stall cycles due to store not yet allocated in L2

261 |HVX_VTCM_OUTSTANDING Stall cycles due to VTCM transaction pending.

262 |HVX SCATGATH_FULL Scatter/gather: network scoreboard not updated

263 |HVX _SCATGATH_IN_FULL Scatter/gather input buffer full

266 |HVX VOLTAGE_UNDER Throttling: voltage model would exceed undershoot
threshold

267 |HVX_POWER_OVER Throttling: sustained power exceeds budget

268 |HVX PKT_PARTIAL Stall cycles due to multi-issue packet

273 |HVX _PKT Packets with HVX instructions

274 |HVX_PKT_THREAD Committed packets on a thread with the XE bit set, whether
executed in Q6 or coprocessor

275 |HVX_CORE_VFIFO_FULL_STALL |Number of cycles a thread had to stall due to VFIFO

280 |HVXLD_L2 L2 cacheable load access from HVX. Any load access from
HVX that might cause a lookup in the L2 cache. Excludes
cache ops, uncacheables, scalars

281 |HVXLD_L2_TCM TCM load access for HVX. HVX load from the L2 TCM space
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Table 5-1 HVX PMU events

Event Name Description
290 |HVXST_VTCM_FULL Write FIFO full.
291 |HVXST_L2 Vector store to L2.
292 |HVXST_L2_MISS L2 cacheable miss from HVX store; the cases where the

128-byte-line address is not in the tag or a coalesce buffer.

295 |HVXST_L2_SECODARY_MISS L2 cacheable secondary miss from HVX store; the cases
where the 128-byte-line address is not in the tag or a
coalesce buffer.

296 |HVXPIPE_ALU Executed simple ALU instruction.
297 | HVXPIPE_MPY Executed multiply or abs-diff instruction.
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6 HVX Instruction Set

This chapter describes the HVX instruction set for version 6 of the Hexagon processor. The
instructions are listed alphabetically within instruction categories.

Table 6-1 Instruction syntax symbols

Symbol Example Meaning

= R2 =R3; Assignment of RHS to LHS

; R2 = R3; Marks the end of an instruction or group of
instructions

{...} {R2 = R3; R5 = R6;} Indicates a group of parallel instructions.

# #100 Immediate constant value

Ox R2 = #0x1fe; Indicates hexadecimal number

MEMxx R2 = MEMxx(R3) Access memory; xx specifies the size and
type of access.

:sat R2 = add(r1,r2):sat Perform optional saturation

:rnd R2 = mpy(r1.h,r2.h):rnd Perform optional rounding

Table 6-2 Instruction operand symbols

Symbol Example Meaning

#uN R2 = #u16 Unsigned N-bit immediate value

#sN R2 = add(R3,#s16) Signed N-bit immediate value

#mN Rd = mpyi(Rs,#m9) Signed N-bit immediate value

#uN:S R2 = memh(#u16:1) Unsigned N-bit immediate value representing
integral multiples of 2S in specified range

#sN:S Rd = memw(Rs++#s4:2) Signed N-bit immediate value representing
integral multiples of 2S in specified range

Instructions containing more than one immediate operand specify the operand symbols in upper
and lower case (for example, #uN and #UN), indicating where they appear in the instruction
encodings.
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The instruction behavior is specified using a superset of the C language. Table 6-3 lists symbols

not defined in C that specify the instruction behavior.

Table 6-3 Instruction behavior symbols

Symbol Example Meaning
usat_N usat_16(Rs) Saturate a value to an unsigned N-bit
sat_N sat_16(Rs) Saturate a value to a signed N-bit number
sxt x->y sxt32->64(Rs) Sign-extend value from x to y bits
zxt x->y zxt32->64(Rs) Zero-extend value from x to y bits
>>> Rss >>> offset Logical right shift
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6.1 ALL-COMPUTE-RESOURCE

The HVX ALL compute resource instruction subclass includes ALU instructions that use a pair of
HVX resources.

Histogram

The vhist instructions use all of the HVX core resources: the register file, V0-V31, and all four
instruction pipes. The instruction takes four 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 65,535 8-bit elements of the same value to
accumulate. Each histogram is 128 bits wide and 32 elements deep, for 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 then divides equally between the histograms.

For example:

Bytes 0 to 15 profile into bits 0 to 127 of all 32 vector registers, histogram 0.
Bytes 16 to 31 profile into bits 128 to 255 of all 32 vector registers, histogram 1.
...and so on.

The bytes process over multiple cycles to update the histogram bins. For each of the histogram
slices, the lower three bits of each byte element in the 128-bit slice is used to select the 16-bit
position, while the upper five bits select the vector register. The register file entry is then
incremented by one.

The vhist instruction is the only instruction that occupies all pipes and resources.

Before use, the vector register file must be cleared to begin a new histogram, otherwise the
current state is added to the histograms of the next data.

The vhist instruction supports the same addressing modes as standard loads. A byte-enabled
version is available that 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 affects 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 affects the
respective 128-bit histogram slice.
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For a 64-byte vector size, peak total consumption is 64(bytes per vector)/4(packets per operation)
* 4(threads) = 64 bytes per clock cycle per core, assuming all threads perform histogramming.

vhist(Qv4)
b[31:16] b[15] b[14:3] bl[fj bl1] | boj | Lnefrom
= memory
-]
Histogram Histogram
-+—Multiple datapath slices—» datapath 1 datapath 0
Element select Register select
V31
Increment element Gl?(
h[15:8] h[7] | hi6] | h5] | hial|| k(3] | hi2] | k1] | hio] k- vis
Vector register file |_
VO-y31
V1-V30
Histogram 1 storage Histogram O storage l
Vo
Syntax Behavior
vhist inputVec=Data from .tmp load;
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,0) ;
tmp.uh[(128/16) *lane+ (element) ] ++;
WRITE EXT VREG (regno, tmp, EXT NEW) ;
vhist (Qv4) inputVec=Data from .tmp load;

for (lane = 0; lane < VELEM(128); lane++) {
for (i=0; 1<128/8; ++i) {
unsigned char value = inputVec.ub[(128/8)*lane+il];
unsigned char regno = value>>3;
unsigned char element = value & 7;
READ EXT VREG (regno, tmp,0) ;
if (Quv[128/8*lane+i]) tmp.uh[(128/16)*lane+ (element)]++;
WRITE_EXT_VREG (regno, tmp, EXT_NEW) B
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Class: COPROC_VX (slots 0,1,2,3)

Encoding
31|30‘29‘28 27‘26‘25‘24|23‘22‘21‘20‘19‘18‘17|16 15\14 13\12\11\10\ 9 | 8 | 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 |o
ICLASS Parse
olojof1|1]1|1lo|-|-]lo|-|-lojofo|P|[P|1]|-]0]ofo|-|1]0|0]|-|-|-]|-]-]vhist
olofo|1]|1]1]1|o|v|v|o]-]-|of1]|o|P|P|1|-|-]0]0]|-|[1]0]|0|-|-]|-]-]-]vhistQva)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
v2 Field to encode register v
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Weighted histogram

The vwhist instructions use all of the HVX core resources: the register file, VO through V31, and all
four instruction pipes. The instruction takes four 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
for vwhist256, where each histogram bin has a width of 16 bits. Each histogram is 128 bits wide
and 32 elements deep, giving a total of 256 histogram bins.

For the vwhist128 instruction, the 32 vector registers are configured as multiple 128-entry
histograms where each histogram bin has a width of 32 bits. Each histogram is 128 bits wide and
16 elements deep, for a total of 128 histogram bins.

A vector is read from memory and stored in a temporary location, outside of the register file. The
vector carries both the data that is used for the index into the histogram and the weight. The data
occupies the even byte of each halfword and the weight the odd byte of each halfword. The data
read is then divided equally between the histograms.

For example:

Even bytes 0 to 15 are profiled into bits 0 to 127 of all 32 vector registers, histogram 0.
Even bytes 16 to 31 are profiled into bits 128 to 255 of all 32 vector registers, histogram 1.
...and so on.

The bytes process over multiple cycles to update the histogram bins. For each of the histogram
slices in vwhist256, the lower three bits of each even byte element in the 128-bit slice is used to
select the 16-bit position, while the upper five bits select the vector register.

For each of the histogram slices in the vwhist128 instruction, bits 2:1 of each even byte element
in the 128-bit slice are used to select the 32-bit position, while the upper 5 bits select the vector
register. The LSB of the bye is ignored.

The register file entry is then incremented by corresponding weight from the odd byte.
Like the vhist instruction, vwhist also 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 is added to the histograms of the next data.

The vwhist instruction supports the same addressing modes as standard loads. A byte-enabled
version is available that enables the selection of the elements used in the accumulation.

The following diagram shows a single 8-bit element in byte position two of the source data with
corresponding weight in byte position three. 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 two, which is in the first 16 bytes of the input line from memory, so the data
affects the first 128-bit wide slice of the register file. The 16-bit histogram bin location increments
by the weight from byte position three. Each 64-bit input group of bytes affects the respective
128-bit histogram slice.
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For a 64-byte vector size, peak total consumption is 64(bytes per vector)/4(packets per operation)
* 4(threads) = 64 bytes per clock cycle per core, assuming all threads perform histogramming.

VWHIST128(Rt/Rx+#1)

b3= [ b2= Line From
b31 down to b16 b15 b14 down to b3 6 124 | b1 b0 Memory
1]
>>a
Histogram
-+—Multiple Datapath Slices—» Datapath 1
Element Select
Histogram Register Select
Datapath 0
V31

Increment
element by
weight

it

h15 down to h8 h[7] | hl6] | h(5] | h{4]|| h(3] | h[2] | h[1] | h[0] ¥~ V15

Vector Register File |_
VO-¥31
V1-v30
Histogram 1 Storage Histogram O Storage l
Vo
Syntax Behavior
vwhist128 input = Data from .tmp load;
{
for (i = 0; i < VELEM(16); i++) ({
bucket = input.h[i].ub[0];
weight = input.h[i] .ub[1];
vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>1) & (~3)) | ((bucket>>1) & 3);
READ_EXT VREG (vindex, tmp,0) ;
tmp.uw[elindex] = (tmp.uw[elindex] + weight) ;
WRITE_EXT VREG (vindex, tmp, EXT NEW) ;
1
vwhist128 (#ul) input = Data from .tmp load;
{
for (i = 0; i < VELEM(16); i++) {
bucket = input.h([i].ub[0];
weight = input.h[i].ub[1];
vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>1) & (~3)) | ((bucket>>1) & 3);
READ_EXT VREG (vindex, tmp, 0) ;
if ((bucket & 1) == #u) tmp.uw[elindex] = (tmp.uw[elindex]
+ weight) ;

WRITE EXT VREG (vindex,tmp, EXT NEW) ;

}
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Syntax Behavior

vwhist128 (Qv4) input = Data from .tmp load;
{
for (i = 0; i < VELEM(16); i++) {
bucket = input.h[i] .ub[0];
weight = input.h([i].ub[1];

vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>1) & (~3)) | ((bucket>>1) & 3);
READ EXT VREG (vindex, tmp, 0) ;
if (Qvv([2*i]) tmp.uw[elindex] = (tmp.uwl[elindex] +
weight) ;
WRITE EXT VREG (vindex, tmp, EXT NEW) ;
1
vwhist128 (Qv4, #ul) input = Data from .tmp load;
{

for (i = 0; i < VELEM(16); i++) {
bucket = input.h[i] .ub[0];
weight = input.h[i] .ubl[1];

vindex = (bucket >> 3) & O0x1F;

elindex = ((i>>1) & (~3)) | ((bucket>>1) & 3);

READ EXT VREG (vindex, tmp, 0) ;

if (((bucket & 1) == #u) && QVV[2*i]) tmp.uwl[elindex] =

(tmp.uw[elindex] + weight) ;
WRITE EXT VREG (vindex, tmp, EXT NEW) ;

1
vwhist256 input = Data from .tmp load;
{
for (i = 0; i < VELEM(16); i++) {
bucket = input.h[i].ub[0];
weight = input.h([i].ub[1];
vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>0) & (~7)) | ((bucket>>0) & 7);
READ EXT VREG (vindex, tmp, 0) ;
tmp.uh[elindex] = (tmp.uh[elindex] + weight);
WRITE EXT VREG (vindex, tmp, EXT_NEW) ;
}
vwhist256 (Qv4) input = Data from .tmp load;
{
for (i = 0; i < VELEM(16); i++) ({
bucket = input.h([i].ub[0];
weight = input.h[i].ub[1];
vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>0) & (~7)) | ((bucket>>0) & 7);
READ_EXT VREG (vindex, tmp, 0) ;
if (Quv[2*i]) tmp.uh[elindex] = (tmp.uh[elindex] +
weight) ;
WRITE_ EXT VREG (vindex, tmp, EXT_NEW) ;
}
vwhist256 (Qv4) :sat input = Data from .tmp load;
{
for (i = 0; i < VELEM(16); i++) ({
bucket = input.h[i].ub[0];
weight = input.h[i].ub[1];
vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>0) & (~7)) | ((bucket>>0) & 7);
READ_EXT VREG (vindex, tmp, 0) ;
if (QvV[2*i]) tmp.uh[elindex] = usat,q(tmp.uh[elindex] +
weight) ;

WRITE EXT VREG (vindex,tmp, EXT NEW) ;

}
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Syntax Behavior
vwhist256:sat input = Data from .tmp load;
{ for (i = 0; i < VELEM(16); i++) {
bucket = input.h[i].ub[0];
weight = input.h[i] .ubl[1];
vindex = (bucket >> 3) & O0x1F;
elindex = ((i>>0) & (~7)) | ((bucket>>0) & 7);
READ EXT VREG (vindex, tmp, 0) ;
tmp.uh[elindex] = usat,;gz(tmp.uh[elindex] + weight);
WRITE_ EXT VREG (vindex, tmp, EXT_NEW) ;
1
Class: COPROC_VX (slots 0,1,2,3)
Encoding
31/30]29/2827/26)25/24 23/22/21/20/19]1817]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS Parse
ojofof1|1|1]1|0|-|-|0|-|-]0|0|0|P|[P|1|=-]0|O|1|0[1|0|0]|-|-]|=-]-]-]vwhist256
ojofof1|1|1]1|0|-|-|0|-|-]0|0j0|P|[P|1|=-]0|0O|1[1[1]0|0]|-|-]|=-]-]-]vwhist256:sat
ojofof1|1|1]1|0|-|-|0o|-|-]0|0j|0|P|[P|1|-]O0|1|0|-[1|0|0]|-|-]|=-]-]-]vwhist128
ojofof1(1|1]1|0|-|-|0o|-|-]0f0j|0|P[P|1|=-]O|1|1]i[1|0]|0]=-|-]|=-]-]-]|vwhist128(u1)
ojofof1 (1|11 |0o|v|v|o|-|-]0of1]|o|P|P|1|-|-|0|1]0|1]|0|0]-|-]|=-]-]|-]vwhist256(Qv4)
ojofof1|1|1]{1|0|v|v|o|-|-]0f1]|0|P|[P|1|-|-10[1[1|1]0]|0]|-|-]|=-]-]|-]vwhist256(Qv4):sat
ojofof1 (1|11 |0|v|v|o|-|-]|0f1]|0|P|P|1|=-|-|1]0|-[1]|0]|0]-|-]|=-]-]-]vwhist128(Quv4)
ojofof1 (1|1 ]{1|0|v|v|o|-|-]0|1]|0|P[P|1|=-|-|1]|1]i[1|0]|0]|-]|-]|=-]-]-]vwhist128(Qv4tul)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
v2 Field to encode register v
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6.2 ALU DOUBLE-RESOURCE

The HVX ALU double resource instruction subclass includes ALU instructions that use a pair of
HVX resources.

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 are available that match word-to-halfword and halfword-to-byte shuffling.

Syntax Behavior
Qd4 .b=vshuffe (Qs4.h,Qt4.h) for (i = 0; i < VELEM(8); i++) {
QdvIil=(i & 1) ? QsV[i-1] : QtVI[i] ;
}
Qd4 .h=vshuffe (Qs4.w,Qt4.w) for (i = 0; 1 < VELEM(8); i++) {
QdvIil=(i & 2) ? QsV[i-2] : QtVI[il ;
}
Qd4=and (Qs4, [!1Qt4) for (i = 0; i < VELEM(8); i++) {
Qdv[il=0sVI[i] && [!]QtV[i] ;
}
Qd4=or (Qs4, [11Qt4) for (i = 0; i < VELEM(8); i++) {
Qdv[i]=QsVI[i] || [!]1QtVI[i] ;
}
Qd4=xor (Qs4,Qt4) for (i = 0; i < VELEM(8); i++) {
QdvI[il=QsVI[il * QtVI[i] ;
}

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

Qd4 .b=vshuffe (Qs4.h,Qt4.h) HVX VectorPred Q6 Qb vshuffe QhQh(HVX VectorPred Qs,
HVX VectorPred Qt)

Qd4 .h=vshuffe (Qs4.w,Qt4.w) HVX VectorPred Q6 Qh vshuffe QwQw(HVX VectorPred Qs,
HVX VectorPred Qt)

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

HVX VectorPred Q6 Q or QQ(HVX VectorPred Qs, HVX VectorPred

ot)
Qd4=xor (Qs4,Qt4) HVX VectorPred Q6 _Q xor QQ(HVX VectorPred Qs, HVX VectorPred
Qt)
Encoding
31/30]29/2827/26)25/24 23/22|21/20/19]1817]16/15[14/13[12]11/10] 9 [ 8 | 7|6 | 5[4 |3 ]2 1] 0
ICLASS t2 Parse s2 d2
ofofo|1|1]1]|1|o|t|t]o|-|-|-|1]|1|P|P|lO|-|-|-|s|s|0|0|0|0|0 |0 |d]|d|Qd4=and(Qs4,Qt4)
ofofo|1|1]1]|1|0o|t|t|o|-|-|-|1][1|P|P|O|-|-|-|s|s|0|0]|0 0|01 |d]d|Qdé=or(Qs4,Qt4)
ofojo|1|1]1]|1|olt|t|o|-|-|-|[1]1]|P|P|O|-|-|-|s|s|0|0|0 |0 |1|1|d]d|Qdé=xor(Qs4,Qt4)
ofojo|1|1]1]|1|o|t|t|o|-|-|-|1]|1|P|P|O|-|-|-|s|[s|0|0|0|1|0|0|d]|d|Qd4=or(Qs4,'Qt4)
ofofo|1|1]1]|1|o|t|t|o|-|-|-|[1]1|P|P|O|-|-|-|s|s|0|0|0|1|0|1|d]d|Qd4=and(Qs4,'Qt4)
00011110tt0---11PPO---ss000110dd)Qd4‘b:VSthfe(QS4'h’Qt4‘h
0001111Ott0---11PPO---ssOOO111ddv(e;m'h:VSthfe(QsA"w’Qm'
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
dz Field to encode register d
s2 Field to encode register s
t2 Field to encode register t
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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
vdd=vcombine (Vu, Vv) for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .ub[i] = Vv.ubl[i];
vdd.v[1] .ub[i] = Vu.ub[i] ;
1
if ([!]Ps) Vdd=vcombine (Vu,Vv) if ([!1Ps[0]) {
for (i = 0; i < VELEM(8); i++) ({
vdd.v[0] .ub[i] = Vv.ubl[i];
vdd.v[1] .ub[i] = Vu.ubl[i];
1
} 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
31/30/29]2827|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 ubs s2 d5
00011010010vvvvaP-uuuuu-ssdddddi\f/éfzs\zcombine(vuyvv)
00011010011vvvvaP-uuuuu-ssdddddi\f/ézizlcombine(\/u’\/v)
ICLASS Parse ub d5
o|o‘o‘1 1‘1‘1‘1|O‘1‘0‘v‘v‘v‘v|v P‘PO u‘u‘u‘u|u1‘1‘1 d‘d‘d‘d|d Vdd=vcombine(Vu,Vv)

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
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

The vshuffoe operation performs both the vshuffo and vshuffe operation at the same time,
placing even elements 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[0] | Vu b[3] | b[2] | b[1] | b[0] | Vv

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

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

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

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

Repeated for each 32-bit lane

This group of shuffles is limited to bytes and halfwords.

Syntax Behavior

Vdd.b=vshuffoe (Vu.b, Vv.Db) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .uh[i] .b[0]=Vv.uh[i] .ub[0];
vdd.v[0] .uh[i] .b[1]=Vu.uh[i] .ub[0] ;
vdd.v[1] .uh[i] .b[0]=Vv.uh[i] .ub[1];
Vdd.v[1] .uh[i] .b[1]=Vu.uh[i] .ub[1] ;

1

Vdd.h=vshuffoe (Vu.h, Vv.h) for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .uw[i] .h[0]=Vv.uw[i] .uh[O0] ;
vdd.v[0] .uw([i] .h[1]=Vu.uw[i] .uh[0] ;
vdd.v[1] .uw[i] .h[0]=Vv.uw[i] .uh[1];
vdd.v[1] .uw[i] .h[1]=Vu.uw[i] .uh[1] ;

80-N2040-49 Rev. AA 44



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual

HVX Instruction Set

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

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

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

Encoding

HVX VectorPair Q6 Wb vshuffoe VbVb (HVX Vector Vu, HVX Vector
Vv)
HVX_ VectorPair Q6_Wh_vshuffoe VhVh (HVX Vector Vu, HVX_ Vector
Vv)

31|30‘29‘28 27‘26‘25‘24|23‘22‘21‘20‘19‘18‘17|16 15\14 1

12/11/10/9 8|7 ]6[5/4[3/2]1]0

w

ICLASS

Parse us d5

00|01 1|1 [1]|1

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

o

1/0|v|iv|v|v|v|P|P|O|ujujuju|ju|1|0|1|d|d|d|d

00|01 |1 |1 |11

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

o

1/0|v|iv|v|v|v|P|P|[O|jujujujujuf1|1|0|d|d|d|d

Field name
ICLASS

Parse
ds
ub
v5

Description
Instruction class

Packet/loop parse bits

Field to encode register d
Field to encode register u
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, place the corresponding
byte from vector register Vu in the even destination vector register of Vdd, and place the byte
from Vv in the even destination vector register of Vdd. Otherwise, the corresponding byte from

Vv writes 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
}‘33 v v 1-—pass 0-swap
é v v <«—— Qt.b[0]
%_ v Vv < Qt.b[1]
E A\ A < Qt.b[2]
3 « Qt.b[3]
= e
[ ~
Ha vV VY s
) Qt.b[N-1]
Qo
£
S
c
© A 4 \ 4 \ 4 \ 4 \ 4
2
BIN-1] | {— — — b[3] b[2] b[1] b[0] | Vdd[O]
A \ 4 \ 4 A 4 \ 4
b[N-1] | <— — —> | b[3] b[2] b[1] b[0] | Vdd[1]
Syntax Behavior
vVdd=vswap (Qt4,Vu, Vv) for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .ub[i] = QtV[i] ? Vu.ub[i] : Vv.ubl[il];
vdd.v[1] .ub[i] = !QtV[i] ? Vu.ub[i] : Vv.ubl[i];
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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
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|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 u5 t2 d5

0 |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
ds Field to encode register d
t2 Field to encode register t
us 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 convert to halfwords, and halfwords convert to words.

Sign extension of words is a cross-lane operation, and only executes on the permute slot.

Vdd.h=vsxt(Vu.b)

[N"-1]

[N"-2]

3]

[2]

[1]

[0]

Vu

sign sign sign

fill [N'f‘] fill [3/‘ fill [17/
sign sign sign

| IN-2 an | & Ey | O

N is number of operations in vector

Vdd.V[1]

vdd.V[0]

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 convert to halfwords, and halfwords convert to words.
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Zero extension of words is a cross-lane operation, and only executes on the permute slot.

Vdd.uh=vzxt(Vu.ub)

IN-1] | [N"-2] [3] [2] [1] [0] Vu
0x0 | [N-1] 0x0 [3 0x0 [1 Vdd.V[1]
0x0 | [N-2] 0x0 | [2] | ox0 | [0] | Vdd.v[0]

N is number of operations in vector

Syntax Behavior
vdd.h=vsxt (Vu.b) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = Vu.h[i].b[0];
vdd.v[1] .h[i] = Vu.h[i].Db[1] ;
1
Vdd.uh=vzxt (Vu.ub) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .uh[i] = Vu.uh[i] .ub[0];
vdd.v[1] .uh[i] = Vu.uh[i] .ub[1] ;
1
Vdd.uw=vzxt (Vu.uh) for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .uw[i] = Vu.uw[i].uh[0];
vdd.v[1l] .uw[i] = Vu.uw[i].uh[1] ;
}
vdd.w=vsxt (Vu.h) for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = Vu.w[i].h[O0];
vdd.v[1] .w[i] = Vu.w[i] .h[1] ;
1

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

Notes

m This instruction uses any pair of the HVX resources (both multiply or shift/permute).
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Intrinsics

Vdd.h=vsxt (Vu.b)
Vvdd.uh=vzxt (Vu.ub)
vdd.uw=vzxt (Vu.uh)

vdd.w=vsxt (Vu.h)

HVX VectorPair
HVX VectorPair
HVX VectorPair

HVX VectorPair

Q6_Wh vsxt Vb (HVX Vector Vu)
Q6 _Wuh vzxt Vub (HVX Vector Vu)
Q6 _Wuw_vzxt Vuh (HVX Vector Vu)

Q6_Ww_vsxt_ Vh (HVX_ Vector Vu)

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 | 43 ]2 1] 0
ICLASS Parse ub d5

ojofof1|1]1]1]0 -jo|-]-|-|1]|0o|P|P|[0O|ulu|ulufu|0]|0|1|d|d]|d]|d]|d]Vdd.uh=vzxt(Vu.ub)
0|00 (1 |1]1]1]0 -{0|-]-|-[1|0|P|P|{O|ujujufu|{u|0 1|0 |d|d|d|d]|d|Vdduw=vzxt(Vu.uh)
olo|of1]1[1]1]0 -jo|-|-|-[1]|0|P|P|O|ujululu|ul0|1|1]|d|d|d]|d]|d]Vddh=vsxt(Vu.b)
ojofo[1|1]1]1]0 -0 -]-|-|1]/0|P|P|O|ulu|ujufu(1|0|0|d|d|d|d]|d]Vddw=vsxt(Vu.h)

Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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
vad.

vdd.

vdd.

vdad.

vdd.

ub=vadd (Vuu.

vdd.

ub=vsub (Vuu.

vdd.

uh=vadd (Vuu.

vdd.uh=vsub (Vuu.

b=vadd (Vuu.b, Vvv.

b=vsub (Vuu.b, Vvv.

h=vadd (Vuu.h, Vvv.

h=vsub (Vuu.h, Vvv.

ub, Vvv.

ub, Vvv.

uh, Vvv.

uh, Vvv.

ub)

ub)

uh)

uh)

:sat]

:sat]

:sat]

:sat]

:sat

:sat

:sat

:sat

for

for

for

Vvv.

Vvv.

for

Vvv.

Vvv.

for

Vvv

Vvv

for

Vvv

Vvv.

for

Vvv.

Vvv.

for

Vvv.

Vvv.

Behavior

(1 = 0; 1 < VELEM(8); i++)
vdd.v[0] .b[i] = [satg] (Vuu.
[1

vdd.v[1] .b[i] = [satgl] (Vuu.

(1 = 0; 1 < VELEM(8); i++)
vdd.v[0] .b[i] = [satg] (Vuu.
[1

vdd.v[1] .b[i] = [satg] (Vuu.

(i = 0; 1 < VELEM(16); i++)
vdd.v[0] .h[i] = [sat;4] (Vuu.
v[0].h[i]);

vdd.v[1] .h[i] = [satig] (Vuu.
v[1].h[i]);

(i = 0; i < VELEM(16); i++)
vdd.v[0] .h[i] = [satig] (Vuu.
vI[0].h[il);

vdd.v[1].h[i] = [sati¢] (Vuu.
v[1].h[i]);

(i = 0; 1 < VELEM(8); i++)

Vdd.v[0] .ub[i] = usatg(Vuu.

.v[0] .ub[i]) ;

vdd.v[1] .ub[i] = usatg(Vuu.

vI[1] .ub[i]);

(i = 0; 1 < VELEM(8); i++)
Vdd.v[0] .ub[i] = usatg(Vuu.

.vI[0] .ub[i]) ;

vdd.v[1] .ub[i]
v[1] .ub[i]);

= usatg (Vuu.

(i = 0; 1 < VELEM(16) ;
vdd.v[0] .uh[i] =
v[0].uh[i]);
vdd.v[1] .uh[1i]
v[1] .uh[i]);

i++)

(i = 0; 1 < VELEM(16); i++)
vdd.v[0] .uh[i]
v[0].uh[i]);

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

vI[1] .uh[i]);

usat,¢ (Vuu.

= usat;g (Vuu.

= usatg (Vuu.

usat;¢ (Vuu.

{

v[0] .b[i]+VvV.
v[1] .b[i]+Vvv.

—_

v[0] .b[i]-Vvv.
v[1l] .b[i]-Vvv.

v([o].

v[1l].

v([o].

vI[1].

v[0].ub[i] +

v[1] .ub[i] +

v[0] .ub[i] -

v[1] .ub[i] -

v[o].

v([1l].

v[o].

vI[1].

uh[i] -
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Syntax Behavior
Vdd.uw=vadd (Vuu.uw, Vvv.uw) : sat for (i = 0; i < VELEM(32); i++) {
vVdd.v[0] .uw[i] = usatz,(Vuu.v[0].uw[i] +
Vvv.v[0] .uw([i]) ;
vdd.vI[1] .uw[i] = usat;,(Vuu.v[1].uw[i] +
vvv.v[1l] .uw[i]) ;

Vdd.uw=vsub (Vuu.uw, Vvv.uw) : sat for (i = 0; 1 < VELEM(32); i++) {
vVdd.v[0] .uw[i] = usatz,(Vuu.v[0].uw[i] -
Vvv.v[0] .uwl[i]) ;
vdd.v[1] .uw[i] = usat,,(Vuu.v[1].uw[i] -

Vvv.v[1l] .uw[i]) ;

vdd.w=vadd (Vuu.w,Vvv.w) [:sat] for (i = 0; 1 < VELEM(32); i++) {
vdd.v[0] .w[i] = [sat;,] (Vuu.v[0].w[i] +
Vvv.v[0] .w[i]) ;
vdd.v[1] .w[i] = [sats,] (Vuu.v[1].w[i] +
vvv.vI[1l] .wli]) ;
}
Vdd.w=vsub (Vuu.w,Vvv.w) [:sat] for (1 = 0; 1 < VELEM(32); i++) {
vdd.v[0] .w[i] = [sat;,] (Vuu.v[0].w[i] -
vvv.vI[0].wli]);
vdd.v[1] .w[i] = [sats,] (Vuu.v[1].w[i] -
vvv.vI[1] .w[i]);

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.b=vadd (Vuu.b, Vvv.b) HVX VectorPair Q6 Wb vadd WbWb (HVX VectorPair
Vuu, HVX VectorPair Vvv)

Vdd.b=vadd (Vuu.b,Vvv.Db) :sat HVX VectorPair
Q6 Wb vadd WbWb sat (HVX VectorPair Vuu,
HVX VectorPair Vvv)

Vdd.b=vsub (Vuu.b, Vvv.Db) HVX VectorPair Q6_Wb_vsub_WbWb (HVX VectorPair
Vuu, HVX VectorPair Vvv)

vVdd.b=vsub (Vuu.b,Vvv.Db) :sat HVX VectorPair
Q6 _Wb_vsub WbWb_sat (HVX VectorPair Vuu,
HVX VectorPair Vvv)

vdd.h=vadd (Vuu.h,Vvv.h) HVX VectorPair Q6 Wh vadd WhWh (HVX VectorPair
Vuu, HVX VectorPair Vvv)

vdd.h=vadd (Vuu.h,Vvv.h) :sat HVX VectorPair
Q6 _Wh vadd WhWh sat (HVX VectorPair Vuu,
HVX VectorPair Vvv)

vVdd.h=vsub (Vuu.h,Vvv.h) HVX VectorPair Q6 Wh vsub WhWh (HVX VectorPair

Vuu, HVX VectorPair Vvv)
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vdd.

vdd.

vdd.

vdd.

vdd.

vdd.

vdd.

vdd.

vad.

vad.

vdd.

h=vsub (Vuu.h,Vvv.h) :sat

ub=vadd (Vuu.

ub=vsub (Vuu.

uh=vadd (Vuu.

uh=vsub (Vuu.

uw=vadd (Vuu.

uw=vsub (Vuu.

w=vadd (Vuu.

w=vadd (Vuu.

w=vsub (Vuu.

w=vsub (Vuu.

uw, Vvv

w,Vvv.w)

w,Vvv.w)

w,Vvv.w)

w,Vvv.w)

ub, Vvv.

ub, Vvv.

uh, Vvv.

uh, Vvv.

uw, Vvv.

.uw)

ub) :

ub)

uh)

uh)

uw)

:sat

:sat

sat

:sat

:sat

:sat

:sat

:sat

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 _Wuw_vadd WuwWuw_sat (HVX VectorPair

HVX VectorPair Vvv)

HVX VectorPair

Q6_Wuw_vsub WuwWuw_sat (HVX VectorPair

HVX VectorPair Vvv)

Vuu,

Vuu,

Vuu,

Vuu,

Vuu,

Vuu,

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)

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 ubs d5

00 (0|1 (1]1 O|0(1{1|v|v|v|v| Vv P/P/O|ujufufufu|/1|0]|O0 d Vdd.b=vadd(Vuu.b,Vvv.b)
000|111 O|0{1{1|v|v|v| Vv | Vv| P/P/O|ujujufufu|1|0]|1 d Vdd.h=vadd(Vuu.h,Vvv.h)
o/ojof{1ty1j1jofojo1{1|viviv|v|iv/ P/ P/O|jujujujufu|1 | 1]0 d|d Vdd.w=vadd(Vuu.w,Vvv.w)
ololol1]1]1]ololol1]|1]|v|viv|v|/v|iP|P|lo|u|lu|lu|lu|lul1]1]1]d|d|d|d]|d X)‘?gé‘gbz"add(vuu-”b’v""-”
00011100100vvvvaPOuuuquOOdddddX?gélt‘hwadd(vuu'm’vw'u
0001 1]1]/0]01 00 |v|v| v v v P/ P0|uju/ujujujojo|1|d d] d|d|ad|yodh=vaddVuuhVvvh)s
000111001/ 0]0|v|v|v|v v P/P[o|ujujujujulo|1|0|d|d|d|d]|d]|yddw=vaddVuuwVv.w)
0(0(0O|1|1]|1]0[0(1|0O|0O|V V|V |V]|V Ojufufujuju|0|1]1 d|d Vdd.b=vsub(Vuu.b,Vvv.b)
0(0(0|1|1|1]0[0(1|0O|0O|V|V| V| |V| Vv Ojufuflujuju|1]|0]0 d|d Vdd.h=vsub(Vuu.h,Vvv.h)
0(0(0O|1|1|1]0[0[1|0O|0O|V|V| V| |V]| Vv Ojufufjujuju|1]|0|1 d|d Vdd.w=vsub(Vuu.w,Vvv.w)
ololo|1]|1]1]olo|1]olo|v|v|v|v|v|P|P|o|u|ulu|u|lul1]1|0|d|d|d|d|d L’)"_gé‘t’b:"wb(v”“-“b'v""-”
ololo|1|1]1]olo|1]o]o|v|v|v|v|v|P|P|o|u|ulu|u|lul1[1|1|d|d|d|d|d X)‘?gé‘;hws‘ib("“”-”h'v""-”
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31(30(29|28|27|26|25|24|23|22|21|20|19|18|17|16(15/14|/13|12|11|10|/9 |8 |7 (6 |5 /4|3 |2 |1 |0

000 1|1]1]0]0|1]0|1|v|v|v|v|v|P|P|o|u|ululululofo o d d d]d]d]ydch=vsubVuunVivh)s

00 fof1]1]1]0/01]01|v|v v v v P[P0 ululuufujo/o1|dd|d]d] d|Vddwsvsub{Vuuw,Vvvw):

00 011|110 /1 01 |v|v|v|v v P/P0|ujujujujujo|o|o|d| d| d|d]|ad]|yidb=vaddVuubVvvb)s

0001|1110t ]0|1|v|v|v|v|v|P|P|o|u|ululululofo|1|d d d]d]d]yidb=vsubVuubVivb)s

0o fo 1|1 |11 ]01]o|1|v|v v v vIP/P0o|uluuuuol1/0odddddymvaddiuuumin

00011110101vvvvaPOuuuuuo11dddddh’v‘\’,‘)’_g’;’f“‘“b(\/”“'uw'v""'

Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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6.3 ALU RESOURCE

The HVX ALU resource instruction subclass includes ALU instructions that use a single HVX
resource.

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 combination is implemented: !Qs.

Syntax Behavior

Qd4=not (Qs4) for (i = 0; i < VELEM(8); i++) {
Qdv [i]=!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 \ 21 | 0
ICLASS Parse s2 d2

olofot]1]1]1]o]-[-Jo|-[-[-]1][1]p|P[o]-]-[-]s|s]o]o]o]o]1]0]d]|d] ad4=notQs)
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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Byte-conditional vector assign

If the bit in Qv is set, copy the byte. Otherwise, set the byte in the destination to zero.

Syntax Behavior
Vd=vand ([!]Qv4,Vu) for (i = 0; i < VELEM(8); i++) {
vd.b[i] = [!]QvV[i] ? Vu.b[i] : O ;
1

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

Notes

m This instruction can use any HVX resource.

Intrinsics
Vd=vand (!Qv4,Vu) HVX Vector Q6_V_vand_QnV (HVX_VectorPred Qv, HVX_ Vector Vu)
Vd=vand (Qv4, Vu) HVX Vector Q6 V vand QV(HVX VectorPred Qv, HVX Vector Vu)
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 |54 3| 2] 1|0
ICLASS Parse ub d5
o/ojof{1/1{1(1jofvfvi0o|=-|=-]|0|1|1|P|P|[{1T|ujufufufu/0|0|0|d|d|d]|d]|d]|Vd=vand(Qv4,Vu)
ojofof1|1|1]{1|0|v|v|o|-|-]|0|1]|1|P|P|1|u|ulu|u|ul0|0|1]|d| d]|d]|d]|d]Vd=vand(!Qv4,Vu)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v2 Field to encode register v
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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.b=vmax (Vu.b,Vv.b) for (i = 0; i < VELEM(8); i++) {
vd.b[i] = (Vu.b[i]l > Vv.b[i]) ? Vu.b[i]l : Vv.bl[il];
}
Vd.b=vmin (Vu.b,Vv.b) for (i = 0; i < VELEM(8); i++) {
vd.b[i] = (Vu.b[i]l < Vv.b[i]) ? Vu.b[i]l : Vv.b[i];
}
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];
}
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.hf=vmax (Vu.hf,Vv.hf) for (i = 0; i < VELEM(16); i++) {
Vd.hf[i] = max(Vu.hf[i],Vvv.hf[i]);
}
Vd.hf=vmin (Vu.hf,Vv.hf) for (i = 0; i < VELEM(16); i++) {
Vd.hf[i] = min(Vu.hf[i],Vv.hf[i]);
}
Vd.sf=vmax (Vu.sf,Vv.sf) for (i = 0; i < VELEM(32); i++) {
vd.sf[i] = max(Vu.sf[i],Vvv.sf[i]);
}
Vd.sf=vmin (Vu.sf,Vvv.sf) for (i = 0; i < VELEM(32); i++) {
vd.sf[i] = min(Vu.sf[i],Vvv.sf[i]);
}
vd.ub=vmax (Vu.ub, Vv.ub) for (i = 0; i < VELEM(8); i++) {
Vd.ub[i] = (Vu.ub[i] > Vv.ub[i]) ? Vu.ub[i] : Vv.ubl[i];
}
Vd.ub=vmin (Vu.ub, Vv.ub) for (i = 0; i < VELEM(8); i++) {
Vd.ub[i] = (Vu.ub[i] < Vv.ub[i]) ? Vu.ub[i] : Vv.ubl[i];
}
Vd.uh=vmax (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];
}
Vd.uh=vmin (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];
}
Vd.w=vmax (Vu.w,Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.wl[i] = (Vu.w[i] > Vv.w[i]) ? Vu.w[i] : Vv.wl[i];
}
Vd.w=vmin (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.wl[i] = (Vu.w[i] < Vv.w[i]) ? Vu.w[i] : Vv.wl[i];
}
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Class: COPROC_VX (slots 0,1,2,3)

Notes
m This instruction can use any HVX resource.
Intrinsics
Vd.b=vmax (Vu.b,Vv.b) HVX Vector Q6 Vb vmax VbVb (HVX Vector Vu, HVX Vector Vv)
Vd.b=vmin (Vu.b,Vv.b) HVX Vector Q6 Vb _vmin VbVb (HVX Vector Vu, HVX Vector Vv)
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)
vVd.hf=vmax (Vu.hf,Vv.hf) HVX Vector Q6 Vhf vmax VhfVhf (HVX Vector Vu, HVX Vector Vv)
Vd.hf=vmin (Vu.hf,Vv.hf) HVX Vector Q6 Vhf vmin VhfVhf (HVX_Vector Vu, HVX Vector Vv)
vd.sf=vmax (Vu.sf,Vv.sf) HVX Vector Q6 Vsf vmax VsfVsf (HVX Vector Vu, HVX Vector Vv)
vd.sf=vmin (Vu.sf,Vv.sf) HVX Vector Q6 Vsf vmin VsfVsf (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 /15[ 14]13[12]11]10| 9 [8 [ 7 |6 [ 5[4 [3 [ 2[1] 0
ICLASS Parse ub d5
ofofo1j1{1j{1{1/0l0|0|vjviv|iv|v|P|P|[O|ufulu|ju|fu|0|0|1|d|d|d|d]|d|Vdub=vmin(Vu.ub,Vv.ub)
o/ojof{1y1/1{1{1/0/0{0|v|v|iv|v| v P/ P/O|jujujujufu|0|1]0|d|d|d]|d]|d]|Vduh=vmin(Vu.uhVv.uh)
o/ojof{1y1j{1j1{1/0/0/0|v|v|iv|v| v P/P/Ojujujujufu|0 | 1|1|d|d|d]|d]|d]|Vdh=vmin(Vu.h,Vv.h)
o/ojof{1y1j{1j1{1/0/0/0|v|v|v|v| v | P/P/O|juju/ujufu|1 /0[0|d|d|d]|d]|d]|Vdw=vmin(Vu.wVv.w)
o(fojo1j|1{1j{1{1/0of0|0|v{viv|iv|(v/ P/P|O|jujufuluju|1|0|1|d|d| d]|d]|d]|Vdub=vmax(Vu.ub,Vv.ub)
o(fojo1j|1{1j{1{1/of0o|0|v{viv|iv|(v/ P/P|O|ujufuluju|1|1]|0|d|d| d]|d]|d]|Vduh=vmax(Vu.uhVv.uh)
o(fofo1j|1{1{1{1/0f0|0|vjviv|v|v|P|P|{[O|jufuflujuju|1|1]|1|d|d|d]|d]|d]|Vdh=vmax(Vu.hVv.h)
o/ojof{1y1j{1j1{1/0/0{1|viviv|v|v/ P P[Ojujujujufu|{0 0|0 |d|d|d|d]|d]|Vdw=vmax(Vu.w,Vv.w)
o/ojof{1y1j{1j1{1j0/0{1|viviv|v|(v| P/P/Ojujujujufu|1|/0|0|d|d|d]|d]|d]|Vdb=vmin(Vu.b,Vv.b)
o/o/of{1y1j{1j1{1/0/0{1|viviv|v|iv/ P/ P[O|jujujujufu|1|0[1|d|d|d]|d]|d]Vdb=vmax(Vu.b,Vv.b)
o(fofjo1j|1{1j{1{1{1(1/0|v{viv|iv|iv|P/P{1T|ujufuluju|0|0|1|d|d|d]|d]|d|Vd.sf=vmax(Vu.sfVv.sf)
o(ojo1j|1{1j{1j{1{1(1/0|v{viviv|iv/ P/P{1T|ujufulufu|0|1]|0|d|d|d]|d]d]|Vd.sf=vmin(Vu.sf\Vv.sf)
o(fofjo1j1{1j{1{1{1(1/0|v{viv|v|v|P|/P{1T|ujufulu|u|0|1]|1|d|d|d]|d]|d|Vdhf=vmax(Vu.hfVv.hf)
o/ojof{1ty1j/1j1{1{1/1j0|viviv|v|iv/ P/P{1|jujujujufu|1|0|0|d|d|d]|d]|d]|Vdhf=vmin(Vu.hf,Vv.hf)
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Field name
ICLASS

Parse
ds
ub

v5

Description
Instruction class

Packet/loop parse bits

Field to encode register d
Field to encode register u
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 maximum negative value overflow case.

vd.

vd.

vd.
vd.
vd.

vd.

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

b=vabs (Vu.b) [:sat]

h=vabs (Vu.h) [:sat]

ub=vabs (Vu.Db)
uh=vabs (Vu.h)
uw=vabs (Vu.w)

w=vabs (Vu.w) [:sat]

Notes

Syntax

for

}

for

}

Assembler mapped to:
Assembler mapped to:

Assembler mapped to:

for

(4

(4

(4

vd.w([

= 0; i < VELEM(8) ;
vd.b[i]

= 0; 1 < VELEM(16) ;
Vd.h[i] = [satig] (ABS(Vu.h[i]));

=0
i

This instruction can use any HVX resource.

Intrinsics

vd.

vd.

vd.

vd.

vd.

vd.

b=vabs (Vu.
b=vabs (Vu.
h=vabs (Vu.
h=vabs (Vu.
w=vabs (Vu.

w=vabs (Vu.

:sat

:sat

:sat

HVX Vector
HVX Vector
HVX Vector
HVX Vector
HVX Vector

HVX Vector

Behavior

; 1 < VELEM(32);
1 = [sat;,] (ABS(Vu.w[i])) ;

i

++)

i++)

i++)

{

{

{

[satg] (ABS (Vu.b[i])) ;

"Vd.b=vabs (Vu.b) "
"Vd.h=vabs (Vu.h) "

"Wd.w=vabs (Vu.w) "

Q6 Vb vabs Vb (HVX Vector Vu)
Q6 Vb vabs Vb sat (HVX Vector Vu)
Q6 _Vh vabs Vh(HVX Vector Vu)
Q6 _Vh vabs_Vh sat (HVX Vector Vu)
Q6 _Vw_vabs Vw(HVX Vector Vu)

Q6 Vw_vabs_ Vw_sat (HVX Vector Vu)

Encoding

31/30/29/28/27|26/25/24|23 22/ 21|20/ 19/18/17/16/15/14/13/12/11/10/ 9 |8 | 7 |6 |54 3 | 2] 1|0

ICLASS Parse u5 d5

olool1 1[1]o]-]-To olo/P[Plo|ulululululofofo|d]d][d]|d]d]|vdn=vabsqvun)
ololol1 11170 ]-]-To olo/P/Plo|ulululululolo1]d|d d|d]|d]|vdh=vabs(vuh)sat
0(0 |0 |1 1111]0] - 0 O|0|P|P|O|ujuf{ujufu(0|1|0|d|d|d|d]|d|Vdw=vabs(Vu.w)
0(0 |0 |1 11110 - 0 O|0|P|/P|O|uju|{ujufu|0|1|1|d|d|d|d|d|Vdw=vabs(Vu.w):sat
0001 11170 ]-]-To ol1/P[Plojululululul1]o]o|d|d|d|d]|d]|vdb=vabsvub)
0(0 |0 |1 1111]0] - 0 O(1|P/P|[Ojujujujufu|{1|0|1|d|d|d]|d]|d]|Vdb=vabs(Vu.b):sat
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HVX Instruction Set

Field name
ICLASS

Parse
ds

ub

Description
Instruction class

Packet/loop parse bits
Field to encode register d
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 unsigned and signed byte and halfword.

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

byte.
Syntax Behavior
Vd.b=vadd (Vu.b,Vv.b) [:sat] for (i = 0; i < VELEM(8); i++) {
Vd.b[i] = [satg] (Vu.b[i]l+Vv.b[i]) ;
}
Vd.b=vsub (Vu.b,Vv.b) [:sat] for (i = 0; i < VELEM(8); i++) {
Vd.b[i] = [satg] (Vu.b[i]-Vv.b[i]) ;
}
Vd.h=vadd (Vu.h,Vv.h) [:sat] for (i = 0; i < VELEM(16); i++) {
vd.h[i] = [satig] (Vu.h[i]l+Vv.h[i]) ;
1
Vd.h=vsub (Vu.h,Vv.h) [:sat] for (i = 0; i < VELEM(16); i++) {
vd.h[i] = [sat,g] (Vu.h[i]-Vv.h[i]) ;
1
Vd.ub=vadd (Vu.ub, Vv.b) :sat for (1 = 0; 1 < VELEM(8); i++) ({
Vd.ub[i] = usatg(Vu.ub[i] + Vv.b[i]) ;
1
Vd.ub=vadd (Vu.ub, Vv.ub) :sat for (1 = 0; 1 < VELEM(8); i++) ({
Vd.ub[i] = usatg(Vu.ub[i]+Vv.ub[i]) ;
1
Vd.ub=vsub (Vu.ub, Vv.Db) :sat for (i = 0; i < VELEM(8); i++) {
Vd.ub[i] = usatg(Vu.ub[i] - Vv.b[i]) ;
1
Vd.ub=vsub (Vu.ub, Vv.ub) : sat for (i = 0; i < VELEM(8); i++) {
Vd.ub[i] = usatg(Vu.ub[i]-Vv.ubl[i]);
1
Vd.uh=vadd (Vu.uh, Vv.uh) :sat for (i = 0; 1 < VELEM(16); i++) {
Vd.uh[i] = usat;g(Vu.uh[i]+Vv.uh[i]);
}
Vd.uh=vsub (Vu.uh, Vv.uh) :sat for (i = 0; 1 < VELEM(16); i++) {
Vd.uh[i] = usat;g(Vu.uh[i]-Vv.uh[i]);
}
Vd.uw=vadd (Vu.uw, Vv.uw) :sat for (i = 0; i < VELEM(32); i++) ({
Vd.uw[i] = usaty,(Vu.uw[i]+Vv.uwl[i]) ;
1
Vd.uw=vsub (Vu.uw,Vv.uw) :sat for (i = 0; 1 < VELEM(32); i++) {
Vd.uw[i] = usat;,(Vu.uw[i]-Vv.uwl[i]) ;
1
vd.w=vadd (Vu.w,Vv.w) [:sat] for (1 = 0; 1 < VELEM(32); i++) {
vd.wli] = [sat,,] (Vu.w[i]l+Vv.w[i]);
1
Vd.w=vsub (Vu.w,Vv.w) [:sat] for (1 = 0; 1 < VELEM(32); i++) {
vd.wli] = [sat;,] (Vu.w[i]-Vv.w[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.

Vd.b=vadd (Vu.

Vd.b=vsub (Vu.

Vd.b=vsub (Vu.

Vd.h=vadd (Vu.

Vd.h=vadd (Vu.

Vd.h=vsub (Vu.

Vd.h=vsub (Vu.

Vd.ub=vadd (Vu.

Vd.ub=vadd (Vu.

vd.ub=vsub (Vu.

Vd.ub=vsub (Vu.

Vd.uh=vadd (Vu.

vd.uh=vsub (Vu.

Vd.uw=vadd (Vu.

Vd.uw=vsub (Vu.

Vd.w=vadd (Vu.

Vd.w=vadd (Vu.

Vd.w=vsub (Vu.

vd.w=vsub (Vu.

b,Vv.

b, Vv.

b,Vv.

b,Vv.

h,vv.

h,Vv.

h,Vv.

h,vv.

w,Vv.

w,Vv.

w,Vv.

w,Vv.

ub, Vv.ub)

uh, Vv.uh)

uh, Vv.uh)

uw, Vv.uw)

uw, Vv.uw)

b)
b) :sat
b)
b) :sat
h)
h) :sat
h)
h) :sat

ub,Vv.b) :s

ub,Vv.ub) :

ub,Vv.b) :s

w) :sat

at

sat

at

:sat

:sat

:sat

:sat

:sat

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

HVX Vector
HVX_ Vector

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

HVX Vector
HVX_ Vector

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

HVX Vector
HVX_ Vector

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

HVX Vector
HVX_ Vector

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

HVX Vector
HVX_ Vector

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

HVX Vector
HVX_ Vector

HVX Vector
HVX Vector

HVX_ Vector
HVX Vector

Q6 Vb vadd VbVb (HVX Vector Vu,
vv)

Q6 Vb _vadd_VbVb_sat (HVX_Vector
Vv)

Q6 Vb vsub_ VbVb (HVX Vector Vu,
vv)

Q6 Vb vsub VbVb sat (HVX Vector
vv)

Q6_Vh vadd_VhVh (HVX Vector Vu,
vv)

Q6 _Vh vadd VhVh sat (HVX_ Vector
Vv)

Q6 _Vh vsub VhVh (HVX Vector Vu,
vv)

Q6_Vh vsub_VhVh sat (HVX_Vector
Vv)

Vu,

vu,

vu,

Vu,

Q6 _Vub_vadd VubVb_sat (HVX Vector Vu,

Vv)

Q6 Vub vadd VubVub sat (HVX Vector Vu,

Vv)

Q6 _Vub_vsub_ VubVb_sat (HVX Vector Vu,

Vv)

Q6 _Vub_vsub VubVub_ sat (HVX Vector Vu,

Vv)

Q6 _Vuh vadd VuhVuh sat (HVX Vector Vu,

Vv)

Q6_Vuh_vsub_VuhVuh sat (HVX_ Vector Vu,

Vv)

Q6 _Vuw_vadd VuwVuw_sat (HVX Vector Vu,

vv)

Q6 _Vuw_vsub VuwVuw_sat (HVX Vector Vu,

Vv)

Q6_Vw_vadd_VwVw (HVX Vector Vu,
vv)

Q6 Vw_vadd VwVw_sat (HVX_ Vector
vv)

Q6 _Vw_vsub VwVw (HVX Vector Vu,
vv)

Q6_Vw_vsub_VwVw_sat (HVX_Vector
Vv)

Vu,

Vu,
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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 |54 3| 2] 1|0
ICLASS Parse u5 d5

o(ofof1j|1{1jo0ojofo0of1/0|v{viv|iv|(v/ P/P|O|jujufufuju|0]|O0 d|d|d|d|d|Vdw=vadd(Vu.w,Vv.w)
ololo|1]|1]1]ololo|1]o|v|v|v|v|v|P|P|o|u|ulu|u|ulo]o d|d|d|d g |Ydubmvadd(Vu.ubVvub)s
ololo|1]|1]1]ololo|1]o|v|v|v|v|v|P|P|o|u|ulu|u|lulo]1 d|d|d|d|d|Ydunh=vadd(VuuhVvuh)s
o(ofo1j|1{1jo0ojofo0o(1/0|v{viviv|(v/P/P|O|jujufufufu|0]|1 d|d|d|d|d|Vdh=vadd(Vu.h,Vv.h):sat
o(ofo(1j|1{1jo0jofof1/0|v{viviv|(v/ P/P|O|jujufufuju|1]|O0 d|d|d|d| d]|Vdw=vadd(Vu.w,Vv.w):sat
o(ofo(1j|1{1jo0ojo0of0of1/0|v{viv|iv|(v P/P|O|jujufufuju|1]|O0 d|d|d|d|d]|Vdb=vsub(Vu.b,Vv.b)
o(ojof1j|1{1jojofo(1/0|v|{v|v|iv| v/ P/P|O|ujufuflufu|1l]|1 d|d|d|d|d]|Vdh=vsub(Vu.h,Vv.h)
o/0o/0f{1y1j1j0f0o|01/0|v|v|v|Vv| v P/P[O|jujujujufu|1/ 1 d|d|d|d|d|Vdw=vsub(VuwVv.w)
ololol1]|1]1]ololo|1]1|v|v|v|v|v|P|P|o|u|u|lu|lu|ulo]o d|d|d|d|d|ydubzvsub(Vu.ubVv.ub):s
ololol1|1]1]ololo|1]1|v|v|v|v|v|P|P|o|ulu|lu|u|ulo]o d|d|d|d| d| Yduh=vsub(VuuhVv.uh):s
0(0(0O|1|1|1]0[0(0 (11T ]|Vv]|V]|V] V]|V Ojufuflujuju|0 |1 d|d Vd.h=vsub(Vu.h,Vv.h):sat
0O(0(0O|1|1|1]0[0(O0 (11T |Vv]|Vv]|V] V]|V Ojufuflujuju|0 |1 d|d Vd.w=vsub(Vu.w,Vv.w):sat
ololol1|1]1[1lol1]ol1|v|v|v|v|/v|P|P|o|u|ulu|lu|ul1]o d|d|d|d|g|/dub=vaddVuubVb)sa
ololol1|1]1(1lol1]ol1|v|v|v|v|v|P|P|o|ululu|u|ul1]o d|d|d|d g dubzvsub{VuubVvb)sa
010 1/1{1](1[{1[/0|0|0|v|Vv|Vv|Vv| Vv ujujujuju(0]|o0 d Vd.b=vadd(Vu.b,Vv.b):sat
O(0(0O |1 |1|1 11|00 |1 |Vv]|Vv]| V| |Vv]| vV Ojufuflujujul|0 |1 d|d Vd.b=vsub(Vu.b,Vv.b):sat
ololol1|1]1[1l1]o]1]1|v|v|v|v|v|P|P|o|u|u|lu|u|ulo]o d|d|d|d| g YduwsvaddVuuwVvuw)
010 111 {11 [{1 (1|01 ]|v|v| Vv V|V ujujujujul|1 |1 d Vd.b=vadd(Vu.b,Vv.b)
o001 |1 |11 {1 (1|01 ]|Vv|Vv| V| |Vv| Vv Ojufujujujul|1 |1 d|d Vd.h=vadd(Vu.h,Vv.h)
ofolol1|1]1]1l1|1]1]o|v|v|v|v|v|P|Plo|ulululu|lul1]o d|d|d|d|d|Yduwsvsub(VuumVvaw):

Field name
ICLASS

Parse
ds
ub

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register u
Field to encode register v

Description
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Arithmetic with carry bit

Perform simple arithmetic operations, add and subtract, between the word elements of the two

vectors Vu and Vv and a carry-out bit.

Optionally saturate for word.

Syntax
Rdd=add (Rss,Rtt, Px) :carry PRED
Rdd
Px =
Rdd=sub (Rss, Rtt, Px) :carry PRED
Rdd
Px =
Vd.w,Qe4=vadd (Vu.w,Vv.w) :carry for
1
Vd.w,Qed4=vsub (Vu.w,Vv.w) :carry for
1
Vd.w=vadd (Vu.w,Vv.w,Qs4) :carry: for
sat
1
Vd.w=vadd (Vu.w,Vv.w,Qx4) :carry for
Vv.w
1
Vd.w=vsub (Vu.w,Vv.w,Qx4) :carry for
~Vv.
1

Class: XTYPE (slots 2,3)

Notes

Behavior

USE_TIMING;

= Rss + Rtt + Px[0];

carry from add(Rss,Rtt,Px[0]) ? Oxff : 0x00;
USE_TIMING;

= Rss + ~Rtt + Px[0];

carry from add(Rss,~Rtt,Px[0]) ? Oxff : 0x00;
(i = 0; i < VELEM(32); i++) {
vd.wl[i]l = Vu.w[i]+Vv.w[i];

QeV[4*i+4-1:4%1]

-carry from(Vu.wl[i],Vv.w[i],0);

(i 0; 1 < VELEM(32); i++) {
vd.w([i] Vu.wl[i] +~Vv.w[i]+1;
QeV[4*i+4-1:4%1] -carry from(vu.w([i],~Vv.w[i], 1) ;

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

Vd.w[i] = sats, (Vu.w[i]+Vv.w[i]+QsV[i*4]);
(i = 0; i < VELEM(32); i++) {

Vd.wli] = Vu.wl[i]+Vv.w[i] +QxV[i*4] ;
OxV[4*i+4-1:4*i] = -carry from(Vu.w[i],
[i],0xV[i*4]);

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

Vd.wli] = Vu.wl[i]l+~Vv.w[i] +QxV [i*4] ;

OxV[4*i+4-1:4%1]
wlil,Qxv[i*4]);

-carry from(Vu.wl[i],

This instruction can use any HVX resource.

automatically AND’d with another predicate.

The predicate generated by this instruction cannot be used as a .new predicate, nor can it be
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Intrinsics

Vd.w=vadd (Vu.w,Vv.w,Qs4) :carry:

sat

Vd.w=vadd (Vu.w,Vv.w,Qx4) :carry

Vd.w=vsub (Vu.w,Vv.w,Qx4) :carry

Vu, HVX Vector Vv, HVX VectorPred Qs)

HVX Vector Vv, HVX_VectorPred* Qp)

HVX_ Vector Vv, HVX VectorPred* Qp)

HVX Vector Q6 Vw_vadd VwVwQ carry sat (HVX Vector

HVX Vector Q6_Vw_vadd VwVwQ carry (HVX_ Vector Vu,

HVX Vector Q6 Vw vsub VwVwQ carry (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 u5 x2 d5
o(ofo|1|1|1]0]|0 O{1|v|v|v|v| Vv | P|P ujujufuu x|x|d|d|d|d|d _\g;.rvrvy=vadd(Vu.w,Vv.w,Qx4)
olofof1/1]1]olol1]ol1|v|viv|v|v P/ P[1|ulu|ulu|u xxddddd_\é‘;-r"éf"S“b(V”'W'V"'W*Qx“)
ICLASS Parse ub s2 d5
Vd.w=vadd(Vu.w,Vv.w,Qs4)
0|00 1|1 (|1]0 O|0O|v|v|v| v| v | P|P uj/ujulufu s|s|djd|{d|d|d carry:sat
ICLASS Parse ub e2 d5
ololof1]1]1]0 ol1|v|viviv|v i PP|1|ulu|ulu|u eeddddd_\é‘;-r"é;Qe“z"add(V“'W'V"'W)
ololof1]1]1]0 ol1|v|viviv|viP/P|1|ulu|ulu|u eeddddd%‘;}VXQQe4:VS“b(V“'W'VV'W)
ICLASS RegType aj s5 Parse t5 x2 d5
11110 00 (1|0 1/0|s|s|s|s|s Pl-|t | t|t|t]|t X | X d Rdd=add(Rss,Rtt,Px):carry
11110 010 (1 1|1 |s|s|s|s|s Pl-|t | t|t|t]|t X | X d|d Rdd=sub(Rss,Rtt,Px):carry
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
e2 Field to encode register e
s2 Field to encode register s
s5 Field to encode register s
t5 Field to encode register t
us Field to encode register u
v5 Field to encode register v
x2 Field to encode register x
Maj Major opcode
Min Minor opcode
RegType Register type
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Logical operations

Perform bitwise logical operations (AND, OR, XOR) between the two vector registers. For the vNot
operation, invert the input register.

Syntax

Vd=vand (Vu, Vv) for
1

Vd=vnot (Vu) for
1

Vd=vor (Vu, Vv) for
1

Vd=vxor (Vu, Vv) for
1

(4

vd.

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

Notes

Behavior

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

= 0; 1 < VELEM(16); i++) {
.uh[i] = Vu.uh[i] | Vv.h[i] ;
= 0; 1 < VELEM(16); i++) {
.uh[i] = Vu.uh[i] * vv.h[i] ;

m This instruction can use any HVX resource.

Intrinsics

Vd=vand (Vu, Vv)
Vd=vnot (Vu)
Vvd=vor (Vu, Vv)

Vd=vxor (Vu, Vv)

HVX_ Vector
HVX Vector
HVX Vector

HVX_ Vector

Q6_V_vand VV (HVX Vector Vu, HVX Vector Vv)

Q6_V_vnot_V (HVX Vector Vu)

Q6 _V vor VV(HVX Vector Vu, HVX Vector Vv)

Q6_V_vxor VV (HVX Vector Vu, HVX Vector Vv)

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|43 ]2 1]0
ICLASS Parse ubs d5

ofofof1j|1{1jojofofo|1|viviv|iv|(v|P/P|[O|jujufujuju|1|0|1|d|d|d]|d]|d|Vd=vand(Vu,Vv)
o/ojof{1y1j1jofojo/0{1|viviv|v|(v/ P P/Ojujujujufu|{1 1]/0|d|d|d]|d]|d]|Vd=vor(VuVv)
o/ojof{1y1j1jo0ofo0oj0|0{1|v|v|iv|v| v | P/P[O|jujujujufu|1 | 1|1|d|d|d]|d]|d]|Vd=vxor(VuVv)
ojofof1|1|1]1|0|-|-|0|-|-]|-|0|0|P|[P|O|ujulu|u|ul1|/0]|0|d|d|d]|d]|d]|Vd=vnot(Vu)

Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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, perform the operation.
Otherwise treat the instruction as a NOP.

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

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|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
ICLASS Parse u5 s2 d5
ojofof1|1]of1lojojofo|-|-|-|-|-|P|P|-|u|lulu|ulul-|s|s|d|d|d|d]|d]if(Ps)Vd=Vu
olofof1|1]of1|ojofof1|-|-|-|-|-|P|P|-|ujulu|u|ul-|s|s|d|d|d]|d]|d]if(Ps)Vd=vVu
ICLASS Parse ubs d5
o|o‘o‘1 1‘1‘1‘0 afo - -0‘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
ds Field to encode register d
s2 Field to encode register s
us Field to encode register u
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Temporary assignment

Copy an input vector register(s) to a temporary vector register (pair) that is immediately used
within the current packet.

Syntax Behavior
Vd. tmp=Vu for (i = 0; i < VELEM(32); i++) {
vd.wl[i]=Vu.wl[i];
1
vdd. tmp=vcombine (Vu, Vv) for (i = 0; i < VELEM(8); i++) {
vdd.v[0] .ub[i] = Vv.ubl[i];
vdd.v[1l] .ub[i] = Vu.ubl[i];
1

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

Encoding

w

31|3o\29\2s 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|o
ICLASS Parse us d5

Q.

Vd.tmp=Vu
Vdd.tmp=vcombine(Vu,Vv)

ojojo{11{1(140|-|=-y0|=-|=-|=-|0{1|P|/P|Ojufufujuju|1 1|0 |d|{d|d|d

Q.

ojojo{1y1{1 (10101 |vjvjv|v| v/ P/POjufujujuju|1 1|1 d|{d|d|d

Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Average

Add the elements of Vu to the respective elements of Vv, and shift the results right by one bit. The
intermediate precision of the sum is larger than the input data precision. Optionally, add a

rounding constant 0x1 before shifting.

Supports unsigned byte, signed and unsigned halfword, and signed word. The operation is
replicated to fill the implemented data path width.

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

- » [

(0]

+—-———- > [1]

(0]

wn

<)

c
0
N

‘-

©

o] +1
© _
e -
]
<

-+
o

--———- > [1] [0]

Vu

Vv

Optional Round

vd

Subtract the elements of Vu from the respective elements of Vv, and shift the results right by one
bit. The intermediate precision of the sum is larger than the input data precision. Saturate the

data to the required precision.
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Supports unsigned byte, halfword, and word. The operation is replicated to fill the implemented
data path width.

vd.

vd.

vd.

vd.

vd.

vd.

vd.

vd.

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

[0l

[0

[0

-+ ————- > [1]
<+ ————- > [1]
(%)
()
C
12
S ‘
)
(¢°)
o
©
o+
(4]
©
(-
()
e
)
@
<+ ————- > [1]
Syntax
b=vavg (Vu.b,Vv.b) [:rnd]

b=vnavg (Vu.b,Vv.b)

b=vnavg (Vu.ub, Vv.ub)

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

h=vnavg (Vu.h,Vv.h)

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

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

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

for

for

for

for

for

for

for

for

.ub

.uh

- uw

0;
[i]
0;
[i]

0;
[i]

Vu

Vv

vd

Behavior

; 1 < VELEM(8); i++) {

(Vu.b[i]+Vv.b[1]+1)/2;

; 1 < VELEM(8); i++) {

(Vu.b[i]-Vv.b[i]) /2;

i < VELEM(8); i++) {
(Vu.ub[i] -Vv.ub[i])/2;

; 1 < VELEM(16); i++) {

(Vu.h[i]+Vv.h[i]+1)/2;

; 1 < VELEM(16); i++) {

(Vu.h[i]-Vv.h[i])/2;

; 1 < VELEM(8); i++) {

= (Vu.ub[i]+Vv.ub[i]+1) /2

; 1 < VELEM(16); i++) {

= (Vu.uh[i]+Vv.uh[i]+1)/2

; 1 < VELEM(32); i++) {

= (Vu.uw[i]+Vv.uw([i]+1) /2

7

7

7
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vd

vd

Syntax

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

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

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

HVX Vector

Behavior

i < VELEM(32); i++) {
= (Vu.wl[il+Vvv.w[i]+1)/2 ;

i < VELEM(32); i++) {
= (Vu.wl[i]l-vv.wl[i])/2 ;

Q6 _Vb vavg VbVb (HVX Vector Vu, HVX Vector Vv)

HVX Vector Q6 Vb vavg VbVb rnd (HVX Vector Vu, HVX Vector

Vv)

HVX Vector
Vv)

HVX Vector
Vv)

HVX Vector

Q6 Vb vnavg VbVb (HVX Vector Vu, HVX Vector

Q6_Vb_vnavg VubVub (HVX_Vector Vu, HVX Vector

Q6_Vh vavg VhVh (HVX_ Vector Vu, HVX Vector Vv)

HVX_ Vector Q6_Vh vavg VhVh_ rnd (HVX_ Vector Vu, HVX Vector

Vv)

HVX Vector
Vv)

HVX Vector
Vv)

HVX_ Vector
HVX Vector

HVX Vector
Vv)

HVX Vector
HVX Vector

HVX_ Vector
Vv)

HVX Vector
HVX_ Vector

HVX Vector

Q6 _Vh vnavg VhVh (HVX Vector Vu, HVX Vector

Q6 _Vub_ vavg VubVub (HVX Vector Vu, HVX Vector

Q6 _Vub_vavg VubVub_ rnd (HVX_ Vector Vu,
Vv)

Q6_Vuh vavg VuhVuh (HVX Vector Vu, HVX Vector

Q6 Vuh vavg VuhVuh rnd(HVX Vector Vu,
vv)

Q6_Vuw_vavg_ VuwVuw (HVX_Vector Vu, HVX Vector

Q6 Vuw_vavg VuwVuw_rnd (HVX Vector Vu,
vv)

Q6 _Vw_vavg VwVw (HVX Vector Vu, HVX Vector Vv)

HVX Vector Q6 Vw_vavg VwVw_rnd (HVX Vector Vu, HVX Vector

Vv)

Notes

m This instruction can use any HVX resource.
Intrinsics

Vd.b=vavg (Vu.b,Vv.Db)
Vd.b=vavg (Vu.b,Vv.b) :rnd
Vd.b=vnavg (Vu.b,Vv.b)
Vd.b=vnavg (Vu.ub, Vv.ub)
Vd.h=vavg (Vu.h,Vv.h)
Vd.h=vavg (Vu.h,Vv.h) :rnd
Vd.h=vnavg(Vu.h,Vv.h)
Vd.ub=vavg (Vu.ub, Vv.ub)
Vd.ub=vavg (Vu.ub,Vv.ub) : rnd
Vd.uh=vavg (Vu.uh, Vv.uh)
Vd.uh=vavg (Vu.uh,Vv.uh) : rnd
Vd.uw=vavg (Vu.uw, Vv.uw)
Vd.uw=vavg (Vu.uw, Vv.uw) : rnd
Vd.w=vavg (Vu.w, Vv.w)
Vd.w=vavg (Vu.w,Vv.w) :rnd
Vd.w=vnavg (Vu.w,Vv.w)

HVX Vector
Vv)

Q6 Vw_vnavg VwVw (HVX Vector Vu, HVX Vector
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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 |54 3| 2] 1|0
ICLASS Parse us d5

o(0of0|1|1]1]0]|O0 1/0|v|iv|v| v|v|P|P|[O|ujujuju|ju|1]|0 d|d|d|d|d|Vdub=vavg(Vu.ub,Vv.ub)
o(0ofo0|1|1|11]0]|O0 1/0|v|iv|v| v|v|P|P|[O|ulujuju|ju|1]|0 d|d|d|d|d|Vduh=vavg(Vu.uh,Vv.uh)
o(ofo|1|1{1]0]|0 1/0|v|iv|v|v|v|P|P|O|u|lujujufu|1l]|1 d|d|d|d|d|Vdh=vavg(Vu.h,Vv.h)
0|00 |1 |1]1]0]|0 1/0|v|iv|v|v| v P/P[O|jujujujufu|1l 1 d|d|d|d|d|Vdw=vavg(Vu.w,Vv.w)
o(ofo|1|1]1]0]|0 1{1|v|v|v| v|v|P|P|[O|u|lu|luju|u|0]|O0 d|d|d|d|d|Vdb=vnavg(Vu.ub,Vv.ub)
o(0of0|1|1]11]0]|O0 1T{1|v|iv|v| v|v|P|P|[O|ujujuju|ju|0]|O0 d|d|d|d|d|Vdh=vnavg(Vu.h,Vv.h)
o(0of0|1|1|1]0]|O0 1{1|v|iv|v|v|v|P|P|[O|u|luluju|ju|0 |1 d|d|d|d|d]|Vdw=vnavg(Vu.w,Vv.w)
ololo|1]1]1]0]o 111 |v|v|viv|v|P|Plo|u|ulu|lululo]1 d|d|d|d| g |Vdubzvavg(Vu.ubVv.ub)r
ololo|1]1]1]0]o 111 v|v|viv|v|P|P|lo|u|u|lululu|1]o d|d|d|d|d|Vdur=vavg(Vu.uhVvuhr
0|0 1111 0 1(1|v|iv|iv|Vv| v uj/ufujujul1]o0 d Vd.h=vavg(Vu.h,Vv.h):rnd
010 111110 |0 1T{1|v|iv| v v|vVv Ojufujujuju|1 |1 d Vd.w=vavg(Vu.w,Vv.w):rnd
00|01 |1 |1]1 (1 00 |v|v|Vv|Vv]|V T/ujujufufu|0|1 d|d Vd.uw=vavg(Vu.uw,Vv.uw)
ololo|1]1]1]1]1 ololviv|v|v|v|P|IP|1|ululu|u|ulo]l1 d|d|d|d|d|yduwsvavglvuumVvaw):
0|0 11111 (11 0|0 |v| v Vv Vv |V 1T/ujufujujul1]o0 d Vd.b=vavg(Vu.b,Vv.b)
0|0 11171 (11 0 Viv|iv|v| v 1T/ujufujujul1]o0 d Vd.b=vavg(Vu.b,Vv.b):rnd
00O (1T |1 |1]1 (1 0|0 |v|v|v]|Vv] |V Tjujujufufu|l]|1 d|d Vd.b=vnavg(Vu.b,Vv.b)

Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d

us 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 write 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

one bit, halfwords two bits, and words four bits.

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) {
Qdv[i+1-1:i] = ((Vu.b[i/1] == Vv.b[i/1]) 2 0x1 : 0);
1
Qd4=vcmp.eq(Vu.h,Vv.h) for( i = 0; i < VWIDTH; i += 2) {
Qdv[i+2-1:i] = ((Vu.h[i/2] == Vv.h[i/2]) ? 0x3 : 0);
1
Qd4=vcmp.eq (Vu.ub, Vv.ub) Assembler mapped to: "Qd4=vcmp.eqg(Vu." "b" ",Vv." "b" ")"
Qd4=vcmp.eq(Vu.uh,Vv.uh) Assembler mapped to: "Qd4=vcmp.eg(Vu." "h" ",Vv." "h" ")"
Qd4=vcmp.eq (Vu.uw, Vv.uw) Assembler mapped to: "Qd4=vcmp.eg(Vu." "w" ",Vv." "w" ")™"
Qd4=vcmp.eq (Vu.w,Vv.w) for( i = 0; i < VWIDTH; i += 4) {
Qdv[i+4-1:1] = ((Vu.w[i/4] == Vv.w[i/4]) ? OxF : 0);
1
Qd4=vcmp.gt (Vu.b,Vv.Db) for( i = 0; 1 < VWIDTH; i += 1) {
Qdv[i+1-1:i] = ((Vu.b[i/1] > Vv.b[i/1]) ? 0x1 : 0);
1
Qd4=vcmp.gt (Vu.h,Vv.h) for( i = 0; 1 < VWIDTH; i += 2) {
Qdv[i+2-1:i] = ((Vu.h[i/2] > Vv.h[i/2]) ? 0x3 : 0);
1
Qd4=vcmp.gt (Vu.hf, vv.hf) for( i = 0; 1 < VWIDTH; i += 2) {
VAL = (Vu.hf[i/2] > Vv.hf[i/2]) ? 0x3 : 0 ;
QdvI[i+2-1:1] = VAL;
}
Qd4=vcmp.gt (Vu.sf,Vv.sf) for( i = 0; i < VWIDTH; i += 4) {
VAL = (Vu.sf[i/4] > Vv.sf[i/4]) ? OxF : 0 ;
Qdv[i+4-1:1] = VAL;
1
Qd4=vcmp.gt (Vu.ub, Vv.ub) for( i = 0; i < VWIDTH; i += 1) {
QdvI[i+1-1:41] = ((Vu.ub[i/1] > Vv.ub[i/1]) ? 0x1 : 0);
1
Qd4=vcmp.gt (Vu.uh, Vv.uh) for( i = 0; i < VWIDTH; i += 2) {
QdvI[i+2-1:1] = ((Vu.uh[i/2] > Vv.uh[i/2]) ? 0x3 : 0);
1
Qd4=vcmp.gt (Vu.uw, Vv.uw) for( i = 0; 1 < VWIDTH; i += 4) {
QAvI[i+4-1:1] = ((Vu.uw[i/4] > Vv.uwl[i/4]) ? OxF : 0);
1
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Syntax

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

Ox4 [&]]

ox4 [&]]

x4 [&]]
Ox4 [&]]
Qx4 [&]]

ox4 [&]]

Ox4 [&]]

Qx4 [&]]

x4 [&]]

x4 [&]]

Qx4 [&]]

x4 [&]]

Ox4 [&]]

ox4 [&]]

=vemp .

=vcmp.

=vcmp .

=vemp .

=vcmp

=vcmp .

=vemp .

=vcmp

=vcmp .

=vcmp .

=vcmp.

=vcmp .

=vcmp

=vcmp.

eq(Vu.

eq(Vu.

eq (Vu

eq (Vu

.eq(Vu

eq (Vu

gt (Vu.

.gt (Vu.

gt (Vu.

gt (Vu.

gt (Vu.

gt (Vu.

.gt (Vu.

gt (Vu.

b,Vv.Db)

h,Vv.h)

.ub,Vv.ub)
.uh,Vv.uh)
.uw, Vv.uw)

W, Vv.w)

b,Vv.Db)

h,Vv.h)

hf)

hf,Vv.

sf)

sf,Vv.

ub, Vv.

ub)

uh)

uh, Vv.

uw)

uw, Vv.

w,Vv.w)

Behavior
for( i = 0; i < VWIDTH; i += 4) {
QAvV[i+4-1:1] = ((Vu.w([i/4] > Vv.w([i/4]) ? OxF : 0);
1
for( i = 0; 1 < VWIDTH; 1 += 1)
OxVI[i+1-1:1] = QxV[i+1-1:i] [|&] ((Vu.b[i/1] ==
Vv.b[i/1]) ? Ox1 0);
1
for( i = 0; 1 < VWIDTH; 1 += 2)
OxVI[i+2-1:1] = QxV[i+2-1:1i] [|&] ((Vu.h[i/2] ==
Vvv.h[i/2]) ? 0x3 0);
1
Assembler mapped to:"Qx4[|&]=vcmp.eqg(Vu.""b"",Vv." "b"
Assembler mapped to:"Qx4[|&]=vcmp.eg(Vu.""h"",Vv." "h"
Assembler mapped to:"Qx4[|&]=vcmp.eqg(Vu.""w"",Vv." "w"
for( i = 0; i < VWIDTH; i += 4) {
OxV[i+4-1:1] = QxVI[i+4-1:1] [|&] ((Vu.w[i/4] ==
Vv.w[i/4]) ? OxF : 0);
1
for( i = 0; 1 < VWIDTH; 1 += 1)
OxVI[i+1-1:1] = QxV[i+1-1:i] [|&] ((Vu.b[i/1] >
Vv.b[i/1]) ? Ox1 0);
1
for( i = 0; 1 < VWIDTH; 1 += 2)
OxV[i+2-1:1] = QOxVI[i+42-1:1i] [|&] ((Vu.h[i/2] >
Vv.h[i/2]) ? 0x3 0);
1
for( i = 0; i < VWIDTH; i += 2) {
VAL = (Vu.hf[i/2] > Vv.hf[i/2]) ? 0x3 0;
OxV[i+2-1:1] = QxV[i+2-1:1] [|&] VAL;
1
for( i = 0; i < VWIDTH; i += 4) {
VAL = (Vu.sf[i/4] > Vv.sf[i/4]) ? OxF : 0;
OxVI[i+4-1:1] = QxV[i+4-1:i] [|&] VAL;
1
for( i = 0; 1 < VWIDTH; i += 1)
OxV[i+1-1:1i] = OxVI[i+1-1:1i] [|&] ((Vu.ub[i/1] >
Vv.ub[i/1]) ? O0xl 0);
}
for( i = 0; i < VWIDTH; i += 2) {
OxVI[i+2-1:1i] = QxV[i+2-1:1i] [|&] ((Vu.uh[i/2] >
Vvv.uh[i/2]) ? 0x3 0) ;
1
for( i = 0; i < VWIDTH; i += 4)
QOxXV[i+4-1:1] = QxV[i+4-1:1] [|&] ((Vu.uwl[i/4] >
Vv.uw([i/4]) ? OxF : 0);
1
for( i = 0; 1 < VWIDTH; 1 += 4)
OxV[i+4-1:1] = OxV[i+4-1:1i] [|&] ((Vu.w[i/4] >
Vv.w[i/4]) ? OxF : 0);
}
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Syntax Behavior
Qx4”=vcmp.eq (Vu.b,Vv.b) for( i = 0; i < VWIDTH; i += 1) {
OxV[i+1-1:1] = QxV[i+1-1:1] * ((Vu.b[i/1] == Vv.b[i/1])
? 0x1 : 0);
1
Qx4”=vcmp.eq(Vu.h,Vv.h) for( i = 0; i < VWIDTH; i += 2) {
OxV[i+2-1:1] = QxV[i+2-1:1] ©* ((Vu.h[i/2] == Vv.h[i/2])
? 0x3 : 0);
}
0x4”*=vcmp.eq (Vu.ub, Vv.ub) Assembler mapped to: "Qx4“=vcmp.eq(Vu." "b" ", ,Vvy." n"p" n)n
Qx4”*=vcmp.eq (Vu.uh, Vv.uh) Assembler mapped to: "Qx4"=vcmp.eq(Vu." "h" ",Vv." "h" ")"
0x4*=vemp. eq (Vu.uw, Vv.uw) Assembler mapped to: "Qx4“=vcmp.eq(Vu." "w" ",Vv." "w" ")
0x4”*=vcmp.eq(Vu.w,Vv.w) for( i = 0; 1 < VWIDTH; i += 4) {
OxV[i+4-1:1] = QxV[i+4-1:1] * ((Vu.w[i/4] == Vv.w[i/4])
? OxF : 0);
1
Qx4”=vcmp.gt (Vu.b,Vv.b) for( i = 0; i < VWIDTH; i += 1) {
OxV[i+1-1:1] = QxV[i+1-1:i] * ((Vu.b[i/1] > Vv.b[i/1])
? 0x1 : 0);
1
Qx4”=vcmp.gt (Vu.h,Vv.h) for( i = 0; i < VWIDTH; i += 2) {
OxV[i+2-1:1] = QxV[i+2-1:i] * ((Vu.h[i/2] > Vv.h[i/2])
? 0x3 : 0);
}
Qx4”=vcmp.gt (Vu.hf,Vv.hf) for( i = 0; i < VWIDTH; i += 2) {
VAL = (Vu.hf[i/2] > Vv.hf[i/2]) ? 0x3 : O;
OxV[i+2-1:1] = QxV[i+2-1:i] * VAL;
1
Qx4”=vcmp.gt (Vu.sf,Vv.sf) for( i = 0; i < VWIDTH; i += 4) {
VAL = (Vu.sf[i/4] > Vv.sf[i/4]) ? OxF : 0;
OxVI[i+4-1:1] = QxV[i+4-1:i] * VAL;
1
Qx4”=vcmp.gt (Vu.ub, Vv.ub) for( i = 0; i < VWIDTH; i += 1) {
OxVI[i+1-1:1] = OxV[i+1-1:i] * ((Vu.ub[i/1] >
Vv.ub[i/1]) ? O0x1 : 0);
}
0x4”*=vcmp.gt (Vu.uh, Vv.uh) for( i = 0; 1 < VWIDTH; i += 2) {
OxV[i+2-1:1] = QxV[i+2-1:1i] * ((Vu.uh[i/2] >
Vvv.uh[i/2]) ? 0x3 : 0);
1
Qx4”=vcmp.gt (Vu.uw, Vv.uw) for( i = 0; i < VWIDTH; i += 4) {
OxV[i+4-1:1i] = QxV[i+4-1:1i] * ((Vu.uwl[i/4] >
Vv.uw[i/4]) ? OxF : 0);
1
Qx4”=vcmp.gt (Vu.w,Vv.w) for( i = 0; i < VWIDTH; i += 4) {
OxV[i+4-1:1] = OxVI[i+4-1:1] ~ ((Vu.wl[i/4] > Vv.w[i/4])
? OxF : 0);
}

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

Notes

m This instruction can use any HVX resource.
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Intrinsics
Qd4=vcmp.eq(Vu.b,Vv.b) HVX VectorPred Q6_Q vcmp eqg 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 eq 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.hf, Vv.hf) HVX VectorPred Q6 _Q vcmp gt VhfVhf (HVX Vector Vu, HVX Vector
vv)
Qd4=vcmp.gt (Vu.sf,Vv.sf) HVX VectorPred Q6 Q vcmp gt VsfVsf (HVX Vector Vu, HVX Vector
Vv)
Qd4=vcmp.gt (Vu.ub, Vv.ub) HVX_ VectorPred Q6 _Q vcmp 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)
Qd4=vcmp.gt (Vu.uw, Vv.uw) HVX VectorPred Q6 Q vcmp gt VuwVuw (HVX Vector Vu, HVX Vector
Vv)
Qd4=vcmp.gt (Vu.w,Vv.w) HVX VectorPred Q6_Q vcmp gt VwVw (HVX Vector Vu, HVX Vector Vv)
Qx4&=vcmp.eq(Vu.b,Vv.b) HVX VectorPred Q6 Q vcmp egand QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4&=vcmp.eq(Vu.h,Vv.h) HVX_ VectorPred Q6 _Q vcmp egand QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4&=vcmp.eq(Vu.w,Vv.w) HVX VectorPred Q6 Q vcmp egand QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 &=vcmp.gt (Vu.b,Vv.b) HVX VectorPred Q6 Q vcmp gtand QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 &=vcemp.gt (Vu.h,Vv.h) HVX VectorPred Q6 _Q vcmp gtand QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Ox4&=vcemp.gt (Vu.hf,Vv.hf) HVX VectorPred Q6 Q vcmp gtand QVhfVhf (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
QOx4&=vcemp.gt (Vu.sf,Vv.sf) HVX VectorPred Q6 Q vcmp gtand QVsfVsf (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
QOx4&=vcemp.gt (Vu.ub,Vv.ub) HVX VectorPred Q6_Q vcmp_gtand QVubVub (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 &=vcemp.gt (Vu.uh,Vv.uh) HVX VectorPred Q6 Q vcmp gtand QVuhVuh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
QOx4&=vcemp.gt (Vu.uw,Vv.uw) HVX VectorPred Q6 Q vcmp gtand QVuwVuw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 &=vcemp.gt (Vu.w,Vv.w) HVX VectorPred Q6 _Q vcmp gtand QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4”=vcmp.eq(Vu.b,Vv.b) HVX VectorPred Q6 Q vcmp egxacc_QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4”=vcmp.eq(Vu.h,Vv.h) HVX VectorPred Q6 Q vcmp egxacc QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 =vcmp.eq (Vu.w,Vv.w) HVX VectorPred Q6 _Q vcmp egxacc_QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4”=vcmp.gt (Vu.b,Vv.b) HVX VectorPred Q6 Q vcmp gtxacc QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
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0x4”*=vcmp.gt (Vu.h,Vv.h) HVX VectorPred Q6 Q vcmp gtxacc QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4A:vcmp.gt(Vu.hf,Vv.hf) HVX VectorPred Q6 Q vcmp gtxacc QVhfVhf (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4”=vcmp.gt (Vu.sf,Vv.sf) HVX VectorPred Q6 Q vcmp gtxacc QVsfVsf (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
0x4”*=vcmp.gt (Vu.ub, Vv.ub) HVX VectorPred Q6 Q vcmp gtxacc QVubVub (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4”=vcmp.gt (Vu.uh,Vv.uh) HVX VectorPred Q6 Q vcmp gtxacc QVuhVuh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
QX4A=vcmp.gt(Vu.uw,Vv.uw) HVX VectorPred Q6 Q vcmp gtxacc QVuwVuw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
0x4*=vcmp.gt (Vu.w,Vv.w) HVX VectorPred Q6 Q vcmp gtxacc QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 | =vemp.eq(Vu.b,Vv.b) HVX VectorPred Q6 _Q vcmp eqgor QVbVb (HVX VectorPred 0Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4\=vcmp.eq(Vu.h,Vv.h) HVX VectorPred Q6 Q vcmp eqgor QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4\=vcmp.eq(Vu.w,Vv.w) HVX VectorPred Q6 Q vcmp egor QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 | =vemp.gt (Vu.b,Vv.b) HVX VectorPred Q6 _Q vcmp gtor QVbVb (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4\=vcmp.gt(Vu.h,Vv.h) HVX VectorPred Q6 _Q vcmp gtor QVhVh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4\:vcmp.gt(Vu.hf,Vv.hf) HVX VectorPred Q6 Q vcmp gtor QVhfVhf (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 |=vemp.gt (Vu.sf,Vv.sf) HVX VectorPred Q6 Q vcmp gtor QVsfVsf (HVX VectorPred 0x,
HVX Vector Vu, HVX Vector Vv)
Qx4\=vcmp.gt(Vu.ub,Vv.ub) HVX VectorPred Q6 Q vcmp gtor QVubVub (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4\:vcmp.gt(Vu.uh,Vv.uh) HVX VectorPred Q6 Q vcmp gtor QVuhVuh (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
Qx4 | =vemp.gt (Vu.uw,Vv.uw) HVX VectorPred Q6 Q vcmp gtor QVuwVuw (HVX VectorPred 0x,
HVX Vector Vu, HVX Vector Vv)
Qx4\=vcmp.gt(Vu.w,Vv.w) HVX VectorPred Q6 _Q vcmp gtor QVwVw (HVX VectorPred Qx,
HVX Vector Vu, HVX Vector Vv)
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 u5 x2
0(0(01|1|1]0]0 1|00 |V]|V vV v|/P|{P|1T|ujufufu|u|0|[0|0|0]|0 |0 |x|x |Qx4&=vcmp.eq(Vu.b,Vv.b)
0(0(01|1|1]|0]0[1[0|0]|V]|V v/ v|(P|{P/1T|ujufufujuf0|[0|0|0]|0|1]|x]|x|Qx4&=vcmp.eq(Vu.h,Vv.h)
0(0(01|1|1]|0]0[1[0|0]|V]|V v/ v|(P|{P|/1T | ujufujfujuf0|[0|0|0|1|0|x|x|Qx4&=vcmp.eq(Vu.w,Vv.w)
0/0[0f1|1T]1]0|0|1 /0|0 ]|V |V v/ v|(P|P|1T ] ujufujujuf0|[0|0|1]0|0|x|x |Qx4&=vcmp.gt(Vu.b,Vv.b)
0/0[0|1|1]1]0|0|1 /0|0 ]|V |V V|v|P|P|1T|ufuflufufu|0|0|0|1]|0|1]|x|x |Qx4&=vcmp.gt(Vu.h,Vv.h)
0/0[0[1|1]1]0|0|1 /0|0 ]|V |V Viv|P|P|1 | ufufufufu/0| 0|0 ]|1|1]|0]|x|x |Qx4&=vcmp.gt(Vu.w,Vv.w)
olofol1/1|1]ojol1]ojo|v|v|v|v| v P|P|1 uuuuu001000xx)QX4&=chp'gt(VU'Ub'VV'Ub
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31/30(29 28|27 |26|25|24 22(21/20(19|18(17|16(15/14|{13|12|11|10 7/6/5/4/3/2/1|0
olojol1|1(1]ojo|1]olo|v|v|v|v| v|P|P|1|ululu 0olo/1lolo|1|x]|x )QX“&:VC”“’-Q‘(V“-“*"VV-“"
olofoft1/1|1]ojol1]olo|v|v|v|v|v P|P|[1|u|u|u olof1]o/1]0|x x ch;“‘&:"cmp-g‘(vu-“wvv"-”
o(ofo0|1|1|1]0]|O0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 001|100 |x|x|Qx4]=vemp.gt(Vu.sfVv.sf)
0/0f0[1|1]1]0]|0 0O/0O|v|v|v| v Vv | P|[P|1 | u|u|u 00 [1]1|0|1]x|x |Qx4|=vecmp.gt(Vu.hf,Vv.hf)
0|00 [1|1]1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 0|1]0]0 |0 |0 |x|x|Qx4]=vcmp.eq(Vu.b,Vv.b)
0/0(0[1|1]1]0]|0 O/0jv|v|v|v| Vv P|[P|1 | u|u|u 0[1]01]0 1|0 [1|x|x|Qx4|=vcmp.eq(Vu.h,Vv.h)
o(0f0|1|1|1]0]|O0 0O/0Ojv|v|v|v| Vv | P|[P|1 | u|u|u 0/1]0]0|1]0]|x|x|Qxd4|=vecmp.eq(Vu.w,Vv.w)
o(0f0|1|1|1]0]|O0 0O/0Ojv|v|v|v| Vv | P|[P|1 | u|u|u 010|110 |0 |x|x|Qx4]=vemp.gt(Vu.b,Vv.b)
o(ofo0o|1|1|1]0]|O0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 0/1]0|1|0 |1 ]x|x|Qx4]=vemp.gt(Vu.h,Vv.h)
0/0(0|1|1]1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 0 1]0|1|1]0]x|x|Qxd4|=vemp.gt(Vu.w,Vv.w)
o(ofo|1|1|1]0]|0 0O/0|v|v|v|v| Vv | P|P[1 | u|u|u 0111 0 |0 | x | x | Qx4|=vcmp.gt(Vu.ub,Vv.ub)
0/0(0[1|1]1]0]|0 0O/0jv|v|v|v| Vv | P|[P|1 | u|u|u 0{1{11]01]0 |1 |x]|x |Qx4]=vcmp.gt(Vu.uh,Vv.uh)
0|00 [1|1]1]0]|0 0O/0O|v|v|v| v Vv | P|[P|1 | u|ju|u 0 /1[1]0|1]0|x|x )Qx4|=vcmp.gt(Vu.uw,Vv.uw
ICLASS Parse us
0|0 1111 0 0|0 |v|v| Vv Vv |V P/1|ujufu o/1{1|1/0/0|d Qd4=vcmp.gt(Vu.sf,Vv.sf)
0/0f0[1|1]1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u o111 /0(1]|d Qd4=vcmp.gt(Vu.hf,Vv.hf)
ICLASS Parse u5
o(0of0|1|1|1]0]|O0 0O/0Ojv|v|v|v| Vv | P|[P|1T | u|u|u 1]/0{0 |0 |0 |0 |x|x | Qx4*=vcmp.eq(Vu.b,Vv.b)
o(0of0|1|1|1]0]|O0 0O/0Ojv|v|v| v Vv | P|[P|1 | u|u|u 1/0{0 |0 |0 |1 |x|x|Qx4*=vemp.eq(Vu.h,Vv.h)
o(ofo0o|1|1{1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 1/0{0 |0 |1]0 |x|x | Qx4 =vemp.eq(Vu.w,Vv.w)
0/0f0[1|1]1]0]|0 0O/0O|v|v|v| v Vv | P|[P|1 | u|u|u 1/0{0|1]0]|0 |x|x | Qx4 =vemp.gt(Vu.b,Vv.b)
0|00 |1 |1]1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 110{0|1]0 |1 |x|x | Qx4 =vemp.gt(Vu.h,Vv.h)
0/0(0[1|1]1]0]|0 O/0jv|v|v|v| Vv | P|[P|1 | u|u|u 1100 |1 |1]0|x|x |Qx4*=vcmp.gt(Vu.w,Vv.w)
0|00 |1 |1]1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 1/0{1/0]0 |0 |x|x )Qx4"=vcmp.gt(Vu.ub,Vv.ub
ololo|1]1]1]0]o ololviv|v|v|v|P|P|1|ululu 100100 |1]x]|x )C’X“"zvcmp-g‘(\’“'”h'v"-“h
olojol1|1|1]ojo|1]o/o|v|v|v|v| v|P|P|1|ululu 100 1]0]1]0 x|x ﬁ;“‘"zvcmp-gt(vu-“""'v"-“
00|01 |1 |1|0]|O0 0|0|v|v|v| Vv V| P/P|1T |u|u|u 11110]0 [1]0 |x]|x |Qx4&=vcmp.gt(Vu.sf,Vv.sf)
0|/0|0O 1|1 |1|0]|O0 0|0|v|v|v| Vv V| P/P|1T |u|u|u 111 0 1|1 |x|x |Qx4&=vcmp.gt(Vu.hf,Vv.hf)
o(0ofo0|1|1|1]0]|0 0O/0O|v|v|v|v| Vv | P|[P|1 | u|u|u 111110 ]1]0 |x|x|Qx4*=vemp.gt(Vu.sf,Vv.sf)
0|00 |11 ]1]0]|0 0O/0O|v|v|v| v Vv | P|[P|1 | u|u|u 1111101 ]1|x|x | Qx4 =vemp.gt(Vu.hfVv.hf)
ICLASS Parse us
0|0 (0 (1|1 ]1]1[1 0O/0jv|v|v| v Vv P[P O |uju|u 0|0 |0 |0 |0 |0 |d]|d|Qd4=vcmp.eq(Vu.b,Vv.b)
00|01 [1 (111 0|0|v|v| Vv | Vv| VIP|P|O|u|u|u 0|0 |0 |0 |0 |1 |d]|d|Qd4=vcmp.eq(Vu.h,Vv.h)
00O (|1 |1 ]1]1|1 0/0O|v|v|v|v| Vv | P|[P|O|u|u|u 0/0[0|0|1]0]|d]|d|Qd4=vcmp.eq(Vu.w,Vv.w)
00O (|1 |1 ]1]1[1 0O/0O|v|v|v| v Vv | P|[P|O | u|u|u 0|00 |10 |0 |d]|d|Qd4=vcmp.gt(Vu.b,Vv.b)
0|0 (0|1 |1 ]1]1[1 0/0O|v|v|v|v| Vv P|[P|O | u|ju|u 0|00 |10 |1]|d]|d|Qd4=vcmp.gt(Vu.h,Vv.h)
0|0 (0 (1|1 ]1]1[1 0O/0jv|v|v|v| Vv P[P O |u|u|u 0[{0|0|1]1]|0|d]|d|Qd4=vcmp.gt(Vu.w,Vv.w)
0|0 (0 (1|1 ]1]1[1 0O/0jv|v|v|v| Vv P[P O |uju|u 0{0|1]0|0 |0 |d]|d|Qd4=vcmp.gt(Vu.ub,Vv.ub)
00O (1T |1 |1]1[1 0O/0Ojv|v|v|v| Vv P[P0 |uju|u 0/0[1]0 |0 |1]|d]|d|Qd4=vcmp.gt(Vu.uh,Vv.uh)
000 (|1 |1 ]1]1[1 0O/0O|v|v|v| v Vv P|[P|O | u|u|u 0/0(1]0|1]0]|d]|d|Qd4=vemp.gt(Vu.uw,Vv.uw)

Field name
ICLASS

Parse
d2

Description
Instruction class

Packet/loop parse bits
Field to encode register d
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Field name Description

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, add to the elements in Vu or subtract 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]  ————o > [1] [0] Qv

<
8 5
Q.
32
&3
« £
c @
“- O
S E
Es
>
S g
Qe
S 9
L o
2
A 4 A
[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[i]=QvV.1i ? Vx.ub[i] : Vx.ub[i] [+-]Vu.ubl[i];
1
if ([!']1Qv4) Vx.h[+-]1=Vu.h for (i = 0; 1 < VELEM(16); il[+-]1I[+-1) {
Vx.h[i]=select bytes(QvV,i,Vx.h[i],Vx.h[i] [+-]1Vu.h[i]);
1
if ([!']Qv4) Vx.w[+-]1=Vu.w for (i = 0; 1 < VELEM(32); il[+-]I[+-1) {
Vx.w[i]=select bytes(QvV,i,Vvx.w[i],Vx.w[i] [+-]1Vu.w[i]);
1
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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
HVX Vector

if (!Qv4) Vx.b-=Vu.b HVX Vector
HVX_Vector

if (!Qv4) Vx.h+=Vu.h HVX Vector
HVX_ Vector

if (!Qv4) Vx.h-=Vu.h HVX Vector
HVX Vector

if (!Qv4) Vx.w+=Vu.w HVX Vector

HVX_Vector

Q6_Vb_ condacc_QnVbVb (HVX VectorPred Qv,
vu)

Q6_Vb condnac_QnVbVb (HVX VectorPred Qv,
vu)

Q6 _Vh condacc_QnVhVh (HVX VectorPred Qv,
vu)

Q6_Vh condnac_QnVhVh (HVX VectorPred Qv,
vu)

Q6_Vw_condacc_QnVwVw (HVX VectorPred Qv,
vu)

HVX Vector Vx,

HVX Vector Vx,
HVX Vector Vx,
HVX Vector Vx,

HVX Vector Vx,

if (!1Qv4) Vx.w-=Vu.w HVX Vector Q6 Vw condnac_ QnVwVw (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)
Encoding
31/30]29/28 27|26/ 25/24 23/22/21/20/19]18/17]16/1514/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS Parse us x5
0/0[0f1|1]1]|1|0|v | Vv|O0 -/0j0(1|P| P u/ujujuju(0]|o0 X | X | x|x|x|if(Qv4) Vx.b+=Vu.b
0/0[0f1|1]|1]|1|0|v | Vv|O0 -/0j0(1|P| P uj/ufujuju(0]|o0 X | x| x|x|x|if(Qv4) Vx.h+=Vu.h
oO(0f01|1|1|1]0|v|v]|O -/0j0(1|P|P uj/ufujujul0|1 X | x| x|x|x|if(Qv4) Vx.w+=Vu.w
o(0f0O1|1|1|1]0|v|v]|O -/0j0 (1 |P|P uj/ufujuful0|1 x| x| x| x|x|if (Qv4) Vx.b+=Vu.b
o(0f01|1|1|1]0|v|v]|O -/0j0 (1 |P|P uj/ufjujujul1]o0 x| x| x| x|x|if (lQv4) Vx.h+=Vu.h
0/0[0f1|1]|1]|1|0|v Vv|O0 -/0j0 (1 |P|P uj/ufujujul1]o0 x| x| x|x|x|if(lQv4) Vx.w+=Vu.w
0/0[0f1T|1]|1]|1|0|v Vv|O0 -/0j0 (1 |P|P ujujujujul1|1 X | x| x| x|x |if (Qv4) Vx.b-=Vu.b
0/0(0f1|1]1]|1|0|v | Vv|0 -/0j0(1|P|P ujujujujul1|1 x| x| x| x|x |if (Qv4) Vx.h-=Vu.h
oO(0f01|1|1|1]0|v|v]|O -/0j1|0|P| P uj/ufujuju(0]|o0 X | x| x|x|x|if(Qv4) Vx.w-=Vuw
o(0f0O1|1|1|1]0|v|v|O -/0|1|0|P| P u/ufujuju(0]|o0 x| x| x| x|x|if (lQv4) Vx.b-=Vu.b
o(0f01|1|1|1]0|v|v]|O -/0j1|0|P| P uj/ufujuful0|1 x| x| x| x|x|if (lQv4) Vx.h-=Vu.h
0/0[0f1|1T]|1]|1|0|v Vv|O0 -/0|1|0|P| P uj/ufuju ul0|1 x| x| x|x|x |if(!Qv4) Vx.w-=Vu.w
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Field name
ICLASS

Parse
ub
v2

x5

Description
Instruction class

Packet/loop parse bits

Field to encode register u
Field to encode register v
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, place the corresponding byte from vector register Vu in the destination vector
register Vd. Otherwise, write the corresponding byte from Vv. 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
gl
8 Y
5 v ¥\ ablo]
2 \ \ /é Qt.b[1]
2 L
£ \ A \ /" Qt.b(2]
4 A Qt.b[3]
= 1
“: Y Y L -
1S)
e P -
3 \_ . Qt.b[N-1]
€
S
o
v \ 4 \ 4 \ 4 \ 4 \ 4
=z
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); i++) {
vd.ub[i] = QtV[i] ? Vu.ub[i] : Vv.ub[i];
1
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)

80-N2040-49 Rev. AA 84



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual

HVX Instruction Set

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 |54 3| 2] 1|0
ICLASS Parse us t2 d5
1 u‘u‘u‘u|u - t‘t d‘d‘d‘d|d Vd=vmux(Qt4,Vu,Vv)

o|o‘o‘1 1‘1 ‘1 ‘0|1 ‘1 ‘1 ‘v‘v‘v‘v|v P‘P

Field name
ICLASS

Parse
ds
t2
ub

v5

Description
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 v
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Saturation

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

Vd.h=vsat (Vu.w,Vv.w) for
1

Vd.ub=vsat (Vu.h,Vv.h) for
1

Vd.uh=vsat (Vu.uw, Vv.uw) for
1

Vd.w=vsatdw (Vu.w,Vv.w) for
1

(1
vd
vd

(i
vd

vd.u

(i
vd
vd

(4

vd.

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

Notes

=0

wli

=0

wli

m This instruction can use any HVX resource.

Intrinsics

Vd.h=vsat (Vu.w,Vv.w) HVX Vector
Vd.ub=vsat (Vu.h,Vv.h) HVX Vector
Vd.uh=vsat (Vu.uw,Vv.uw) HVX Vector

vVd.w=vsatdw (Vu.w,Vv.w) HVX Vector

Behavior

; 1 < VELEM(32) ;
wli] .h[0]l=sat ¢ (Vv.w[i]);
].h[1l]l=satig(Vu.w[il)

0; i < VELEM(16) ;
.uh[i] .b[0] =usatg (Vv.h[i]) ;
h[i] .b[1]=usatg(Vu.h[i])

; 1 < VELEM(32) ;
w[i] .h[0]=usat g (Vv.uw[i]);
].h[1]=usat,¢ (Vu.uwl[i])

; 1 < VELEM(32) ;
] = usat,, (Vu.wli] :Vv.w[i])

1++)

i++)

i++)

i++)

7

{

{

7

{

7

{

7

Q6 _Vh vsat VwVw (HVX Vector Vu, HVX Vector Vv)

Q6 _Vub_ vsat VhVh (HVX Vector Vu, HVX Vector Vv)

Q6_Vuh_vsat_ VuwVuw (HVX Vector Vu, HVX Vector Vv)

Q6 _Vw_vsatdw VwVw (HVX Vector Vu, HVX Vector Vv)

Encoding
31/30/29/28/27|26/25/24|23 22/ 21|20/ 19/18/17/16/15/14/13/12/11/10/ 9 |8 | 7 |6 |54 3| 2] 1|0
ICLASS Parse us d5
o/ojof{1y1/1jo0of1{1/0{0|v|v|iv|v| v P P{1jujujujufu|1 1]1|d|d|d]|d]|d]|Vdw=vsatdw(Vu.w,Vv.w)
o(fofo1j1{1j{1{1/ofo|1|vjiviv|iv|v|P|P|{O|jufufujuju|1|1|0|d|d|d|d]|d|Vduh=vsat(Vu.uw,Vv.uw)
o(ofo1j1{1j{1{1/of1|1|viviv|iv|v/P/P|{Ojufufujuju|0|1]|0|d|d|d|d]|d]|Vdub=vsat(Vu.hVv.h)
o(ojo1j1{1j{1{1jof1|1|vi{viv|iv|v/P/P|{[O|jujufujufu|0|1|1|d|d|d]|d]|d|Vdh=vsatVuw,Vv.w)
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Field name
ICLASS

Parse
ds
ub

v5

Description
Instruction class

Packet/loop parse bits

Field to encode register d
Field to encode register u
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)

bIN-1] | b[N-2] b[3] b[2] b[1] b[0] Vv
bIN-1] | bIN-2] b[3] b[2] bll1] b[0] Vu
\ 4 4 \ J
b[N-1] | b[N-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
b[N-1] b[N-2] b[3] b[2] b[1] b{[0] Vu
Y Y Y \ J Y \
bIN-1] | bIN-2] b[3] b[2] b[1] b[0] vd

This group of shuffles is limited to bytes and halfwords.

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

Vd.uh[i] .b[1]=Vu.uh[i] .ub[0] ;
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Syntax
Vd.b=vshuffo (Vu.b,Vv.b)

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

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

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

Notes

m This instruction can use any HVX resource.

Intrinsics

vVd.b=vshuffe (Vu.b, Vv.
Vd.b=vshuffo (Vu.b,Vv.
Vd.h=vshuffe (Vu.h,Vv.

vVd.h=vshuffo (Vu.h, Vv.

for

for

for

HVX Vector Q6 Vb vshuffe VbVb (HVX Vector Vu,
HVX Vector Q6 Vb _vshuffo VbVb (HVX Vector Vu,
HVX Vector Q6_Vh vshuffe VhVh (HVX Vector Vu,

HVX Vector Q6 Vh vshuffo VhVh(HVX Vector Vu,

(1

vd.
vd.u

(4

vd.
vd.

(4

vd.
vd.u

uh
h

uw
uw

uw
w

Behavior

0; 1 < VELEM(16) ;
[1] .b[0]=Vv.uh[i]
[i] .b[1]=Vu.uh[i]

0; i < VELEM(32) ;
[i] .h[0]=Vv.uw[i]
[i] .h[1]=Vu.uw[i]

0; 1 < VELEM(32);
[i] .h[0] =Vv.uw[i]
[i] .h[1]=Vu.uw[i]

i++) |
ub [1] ;

.ub[1];

i++) |

.uh[0] ;
.uh[0] ;

i++) |

.uh[1];
.uh[1];

HVX Vector Vv)

HVX_ Vector Vv)
HVX_ Vector Vv)

HVX Vector Vv)

Encoding
31/30]29/2827/26)25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS Parse us d5
0O/0(0 1|11 ]|1[1]0|1]0]|Vv]|vV V| V|(P|{P/Ojujufujujuf0[0|1|d|d|d|d|d|Vdb=vshuffe(Vu.b,Vv.b)
0O/0f(0 1|1 ]1]|1[1]0|1]0]|Vv]|vV V| V|(P|{P/Ojujufujujuf0|1|0|d|d|d|d|d|Vdb=vshuffo(Vu.b,Vv.b)
ojofof1|1|1]1|1]|0]1]0|v]|v v/v|(P|[P|O|u|u|u|u|u|0|1]1]|d|d|d]|d]d]|Vdh=vshuffe(Vu.hVv.h)
o(0f0O 1 |1|1|1[1[0 1|0 ]|Vv]|V v(v/P/P|O|ujufuluju|1|0|0|d|d|d]|d]|d|Vdh=vshuffo(Vu.h,Vv.h)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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6.3.1 DEBUG

The HVX debug instruction subclass includes debugging instructions.

Extract vector element

Extract a word from the vector register Vu using bits 5:2 of Rs as the word index. Place the result

in the scalar register Rd. A memory address can be used as the control selection Rs after data is
read from memory using a vector load.

Use this very high latency instruction only in debug. A memory to memory transfer is more

efficient.
Rs 28 @ Rd.w=vextract(Vu,Rs)
Vu | wist | wiaal | wias] [ wia2] | wiaa] [ wiiol [ wiol | wig) [ wi7) | wiel | wis) [ wia) [ wi3) [ wi2) [ win) | wio]
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
m Thisis 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|2625]24/23]22]21]2019]18[17]16[15]14]13[12]11]10[ 9 [8 | 7] 6 [ 5 | 4[3 ]2 1] 0
ICLASS Amode Type H s5 Parse u5 d5
1|o\o\1 0\0\1 o|o\o 0 s‘s‘s‘s|s P‘P 0 u‘u‘u‘u|u 0\0\1 d‘d‘d‘d|d Rd=vextract(Vu,Rs)
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Field name
ICLASS

Amode
Type
UN
Parse
ds

s5

ub

Description
Instruction class

Amode

Type

Unsigned

Packet/loop parse bits
Field to encode register d
Field to encode register s
Field to encode register u
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6.4 GATHER DOUBLE-RESOURCE

The HVX gather double resource instruction subclass includes instructions that perform gather
operations into the vector TCM.

Vector gather

Gather operations are element copies from a large region in VTCM to a smaller vector-sized
region. Two scalar registers specify the larger region of memory: Rt32 is the base and Mu2
specified the length-1 of the region in bytes. This region must reside in VTCM and cannot cross a
page boundary. A vector register, Vv32, specifies byte offsets to this region. Elements of halfword
granularity are copied from the address pointed to by Rt + Vv32 for each element in the vector to
the corresponding element in the linear element pointed to by the accompanying store.

The offset vector, Vv32, can contain byte offsets specified in either halfword or word sizes. The
final element addresses are not required to be byte aligned. An offset that crosses the end of the
gather region is dropped. Offsets must be positive, otherwise they are dropped. A vector
predicate register can also be specified. If a the predicate is false, that byte is not copied. This can
emulate a byte gather.

The gather instruction must pair with a VMEM .new store that uses a tmp register source. For
example: {VMEM(RO+#0) = Vtmp.new; Vtmp.h = vgather(R1,M0, V1:0.w);} gathers halfwords with
halfword addresses and saves the results to the address pointed to by RO of the VMEM
instruction. A vgather instruction that is not accompanied with a store is dropped.

{ vmem(Rs+#l)=Vtmp.h; vtmp.h = vgather(Rt,Mu,Vv.h) }

Rs — Address of gathered values in VTCM Rt —Scalar Indicating base address in VTCM
Mu — Scalar indicating length-1 of Region

Vv — Vector with byte offsets from base

Rt+Mu Example of vgather (only first 4 elements shown)
Region
End
7
8
g
3
7% <
"xe =
s 5 @
%, % S
%, %
“Rs “s “
e %y x
(R %
I/,,/] ) A
g [2/} Region 7
B Base 5
=—"(Rs+6)~x(s; O
\w 3]) \ Gather
[ Results
\\* s \ at address Rs
-————————
VTCM
Base
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Syntax

if (Qs4)
vtmp.h=vgather (Rt,Mu,Vvv.w) .h

Behavior

MuV = MuV | (element size-1);
Rt = Rt & ~(element size-1);

for (i = 0; i < VELEM(32); i++) {
for(j = 0; F < 2; F++) {
EA = Rt+Vvv.vI[j].uwl[i];

if ( (Rt <= EA <= Rt + MuV) & QsV)
TEMP.uw[i] .uh[j] = *EA;
1
1
vtmp.h=vgather (Rt,Mu,Vvv.w) .h MuV = MuV (element size-1);
P g -

Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(32); i++) {
for(j = 0; J < 2; F++) {
EA = Rt+Vvv.v[j].uwl[i];
if (Rt <= EA <= Rt + MuV) TEMP.uwl[i].uh[j] =
*EA ;

Class: COPROC_VMEM (slots 0,1)

Notes

m This instruction can use any HVX resource.

Intrinsics

if (Qs4)
vtmp.h=vgather (Rt,Mu,Vvv.w) .h

void Q6 vgather AQRMWw (HVX Vector* A, HVX VectorPred Qs,
HVX Vector* Rb, Word32 Mu, HVX VectorPair Vvv)

vtmp.h=vgather (Rt,Mu,Vvv.w) .h void Q6 vgather ARMWw (HVX Vector* A, HVX Vector* Rb,

Word32 Mu, HVX VectorPair Vvv)

Encoding
31/30]29/2827/26)25/24 23/22/21/20/19)18|17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 [2 | 1] 0
ICLASS NT t5 Parse |u1
010 1101|1110 00ttt t t PP u-|-0[1]0 - - -|v|v v v v meh=veanerRiuyw.
ICLASS NT t5 Parse |u1 s2
if (Qs4)
ofof17/0j1{1j{1j17jofjojo|t|t|tft(t/PP{uj-|-(1/1|0|-|s|s|v|v]|v]|vV]|vVv|vtmp.h=vgather(RtMu,Vvv.
w).h
Field name Description
ICLASS Instruction class
NT Nontemporal
Parse Packet/loop parse bits
s2 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
v5 Field to encode register v
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6.5 GATHER

The HVX gather instruction subclass includes instructions that perform gather operations.
Vector gather

Gather operations are element copies from a large region in VTCM to a smaller vector-sized
region. Two scalar registers specify the larger region of memory: Rt32 is the base and Mu2
specified the length-1 of the region in bytes. This region must reside in VTCM and cannot cross a
page boundary. A vector register, Vv32, specifies byte offsets to this region. Halfword or word
elements copy from the address that Rt + Vv32 points to for each element in the vector to the
corresponding element in the linear element that the accompanying store points to.

The offset vector, Vv32, can contain byte offsets specified in either halfword or word sizes. The
final element addresses are not required to be byte aligned. An offset that crosses the end of the
gather region is dropped. Offsets must be positive, otherwise they are dropped. A vector
predicate register can be specified. If a the predicate is false, that byte is not copied. This can
emulate a byte gather.

The gather instruction must pair with a VMEM .new store that uses a temporary register source.
For example: {VMEM(RO+#0) = Vtmp.new; Vtmp.h = vgather(R1,MO0, V0.h);} gathers halfwords
with halfword addresses and saves the results to the address pointed to by RO of the VMEM
instruction. A vgather instruction that is not accompanied with a store is dropped.

{ vmem(Rs+#l)=Vtmp.h; vtmp.h = vgather(Rt,Mu,Vv.h) }
Rs — Address of gathered values in VTCM Rt —Scalar Indicating base address in VTCM

Mu - Scalar indicating length-1 of Region

Vv — Vector with byte offsets from base

Rt+Mu Example of vgather (only first 4 elements shown)
Region
End
v
5
g
3
% <
S o
< )
N, * @,
%, % 8
%, %
*/ﬁ's “ 2 -
“Ysx % x
(/fp*,/ 4};(
'/4/7[2] Region LL
B ) | Base 23
e o
\m 3]) Gather
— Results
\\* . \‘ at address Rs
[—————
VIicM
Base
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Syntax Behavior

if (Qs4) MuV = MuV | (element size-1);
vtmp.h=vgather (Rt,Mu,Vv.h) .h Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(16); i++) {
EA = Rt+Vv.uhl[i];
if ( (Rt <= EA <= Rt + MuV) & QsV) TEMP.uh[i] = *EA;

}

if (Qs4) MuV = MuV | (element size-1);
vtmp.w=vgather (Rt,Mu,Vv.w) .w Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(32); i++) {
EA = Rt+Vv.uwl[i];
if ( (Rt <= EA <= Rt + MuV) & QsV) TEMP.uwl[i] = *EA;

}

vtmp.h=vgather (Rt,Mu,Vv.h) .h MuV = MuV | (element size-1);
Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(16); i++) {
EA = Rt+Vv.uhl[i];
if (Rt <= EA <= Rt + MuV) TEMP.uh[i] = *EA;

}

vtmp.w=vgather (Rt,Mu,Vv.w) .w MuV = MuV | (element size-1);
Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(32); i++) ({
EA = Rt+Vv.uwl[i];
if (Rt <= EA <= Rt + MuV) TEMP.uw[i] = *EA;

Class: COPROC_VMEM (slots 0,1)

Notes

m This instruction can use any HVX resource.

Intrinsics

if (Qs4) void Q6 vgather AQRMVh (HVX Vector* A, HVX VectorPred Qs,

vtmp.h=vgather (Rt,Mu,Vv.h) .h HVX Vector* Rb, Word32 Mu, HVX Vector Vv)

if (Qs4) void Q6_vgather AQRMVw (HVX Vector* A, HVX VectorPred Qs,

vtmp.w=vgather (Rt,Mu, Vv.w) .w HVX Vector* Rb, Word32 Mu, HVX Vector Vv)

vtmp.h=vgather (Rt,Mu,Vv.h) .h void Q6 vgather ARMVh (HVX Vector* A, HVX Vector* Rb,
Word32 Mu, HVX Vector Vv)

vtmp.w=vgather (Rt,Mu, Vv.w) .w void Q6 vgather ARMVw(HVX Vector* A, HVX Vector* Rb,

Word32 Mu, HVX Vector Vv)
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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 |54 3| 2] 1|0
ICLASS NT t5 Parse |u1
00101111000tttttPPu--ooo---vvvvvw)f‘"ve-"”:Vga‘hef(RtM”vV"-
00 1]o 1|11 1]oj0fot|t|t t/ /P[P ul-|-0]0 1| -|-|v|v|v|v|v ymphvoanerRiMulvh
ICLASS NT t5 Parse |u1 s2
if (Qs4)
o(fof17/oj1{1j{1j17jofjojo|t|t|t(t(t P P{uj-|-(1/0|0|-|s|s|v|v|v]|vVv]|vV]|vtmpw=vgather(RtMuVv.
w).w
if (Qs4)
o/o1{oy1tj1j1f1joj/ojo|t|tjtjt(t /P Pluj-|-/1/0[1|-|s|s|Vv|Vv]|vVv]|vV]|v|vtmph=vgather(RtMu\Vv.h
)h

Field name
ICLASS

NT
Parse
s2
t5
ul

v5

Description
Instruction class

Nontemporal

Packet/loop parse bits
Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register v
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6.6 LOAD

The HVX load instruction subclass includes memory load instructions.

Load aligned

Reads a full vector register Vd from memory, using a vector-size-aligned address.

The operation has three ways to generate the memory pointer address:

m Rt with a constant 4-bit signed offset

m Rxwith a signed post-increment

m 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.

When an unaligned pointer presents to the instruction, the instruction 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

Vd=vmem (Rt)
Vd=vmem (Rt) :nt

Vd=vmem (Rt +#s4)

Vd=vmem (Rt+#s4) :nt

Vd=vmem (Rx++#s3)

Vd=vmem (Rx++#s3) :nt

Vd=vmem (Rx++Mu)

Vd=vmem (Rx++Mu) :nt

if ([!]1Pv) Vd=vmem(Rt)
if ([!]1Pv) Vd=vmem(Rt) :nt
if ([!]1Pv) Vd=vmem (Rt+#s4)

Behavior

Assembler mapped to: "Vd=vmem (Rt+#0)"
Assembler mapped to: "Vd=vmem(Rt+#0) :nt"

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

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

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

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

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

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

Assembler mapped to: "if ([!]Pv) Vd=vmem (Rt+#0)"

Assembler mapped to: "if ([!]Pv)
Vd=vmem (Rt+#0) :nt"

if ([:11pviol) {
EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;
} else {
NOP;
1
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if ([!]1Pv)
if ([!]1Pv)
if ([!]1Pv)
if ([t]1Pv)
if ([!]Pv)

Syntax

Vd=vmem (Rt+#s4) :nt

Vd=vmem (Rx++#s3)

Vd=vmem (Rx++#s3) :nt

Vd=vmem (Rx++Mu)

Vd=vmem (Rx++Mu)

BIE

Behavior
if ([!1Pv[0])
EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;
} else {
NOP;
1
if ([!1Pv[0])
EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;
} else {
NOP;
1
if ([:11pviol) {
EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;
} else {
NOP;
1
if ([!]1pv[0]) {
EA=RX;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
} else {
NOP;
1
if ([!]1Pv[0]) {
EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
} else {
NOP;
1

Class: COPROC_VMEM (slots 0,1)

Notes

m This instruction can use any HVX resource.

m An optional nontemporal hint to the microarchitecture can be specified to indicate the data

has no reuse.

m Immediates used in address computation are specified in multiples of vector length.

Encoding
31/30/29/28/27|26/25/24|2322/21|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]o|1]|ojojojojojo|t| t/t/t/t/P/P|lilo|o|i|ili[0]0|0|d|d|d]|d]d|Vd=vmem(Rt+#s4)
olof1]of1]ojojojo1]o|t|t|t |t t/P|P]|i o|i|i|i|o]o|0|d|d]|d]|d]|d|Vd=vmem(Rt+#sd)nt
ofo|1]of1]|ofojo|1|ofo|t|t|t|t|t|/P|[P|[i v |v|i|ililo|1]|0]|d|d]|d|d]d]if(Pv)Vd=vmem(Rt+#s4)
o/o(1{oy1jojofjojt1j/ojo|t t t|t(t/P P|i|v| v|i|i|li|O0O|1]|1|d|d|d]|d]|d]if(Pv)Vd=vmem(Rt+#s4)
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31/30(29 28|27 |26|25|24 22(21/20(19|18(17|16(15/14|{13|12|11|10 7 5/4/3/2/1|0
. i if (Pv)
0o|0|1|/0|1|0|0|O 110t |t|t|t|t|P|P|i|Vv|v]i 0 0|d|{d|d|d|d Vd=vmem(Rt+#s4):nt
i i if (IPv)
0|/0|1]0|1|0|0|O 110t |t|t|t|t|P|P|i|v|v]i 0 1|/d|d|d|d|d Vd=vmem(Ri+#s4):nt
ICLASS NT x5 Parse d5
0|0 |1]0[1 (0|01 0|0 |x|x|x|x|[x|[P|P|-|0|0]i 0 0|d|d|d|d|d|Vd=vmem(Rx++#s3)
0|0 [1{0|1]0]0 |1 1/0|x|x|x|x|x|P|P]|- 0|i 0 0|d|d|d|d|d|Vd=vmem(Rx++#s3):nt
0|0 (1{0|1]0]0 |1 0|0 | x|x|x|x|x|[P|P|-|v|v]|i 0 0|d|d|d|d]|d]|if(Pv) Vd=vmem(Rx++#s3)
0|0 |1]0 1|00 |1 0|0 |x|x|x|x|[x|[P|P|-|v|v]|i 0 1)/d|d|d|d]|d]|if (IPv) Vd=vmem(Rx++#s3)
. if (Pv)
0|0 |1]0 1|00 |1 110 |x|x|x|x|x|P|P|-|v|v]i 0 0|d|{d|d|d|d Vd=vmem(Rx++#s3):nt
. if (\Pv)
0|0 |1]0 1|00 |1 110 |x|x|x|x|x|P|P|-|v]|v]i 0 1|/d|d|d|d|d Vd=vmem(Rx++#s3):nt
ICLASS NT x5 Parse |u1 d5
0|0 |1]0 1|0 (1|1 0|0 |x|x|x|[x|x|P|P|luj0]|0]- 0 0|d|d|d|d]|d |Vd=vmem(Rx++Mu)
0|0 |1]0 1|0 (1|1 110 |x|x|x|x|{x|P|[P|uf0|0]- 0 0|d|d|d|d]|d|Vd=vmem(Rx++Mu):nt
0[O0 (101|011 00 |x|x|x|x|x|P|[Plu|lv|v]|- 0 0|d|d|d]|d]|d|if (Pv) Vd=vmem(Rx++Mu)
0|0 [1{0 1|01 |1 00 |x|x|x|x|x|P|{Plujv|v|- 0 1/d|d|d|d]|d|if (!Pv) Vd=vmem(Rx++Mu)
if (Pv)
0(0|1]0|1]0]1 |1 10 (x|x|x|x|[x|P|Plujv|v]- 0 0|d|d|d| d|d Vd=vmem(Rx++Mu):nt
0010|101/ 100 |x|x|x|x/xP|Plulv|v|- 011 |d|d|d|d| d|lPV

Vd=vmem(Rx++Mu):nt

Field name
ICLASS

NT
Parse
ds
t5
ul
v2

x5

Description
Instruction class

Nontemporal

Packet/loop parse bits
Field to encode register d
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x
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Load - immediate use

Reads 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 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. 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=RX;
vVd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

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

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

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

if ([!]1Pv) Vd.cur=vmem(Rt) Assembler mapped to: "if ([!]1Pv)
Vd.cur=vmem (Rt+#0) "

if ([!]1Pv) Vd.cur=vmem(Rt) :nt Assembler mapped to: "if ([!]Pv)
Vd.cur=vmem (Rt+#0) :nt"

if ([!]Pv) Vd.cur=vmem(Rt+#s4) if ([!]1PvI[O0]) {
EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;
} else {
NOP;
1
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if

vd.

if

if

vd.

if

if

vd.

Syntax

([']1Pwv)
cur=vmem (Rt+#s4) :nt

([1]Pv) Vd.cur=vmem (Rx++#s3)

([']1Pv)
cur=vmem (Rx++#s3) :nt

([!'1Pv) VA.cur=vmem (Rx++Mu)

([!']1PVv)
cur=vmem (Rx++Mu) :nt

Behavior

if ([!1Pv0])
EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;

} else {
NOP;

1

if ([t1pviol) |
EA=Rx;

Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#S*VBYTES;

} else {
NOP;

1

if ([:11pviol) {
EA=RXx;

vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

} else {
NOP;
1
if ([!]1pv[0]) {
EA=Rx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
} else {
NOP;
1
if ([!]1Pv[0]) {
EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
} else {
NOP;
1

Class: COPROC_VMEM (slots 0,1)

An optional nontemporal hint to the microarchitecture can be specified to indicate that the

Notes
m This instruction can use any HVX resource.
|
data has no reuse.
|

Immediates used in address computation are specified in multiples of vector length.
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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 |54 3| 2] 1|0
ICLASS NT t5 Parse d5
olof1|of1|ofofofojofO|t|t|t|t|t|(P|P|il|O|O|i|i|i|lO|O0|1|d|d|d]|d]|d]|Vd.cur=vmem(Rt+#s4)
olof1|of1|ofofofof1|0o|t|t|t|t|t|P|P|il|O|O|i|i|i|O0|O0|1|d|d|d]|d]|d]|Vdcur=vmem(Rt+#s4):nt
. N if (Pv)
00 |1/0[1/010]0 10 0ft|t t|t t P Pliviviiii1]/0/0ddddd|ygimemRt#sd)
if (IPv)
00101000 1100ttt t|t|PIPIilviviilii101/ddddd yjcivmenRe#sa)
. I if (Pv)
00 [1]0[1]0/00 1110ttt t|t|PIPIilviviiliil1/0/0ddddd yciymenRt#ssynt
if (IPv)
010 11010100110ttt t ¢t PPliviviili1/01/dd|dd| dygrymenRt#sd)nt
ICLASS NT x5 Parse d5
o/0(1{0(1/0/0f1|0/0|0|x|x|x|x|(x|P/P|[-]0|0]i|i|[i|0|0[1|d|d|d]|d]|d]|Vdcur=vmem(Rx++#s3)
olof1|of1|ofof1]0[1|0|x|x|x|x|[x|[P|P|-]|0]|0|i|i|i|l0|0|1|d|d|d]|d]|d]|Vd.cur=vmem(Rx++#s3):nt
if (Pv)
00101001100XXXXXPP'VV"'1OOdddddVd.cur=vmem(Rx++#s3)
if (IPv)
00101001100xxxxxpp'vv"'101dddddVd.cur=vmem(Rx++#s3)
I if (Pv)
ofof1/0j1{ojof{1(1(1|0|x|{x|x|x|x|P|P|-|v|v|i|i|i|1]|0]|0|d|d|d|d|d Vd.cur=vmem(Rx++#s3):nt
if (IPv)
o/o1{oy1jo0jof1 {1 1j/0|x|x|{x|x|(x|P/P|-|v|iv]|i|ili|1/0/1|d|d|d|d]|d Vd.cur=vmem(Rx++#s3):nt
ICLASS NT x5 Parse |u1 d5
o/o/1{o041j0j|1{1/0/0/0|x|x|x|x|(x|P/P{uj0|O0O|-|-|-]0|0[1|d|d|d]|d]|d]|Vd.cur=vmem(Rx++Mu)
o/o(1{of1j0j1f{1/0/1/0|x|x|x|x|(x|P/Pluj0|0O|-|-[-]0/0[1|d|d|d]|d]|d]|Vd.cur=vmem(Rx++Mu):nt
if (Pv)
00101011100xxxxxPPuvv---100dddddVd_cur=Vmem(RX++Mu)
if (IPv)
010|110 |10 1|1 /110 0|x|x|x|x x| P/Plujvivi-/--1]01|d/ddd/ d|yg.iymen®Rx+Mu)
if (Pv)
00|10 [1 70 11 11110 x| x| x| x|x|PIPlujvivi-l- -/1/0/0dddd d yjciymenRx++Mu)nt
if (IPv)
00|10 |1f0 |1 (1|1 1|0 |x|x|x|x|x|P|Plujv|v|-|-]|-|1]|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
ds Field to encode register d
ts 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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Load temporary immediate use

Reads 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 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. 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;
vVd = * (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;
vVd = * (EA&~ (ALIGNMENT-1)) ;
RX=Rx+#S*VBYTES;

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

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

if ([!]1Pv) Vd.tmp=vmem (Rt) Assembler mapped to: "if ([!]Pv)
Vd.tmp=vmem (Rt+#0) "

if ([!1Pv) Vd.tmp=vmem(Rt) :nt Assembler mapped to: "if ([!]Pv)
Vd.tmp=vmem (Rt+#0) :nt"

if ([!1Pv) Vd.tmp=vmem (Rt+#s4) if ([!1pv[o]) {
EA=Rt+#s*VBYTES;
vVd = * (EA&~ (ALIGNMENT-1)) ;
} else {
NOP;
1
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if
vd

if

if

vd

if

if
vd

Syntax

([11Pv)
.tmp=vmem (Rt +#s4) :nt

([!'1Pv) Vd.tmp=vmem (Rx++#s3)

([1]1Pv)
.tmp=vmem (Rx++#s3) :nt

([!']1Pv) VA.tmp=vmem (Rx++Mu)

([11Pv)
.tmp=vmem (Rx++Mu) :nt

Behavior

if ([!1Pv0])
EA=Rt+#s*VBYTES;
Vd = * (EA&~ (ALIGNMENT-1)) ;

} else {
NOP;

1

if ([t1pviol) |
EA=Rx;

Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#S*VBYTES;

} else {
NOP;

1

if ([:11pviol) {
EA=RXx;

vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+#s*VBYTES;

} else {
NOP;
1
if ([!]1pv[0]) {
EA=Rx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
} else {
NOP;
1
if ([!]1Pv[0]) {
EA=RXx;
Vd = * (EA&~ (ALIGNMENT-1)) ;
Rx=Rx+MuV;
} else {
NOP;
1

Class: COPROC_VMEM (slots 0,1)

An optional nontemporal hint to the microarchitecture can be specified to indicate that the

The tmp load instruction destination register cannot be an accumulator register.

Notes
m This instruction can use any HVX resource.
|
data has no reuse.
|
|

Immediates used in address computation are specified in multiples of vector length.
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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 |54 3| 2] 1|0
ICLASS NT t5 Parse d5
olol1]o]1 ololt|t]|t]|t][t|P|P]i olilililoln Vd.tmp=vmem(Rt+#s4)
olof1]o]1]o]o 1lol|t|t|t|lt|t|plPliloo]ilililo1]o d Vd.tmp=vmem(Rt+#s4):nt
olol1]ol1]o]o olo|t|t|t|t|t|PpP|ilvivliililil1|1]o|d|d]|d i\fltgpt\rln)p:vmem(Rt+#s4)

. if (1Pv)
olol1]o]1]o]0 oloftlt|t|t|t|P|P|ilv|v|i|ilil1[1|1 d|d]|d Ve ipymem(Rt+isd)
olof1/o]1]o]o 1loltltlt|lt|t|P|P|ilv|v]i|i|il1|1]|0]|d|d]|d if (Pv)

Vd.tmp=vmem(Rt+#s4):nt
. if (1Pv)
olof1/o]1]o]o 1lolt|t|t|t|t|P|P|ilv|v|ilili|/1]1]1]|d|d]|d Va.mp=vmem(Re+#sd)nt
ICLASS NT x5 Parse d5
0/0(1{0|1]0]0 0|0 |x|x|x|Xx|X P/ -/0|0O|i|i|i|[O]1]|0 d Vd.tmp=vmem(Rx++#s3)
0o(0(1|/0|1]0]0 110 | x|x|x|x|Xx P|-(0|O0O|i|i|i|[O][1]|0 d Vd.tmp=vmem(Rx++#s3):nt
. if (Pv)
0|0|1]0|1T (0|0 0|0 |x|x|x|x|x|P|P|-|v|v| i|i|i|1]|1]|0|d|d|d Vd.tmp=vmem(Rx++#s3)
olof1]o]1]00 0lo i if (IPv)
X|x|x|x|x|P|P|-|v|v|i|li|li/1]|1]|1]|d|d]|d Vd tmp=vmem(Rx++#s3)
olof1]o]1]0]0 110 [ x|x|x/x|x|/P|P|-|v|v|ililil1|1]o]|d|d]|d if (Pv)
Vd.tmp=vmem(Rx++#s3):nt
olol1/o0]1]o]0 110 i if (1Pv)
X | x|[x|x|x|P|[P|=-|v| v|i|i|i|[1[1]|1|d|d]|d Vd.tmp=vmem(Rx++#s3):nt
ICLASS NT x5 Parse |u1 d5
0|0 |1 110 |1 0|0 |x|x|x|Xx|X Piu/0|0|-|-|-/0[1/0 d Vd.tmp=vmem(Rx++Mu)
0|0 [1 1 1 1 X | X|X|X|[Xx Plu Of-|-|-/011 Vd.tmp=vmem(Rx++Mu):nt
0010101 00 x|x|x|x|x/P|Plulv|v|-|-|-|1]1/0|d|d|d Ve o vmem(Rx++Mu)
if (IPv)
0|0 {1]0 |10 |1 0|0 |x|x|x|x|[x|P/Plujv|v| -|-|=-]|1]1]|1|d|d|d Vd.tmp=vmem(Rx++Mu)
0010101 100 x| x|x x| x| P|Plu|v|v|-|-|-[1/1]0d|d|d e is=vmem(Rxk-+Mujnt
olo|1]o|1]0]1 110 |x|x|x|x|x|P|P if (1Pv)
ujvivi-l-l-1111)1/1ddd Vd.tmp=vmem(Rx++Mu):nt

Field name
ICLASS

NT
Parse
ds
t5
ul
v2

x5

Description
Instruction class

NonTemporal
Packet/loop parse bits
Field to encode register d
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x
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Load unaligned

Reads 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 synthesize a non-aligned access.

This instruction uses both slot 0 and slot 1, allowing at most three instructions to execute in a
packet that contains vmemu.

Syntax

Vd=vmemu (Rt)

Vd=vmemu (Rt +#s4)

Vd=vmemu (Rx++#s3)

Vd=vmemu (Rx++Mu)

Assembler mapped to:

EA=

vd

EA=

vd

Rx=

EA=

vd

Rx=

Class: COPROC_VMEM (slots 0)

Behavior

Rt+#s*VBYTES;
= *EA;

Rx;
= *EA;
Rx+#s*VBYTES;

Rx;
= *EA;
Rx+MuV ;

"Vd=vmemu (Rt +#0) "

Notes
m This instruction uses the HVX permute resource.
m Immediates used in address computation are specified in multiples of vector length.
Encoding
31/30]29/28 27|26/ 25/24 23/22/21/20/19]18/17]16/1514/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS NT t5 Parse ds
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‘o1‘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‘PuO‘O .- -1‘1‘1 d‘d‘d‘d|d Vd=vmemu(Rx++Mu)
Field name Description
ICLASS Instruction class
NT Nontemporal
Parse Packet/loop parse bits
ds Field to encode register d
t5 Field to encode register t
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Field name Description
ul Field to encode register u
x5 Field to encode register x
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6.7 MPY DOUBLE-RESOURCE

The HVX MPY double resource instruction subclass includes memory load instructions.
3 x 3 multiply for 2 x 2 tile

Multiply optimized for 3x3 filtering for a 2x2 tile format of two horizontal by two vertical bytes
with three 10-bit coefficients. Byte four of the inlane word in the coefficient vector specifies the
upper two bits for each coefficient.

Accumulation is not shown to simplify the diagrams, but all multiplies are assumed to reduce and
accumulate with the corresponding output.

Wxx.w += vbmpy(Vuu32.ub,Vvw32.510,#0):v

Output: Vxx32.V[1].w Output: Vxx32.V[0].w
Vuus2v[l]| 3 2 1 0 vuuszV[1] | 3 2 1 0
3 3
= 2 = 2 - X
= =
™~ ™
2 2
> 1 - x = 1 - X
= =
0 4.@ 0 #@
' A
3 3
Y
g 2 =\D g 2
N Y ~
g Q 2
= 1 o X = 1
= =
0 L X 0]
vuu32v[o]| 3 2 1 0 vuus2.v[o] | 3 2 1 0
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Vioew += vbmpy(WVuu32.ub,Vw32.510,#1):v

Output: Vxx32.V[1].w

Vuu32. V(1] | 3 2 1 0

3

= 2
=
o
m

2 1
=

0

3

=) 2
=
o
m

2 1
=

0

Vuu32 V[0] | 3 2 1 0

Vw32, V[1]

WVww32.V[0]

Output: Vxx32.V[0].w
vuud2v[i]| 3 2 0
3
2
1 - X
0 |[—» «x
A
3
2
1
0 -
3 2 0
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Vicew 4= vbmpy(Vuu32.ub,Vvw32.510,82):v

Output: Vix32.V[1].w Output: Vxx32.V[0].w

=

Vuu32V[] | 3 2 1 0 Vuu32 V(1] | 3 2

[ ]
Y
@._ -

Vww32.V[1]
o -
)
Vww32.V[1]
Y
Y \D
»

-
-

-
-

Www32.V[0]
— ]
Y
Q)
o
Vww32.V[0]

-
-

vuu32 V[o]| 3 2 1 0 Vuu32.v[o]| 3 2 1 0
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Output: Wxx32.V[1].w Output: ¥xx32.V[0].w

=

Vuud2 V(1] | 3 2 1 0 vuu32 V(1] | 3 2 0
3 3 l
s JD

Vww32.W[1]
= -
)
\5 ‘
Vww32.W[1]

- X
!
- X

A

-
'

Vww32.V[0]
Y
\D
Vww32.V[0]

o
'

vuudavo]| 3 2 1 0 vuuda.vo]| 3 2 1 0
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Vxxow += vBmpy(Vuu32.ub,Vww32.510,#0):h

Output: Vxx32.V[1].w Qutput: Vxx32.V[0].w

Vuu32 V(1] | 3 2 1 0 Vuu32 V(1] | 3 2 1 0

= 0 ———» = 0 L
= =
m~ ™~
gy 7
= 1 L = 1 = X
= =
2 4-.4 x 2 - ®
i \h
3 3

Vw32 V0]
= o
\J
o)
\J
Gf
Vw32 V[0]

Vuud2 Vo] | 3 2 1 0 Vuud2v[o]| 3 2 1 0
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Vixaw += vBmpy(Vuu32.ub,Vww32.510,#1):h

Qutput: Vxx32.V[1].w Output: Vxx32.V[0].w

Vuu32 V(1] | 3 2 1 0 Vuu32 V(1] | 3 2 1 0

Vw32, W[1]

Vw32, W[1]

Vw32, V[0]
Y
Gﬁ
Viw32.v[0]
o

vuudz Vo] | 3 2 1 0 vuudzv[o]| 3 2 1 0

80-N2040-49 Rev. AA 113



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

Vxxow += vbmpy(Vuu32.ub,Vww32.510,#2):h

Output: Vix32.V[1].w Output: Vxx32.V[0].w

M
.
o

Vuu32V[1] | 3 2 1 0 Vuu32 V(1] | 3

o
Y
x

Vww32.V[1]

0

Vww32.V[1]
\b

-

L
-
L

-
-

o
Y
G/
Vww32.V[0]

Www32.V[0]
O

Vuu32.v[o]| 3 2 1 0

(]
.
=

vuu32 V[o]| 3

80-N2040-49 Rev. AA 114



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

Vistow += vempy(Vuu32.ub,Vww32.510,43):h

Output: Vxx32.V[1].w OQutput: Vxx32.V[0].w

vuud2z V(1] | 3 2 1 0 vuu32 V(1] | 3 2 1 0

Vww32.W[1]
Vww32.W[1]
g

.
'

-l
-

= =2
= =
~ ~
(3a] m
z 1 4>® : 1 =/D
= = \\
A A
2 L 2 - x
3 3
vuu32.v[o]| 3 2 1 0 Vuu32.v[o]| 3 2 1 0

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

m The accumulator (Vxx) source of this instruction must generate in the previous packet to
avoid a stall. The accumulator cannot come from a .tmp operation.
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Syntax Behavior

Vdd.w=v6mpy (Vuu.ub, Vvv.b, #u2) :h for (i = 0; i < VELEM(32); i++) {
c00=(((((Vvv.v[0] .uw[i] .ub[3] >> (2 * 0)) & 3) << 8)
| vvv.vI[0].uw[i] .ub[0]) << 6) >> 6;
c0l ((((Vvv.v[0] .uw[i] .ub[3] >> (2 * 1)) & 3) << 8)
].uw[i] .ub[1]) << 6) >> 6;
((((vvv.v[0] .uw[i] .ub[3] >> (2 * 2)) & 3) << 8)

| vvv.v

=(
[o
=(
(o
2= (
(o
=(
| vwv.vI1].uw[i] .ub[0]) << 6) >> 6;
=(
(1
=(
[1
(#u

| Vvwv.vI[0].uw[i].ub[2]) << 6) >> 6;
clo=(((((Vvv.v[1] .uw[i] .ub[3] >> (2 * 0)) & 3) << 8)
cll ((((Vvv.vI[1] .uw[i] .ub[3] >> (2 * 1)) & 3) << 8)
| vvv.vI[1].uw[i] .ub[1]) << 6) >> 6;
cl2 ((((Vvv.v[1] .uw[i] .ub[3] >> (2 * 2)) & 3) << 8)
| vwv.vI1].uw[i].ub[2]) << 6) >> 6;
if ) |
Vdd.v[l] wl[i] = (Vuu.v[1] .uw[i] .ub[3] * c10);
vdd.v[1] .w[i] += (Vuu.v[l] .uw [1] .ub[1] * cl11);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c12);
vdd.v[1] .w[i] += (V v[1] .uw[i] .ub[2] * c00) ;
vdd.v[1] .w[i] += (Vuu.v[1] .uw[i] .ub[0] * cO01);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c02);
vdd.v[0] .w[i] = (Vuu.v[1] .uw[i] .ub[2] * c10);
vdd.v[0] .w[i] += (Vuu.v[1].uw[i].ub[0] * c11);
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c12);
} else if (#u == 1) {
vdd.v[1] .w[i] = (Vuu.v[1l] .uw[i] .ub[3] * c00) ;
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[1] * c01);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c02);
vdd.v[0] .w[i] = (Vuu.v[1l] .uw[i] .ub[3] * c10);
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[1] * c11);
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c12);
vdd.v[0] .w[i] += (Vuu.v[1l].uw[i] .ub[2] * c00) ;
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c01);
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c02);
} else if (#u == 2) {
vdd.v[1] .w[i] = (Vuu.v[1] .uw[i] .ub[1l] * c10);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c11);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[1l] * c12);
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c00) ;
vdd.vI[1] .w[i] += (Vuu.v[0].uw[i] .ub[2] *
c01l) ;
vdd.w=vempy (Vuu.ub, Vvv.b, #u2) :h vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[0] * c02)
vdd.v[0] .w[i] = (Vuu.v[1]. W[l] b[0] * c10);
vdd.v[0] .w[i] += (Vuu.v[0] .uwl[i]. ub[ ] * cl11);
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[0] * c12);
} else if (#u == 3) {
vdd.v[1] .w[i] = (Vuu.v[1l] .uw[i] .ub[1] * c00) ;
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c01);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[1l] * c02);
vdd.v[0] .w[i] = (Vuu.v[1l] .uw[i] .ub[1] * c10);
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c11);
vdd.v[0] .w[i] += ( v[0] .uw[i] .ub[1] * c12);
vdd.v[0] .w[i] = (Vuu.vI[1l] .uw[i] .ub[0] * c00) ;
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c01);
vdd.v[0] .w[i] += ( v[0] .uw[i] .ub[0] * c02);
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vdd.w=vémpy (Vuu.ub,Vvv.b, #u2) : v

vdd.w=vempy (Vuu.ub, Vvv.b, #u2) : v

Syntax

for (i = 0;
c00
| vvv.v
c01
| vvv.v

Behavior

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

((((vvv.v[0] .uw[i] .ub[3]
].uw[i] .ub[0]) << 6) >> 6;
((((vvv.v[0] .uw[i] .ub[3]
].uw[i] .ub[1]) << 6) >> 6;

((((vvv.v[0] .uw[i] .ub[3]

| vwv.v
cl0

cll
| vvv.v
cl2
| vwv.v
if

] . uw([i]
((((Vvvv.v[1] .uw[i] .ub[3]
1 .uw([i

= (

[o

=(

[0

2=(

[0] .uw[i] .ub[2]) << 6) >> 6;

=(((((Vvvv.v[1] .uw[i] .ub[3]
| vwv.vI1].uw[i] .ub[0]) << 6) >> 6;

=(((((Vvv.vI[1] .uw[i] .ub[3]

[1 .ub[1]) << 6) >> 6;

= >> (2

[1

(#u

.ub[2]) << 6) >> 6;

>> (2

>> (2

>> (2

>> (2

>> (2

]
)
Vdd.v[l] wl[i] = (Vuu.v[0] .uw[i] .ub[3] * c10) ;
vdd.v[1] .w[i] += (Vuu.v[l] .uw [1] .ub[2] * cl11);
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[3] * c12);
vdd.v[1] .w[i] += (V v[0] .uw[i] .ub[1] * c00) ;
vdd.v[1] .w[i] += (Vuu.v[1] .uw[i] .ub[0] * cO01);
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[1l] * c02);
vdd.v[0] .w[i] = (Vuu.v[0] .uw[i] .ub[1] * c10);
vdd.v[0] .w[i] += (Vuu.v[1].uw[i].ub[0] * c11);
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[1l] * c12);
} else if (#u == 1) {
vdd.v[1] .w[i] = (Vuu.v[0] .uw[i] .ub[3] * c00) ;
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[2] * c01);
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[3] * c02);
vdd.v[0] .w[i] = (Vuu.v[0] .uw[i] .ub[3] * c10);
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[2] * c11);
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[3] * c12);
vdd.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[1l] * c00) ;
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c01);
vdd.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[1] * c02);
} else if (#u == 2) {
vdd.v[1] .w[i] = (Vuu.v[0] .uw[i] .ub[2] * c10);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c11);
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[2] * c12);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[0] * c00) ;
vdd.vI[1] .w[i] += (Vuu.v[0].uw[i] .ub[1] *
c01l) ;
vdd.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c02)
vdd.v[0] .w[i] = (Vuu.v[0]. W[l] b[0] * c10);
vdd.v[0] .w[i] += (Vuu.v[0] .uwl[i]. ub[ ] * cl11);
vdd.v[0] .w[i] 4= (Vuu.v[1l] .uw[i] .ub[0] * c12);
} else if (#u == 3) {
vdd.v[1] .w[i] = (Vuu.v[0] .uw[i] .ub[2] * c00);
vdd.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c01);
vdd.v[1] .w[i] += (Vuu.v[1] .uw[i] .ub[2] * c02);
vdd.v[0] .w[i] = (Vuu.v[0] .uw[i] .ub[2] *
cl0) ;
vdd.v[0] .w[i] += ( v[0] .uw([i] .ub[3] * c11)
vdd.v[0] .w[i] += (Vuu.vI[1l].uw[i] .ub[2] * c12)
vdd.v[0] .w[i] += (Vuu.v[0].uw[i] .ub[0] * c00)
vdd.v[0] .w[i] += ( v[0] .uw([i] .ub[1] *
c01l) ;
vdd.v[0] .w[i] += (Vuu.v[1].uw[i].ub[0] * c02)
1
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Vxx.w+=vempy (Vuu.ub, Vvv.b, #u2)

Vxx.w+=véempy (Vuu.ub, Vvv.b, #u2)

Syntax

:h

:h

Behavior
for (i = 0; i < VELEM(32); i++) {
c00=(((((Vvv.v[0] .uw[i] .ub[3] >> (2 * 0)) & 3) << 8)
| vvv.vI[0].uw[i].ub[0]) << 6) >> 6;
c01l=(((((Vvv.v[0] .uw[i] .ub[3] >> (2 * 1)) & 3) << 8)
| vvv. V[O] cuwl[i] .ub[1]) << 6) >> 6;
2=(((((Vvv.v[0] .uw[i] .ub[3] >> (2 * 2)) & 3) << 8)
| vvv. v[O] .uw il .ub[2]) << 6) >> 6;
clo=(((((Vvv.v[1] .uw[i] .ub[3] >> (2 * 0)) & 3) << 8)
| vwv.vI1].uw[i] .ub[0]) << 6) >> 6;
cll=(((((Vvv.v[1] .uw[i] .ub[3] >> (2 * 1)) & 3) << 8)
| vvv.vI[1].uw[i] .ub[1]) << 6) >> 6;
cl2=(((((Vvv.v[1l] .uw[i] .ub[3] >> (2 * 2)) & 3) << 8)
| vwv.vI1].uw[i].ub[2]) << 6) >> 6;
if (#u ) |
Vxx.v[l] wli] 4= (Vuu.v[1] .uw[i] .ub[3] * c10);
Vxx.v[1] .w[i] += (Vuu.vI[1] .uw[i] .ub[1] * c11);
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c12);
Vxx.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[2] * c00) ;
Vxx.v[1] .w[i] += (Vuu.vI[1l] .uw[i] .ub[0] * cO01);
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c02);
Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[2] * c10);
Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c11);
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c12);
} else if (#u == 1) {
Vxx.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[3] * c00);
Vxx.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[1l] * c01);
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c02);
Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[3] * c10);
Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[1] * c11);
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c12);
Vxx.v[0] .w[i] += (Vuu.v[1l].uw[i] .ub[2] * c00) ;
Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c01);
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c02);
} else if (#u == 2) {
Vxx.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[1l] * c10);
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c11);
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[1l] * c12);
Vxx.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c00) ;
Vxx.v[1] .w[i] += (Vuu.v[0].uw[i] .ub[2] *
c01l) ;
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[0] * c02);
Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c10);
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[2] * c11);
Vxx.v[0] .w[i] 4= (Vuu.v[0] .uw[i] .ub[0] * c12);
} else if (#u == 3) {
Vxx.v[1] .w[i] += (Vuu.v[1l] .uw[i] .ub[1] * c00) ;
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c01);
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[1l] * c02);
Vxx.v[0].w[i] += (Vuu.vI[1].uw[i].ub[1] *
cl0) ;
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * c11);
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[1l] * c12);
Vxx.v[0] .w[i] 4= (Vuu.v[1l] .uw[i] .ub[0] * c00) ;
Vxx.v[0] .w[i] += (Vuu.v[0].uw[i] .ub[2] *
c01l) ;
Vxx.v[0] .w[i] 4= (Vuu.v[0] .uw[i] .ub[0] * c02);
1
1
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Vxx.w+=vempy (Vuu.ub,Vvv.b, #u2) : v

Syntax

Behavior
for (i = 0; i < VELEM(32); i++) {
c00=(((((Vvv.v[0] .uw([i] .ub[3] >>
| vvv.vI[0].uw[i].ub[0]) << 6) >> 6;
cO0l=(((((Vvv.v[0] .uw[i] .ub[3] >>
| vvv. V[O] cuwl[i] .ub[1]) << 6) >> 6;
2=(((((Vvv.v[0] .uw[i] .ub[3] >>
| vvv. v[O] .uw il .ub[2]) << 6) >> 6;
clo=(((((Vvvv.v[1l] .uw([i] .ub[3] >>
| vwv.vI1].uw[i] .ub[0]) << 6) >> 6;
cll=(((((Vvv.v[1] .uw[i] .ub[3] >>
| vvv.vI[1].uw[i] .ub[1]) << 6) >> 6;
cla=(((((Vvv.v[1] .uw([i] .ub[3] >>
| vwv.vI1].uw[i].ub[2]) << 6) >> 6;
if (#u ) |
Vxx.v[l].w[i] += (Vuu.v[0] .uw
Vxx.v[1] .w[i] += (Vuu.v[1] .uw
Vxx.v[1] .w[i] += (Vuu.v[1].uw
Vxx.v[1] .w[i] += (Vuu.v[0].uw
Vxx.v[1] .w[i] += (Vuu.v[1] .uw
Vxx.v[1] .w[i] += (Vuu.v[1].uw
Vxx.v[0] .w[i] += (Vuu.v[0].uw
Vxx.v[0] .w[i] += (Vuu.v[1l].uw
Vxx.v[0] .w[i] += (Vuu.v[1l].uw
} else if (#u == 1) {
Vxx.v[1] .w[i] += (Vuu.v[0].uw
Vxx.v[1] .w[i] += (Vuu.v[1].uw
Vxx.v[1] .w[i] += (Vuu.vI[1l].uw
Vxx.v[0].w[i] += (Vuu.v[0].uw
Vxx.v[0] .w[i] += (Vuu.v[1l].uw
Vxx.v[0] .w[i] += (Vuu.vI[1l].uw
Vxx.v[0].w[i] += (Vuu.v[0].uw
Vxx.v[0].w[i] += (Vuu.v[1l].uw
Vxx.v[0] .w[i] += (Vuu.vI[1l].uw
} else if (#u == 2) {
Vxx.v[1] .w[i] += (Vuu.v[0].uw
Vxx.v[1] .w[i] += (Vuu.v[0].uw
Vxx.v[1] .w[i] += (Vuu.vI[1l].uw
Vxx.v[1] .w[i] += (Vuu.v[0].uw
Vxx.v[1] .w[i] += (Vuu.v[0].uw

c01l) ;

ub[3] * c10);
ub[2] * cl1);
ub[3] * c12);
ub[1] * c00);
ub[0] * cO01);
ub[1] * c02);
ub[1] * c10);
ub[0] * cl1);
ub[1] * c12);
ub[3] * c00);
ub[2] * c01);
ub[3] * c02);
ub[3] * c10);
ub[2] * c11);
ub[3] * c12);
ub[1] * c00);
ub[0] * c01);
ub[1] * c02);
ub[2] * c10);
ub[3] * cl11);
ub[2] * cl12);
ub[0] * c00);
ub[1] *
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Intrinsics
Vxx.w+=vémpy (Vuu.ub,Vvv.b, #u2) :v Vxx.v[1] .w[i] += (Vuu.v[1].uw[i].ub[0] * c02);
Vxx.v[0] .w[i] 4= (Vuu.v[0] .uw[i] .ub[0] * c10) ;
Vxx.v[0] .w[i] += (Vuu.v[0] .uw[i] .ub[1] * cl1);
Vxx.v[0] .w[i] += (Vuu.vI[1l] .uw[i] .ub[0] * c12);
} else if (#u == 3) {
Vxx.vI[1] .w[i] += (Vuu.v[0] .uwl[i] .ub[2] * c00) ;
Vxx.v[1] .w[i] += (Vuu.v[0] .uw[i] .ub[3] * cO01);
Vxx.vI[1] .w[i] 4= (Vuu.v[1l] .uwl[i] .ub[2] * c02) ;
Vxx.v[0] .w[i] += (Vuu.v[0].uw[i].ub[2] *
clo) ;
Vxx.v[0] .w[i] 4= (Vuu.v[0] .uw[i] .ub[3] * cl11);
Vxx.v[0] .w[i] += (Vuu.v[1l].uwl[i] .ub[2] * cl12);
Vxx.v[0].w[i] += (Vuu.v[0].uw[i].ub[0] * c00);
Vxx.v[0].w[i] += (Vuu.v[0].uw[i].ub[1] *
c0l) ;

Vxx.v[0] .w[i] += (Vuu.v[1l] .uw[i] .ub[0] * c02);

}

Vdd.w=véempy (Vuu.ub, Vvv.b, #u2) :h HVX_VectorPair Q6_Ww_vémpy WubWbI_h (HVX VectorPair
Vuu, HVX VectorPair Vvv, Word32 Iu2)

vdd.w=vémpy (Vuu.ub, Vvv.b, #u2) : v HVX VectorPair Q6 Ww_vémpy WubWbI v (HVX VectorPair
Vuu, HVX VectorPair Vvv, Word32 Iu2)

Vxx.w+=vempy (Vuu.ub,Vvv.b,#u2) :h HVX VectorPair
Q6_Ww_vémpyacc_WwWubWbI_ h (HVX VectorPair Vxx,
HVX VectorPair Vuu, HVX VectorPair Vvv, Word32 Iu2)

Vxx.w+=vempy (Vuu.ub, Vvv.b, #u2) :v HVX VectorPair
Q6 _Ww_vémpyacc_WwWubWbI_ v (HVX VectorPair Vxx,
HVX VectorPair Vuu, HVX VectorPair Vvv, Word32 Iu2)

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 ub x5
olofof1]1]1 /11 ofol1|v|v|v|v|iv|P|P|[1 ulululululo]ililx|x]|x|x]|x]|Yxxwr=vémpy(Vuu.ubVvv
.b,#u2):v
ojojoj1j{11{1{1/0(0|1|v|iv|v| v| v| P|P{1|ujujufu|lul1]|il]li xxxxxVXX'W+.:V6mPY(VUU'Ub’VW
b, #u2):h
ICLASS Parse ubs d5
olofof1]1]1/1]1lo]1]o|v|v|v|v|v|P|P|[1|u|ulu|ululo|ilild|d|d|d]|d]|Yddw=v6mpy(Vuu.ubVvv.
b,#u2):v
olofof1]1]1 /11 lo]1lo|v|v|v|v|v|P|P|[1|u|ulu|ulul1|ilild|d|d|d]|ad]|Yddw=v6mpy(Vuu.ubVvv.
b,#u2):h
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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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Arithmetic widening

Adds or subtracts 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.

<«---—-—————————Tootherslices —————————p

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

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

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

Syntax

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

<4 -N bits —»

[1] [0] Vu
[1] [0] Vv
+/-
[0] Vdd_e
Y
[0] Vdd_o
————— 2N bits————-»
Behavior
for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = Vu.uh[i] .ub[0]
vdd.v[1] .h[i] = Vu.uh[i] .ub[1]
}
for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = Vu.uh[i] .ub[0]
vdd.v[1] .h[i] = Vu.uh[i] .ubl[1]
}
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = Vu.w[i].h[0] +
vdd.v[1] .w[i] = Vu.w[i].h[1] +
}
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Syntax
vVdd.w=vadd (Vu.uh, Vv.uh)

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

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

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

Vxx.w+=vadd (Vu.h,Vv.h)

Vxx.w+=vadd (Vu.uh, Vv.uh)

Behavior
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = Vu.uw[i] .uh[0] + Vv.uw[i] .uh[0];
vdd.v[1] .w[i] = Vu.uw[i] .uh[1] + Vv.uw[i] .uh[1];
1
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = Vu.w[i].h[0] - Vv.w[i].h[O];
vdd.v[1] .w[i] = Vu.w[i] .h[1] - Vv.w[i] .h[1];
1
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = Vu.uwl[i] .uh[0] - Vv.uw[i] .uh[O0];
vdd.v[1] .w[i] = Vu.uw[i] .uh[1] - Vv.uw[i] .uh[1];
1
for (i = i < VELEM(16); i++) {

VXx.v

for (i =

VXx.Vv

for (i =

VXx .V

Class: COPROC_VX (slots 2,3)

Notes

0;
Vxx.v[0] .h[i] 4= Vu.h[i] .ub[0] + Vv.h[i] .ub[0];
[1] .h[i] 4= Vu.h[i] .ub[1] + Vv.h[i] .ub[1];

0; 1 < VELEM(32); i++) {
Vxx.v[0] .w[i] += Vu.w[i].h[0] + Vv.w[i].h[O0];
[1] .w[i] += Vu.w[i].h[1] + Vv.w[i].h[1];

0; i < VELEM(32); i++) {
Vxx.v[0] .w[i] += Vu.w[i] .uh[0] + Vv.w[i] .uh[O0];
[1] .w[i] 4= Vu.w[i] .uh[1] + Vv.w[i] .uh[1];

m This instruction uses both HVX multiply resources.

Intrinsics

vVdd.h=vadd (Vu.ub, Vv.ub)
vVdd.h=vsub (Vu.ub, Vv.ub)
vdd.w=vadd (Vu.h,Vv.h)
vdd.w=vadd (Vu.uh, Vv.uh)
vdd.w=vsub (Vu.h,Vv.h)
vVdd.w=vsub (Vu.uh, Vv.uh)

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

Vxx.w+=vadd (Vu.h,Vv.h)

Vxx.w+=vadd (Vu.uh, Vv.uh)

HVX_ VectorPair
HVX_VectorPair
HVX VectorPair
HVX_ VectorPair
HVX_VectorPair
HVX VectorPair

HVX_ VectorPair
HVX Vector Vu,

HVX VectorPair
HVX Vector Vu,

HVX_VectorPair
HVX Vector Vu,

Q6 _Wh vadd_VubVub (HVX_ Vector Vu, HVX Vector Vv)
Q6 _Wh_vsub_VubVub (HVX_ Vector Vu, HVX_ Vector Vv)
Q6 Ww_vadd Vhvh (HVX Vector Vu, HVX Vector Vv)
Q6 Ww_vadd_VuhVuh (HVX_ Vector Vu, HVX Vector Vv)
Q6_Ww_vsub_VhVh (HVX Vector Vu, HVX Vector Vv)
Q6 Ww_vsub_ VuhVuh (HVX Vector Vu, HVX Vector Vv)

Q6 _Wh vaddacc_WhVubVub (HVX VectorPair Vxx,
HVX Vector Vv)

Q6 Ww_vaddacc WwVhVh (HVX VectorPair Vxx,
HVX Vector Vv)

Q6_Ww_vaddacc_ WwVuhVuh (HVX VectorPair Vxx,
HVX Vector Vv)

80-N2040-49 Rev. AA

122



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual

HVX Instruction Set

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 Parse ub x5
0|00 [1|1]1]0]|0 O/1T|v|v|v|iv| v P|[P/1T|ujuluju|ul0 |1 0 |x|x|x|x|x|Vxxw+=vadd(Vu.h,Vv.h)
0|0 (0|1 |11 0 1/0|v|iv|v|v| v P/P{1T|ujujujufu|1 0 X | x| x|x|x |Vxxw+=vadd(Vu.uh,Vv.uh)
0|00 |11 ]1]0]|0 1 viviv|v|(v|P/P/1|ujujujufu|1 |0 |1 |x|x|x]|Xx]|Xx|Vxxh+=vadd(Vu.ub,Vv.ub)
ICLASS Parse ub d5
o(0f0|1|1|1]0]|O0 O/1|{v|iv|v|v| Vv| P/PO|lu|jujujufu|0|1|0|d|d|d]|d]|d|Vddh=vadd(Vu.ub,Vv.ub)
o(ofo0|1|1|1]0]|O0 O/1|{v|iv|v|v| v P/P/O|lujujujufu|0|1|1|d|d|d]|d]|d]|Vddw=vadd(Vu.uh,Vv.uh)
0/0(0[1|1]1]0]|0 O/1|v|v|v| v v PP/ Ojujlujujujuf1|{0|0|d|d|d|d|d]|Vddw=vadd(Vu.h,Vv.h)
o(ofo0o|1|1|1]0]|0 O/1|(v|v|v|v| Vv | P/PO|lujujujufu|1]|0 d|d|d|d|d|Vdd.h=vsub(Vu.ub,Vv.ub)
o(0of0|1|1{1]0|O0 O/1|v|v|v|v| v PP/ Ojujufujujfuf1|1|/0|d|d|d|d|d|Vddw=vsub(Vu.uh,Vv.uh)
o(0f0|1|1|1]0]|O0 O{1|({v|iv|v|v| Vv | P/P|O|ujujujuful1|1|1|d|d|d]|d]|d|Vddw=vsub(Vu.hVv.h)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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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HVX Instruction Set

Multiply with 2-wide reduction

Multiply elements from Vu by the corresponding elements in the scalar register Rt. Add the
products 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

1
1
1
!
1
h/w[0] : vd
i
1

-4——32/64-bit lane——»

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

h[1] h[0] Vu

Rt.h[0]

Rt.h[1]

Optional accumulation

w(0] vd

-4——32-bit lane———»

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

ub/h(3] | ub/h[2] | ub/h[1] | ub/hl0] | Vuu[1] ub/h[3] | ub/h[2] | ub/h(1] | ub/h[0] | Vuu[0]
Rt.b[0] X
Rt.b[1] N %
A4
Rt.b[2]
Rt.b[3]
] | Optional accumulation ] 1
[} | [} |
[} | [} |
[} | [} |
L 1 L 1
1 1 1 1
h/w[1] : h/w[0] : vdd[1] h/w([1] : h/w[0] : vdd[0]
I I I I
T T T T
(I - - L
- 32/64-bit lane pair———MMM8M >
Vd.w[+]=vdmpy(Vuu.h, Rt.h):sat
h1] h[0] Vuu[1] h1] ho] Vuu[0]

Rt.h[0]

Rt.h[1]

PN

\
Optional saturation { SAT )

Optional accumulation

vdd[0]

-4———32-bit lane pair———»
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HVX Instruction Set

Multiply halfword elements from vector register Vu by the corresponding halfword elements in
the vector register Vv. Add the products 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

w0

vd

<4——32-bit lane———»

Syntax

Vd.w=vdmpy (Vuu.h,Rt.h) : sat

Vd.w=vdmpy (Vuu.h,Rt.uh, #1) :sat

Vdd.h=vdmpy (Vuu.ub, Rt .b)

i < VELEM(32) ;
(Vuu.v[0] .w[i] .h[1]

(Vuu.v[1] .w[i] .h[0]
= sat;, (accum) ;

i < VELEM(32);
(Vuu.v[0] .w[i] .h[1]
(Vuu.v[1] .w[i] .h[0]
satj, (accum) ;

; 1 < VELEM(16) ;
-uh[i] .ub[0] * Rt.b[(2*1)

(Vuu.v[0] .uh[i]. * Rt.b[(2 *

(Vuu.v[0] .uh[i] .ub[1] * Rt.b[(2*1i)

(Vuu.v[1] .uh[i] .ub[0] * Rt.b[(2 *

80-N2040-49 Rev. AA

125



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

Syntax Behavior
Vdd.w=vdmpy (Vuu.h,Rt .Db) for (i = 0; i < VELEM(32); i++) {
vdd.v[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[1] .w[i] = (Vuu.v[0] .w[i] .h[1] * Rt.b[(2 * i
+0)%4]) ;
vdd.v[1] .w[i] += (Vuu.v[1].w[i].h[0] * Rt.b[(2 * i
+1)%4]);
1
Vx.w+=vdmpy (Vu.h,Vv.h) :sat for (i = 0; i < VELEM(32); i++) {

accum = (Vu.w[i].h[0] * Vv.w[i].h[0]);
accum += (Vu.wl[i] .h[1] * Vv.w[i].h[1]);

Vx.w([i] = sats,(Vx.w[i]+accum);

1

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

accum = Vx.w[i];
accum += (Vuu.v[0].w[i].h[1] * Rt.h[O0]);
accum += (Vuu.v[1].w[i].h[0] * Rt.h[1]);
Vx.w[i] = sats,(accum);

}

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

Vx.w[i] = satj,(accum) ;

}
Vxx.h+=vdmpy (Vuu.ub, Rt .b) for (i = 0; 1 < VELEM(16); i++) {

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

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

Vxx.v[1] .h[i] += (Vuu.v[0].uh[i] .ub[1] * Rt.b[(2*1i)
% 41);

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

Vxx.w+=vdmpy (Vuu.h,Rt .b) for (i = 0; 1 < VELEM(32); i++) {

Vxx.v[0] . .w[i] += (Vuu.v[0].w[i] .h[0] * Rt.b[(2 * i +
0) %41);

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 * i +
0) %41);

Vxx.v[1] .w[i] += (Vuu.v[1].w[i].h[0] * Rt.b[(2 * i +
1) %41);
1

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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HVX Instruction Set

Intrinsics

Vd.w=vdmpy (Vuu.h,Rt.h) :sat

Vd.w=vdmpy (Vuu.h,Rt.uh, #1) :sat

Vdd.h=vdmpy (Vuu.ub,Rt .b)

vdd.w=vdmpy (Vuu.h,Rt .Db)

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

Vx.w+=vdmpy (Vuu.h,Rt .h) :sat

Vx.w+=vdmpy (Vuu.h,Rt .uh, #1) : sat

Vxx.h+=vdmpy (Vuu.ub, Rt .b)

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

Word32 Rt)

Word32 Rt)

Word32 Rt)

Word32 Rt)

HVX_ Vector Vu, HVX Vector Vv)

HVX VectorPair Vuu, Word32 Rt)

HVX VectorPair Vuu, Word32 Rt)

Vxx, HVX VectorPair Vuu, Word32 Rt)

HVX VectorPair Vuu, Word32 Rt)

HVX Vector Q6_Vw_vdmpy WhRh sat (HVX VectorPair Vuu,

HVX Vector Q6 Vw_vdmpy WhRuh sat (HVX_ VectorPair Vuu,

HVX VectorPair Q6 Wh vdmpy WubRb (HVX VectorPair Vuu,

HVX VectorPair Q6_Ww_vdmpy WhRb (HVX VectorPair Vuu,

HVX Vector Q6 Vw_vdmpyacc VwVhVh sat (HVX Vector Vx,

HVX Vector Q6 Vw_vdmpyacc VwWhRh sat (HVX Vector Vx,

HVX Vector Q6_Vw_vdmpyacc_ VwWhRuh sat (HVX_Vector Vx,

HVX VectorPair Q6 Wh vdmpyacc WhWubRb (HVX VectorPair

HVX VectorPair Q6 Ww_vdmpyacc WwWhRDb (HVX VectorPair Vxx,

Encoding
31|30‘29‘28 27‘26’25’24|23‘22‘21 20‘19’18’17|1615‘14 3 12‘11’10’9|8 7‘6‘5 4\3]2[1|o
ICLASS t5 Parse us d5
o|o\o\1 1\0\0\1|0\0\0 t‘t‘t‘t|tP‘P0 u‘u‘u‘u|u1‘1‘1 d‘d‘d‘d|d Vdd.h=vdmpy(Vuu.ub,Rt.b)
ICLASS t5 Parse us x5

ojo|t|t|t|t|t|P|P

X | X | X|[X|X

Vxx.h+=vdmpy(Vuu.ub,Rt.b
)

ICLASS t5 Parse ubs d5
ololo|1]1]0]0|1 ol1ltlt|t|t|t|P|/P|o|ulululululofo|1|d|d|d|d|d \1’)‘?5V;’t:VdeV(V““-h’Rt-“h'#
ololo|1]1]0]0 |1 01/ttt t t P PO uuuuuo 11 dddd d ydwsvdmpy(VuunRenys
ololol1]1]o]o]1 o1 lelt|t]|t]/tlrlPlofululululul1]olo]d]d]d]|d]d]|vddw=vdmpy(vuu.hRib)
ICLASS t5 Parse ubs x5

Vx.w+=vdmpy(Vuu.h,Rt.uh,
#1):sat

Vx.w+=vdmpy(Vuu.h,Rt.h):
sat

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

ICLASS

Parse

ub

x5

Vx.w+=vdmpy(Vu.h,Vv.h):s
at

Field name
ICLASS

Parse
ds
t5
ub

v5

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 v

Description

80-N2040-49 Rev. AA

127



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

Field name Description
x5 Field to encode register x
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Lookup table for piecewise from 64-bit scalar

The vlut4 instruction implements a four entry lookup table that is specified in scalar register pair,

Rtt.

Syntax

Behavior

Vd.h=vlut4 (Vu.uh,Rtt.h) for (i = 0; i < VELEM(16); i++) {
Vd.h[i]l= Rtt.h[((Vu.h[i]>>14)&0x3)];

}

Class: COPROC_VX (slots 2)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

Vd.h=vlut4 (Vu.uh,Rtt.h)

HVX Vector Q6 Vh vlut4 VuhPh (HVX Vector Vu, Wordé4 Rtt)

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 \ 54 \ 3 \ 2 \ 1 | 0
ICLASS t5 Parse u5 d5
d ‘ d ‘ d ‘ d | d | Vd.h=vlut4(Vu.uh,Rtth)

o|o‘o‘1 1‘0‘0‘1|o‘1‘1 t‘t‘t‘t|t P‘PO u‘u‘u‘u|u 1‘0‘0

Field name
ICLASS

Parse
ds
t5
ub

Description
Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register t
Field to encode register u
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Multiply with piecewise addition/subtraction from 64-bit scalar

Instructions to help nonlinear function calculations.

Syntax
Vx.h=vmpa (Vx.h,Vu.h,Rtt.h) :sat

Vx.h=vmpa (Vx.h,Vu.uh,Rtt.uh) :sat

Vx.h=vmps (Vx.h, Vu.uh,Rtt.uh) :sat

Class: COPROC_VX (slots 2)

Notes

Behavior
for (1 = 0; i < VELEM(16); i++)
Vx.h[i]l= sat g (( ( (Vx.h[i] * Vu.h[i])<<1) +
(Rtet.h[( (Vu.h[i]>>14) & 0x3)]<<15))>>16);
}

for (i = 0; i < VELEM(16); i++) {
Vx.h[i]l= sat ¢ (( (Vx.h[i] * Vu.uh[i]) +
(Rtt.uh[((Vu.uh[i]>>14) & 0x3)]<<15))>>16) ;

}

for (i = 0; i < VELEM(16); i++) {
Vx.h[i]= sat;c(( (Vx.h[i] * Vu.uh[i]) -
(Rtt.uh[((Vu.uh[i]>>14) & 0x3)]<<15))>>16) ;

}

m This instruction uses both HVX multiply resources.

Intrinsics

Vx.h=vmpa (Vx.h,Vu.h,Rtt.h) : sat
Vx.h=vmpa (Vx.h,Vu.uh,Rtt.uh) :sat

Vx.h=vmps (Vx.h,Vu.uh,Rtt.uh) :sat

Encoding

HVX Vector
HVX Vector

Q6 _Vh vmpa VhVhVhPh sat (HVX Vector Vx,
Vu, Wordé4 Rtt)

HVX_ Vector
HVX Vector

Q6_Vh vmpa_ VhVhVuhPuh sat (HVX Vector Vx,
Vu, Wordé4 Rtt)

HVX Vector
HVX_ Vector

Q6 _Vh vmps VhVhVuhPuh sat (HVX Vector Vx,
Vu, Wordé4 Rtt)

31/30]29/2827/26/25/24 23/ 22|21

20‘19’18’17|16 15\141

w

12/11/10/9 8|7 ]6[5/4[3/2]1]0

ICLASS t5

Parse ub x5

ojojoj1j1jofof1(1jojo0|t|t|t|t|t|P

P1uuuuu100xxxxx):sat

Vx.h=vmpa(Vx.h,Vu.h,Rtt.h

ofojo0f1|1j0jO0Of1|1jO|O0O|t|t|t|t|t|P

P1uuuuu101xxxxxuh):sat

Vx.h=vmpa(Vx.h,Vu.uh,Rtt.

uh):sat

Vx.h=vmps(Vx.h,Vu.uh,Rtt.

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ts Field to encode register t
us Field to encode register u
x5 Field to encode register x
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Multiply-add

Computes 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.

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

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

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

Rt.b[3]—»( X Rt.b[1]

Rt.b[2] Rt.b[0]
[0] vdd.V[1]
[0] vdd.V[0]

-«——Each 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] Vvv.V[1] b[1] b[0] Vwv.V[0]
X
+ <
>+
h[0] Vvdd.V[1] h[0] Vvdd.Vv[0]
- Each 16-bit lane pair >
Syntax Behavior
Vdd.h=vmpa (Vuu.ub, Rt .b) for (1 = 0; i < VELEM(16); i++)
vdd.v[0] .h[i] = (Vuu.v[0].uh[i].ub[0] * Rt.b[0]) +
(Vuu.v[1] .uh[i] .ub[0] * Rt.b[1]);
vdd.v[1] .h[i] = (Vuu.v[0] .uh[i] .ub[1] * Rt.b[2]) +
(Vuu.v[1] .uh[i] .ub[1] * Rt.b[3]);
1
Vdd.h=vmpa (Vuu.ub, Rt . ub) for (1 = 0; i < VELEM(16); i++)
vdd.v[0] .uh[i] = (Vuu.v[0] .uh[i] .ub[0] * Rt.ub[0]) +
(Vuu.v[1] .uh[i] .ub[0] * Rt.ubl[1]);
vdd.v[1] .uh[i] = (Vuu.v[0] .uh[i] .ub[1] * Rt.ub[2]) +
(Vuu.v([1] .uh[i] .ub[1] * Rt.ub[3]);
1

vdd.h=vmpa (Vuu.ub, Vvv.b)

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

vdd.v[0] .h[1i] (Vuu.v[0] .uh[i] .ub[0] *
vvv.v[0].uh[i] .b[0]) + (Vuu.v[1].uh[i].ub[0] *
Vvv.v[1l] .uh[i] .b[0])

vdd.v[1] .h[i]
Vvv.v[0].uh[i] .b[1
Vvv.v[1l].uh[i].b[1

}

(Vuu.v[0] .uh[i] .ub[1] *
) + (Vuu.v[1] .uh[i] .ub[1] *

]
1
]
1)
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Syntax Behavior

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.v[0] .uh[i] .ub[0]) + (Vuu.v[1].uh[i] .ub[0] *
Vvv.v[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.v[1l] .uh[i] .ub[1]) ;

}

Vdd.w=vmpa (Vuu.h, Rt .Db) for (i = 0; 1 < VELEM(32); i++)
vdd.v[0] .w[i] = (Vuu.v[0].w[i].h[0] * Rt.b[0]) +

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

(Vuu.v[1] .w[i] .h[1] * Rt.b[3]);

}

vdd.w=vmpa (Vuu.uh, Rt .b) for (i = 0; i < VELEM(32); i++) ({
vdd.v[0] .w[i] = (Vuu.v[0].w[i].uh[0] * Rt.b[0]) +

(Vuu.v[1] .w[i] .uh[0] * Rt.Db[1]);
vdd.v[1] .w[i] = (Vuu.v[0] .w[i].uh[1] * Rt.b[2]) +

(Vuu.v[1] .w[i] .uh[1] * Rt.Db[3]);

}

Vxx.h+=vmpa (Vuu.ub,Rt.b) for (i = 0; 1 < VELEM(16); i++) {
Vxx.v[0].h[i] += (Vuu.v[0].uh[i] .ub[0] * Rt.b[0]) +

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

(Vuu.v[1] .uh[i] .ub[1] * Rt.b[3]);

}

Vxx.h+=vmpa (Vuu.ub, Rt .ub) for (i = 0; 1 < VELEM(16); i++) {
Vxx.v[0].uh[i] += (Vuu.v[0] .uh[i] .ub[0] * Rt.ub[0]) +

(Vuu.v[1] .uh[i] .ub[0] * Rt.ubl[1]);
Vxx.v[1] .uh[i] += (Vuu.vI[0] .uh[i] .ub[1] * Rt.ub[2]) +

(Vuu.v[1] .uh[i] .ub[1] * Rt.ubl[3]);

}

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

}

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

(Vuu.v[1] .w[i] .uh[0] * Rt.Db[1]);
Vxx.v[1] .w[i] += (Vuu.v[0].w[i].uh[1] * Rt.b[2]) +

(Vuu.v[1] .w[i] .uh[1] * Rt.Db[3]);

}

7

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Intrinsics

vdd

vdd.

vdd.

vdad.

vdd.

vdd.

.h=vmpa (Vuu.

h=vmpa (Vuu.

h=vmpa (Vuu.

h=vmpa (Vuu.

w=vmpa (Vuu.

w=vmpa (Vuu.

ub,Rt.b)

ub, Rt .ub)

ub,Vvv.b)

ub, Vvv.ub)

h,Rt.b)

uh,Rt.Db)

HVX VectorPair
Rt)

HVX VectorPair
Rt)

HVX VectorPair
HVX VectorPair

HVX VectorPair
HVX VectorPair

HVX VectorPair
Rt)

HVX VectorPair
Rt)

Q6_Wh_vmpa WubRb (HVX VectorPair Vuu, Word32

Q6 _Wh_ vmpa_ WubRub (HVX VectorPair Vuu, Word32

Q6 _Wh vmpa_ WubWb (HVX VectorPair Vuu,
Vvv)

Q6_Wh_vmpa_ WubWub (HVX_ VectorPair Vuu,
vvv)

Q6 Ww_vmpa_ WhRb (HVX VectorPair Vuu, Word32

Q6 Ww_vmpa_ WuhRb (HVX VectorPair Vuu, Word32

Vxx.h+=vmpa (Vuu.ub, Rt .Db) HVX_ VectorPair Q6_Wh_ vmpaacc_WhWubRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)
Vxx.h+=vmpa (Vuu.ub, Rt .ub) HVX VectorPair Q6 Wh vmpaacc WhWubRub (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)
Vxx.w+=vmpa (Vuu.h, Rt .b) HVX VectorPair Q6 Ww_vmpaacc WwWhRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)
Vxx.w+=vmpa (Vuu.uh, Rt .b) HVX_ VectorPair Q6_Ww_vmpaacc_WwWuhRb (HVX VectorPair Vxx,
HVX VectorPair Vuu, Word32 Rt)
Encoding
31/30/29|28|27|2625]24/23|22]21/2019]18[17|16]15]14|13[12]11]10[ 9 |8 | 7] 6 | 5 | 4[3 ]2 1] 0
ICLASS t5 Parse us d5
000 |1]1 1100 (1 |t |t]|t t P/PIOjujujujufu(1|1|0|d|d|d|d Vdd.h=vmpa(Vuu.ub,Rt.b)
0O(0(0O|1|1|O0O[O0O[1T (OO |1 |t|¢t]|t t P/PIOjujujujufu(1|1|1|d|d|d|d Vdd.w=vmpa(Vuu.h,Rt.b)
ICLASS t5 Parse us x5
0|0 111 1/0 /01|t t]|t t P/ P{1|ujujufuju|1|1]0|x|x|x|x|x|Vxxh+=vmpa(Vuu.ub,Rt.b)
0/0[0f1|1]0]|O0O 1|0 01|t |t]|t t P/P{1T|ujujufuju|1 1|1 |x|x|x|x]|x|Vxx.wt+t=vmpa(Vuu.hRt.b)
ICLASS t5 Parse u5 d5
0(0(0O (1T |1T]|O0O[O0O[1T (O[T |1 ]|t|¢t]|t t P/PIOjujujujufu/0O|1|1|d|d|d|d Vdd.h=vmpa(Vuu.ub,Rt.ub)
oO(0(0O|1|1|0jO0O[1T (1|00 |t|¢t]|t t P/PIOjujujujufu(1|0|1|d|d|d|d Vdd.w=vmpa(Vuu.uh,Rt.b)
ICLASS t5 Parse us x5
0/0j0f1|1]/0|O0Of1T |1 /00|t |t]|t t P/ P{1|jujujufuju|0[1]0|x|x|x|x|Xx|Vxxwt+=vmpa(Vuu.uh,Rt.b)
ololof1]1/ofol1]|1lo]1]t|t]t t|P/P|1 ululululul1/olo]x|x|x|x]|x ;’XX-h":"mpa(V””-“b'Rt-Ub
ICLASS Parse ub d5
0(0(0O(1|1|1]0[0[0|0|1T]|V]|V])V vV(P/P/Oju{ujufufu/0|1|1|d|d|d|d|d]|Vdd.h=vmpa(Vuu.ub,Vvv.b)
ololol1]|1]1]olol1]1][1|v|v|v|v|v|P|P|lo|u|lulu|u|lul1]|1]1 ddddd?)/)dd'hzvmpa(vuu'Ub’VW'u
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
t5 Field to encode register t
us Field to encode register u
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Field name Description
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.

Vxx.h [+]=vmpy(Vu.ub,Rt.b) Vd.h =vmpy(Vu.h,Rt.h):<<1:rnd:sat

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

X Rt.b[0] X Rt.h[0]

(X je——— Rt.b[1]
v

(X\4 Rt.b[2]
y \J
X\# Rt.b[3]

Rt.h[1]

<

' oema,
””””” + + |- { +0x8000 } {+0x8000}  Optional round
J v Optional S A 4

f accumulation H H
>+ + -
Saturate upper
16 bits
Vdd.v[0] ' 0

Vdd.V[1] h[1] h[0] vd

h[1] h[0]

h[1] h[0]

-4——Each 32-bit lane—»

Syntax
vVdd.h=vmpy (Vu.ub, Rt .b) for (i = 0;
vdd.v[0] .h[i] =
vdd.v[1] .h[i] =

-«——~Each 32-bit lane—»

Behavior

i < VELEM(16); i++) ({
(Vu.uh[i] .ub[0] * Rt.b[(2*1+0)%4]) ;
(Vu.uh[i] .ub[1] * Rt.b[(2*1+1) %4

1)
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Syntax

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

vdd.uw=vmpy (Vu.uh, Rt .uh)
vdd.w=vmpy (Vu.h,Rt.h)
Vxx.h+=vmpy (Vu.ub,Rt .Db)
Vxx.uh+=vmpy (Vu.ub, Rt .ub)
VXX.

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

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

Vxx.

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

Behavior
for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .uh[i] = (Vu.uh[i].ub[0] * Rt.u
vdd.v[1] .uh[i] = (Vu.uh[i].ub[1] * Rt.u
1
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .uw[i] = (Vu.uw[i].uh[0] * Rt.u
vdd.v[1] .uw[i] = (Vu.uw[i] .uh[1] * Rt.u
1
for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .w[i] = (Vu.w[i] .h[0] * Rt.h[O]
vdd.v[1] .w[i] = (Vu.w[i] .h[1] * Rt.h[1]
1
for (i = 0; i < VELEM(16); i++) {
Vxx.v[0].h[i] += (Vu.uh[i].ub[0] * Rt.Db
Vxx.v[1] .h[i] += (Vu.uh[i].ub[1] * Rt.Db
1
for (i = 0; i < VELEM(16); i++) {
Vxx.v[0] .uh[i] += (Vu.uh[i] .ub[0] * Rt.
Vxx.v[1] .uh[i] += (Vu.uh[i] .ub[1] * Rt.
1
for (i = 0; i < VELEM(32); i++) {
Vxx.v[0] .uw[i] += (Vu.uw[i] .uh[0] * Rt.
Vxx.v[1] .uw[i] += (Vu.uw[i] .uh[1] * Rt.
1
for (i = 0; i < VELEM(32); i++) {
Vxx.v[0].w[i] = Vxx.v[0].w[i].s64 + (Vu
Rt.h[0]) ;
Vxx.v[1] .w[i] = Vxx.vI[1] .w[i].s64 + (Vu
Rt.h[1]);
1
for (i = 0; i < VELEM(32); i++) {
Vxx.v[0] .w[i] = sat;,(Vxx.v[0].w[i].s64
Rt.h[0]));
Vxx.v[1] .w[i] = sats,; (Vxx.vI[1] .w[i].s64
Rt.h[1]));
}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

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

vdd.uh=vmpy (Vu.ub, Rt .ub)
vdd.uw=vmpy (Vu.uh, Rt .uh)
vdd.w=vmpy (Vu.h,Rt .h)

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

[(2*¥1+0) %
[(2*1+1) %

uh[0]);

uh[1]);

w[i] .h[0] *

w[i] .h([1] *

+ (Vu.w[i] .h[0] =*
+ (Vu.wl[i] .h[1] *

HVX_VectorPair Q6_Wh vmpy VubRb (HVX Vector Vu, Word32 Rt)

HVX VectorPair Q6 Wuh vmpy VubRub (HVX Vector Vu, Word32 Rt)

HVX VectorPair Q6 Wuw_vmpy VuhRuh (HVX Vector Vu, Word32 Rt)

HVX_VectorPair Q6_Ww_vmpy VhRh (HVX Vector Vu, Word32 Rt)

HVX VectorPair Q6 Wh vmpyacc WhVubRb (HVX VectorPair Vxx,

HVX Vector Vu, Word32 Rt)
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VXx.

Vxx

Vxx.

VXx.

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

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

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

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

HVX Vector Vu, Word32 Rt)

HVX Vector Vu, Word32 Rt)

Word32 Rt)

HVX Vector Vu, Word32 Rt)

HVX VectorPair Q6 Wuh vmpyacc WuhVubRub (HVX VectorPair Vxx,
HVX_VectorPair Q6_Wuw_vmpyacc_WuwVuhRuh (HVX VectorPair Vxx,
HVX VectorPair Q6 Ww_vmpyacc WwVhRh (HVX VectorPair Vxx,

HVX_ Vector Vu,

HVX VectorPair Q6 Ww_vmpyacc WwVhRh sat (HVX VectorPair Vxx,

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 | 43 ]2 1] 0
ICLASS t5 Parse us d5
o|o‘o‘1 1‘0‘0‘1|0‘0‘1 t‘t‘t‘t|tP‘P0 u‘u‘u‘u|u1‘0‘1 d‘d‘d‘d|d Vdd.h=vmpy(Vu.ub,Rt.b)
ICLASS t5 Parse ub x5
olofo[1[1]ofof1]ofof1 t[t[e]e[t|PP[1 ulufululu[1]o]1]x]x]x]x]x]|vocn+=vmpy(vu.ubRib)
ICLASS t5 Parse u5 d5
ololof1]1 110 |1 tlt|t|t|t|P|Plo|ulululululo]o]o d | d | vdd.w=vmpy(Vu.h,Rth)
ofofof1j1jojof1jof1|o|t|t|t(t|(t/ P/ P{Ojujufujuju|{0]|1]1 d|d Vdd.uw=vmpy(Vu.uh,Rt.uh)
ICLASS t5 Parse ub x5
0001 |1]0o]o|1]o[1]o|t|t|t|t|t|P|P|1|ujujulululofo]o]x|x|x| x]|x| Frwr=vmpyVuhRLh)s
olofol1|1]ojol1|o|1]o|t|t|t|t|t|P|P ulululululolo1 x| x|x|x]|x ?]’)"X-UW":V’“F’V(V”-”“R“”
olofof1]1]ojof1|1]olo|t|t|t|t|t|P|P|[1|ujulujululololo|x|x|x|x]|x ;’XX-”h":"mpy(V“-“vat-“b
o/ojof{1ty1jojof1|1 /01|t t|t|t |t P P ujufujujul1|1|0|x|x|x]|x|x|Vxxw+=vmpy(Vu.h,Rt.h)
ICLASS t5 Parse ub d5
o|o‘o‘1 1‘0‘0‘1|1‘1‘0 t‘t‘t‘t|tP‘PO u‘u‘u‘u|u o‘o‘o d‘d‘d‘d|d Vdd.uh=vmpy(Vu.ub,Rt.ub)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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 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.
Vxx.h [+]=vmpy(Vu.ub,Vv.b) Vd.h =vmpy(Vu.h,Vv.h):<<1:rnd:sat
b[3] | b[2] | b[1] | b[O] | Vv h[1] h[0] Vv
ub[3] | ub[2] | ub[1] [ ub[0] | Vu h[1] h[0] Vu

<
<
=
N
<
)
<

v Optional M e e o

Y
f accumulation i H
>+ +
| Saturate upper
16 bits
hi1] hio] © 1 vdd.v[o] ' °

_____________

Y A
h[1] h[o] Vdd.V[1] h1] h[0] vd
-¢——Each 32-bit lane—» <+——Each 32-bit lane—»
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Syntax Behavior
vdd.h=vmpy (Vu.b, Vv.b) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vu.h[i].b[0] * Vv.h[i].Db[O0]);
vdd.v[1] .h[i] = (Vu.h[i].b[1] * Vv.h[i].Db[1]);
1
Vdd.h=vmpy (Vu.ub, Vv.b) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vu.uh[i].ub[0] * Vv.h[i].Db[0]);
vdd.v[1] .h[i] = (Vu.uh[i].ub[1] * Vv.h[i] .b[1]) ;
1
vdd.uh=vmpy (Vu.ub, Vv.ub) 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] = (Vu.uh[i] .ub[1] * Vvv.uh[i] .ub[1]) ;
1
vdd.uw=vmpy (Vu.uh, Vv.uh) 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] = (Vu.uw[i].uh[1] * Vv.uw[i].uh[1]) ;
1
Vxx.h+=vmpy (Vu.b, Vv.b) for (i = 0; i < VELEM(16); i++) {
Vxx.v[0] .h[i] += (Vu.h[i].b[0] * Vv.h[i].b[O0]);
Vxx.v[1] .h[i] += (Vu.h[i].b[1] * Vv.h[i].b[1]) ;
1
Vxx.h+=vmpy (Vu.ub, Vv.b) 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
Vxx.uh+=vmpy (Vu.ub, Vv.ub) for (i = 0; i < 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]) ;
1
Vxx.uw+=vmpy (Vu.uh, Vv.uh) for (i = 0; i < VELEM(32); i++) {
Vxx.v[0] .uw[i] += (Vu.uw[i] .uh[0] * Vv.uw[i].uh[O0]) ;
Vxx.v[1] .uw[i] += (Vu.uw[i] .uh[1] * Vv.uw[i].uh[1]) ;
1

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Intrinsics

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

vdd.

vdad.

vdd.

VXx.

VxXx.

Vxx.

VXx.

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

uh=vmpy (Vu

uw=vmpy (Vu

h+=vmpy (Vu

h+=vmpy (Vu

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

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

HVX VectorPair

HVX VectorPair

Vv)

.ub,Vv.ub) HVX VectorPair
Vv)

.uh,Vv.uh) HVX VectorPair
vv)

.b,Vvv.b) HVX VectorPair
HVX_ Vector Vu,

.ub,Vv.Db) HVX VectorPair

HVX Vector Vu,

HVX VectorPair
HVX_ Vector Vu,

HVX VectorPair
HVX_ Vector Vu,

Q6_Wh_vmpy VbVb (HVX Vector Vu, HVX_Vector Vv)

Q6 Wh vmpy VubVb (HVX Vector Vu, HVX Vector

Q6 _Wuh_ vmpy VubVub (HVX Vector Vu, HVX Vector

Q6 Wuw_vmpy VuhVuh (HVX Vector Vu, HVX Vector

Q6 _Wh vmpyacc WhVbVb (HVX VectorPair Vxx,

HVX Vector Vv)

Q6_Wh_vmpyacc_WhVubVb (HVX VectorPair Vxx,

HVX Vector Vv)

Q6 _Wuh_ vmpyacc_WuhVubVub (HVX VectorPair Vxx,

HVX Vector Vv)

Q6 Wuw_vmpyacc_WuwVuhVuh (HVX VectorPair Vxx,

HVX Vector Vv)

Encoding
31/30]29/2827/26/25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS Parse ub d5
0|0 (0|1 |11 0 0/0O|v|v|v| v v PP/ Ojujufujujuf1]|0]|0 d Vdd.h=vmpy(Vu.b,Vv.b)
0|0 (0|1 |1]1 0 0O/0O|v|v|v| v v PP/ Ojujufujujuf1]|0 1 d Vdd.uh=vmpy(Vu.ub,Vv.ub)
o(0ofo0|1|1|1]0]|0 0O/0f(v|v|v| Vv | V| P/P/O|ujujufufu|1|1]0 d|d Vdd.h=vmpy(Vu.ub,Vv.b)
ICLASS Parse ubs x5

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

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

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

ICLASS Parse ubs d5
ololo|1]1]1]0]o o1 viv|v|v|v|P|/P|lo|u|ulu|u|lulo|o|o|d|d|d|d|d ;’dd-”""“mpy(\’“-“hvv"-”h
ICLASS Parse us x5

Vxx.uw+=vmpy(Vu.uh,Vv.u
h)

Field name
ICLASS

Parse
ds
ub
v5

x5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register u
Field to encode register v
Field to encode register x

Description
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Multiply half precision vector by vector

These instructions perform a vectorized single precision floating point multiply. The inputs are
either both IEEE single precision, both 16-bit Qfloat, or a combination of each. The result is either
16-bit Qfloat vector or a double vector of widened 32-bit Qfloat.

Syntax Behavior

vd.gfl6=vmpy (Vu.hf, Vvv.hf) for (i = 0; 1 < VELEM(16); i++) {
u = Vu.hf[i];
v = Vv.hf[i];

vd.gfl6[i] rnd sat (u.exp+v.exp,u.sig*v.sig,0) ;
if (u.sign®v.sign) vd.qgfil6[i] = -(Vd.gfl6[i]);

1

vd.gflé6=vmpy (Vu.qgf16,Vvv.hf) for (i = 0; i < VELEM(16); i++) {

u = Vu.gfil6[i];
v = Vv.hf[i];
Vd.qgflé6[i] = rnd sat (u.exp+v.exp,u.sig*v.sig,0);
if (v.sign) Vvd.gfle6[i]l = -(vd.qgfle6[i]);

1

vd.gflé6=vmpy (Vu.qgfl6,Vvv.qfl6) for (i = 0; i < VELEM(16); i++) {
u = Vu.gfl6[i];
v = Vv.qflé6[i];

Vd.qgfl6[i] = rnd sat (u.exp+v.exp,u.sig*v.sig,0);

1
vdd.qgf32=vmpy (Vu.hf, Vv.hf) for (i = 0; 1 < VELEM(32); i++) {
u0 = Vu.w[i] & OxXFFFF;
ul = (Vu.w[i]>>16) & OXFFFF;
v0 = Vv.w[i] & OxXFFFF;

vl = (Vv.w[i]>>16) & OXFFFF;
vdd.v[0] .gf32[i] =

rnd_sat (u0.exp+v0.exp,ul.sig*v0.sig, 0) ;
vdd.v[1] .gf32[i] =

rnd_sat (ul.exp+vl.exp,ul.sig*vl.sig,0) ;
if (u0.sign”v0.sign) vdd.v[0] .qgf32[i]

(vdd.v[0] .gqf32[1]) ;
if (ul.sign”vl.sign) vdd.v[1] .gf32[i] = -
(vdd.v[1] .gqf32[i]) ;
}
vdd.qgf32=vmpy (Vu.qf16,Vv.hf) for (i = 0; i < VELEM(32); i++) {
u0 = Vu.wl[i] & OxXFFFF;
ul = (Vu.w[i]>>16) & OxXFFFF;

v0 = Vv.w[i] & OxXFFFF;
vl = (Vv.w[i]>>16) & OXFFFF;
vdd.v[0] .gf32[i] =rnd sat (u0.exp+v0.exp,ul.sig *

v0.sig,0);

vdd.v[1] .gf32[i] =rnd sat (ul.exp+vl.exp,ul.sig *
vl.sig,0);

if (v0.sign) vdd.v[0].gf32[i] = -(vdd.v[0].gf32[1i]);

if (vl.sign) vdd.v[1].gf32[i] = -(vdd.v[1].gf32[i]);
}
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Syntax
vdd.qgf32=vmpy (Vu.qfl6,Vvv.qfle) for

(i =

Behavior

0; 1 < VELEM(32);

i++) |

u0 = Vu.wl[i] & OxXFFFF;

ul = (Vu.wl[i]>>16) & OXFFFF;

v0 = Vv.w[i] & OxXFFFF;

vl = (Vv.w[i]>>16) & OXFFFF;

vdd.v[0] .gf32[i] = rnd sat (ul0.exp+v0.exp,ul.sig *
v0.sig,0) ;

vdd.v[1] .gf32[i] = rnd sat (ul.exp+vl.exp,ul.sig *
vl.sig,0);

}
Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

Vd.gflée=vmpy (Vu.hf,Vvv.hf) HVX Vector
HVX Vector Vv)

vd.gflé6=vmpy (Vu.qfl6,Vv.hf) HVX_ Vector
HVX Vector Vv)

Vd.gfl6=vmpy (Vu.qfl6,Vv.qgfl6) HVX Vector

HVX Vector Vv)

vdd.gf32=vmpy (Vu.hf,Vvv.hf)

HVX Vector Vv)

Q6 Vgflée vmpy VhfVhf (HVX Vector Vu,

Q6_Vgfle_vmpy VqgfléeVhf (HVX Vector Vu,

Q6 _Vgflée vmpy VgfleVgflé (HVX Vector Vu,

HVX VectorPair Q6 Wgf32 vmpy VhfVhf (HVX Vector Vu,

vdd.qgf32=vmpy (Vu.qfl6,Vv.hf) HVX VectorPair Q6_Wqf32_ vmpy VgfléVhf (HVX Vector Vu,
HVX Vector Vv)

vdd.qgf32=vmpy (Vu.qgfle6,Vv.qgfle) HVX VectorPair Q6 Wgf32 vmpy VgfléVgflé (HVX Vector Vu,
HVX Vector Vv)

Encoding

31|30‘29‘28 27‘26‘25‘24|23‘22‘21‘20‘19‘18‘17|1615‘14 13 12‘11‘10‘9|8 7‘6‘5 4\3\2\1|o
ICLASS Parse ubs d5
ololo|1]1]1]1l1]1]ololviv|v|v|vI P P[] uuuuuoooddddd\{]‘f’)d-qf”:"mpy(\’“-qm*v"
ololof1 111|111 ]1]viviviv|vIiP|P|1|ulululululo|1]1]d|d|d|d]|d ;’a-g;w:"mpy(vu-qﬁﬁ'v"-
ojojo1 11 (11111 |viviv|v|v| P/P{[1Tjujufufuful1/0|0|d|d|d|d]|d]Vd.qgf16=vmpy(Vu.hf,Vv.hf)
ofolo|1|1]1]1l1|1]1]1|v|v|v|v|v|P|P|1|u|ulu|u|lul1|o|1|d|d|d|d|d Xf‘;-qﬂﬁz"mpy(\’“-qm'v"-
ololol1 111|111 ]1]viviviv|vIiP|P|1|ululululul1]1]0o|d|d|d|d]|d \g‘ﬁé‘;mzz"mpy(v“-q”&v"
olofof1]1]1 /11 l1]1]1|v|v|v|v|v|P|P|1|u|ulu|ulul1|[1|1]|d|d|d|d]|d ;’dd-qm:"mpy(vu-hf'V"-hf
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d
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Field name Description
us Field to encode register u

v5 Field to encode register v
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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] vd
Each 16-bit
- >
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]);
1
Vx.h+=vmpyi (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {

Vx.h[i] += (Vu.h[i] * Vv.h[i]);

}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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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

w

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 u5 d5
o|o‘o‘1 1‘1‘0‘0|0‘0‘1‘v‘v‘v‘v|v P‘PO u‘u‘u‘u|u1‘0‘0 d‘d‘d‘d|d Vd.h=vmpyi(Vu.h,Vv.h)

ICLASS Parse ubs 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‘0‘0 x‘x‘x‘x|x Vx.h+=vmpyi(Vu.h,Vv.h)

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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 (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 32 x 32 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]) ;
}
Vd.w=vmpyio (Vu.w,Vv.h) for (i = 0; i < VELEM(32); i++) {
vd.wli] = (Vu.w[i] * Vv.w[i].h[1]) ;
}
Vx.w+=vmpyie (Vu.w,Vv.h) for (i = 0; i < VELEM(32); i++) {
Vx.wl[i] = vx.w[i] + (Vu.w[i] * Vv.w[i].h[0]) ;
}
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]) ;
}
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)

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 |54 3 | 2] 1|0
ICLASS Parse ub x5
0o/0j0f1|1(1]j0f0|0 |01 |v|v|Vv|Vv| v P/P[1T|ujujujufu|1 0|1 |x|x|x]|Xx]|Xx|Vxwt+=vmpyie(Vu.w,Vv.uh)
oO(0 0|1 |11 00|10 fv|Vv|Vv| V| V| PIP/1T|ujujujufu|0 |0 |0 |x|x|x]|x]|x|Vxwt+t=vmpyie(Vu.w,Vv.h)
ICLASS Parse ub d5
o001 |1|1[{1 {1 (1 [1|0|v|Vv|Vv|Vv| Vv P/{O|ujuju|fu|{uf0|0 |0 d|d Vd.w=vmpyie(Vu.w,Vv.uh)
oO/oj0f{1 111 (1|1 1][0|v|Vv|Vv| V|V P uj/ufujuju(0|0 1 d Vd.w=vmpyio(Vu.w,Vv.h)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
x5 Field to encode register x

80-N2040-49 Rev. AA

147



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual

HVX Instruction Set

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

Vd.w [+]= vmpyi(Vu.w,Rt.b)

w[3] w[2] w(1] w[0]

with the destination vector register Vx.

Vd.w [+]= vmpyi(Vu.w,Rt.h)

Vu wl[3] w(2] w[1] w[0] Vu

X Rt.b(3] X Rth[1]

X\ RL[2] X\
CJ O R Rt.b[1] CJ x\

Output only lower 32 LSBs X -——Rt.b[0]  Output only lower 32 LSBs X e - Rt.h[0]
v
. Optional . Optional
Accumulate accumulate
w(3] w(2] w(i] w(0] vd w(3] w(2] w(1] w(0] vd

-+———Fach 128-bit ane———»

Syntax

vVd.w=vmpyi (Vu.w,Rt.h)

Vx.w+=vmpyi (Vu.w,Rt.h)

Class: COPROC_VX (slots 2,3)

Notes

-———FEach 128-bit ane—————————»

Behavior

i < VELEM(32); i++

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

vd.w([
1

for (i = 0
Vx.wl[i
1

{
5 21)

; 1 < VELEM(32); i++) {
] += (Vu.w([i] * Rt.h[i % 2]) ;

m This instruction uses both HVX multiply resources.

Intrinsics

vd.w=vmpyi (Vu.w,Rt.h)

Vx.w+=vmpyi (Vu.w,Rt.h)

HVX Vector Q6_Vw_vmpyi_VwRh (HVX Vector Vu,
Word32 Rt)

HVX Vector Q6 Vw_vmpyiacc VwVwRh (HVX Vector Vx,

HVX Vector Vu, Word32 Rt)
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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 ubs x5
o|o\o\1 1\0]0]1|o\1\0 t‘t’t’t|t P‘P1 u‘u’u’u|u 0\1\1 x‘x’x’x|x Vx.w+=vmpyi(Vu.w,Rth)
ICLASS t5 Parse ub d5
o|o‘0‘1 1‘0‘0‘1|1‘0‘0 t‘t‘t‘t|tP‘PO 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 single precision vector by vector

These instructions perform a vectorized single precision floating point multiply. The inputs are
either both IEEE single precision or both 32-bit Qfloat. The result is a 32-bit Qfloat vector.

Syntax Behavior

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

u = Vu.qf32[i];

v = Vv.gf32[i];

Vd.qgf32[i] = rnd sat (u.exp+v.exp,u.sig*v.sig,0);

Vd.gf32=vmpy (Vu.qf32,Vv.qf32) for

}

vd.gf32=vmpy (Vu.sf,Vv.sf) for (i = 0; 1 < VELEM(32); i++) {
u = Vu.sf[i];
v = Vv.sf[i];
Vd.qgf32[i] = rnd sat (u.exp+v.exp,u.sig*v.sig,0);

if (u.sign®v.sign) vd.qf32[i] = -(vd.qf32[i]);

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.

Intrinsics

vd.gf32=vmpy (Vu.qf32,Vvv.qf32) HVX Vector Q6 Vgf32 vmpy Vqf32vgf32 (HVX Vector Vu,
HVX Vector Vv)

vd.qgf32=vmpy (Vu.sf,Vv.sf) HVX Vector Q6 Vqgf32 vmpy VsfVsf (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|o
ICLASS Parse us d5

Vd.qf32=vmpy(Vu.qf32,Vv.
qf32)

o(ofo1j1{1j{1{1{1(1(1|v{viviv|iv/P/P{1T|ujufufuju|0|0|1|d|d| d]|d]|d]|Vd.gf32=vmpy(Vu.sfVv.sf)

ofofo1j1{1j{1{1(1(1|1|vjiviv|iv|(v|P|P{1 | ujujfujuju|0|0|0|d|d|d|d|d

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Multiply (32%16)

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 32 x 32 multiply synthesis.

The 32 x 32 fractional multiply operation is equivalent to (OP1 x OP2) >> 31.
The case of fn(0x80000000, 0x80000000) must saturate to Ox7fffffff.

The rounding fractional multiply operation:

vectorize( sat;,(x * y + 0x40000000)>>31) )

equivalent to:
{ v2 = vmpye (VO.w, V1.uh) }
{ v2+= vmpyo(V0.w, V1.h):<<l:rnd:sat:shift }

The nonrounding fractional multiply operation:

vectorize( saty,(x * y)>>31) )

equivalent to:
{v2 = vmpye (VO.w, V1.uh)}
{v2+= vmpyo (V0O.w, V1.h):<<l:sat:shift }

A key function is a 32-bit x 32-bit signed multiply where the 64-bit result is kept.

vectorize( (int64) x * (inte4) y )
equivalent to:
{v3:2 = vmpye (VO.w, V1.uh) } { V3:2+= vmpyo(V0.w, V1.h)}

The lower 32 bits of products are in V2 and the upper 32 bits in V3. If only the vmpye operation is
performed, the result is a 48-bit product of 32 signed x 16-bit unsigned asserted into the upper 48
bits of Vdd. If only the vmpyo operation is performed, assuming Vxx = #0, the result is a 32 signed
x 16 signed product asserted into the upper 48 bits of Vxx.

Syntax Behavior

Vd.w=vmpye (Vu.w, Vv.uh) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.w[i] * Vv.w[i] .uh[0]) >> 16;
}

Vd.w=vmpyo (Vu.w,Vv.h) :<<1[:rnd]l :s for (i = 0; i < VELEM(32); i++) {

at vd.wli] = sat,, (((((Vu.w[i] * Vv.w[i].h[1]) >> 14)
+ 1) >> 1)) ;
}
Vdd=vmpye (Vu.w, Vv.uh) for (i = 0; i < VELEM(32); i++) {
prod = (Vu.w[i] * Vv.w[i].uh[0]);
vdd.v[1] .w[i] = prod >> 16;
vdd.v[0] .w[i] = prod << 16;
}
Vx.w+=vmpyo (Vu.w,Vv.h) :<<1[:rnd]: for (i = 0; i < VELEM(32); i++) {
sat:shift Vx.w([i] = sata, (((((Vx.w[i] + (Vu.w[i] *
Vv.w[i] .h[1])) >> 14) + 1) >> 1));
}
Vxx+=vmpyo (Vu.w,Vv.h) for (i = 0; i < VELEM(32); i++) {
prod = (Vu.w[i] * Vv.w[i].h[1]) + Vxx.vI[1].wl[i];
Vxx.v[1l] .w[i] = prod >> 16;
Vxx.v[0] .w[i] .h[0]=Vxx.Vv[0] .w[i] >> 16;
Vxx.v[0] .w[i] .h[1]=prod & Ox0000ffff;
}
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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:rnd:sat HVX Vector Q6_Vw_vmpyo VwVh sl rnd sat (HVX Vector Vu,
HVX Vector Vv)

Vd.w=vmpyo (Vu.w,Vv.h) :<<l:sat HVX Vector Q6 Vw_vmpyo VwVh sl sat (HVX Vector Vu,
HVX Vector Vv)

Vdd=vmpye (Vu.w, Vv.uh) HVX VectorPair Q6 W vmpye VwVuh (HVX Vector Vu,

HVX Vector Vv)

Vx.w+=vmpyo (Vu.w,Vv.h) :<<l:rnd:sat:shift HVX Vector
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:sat:shift HVX Vector
Q6 _Vw_vmpyoacc VwVwVh sl sat shift (HVX Vector Vx,
HVX Vector Vu, HVX Vector Vv)

Vxx+=vmpyo (Vu.w, Vv.h) HVX VectorPair Q6 W_vmpyoacc WVwVh (HVX VectorPair
Vxx, HVX Vector Vu, HVX Vector Vv)

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 Parse ubs x5
o(ofo(1j1{1jo0ofof0of0o|1|v|{viv|v| v P|P{1T|ujululu|u|0 |1 |1 |x|x|x]|Xx]|X|Vxx+t=vmpyo(Vu.w,Vv.h)

w

Vx.w+=vmpyo(Vu.w,Vv.h):<

00011100001vvvvaP1uuuuu110xxxxx<1:satshiﬂ

Vx.w+=vmpyo(Vu.w,Vv.h):<
<1:rnd:sat:shift

ICLASS Parse ub d5
o(fofo1j|1{1j{1jof1fo(1|viviv|iv|v/P/P|{O|jujufujuju|1|1]|0|d|d|d]|d]|d]|Vdd=vmpye(Vu.w,Vv.uh)

d Vd.w=vmpyo(Vu.w,Vv.h):<<
1:rnd:sat

o/ojof{1ty1 1111 1j{1|viviv|iv|iv/ P P/[O|jujujujufu|1 0[1|d|d|d]|d]|d]|Vdw=vmpye(Vuw,\Vv.uh)

00 01 1|1 1|11 1]1|v|v|v|v|v|P|P|o|ujujujujul[1|1]1]|d|d|d|d]|adl|Yiu=vmpyolVuwVrh):<<

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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:
m The first form performs simple dot product of four elements into a single result.

m The second form takes a one-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 two elements and the upper two 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)

Vuu.V[1] ub[3] | ub[2] | ub[1] | ub[0] [Vuu.V[0] ub[3] ub[0] | Vuu.V[1]

Vd.w[+]=vrmpy(Vu.ub,Rt.b)
EIE I e e

Rt.b[0]

Rt.b[1]

Rt.b[2]

l

Rt.b[0]

o]

Rt.b[3]

@« Rt.b[0]
Rt.b[1]

Rt.b[1]

Optional
Accumulation

Rt.b[2] —

Rt.b(3]

Optional
- ————— accumulation [ + |M—————=

Optional
accumulation

Optional
accumulation

4732—!)& lane—L—»
I
i
1

Vdd.v[0] vdd.v[1]

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Syntax

vdd.uw=vrmpy (Vuu.ub, Rt .ub, #ul)

Vdd.w=vrmpy (Vuu.ub,Rt.b, #ul)

Vxx.uw+=vrmpy (Vuu.ub, Rt .ub, #ul)

for (i = 0;
vdd.v[0]
Rt.ub [ (0-#u)
vdd.v[0]
#u) & 0x3]);
vdd.v[0]
#u) & 0x3]);
vdd.v[0]
#u) & 0x3]);
vdd.v[1]
#u) & 0x3]);
vdd.v[1]
#u) & 0x3]);
vdd.v[1]
Rt.ub [ (0-#u)
vdd.v[1]
#u) & 0x3]);
1
for (i = 0;
vdd.v[0]
Rt.b [ (0-#u)
vdd.v[0]
#u) & 0x3]);
vdd.v[0]
#u) & 0x3]);
vdd.v[0]
#u) & 0x3]);
vdd.v[1]
& 0x3]) ;
vdd.v[1]
#u) & 0x3]);
vdd.v[1]
Rt.b[(0-#u)
vdd.v[1]
#u) & 0x3]);
1
for (i = 0;
Vxx.v[0]
Rt.ub [ (0-#u)
Vxx.v[0]
#u) & 0x3]);
Vxx.v[0]
#u) & 0x3]);
Vxx.v[0]
#u) & 0x3]);
Vxx.v[1]
#u) & 0x3]);
Vxx.v[1]
#u) & 0x3]);
Vxx.v[1]
Rt.ub [ (0-#u)
Vxx.v[1]
#u) & 0x3]);
1

Behavior

; 1 < VELEM(32); i++) {
uw[i] = (Vuu.v([#u ? 1:0] .uw([i] .ub[0] *
& 0x3]) ;
.uw [1] += (Vuu.v [0 ].uw[i] .ub[1] * Rt.ub[(1-
.uw [1] 4= (Vuu.v [0 ].uw[i] .ub[2] * Rt.ubl[(2-
uw [1] += (Vuu.v ([0 ].uw[i] .ub[3] * Rt.ub[(3-
uw [1] = (Vuu.v([1l ].uw[i] .ub[0] * Rt.ub[(2-
uw [1] 4= (Vuu.vI[1l ].uw[i] .ub[1] * Rt.ub[(3-
uw [1] 4= (Vuu.v([#u ? 1:0] .uw([i] .ub[2] *
& 0x3]) ;
.uw [1] += (Vuu.v [0 ].uw[i] .ub[3] * Rt.ub[(1-
i < VELEM(32); i++) {
wl[i] = (Vuu.v[#u ? 1:0].uw([i].ub[0] *
& 0x3]) ;
w(li] += (Vuu.v[0 ].uw[i] .ub[1] * Rt.b[(1-
wlil += (Vuu.v[0 ].uw[i].ub[2] * Rt.b[(2-
wli]l += (Vuu.v([0 ].uw[i] .ub[3] * Rt.b[(3-
wli]l = (Vuu.vI[1 ].uw([i] .ub[0] * Rt.b[(2-#u)
wli] 4= (Vuu.v([1 ].uw[i] .ub[1] * Rt.b[(3-
wl[i] 4= (Vuu.v[#u ? 1:0] .uw[i] .ub[2] *
& 0x3]) ;
wlil += (Vuu.v[0 ].uw[i] .ub[3] * Rt.b[(1-
i < VELEM(32); i++) {
uw[i] += (Vuu.v[#u ? 1:0] .uw([i] .ub[0] *
& 0x3]) ;
.uw [1] 4= (Vuu.vI[0 ].uw[i] .ub[1] * Rt.ub[(1-
.uw [1] 4= (Vuu.v [0 ].uw[i] .ub[2] * Rt.ub[(2-
uw [1] += (Vuu.v [0 ].uw[i] .ub[3] * Rt.ub[(3-
cuw [1] 4= (Vuu.vI[1l ].uw[i] .ub[0] * Rt.ub[(2-
uw [1] 4= (Vuu.vI[1l ].uw[i] .ub[1] * Rt.ub[(3-
uw [1] += (Vuu.v[#u ? 1:0] .uw[i] .ub([2] *
& 0x3]) ;
.uw [1] 4= (Vuu.vI[0 ].uw[i] .ub[3] * Rt.ub[(1-
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VXx.

Syntax

w+=vrmpy (Vuu.ub,Rt.b, #ul)

Intrinsics

vdd.

vdad.

Vxx.

Vxx

uw=vrmpy (Vuu.ub, Rt .ub, #ul)

w=vrmpy (Vuu.ub,Rt.b, #ul)

uw+=vrmpy (Vuu.ub, Rt .ub, #ul)

.w+=vrmpy (Vuu.ub, Rt .b, #ul)

Behavior

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

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.v[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.vI[1 ].uwl[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]);
1

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 Iul)

HVX VectorPair Q6 Ww_vrmpyacc WwWubRbI (HVX VectorPair
Vxx, HVX VectorPair Vuu, Word32 Rt, Word32 Iul)

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 u5 d5
ololo|1|1]olol1]|o]1]o|t|lt|t|t|t|P|P|o|ululululul1|o|il|d|d|d|d|d ng)-"":‘””‘py(v“”-“b’m-b'
ICLASS t5 Parse u5 x5
0 0o 1|1 001 01|t/ t t t t PIP1 ujuluiuult|o]ilx x x| x| x| gewmpyVuiubRLD
0 0o 1|1 001|011/ttt t t/PIPI1 uluiulujul1[1 i x| x| x| x| x|/owempyuuRt
ICLASS t5 Parse us d5
olofof1]1]olol1 1]ol1|t|t|t|t|t|P|P|o|ululululul1|1]i dddddXi?#;”:vrmpy(vuu'Ub’Rt'u
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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 by byte with accumulate and 4-wide reduction vector by

vector

The vrmpy instruction performs a dot product function between four-byte elements in vector
register Vu and four-byte elements in Vv. The sum of products can optionally accumulate into Vx
or write into Vd as words within each 32-bit lane.

Data types are unsigned by unsigned, signed by signed, or unsigned by signed.

Vx.uw+=vrmpy (Vu.ub, Vv.ub) for (i = 0;

Syntax

Vd.w[+]=vrmpy(Vu.b,Vv.b)

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

i

-4—32-bit lane———»

Vx.uw[1i]
Vv.uw[i] .ub[0

Vx.uw[1]
Vv.uw[i] .ub[1

7
7

Vv.uw[i] .ub[2
Vx.uw[1i]
Vv.uw[i] .ub[3

}

7

7

Vu

Behavior

i < VELEM(32); i++) {
(Vu.uw[i] .ub[0] =*

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

+=
1)
=
1)
Vx.uw[i] += (Vu.uwl[i] .ub[2] *
1)
+= (Vu.uwl[i] .ub[3] *
1)
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Syntax Behavior

Vx.w+=vrmpy (Vu.b,Vv.Db) for (i = 0; i < VELEM(32); i++)
Vvx.w[i] += (Vu.w[i] .Db[0] *
Vx.wl[i] += (Vu.w[i] .Db[1] *
Vx.wl[i] += (Vu.wl[i] .b[2] *
Vx.w[i] += (Vu.w([i] .Db[3] *

1

Vx.w+=vrmpy (Vu.ub, Vv.Db) for (i = 0; i < VELEM(32); i++)
Vx.w[i] += (Vu.uw[i] .ub[0]
Vx.wl[i] += (Vu.uwl[i] .ub[1]
Vx.w[i] += (Vu.uw[i] .ub[2]
Vx.w[i] += (Vu.uw[i] .ub[3]

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vx.uw+=vrmpy (Vu.ub, Vv.ub)

Vx.w+=vrmpy (Vu.b,Vv.Db)

Vx.w+=vrmpy (Vu.ub, Vv.Db)

{

* Vv.
* Vv.
* Vv.
* Vv.

Vx, HVX Vector Vu, HVX Vector Vv)

HVX Vector Vu, HVX Vector

vv)

HVX Vector Q6 Vuw_vrmpyacc VuwVubVub (HVX Vector

HVX Vector Q6_Vw_vrmpyacc_ VwVbVb (HVX Vector Vx,

HVX Vector Q6 Vw_ vrmpyacc_ VwVubVb (HVX Vector Vx,

HVX_ Vector Vu, HVX Vector Vv)
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 u5 x5
00011100000vvvvaP1uuuquOOxxxxx;/X'UW+=VrmPY(VU'Ub'VV'Ub
o(ofo(1j|1{1jo0ofo0of0of0|0O|v|v|v|v| v P|P{1T|uju|lu|lu|u|0 |0 |1 |x|x|Xx]|Xx]|Xx|Vxw+=vrmpy(Vu.b,Vv.b)
0001 |1}(1]0f0|0|O0O[0O|Vv|V| V|V V| P/P[1T|ujujujufu|0 1|0 |x|x|x|Xx]|x|Vxwt+=vrmpy(Vu.ub,Vv.b)

Field name
ICLASS

Parse
ub
v5

x5

Description
Instruction class

Packet/loop parse bits

Field to encode register u
Field to encode register v
Field to encode register x
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Multiply with 3-wide reduction
Perform a three-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 are stored 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[0] | Vuu.V[O]

]

Rt.b[0]

Rt.b[1]

Rt.b[2]

Rt.b[3]

—————— Optional accumulation Optional accumulation

h[1] h[0] Vdd.V[1] h[1] h[0] vdd.Vv[0]

- 32-bit lane pair >
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Vdd.w[+]=vtmpy(Vuu.h,Rt.b)

h[(3] | h[2] | h[1] | h[0] | Vuu.V[1] h(3] | h[2] | h[1] | h[O] | Vuu.V[O]

—

Rt.b[0]

<&

X/‘
A

/ Rt.b[1]

Rt.b[2]

\ / Rt.b[3]

------ Optional accumulation Optional accumulation

wl[0] Vvdd.V[1] vdd.V[0]
- 64-bit lane pair >
Syntax Behavior

vdd.h=vtmpy (Vuu.b, Rt .b) for (i = 0; i < VELEM(16); i++) {
vdd.v[0] .h[i] = (Vuu.v[0] .h[i].b[0] * Rt.b[(2*1i )%4]);
vdd.v[0] .h[i] += (Vuu.v[0].h[i].b[1] * Rt.b[(2*i+1)%4]);
vdd.v[0] .h[i] += Vuu.v[1].h[i].b[0];
vdd.v[1] .h[i] = (Vuu.v[0] .h[i].b[1] * Rt.b[(2*1i )%4]);
vdd.v[1] .h[i] += (Vuu.v[1].h[i].b[0] * Rt.b[(2*i+1)%4]);
vdd.v[1] .h[i] += Vuu.v[1] .h[i].b[1];

1
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Syntax Behavior

Vdd.h=vtmpy (Vuu.ub, Rt .Db) 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 * 1 + 1)

%4]1) ;
vdd.v[0] .h[i] 4= Vuu.v[1l] .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[0] * Rt.b[(2 * 1 + 1)
%4]) ;
vdd.v[1] .h[i] 4= Vuu.v[1] .uh[i] .ub[1];
1
vdd.w=vtmpy (Vuu.h,Rt .Db) for (i = 0; 1 < VELEM(32); i++) {
vdd.v[0] .w[i] = (Vuu.v[0] .w[i].h[0] * Rt.b[(2*1+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*1+0)%4]);
vdd.v[1] .w[i]l+= (Vuu.vI[1].w[i] .h[0] * Rt.b[(2*i+1)%4]);
vdd.v[1] .w[il+= Vuu.v[1] .w[i].h[1];
1
Vxx.h+=vtmpy (Vuu.b,Rt .b) for (i = 0; i < VELEM(16); i++) {
Vxx.v[0].h[i] += (Vuu.v[0].h[i].Db[0] * Rt.b[(2*1 )%4]);
Vxx.v[0] .h[i] += (Vuu.v[0] .h[i].b[1] * Rt.b[(2*i+1)%4]);
Vxx.v[0] .h[i] 4= Vuu.v[1] .h[i] .b[0];
Vxx.v[1] .h[i] += (Vuu.v[0].h[i].Db[1] * Rt.b[(2*1 )%4]);
Vxx.v[1] .h[i] += (Vuu.v[1].h[i].Db[0] * Rt.b[(2*1+1)%4]);
Vxx.v[1] .h[i] += Vuu.v[1].h[i] .b[1];
1
Vxx.h+=vtmpy (Vuu.ub, Rt .b) for (i = 0; 1 < VELEM(16); i++) {
Vxx.v[0] .h[i] += (Vuu.v[0].uh[i].ub[0] * Rt.b[(2*i)
%4]) ;
Vxx.v[0] .h[i] += (Vuu.v[0] .uh[i] .ub[1] * Rt.b[(2 * 1 + 1)
%41) ;
Vxx.v[0] .h[i] 4= Vuu.v[1] .uh[i] .ub[O0];
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[0] * Rt.b[(2 * 1 + 1)
%41) ;
Vxx.v[1] .h[i] += Vuu.v[1l] .uh[i] .ub[1];
1
Vxx.w+=vtmpy (Vuu.h,Rt .b) for (i = 0; 1 < VELEM(32); i++) {
Vxx.v[0] .w[il+= (Vuu.v[0] .w[i] .h[0] * Rt.b[(2*i+0)%4]);
Vxx.v[0] .w[il+= (Vuu.v[0] .w[i] .h[1] * Rt.b[(2*i+1)%4]);
Vxx.v[0] .w[il+= Vuu.vI[1] .w[i].h[O0];
Vxx.v[1] .w[il+= (Vuu.v[0] .w[i] .h[1] * Rt.b[(2*i+0)%4]);
Vxx.v[1] .w[il+= (Vuu.v[1] .w[i] .h[0] * Rt.b[(2*i+1)%4]);
Vxx.v[1] .w[il+= Vuu.vI[1] .w[i] .h[1];
1

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Intrinsics

vdd.h=vtmpy (Vuu.b,Rt .b)

Vdd.h=vtmpy (Vuu.ub,Rt.b)

vdd.w=vtmpy (Vuu.h,Rt .Db)

Vxx.h+=vtmpy (Vuu.b,Rt .b)

Vxx.h+=vtmpy (Vuu.ub, Rt .b)

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

Rt)

Rt)

Rt)

HVX_ VectorPair Q6_Wh vtmpy WbRb (HVX VectorPair Vuu, Word32

HVX VectorPair Q6 Wh vtmpy WubRb (HVX VectorPair Vuu, Word32

HVX VectorPair Q6 Ww_vtmpy WhRb (HVX VectorPair Vuu, Word32

HVX VectorPair Q6_Wh_ vtmpyacc WhWbRb (HVX VectorPair Vxx,

HVX VectorPair Vuu, Word32 Rt)

HVX VectorPair Q6 Wh vtmpyacc WhWubRb (HVX VectorPair Vxx,

HVX VectorPair Vuu, Word32 Rt)

HVX VectorPair Q6 Ww_vtmpyacc WwWhRb (HVX VectorPair Vxx,

HVX VectorPair Vuu, Word32 Rt)

Encoding
31/30]29/2827/26/25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS t5 Parse us d5
ojofof1|1]|ojof1|o|ofo|t|t|t|t|t|P|[P|O|ujuluju|ful0|0|0|d|d|d]|d]|d]Vddh=vtmpy(Vuu.b,Rtb)
000 |1]1 11010 t|t(t|t t P|P ujlujlujuj/u(0|{0|1|d|d|d|d|d|Vdd.h=vtmpy(Vuu.ub,Rt.b)
ICLASS t5 Parse ub x5
o(ofof1|1jojoj1jofjojo|t|t|t|t |t P P ujujuju|{u|0|0 |0 |x|x|x]|x|x |Vxxh+=vtmpy(Vuu.b,Rt.b)
000 |1]1 11010 t|t(t|t t P|P ujujuju|{u|0|0 |1 |x|x|x|x|x|Vxxh+=vtmpy(Vuu.ub,Rt.b)
0|0 (0|11 1100 t|t|t|t|t PP ujufujuju(0 |10 |x|x|x|x|x|Vxxw+=vtmpy(Vuu.h,Rt.b)
ICLASS t5 Parse us d5
o|o‘o‘1 1‘0‘0‘1|1‘0‘1 t‘t‘t‘t|tP‘PO u‘u‘u‘u|u1‘0‘0 d‘d‘d‘d|d Vdd.w=vtmpy(Vuu.h,Rt.b)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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 reduction of absolute differences halfwords

Takes groups of two 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

the Vdd register. 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 implements a sliding window.

Vdd.uw=vdsad(Vuu.uh,Rt.uh)

h[1]

h[O]

Vuu[1]

h[1]

h[O]

Vuu[0]

Rt.uh[0]

Rt.uh[1]

Optional

accumulate

w(0]

<4+—32-bit ane———»

vdd[1]

w(0]

vdd(o]

-4+—32-bit lane———»
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Syntax Behavior
vdd.uw=vdsad (Vuu.uh, Rt .uh) for (i = 0; i < VELEM(32); i++) {
vdd.v[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[O0]);
vdd.v[1] .uw[i] += ABS(Vuu.v[1l].uw[i] .uh[0] - Rt.uh[1]);
1
Vxx.uw+=vdsad (Vuu.uh, Rt .uh) for (i = 0; i < VELEM(32); i++) {
Vxx.v[0] .uw[i] += ABS(Vuu.v[0].uw[i] .uh[0] - Rt.uhl[0]);
Vxx.v[0] .uw[i] += ABS(Vuu.v[0].uw[i].uh[1] - Rt.uhl[1]);
Vxx.v[1] .uw([i] += ABS(Vuu.v[0] .uw([i] .uh[1] - Rt.uh[O0]) ;
Vxx.v[1] .uw[i] += ABS(Vuu.v[1l].uw[i].uh[0] - Rt.uh[1]);
1
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

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|o

ICLASS t5 Parse us d5

00011001000tttttPPOuuuuu101dddddX;jd'uszdsad(vuu‘Uh’Rt'u

ICLASS t5 Parse ub x5

00011001011tttttPP1uuuquOOxxxxxL/ﬁ;('UW"L:Vdsad(Vuu'Uh‘Rt'

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
ts 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 four 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 O, 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 byte 0 from Vuu[1] and bytes 1, 2, and 3 from Vuu[0], while Vdd[1] takes
byte 3 from Vuu[0] and the rest from Vuu([1].

This operation implements 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] | bi2] | b[1] | bl0] | Vuu[1] b[3] | bi2] | b[1] | bl0] |Vuulo] b[3] | b{2] | b[1] | blo] | Vuu[1] b3] | bl2] | b[1] | bfo] |vuulo]

- e Rt.b[0]

- e Rt.b[1]
Rt.b[2]

Rt.b[3]

Optional
accumulate

Rt.b[0] > -
v

Rt.b[2] -

L)

Rt.b[3]

Optional
accumulate

wio] vediy) | wlo] vdd[o] wlol vddia] | wlo) vdd[o]

-4——32-bit lane——» -——32-bit lane———» -4——32-bit lane———» -4——32-bit lane———»

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses both HVX multiply resources.
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Syntax Behavior
vdd.uw=vrsad (Vuu.ub, Rt .ub, #ul) for (i = 0; i < VELEM(32); i++) {
vdd.v[0] .uw[i] =
ABS (Vuu.v [#u?1:0] .uw([i] .ub[0] - Rt.ub[(0-#u) &
31 5

vdd.v[0] .uw[i
- Rt.ub[(1-#u)&3]
vdd.v[0] .uw[i

] += ABS(Vuu.v[0 ].uw[i] .ub[1]
)
]

- Rt.ub[(2-#u)&3]) ;
1
)
1

+= ABS(Vuu.v[0 ].uw[i] .ub[2]
vdd.v[0] .uw[i
- Rt.ub[ (3-#u) &3]
vdd.v[1] .uw[i
Rt.ub[ (2-#u) &31) ;
vdd.v[1] .uw[i] += ABS(Vuu.v[1l ].uw([i].ub[1]
- Rt.ub[(3-#u)&3]);
vdd.v[1] .uw[i] +=
ABS (Vuu.v [#u?1:0] .uw[i] .ub[2] - Rt.ub[(0 - #u)
&31) ;
vdd.v[1] .uw[i] += ABS(Vuu.vI[0 ].uw[i].ub[3]
- Rt.ub[(1-#u)&3]) ;

+= ABS(Vuu.v[0 ].uw[i] .ub[3]

7

= ABS(Vuu.v ([l ].uw[i] .ub[0] -

1
Vxx.uw+=vrsad (Vuu.ub, Rt .ub, #ul) for (i = 0; 1 < VELEM(32); i++) {
Vxx.v[0] .uw[i] +=
ABS (Vuu.v [#u?1:0] .uw([i] .ub[0] - Rt.ub[(0 -#u)
&31) ;

Vxx.v[0] .uw[i] += ABS(Vuu.vI[0 ].uw[i].ub[1]
- Rt.ub[(1-#u)&3]
Vxx.v[0] .uw[i
- Rt.ub[(2-#u) &3]
Vxx.v[0] .uw[i

1
)
1
)
]
- Rt.ub[(3-#u)&3]);
1
)
1
)
]

+= ABS(Vuu.v[0 ].uw[i] .ub[2]

+= ABS(Vuu.v[0 ].uw[i] .ub([3]
Vxx.v[1] .uw[i] += ABS(Vuu.vI[1l ].uw[i].ub[0]
- Rt.ub[(2-#u) &3]

Vxx.v[1] .uw[i
- Rt.ub[(3-#u) &3]

Vxx.v[1] .uw[i
ABS (Vuu.v [#u?1:0] .uw([i] .ub[2] - Rt.ub[(0 -#u)
&31) ;

Vxx.v[1] .uw[i] += ABS(Vuu.vI[0 ].uw([i].ub[3]
- Rt.ub[(1-#u)&3]);

}

+= ABS(Vuu.v[1 ].uw[i] .ub[1]

7

+=

Intrinsics

vVdd.uw=vrsad (Vuu.ub,Rt.ub, #ul) HVX VectorPair
Q6_Wuw_vrsad WubRubI (HVX VectorPair Vuu, Word32
Rt, Word32 Iul)

Vxx.uw+=vrsad (Vuu.ub,Rt.ub, #ul) HVX VectorPair
Q6_Wuw_vrsadacc_WuwWubRubI (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]20]19]18[17]16[15]14]13[12]11]10[ 9 [8 | 7] 6 [ 5| 4[3 ]2 1] 0
ICLASS t5 Parse ubs d5
ololol1]1]o]ol1 1loltltltltlt|P|Plo|ululululul1|1]|i|d|d|d|d]|d g’%ﬂ-;’;”zvrsad(vuu-“b’Rt-“
ICLASS t5 Parse us x5
ololo|1]1]o]ol1 1lolt|tlt|t|t|/P[P|1|ululululul1|1]ilx]|x|x x|[x L’g;ﬂ‘gv)":stad(V“”-“b!R‘-

Field name
ICLASS

Parse
ds
t5
u5

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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6.8 MPY RESOURCE

The HVX MPY-RESOURCE instruction subclass includes instructions that use a single HVX multiply
resource.

Multiply by byte 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/hl0] | Vuu[O]

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

Rt.b[0] Rt.b[0] X
Rt.b[1] Rt.b[1] ,/X
4
Rtb[2] Rt.b[2]
Rtb[3] Rt.b[3]
1 4, Optional accumulation ] . Optional accumulation ] 1
| 1 1 1 1 |
| 1 1 I 1 |
| I ] ] ] |
1 1 1 1 1 1
| [} [} ] [} |
hwial || h/wio] || vd h/w(a] || h/wio] || vadi1] h/w(a] || h/wio] ! | vadio]
1 1 1 1 1 1
T T T T T
Lo L Lo Ll Lo Ll
-——32/64-bit lane——» 4———————32/64-bit lane pair—————————»
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*1) % 4]1);
vd.h[i] += (Vu.uh[i].ub[1] * Rt.b[(2*i+1)%4]);
1
Vd.w=vdmpy (Vu.h, Rt .b) for (i = 0; i < VELEM(32); i++) ({
vd.w([i] = (Vu.w[i] .h[0] * Rt.b[(2*i+0)%4]);
vd.w[i] += (Vu.w[i].h[1] * Rt.b[(2*i+1)%4]);
1
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*i+1)%4]);
1
Vx.w+=vdmpy (Vu.h, Rt .b) for (i = 0; i < VELEM(32); i++) {
Vx.w[i] += (Vu.w([i] .h[0] * Rt.b[(2*1+0)%4]);
Vx.wl[i] += (Vu.w[i].h[1] * Rt.b[(2*i+1)%4]);
1
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Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.h=vdmpy (Vu.ub,Rt.Db) 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 .Db) HVX Vector Q6 Vw vdmpyacc VwVhRb (HVX Vector Vx, HVX Vector Vu,
Word32 Rt)

Encoding

w

31/30]29/2827/26/25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS t5 Parse ub d5
ofofol1l1]ofof1]ofofolt]t][t][t[t|P[Plolulululululof[1]o/d]d]d]d]d]|vdw=vdmpy(vuhRtb)
ololof[1/1]ofol1]ofoloft|t|t|t|t/P|P[o|ululululul1]1]0]d|d|d]|d]|d]|vdh=vdmpy(vu.ubRtb)

ICLASS t5 Parse ub x5

o(ojof1j1jojof1jojojo|t|tjtft|t/P/P{1T|ujufujuju|0|1 |1 |x|x|x]|x]|x|Vxw+=vdmpy(Vu.h,Rt.b)

o(ofof1j1jojoj1jofojo|t|t|t|t(t/ P/ P|{1T|ujufufuju|1|1]|0|x|x|x]|x]|x]|Vxh+t=vdmpy(Vu.ub,Rt.b)

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
ts Field to encode register t
us Field to encode register u
x5 Field to encode register x
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Multiply by halfword 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/hi2] | ub/h(a] | ub/hio] | Vuu[1] ub/h(3] | ub/h[2] | ub/h[1] | ub/h{o] | Vuu[0]

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

Rt.b[0] H Rt.b[0] X

Rt.b[1] .

Rt.b[1]

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

Rt.b[3] Rt.b[3]

Optional accumulation Optional accumulation

vd h/w(1] vdd1] h/w(1]

JY SN A Y

|
|
|
:
|
h/wlo] | | vddio]
1
|
=1

T T T T
[— S— L L

-+——32/64-bit lane—m 4———————32/64-bit lane pair—————»

Syntax Behavior

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

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

Vd.w=vdmpy (Vu.h,Vv.h) : sat for (i = 0; 1 < VELEM(32); i++) {
accum = (Vu.w[i] .h[0] * Vv.w[i].h[O
accum += (Vu.wl[i] .h[1] * Vv.w[i] .h]
vd.w[i] = sats,(accum);

1)
11);

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

for (i = 0;

accum=Vx.w[i] ;

accum +=
accum +=
Vx.w[i]

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.w=vdmpy (Vu.h,Rt .h) : sat
Vd.w=vdmpy (Vu.h,Rt.uh) :sat

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

Vx.w+=vdmpy (Vu.h,Rt .h) : sat

Vx.w+=vdmpy (Vu.h,Rt.uh) : sat

HVX Vector
HVX Vector

HVX Vector
vv)

HVX Vector
HVX Vector

HVX Vector
HVX Vector

i < VELEM(32) ;

(Vu.w[i] .h[0]
(Vu.w([i] .h[1]
= satj; (accum) ;

Behavior

i++) |

* Rt.uh[0]);
* Rt.uh[1]);

Q6_Vw_vdmpy VhRh_sat (HVX Vector Vu, Word32 Rt)

Q6 Vw_vdmpy VhRuh sat (HVX Vector Vu, Word32 Rt)

Q6 Vw_vdmpy VhVh sat (HVX Vector Vu, HVX Vector

Q6 _Vw_vdmpyacc_VwVhRh sat (HVX Vector Vx,

Vu, Word32 Rt)

Q6_Vw_vdmpyacc_VwVhRuh_sat (HVX_ Vector Vx,

Vu, Word32 Rt)

Encoding
31/30/29|28|27|2625]24/23|22]21/2019]18[17|16]15]14|13[12]11]10[ 9 |8 | 7] 6 | 5 | 4[3 ]2 1] 0
ICLASS t5 Parse u5 ds5
olojof1[1]ojof1 0o/t |t|t t|t|t|P[Plo|ulujulululo d|d|d|d| q|Ydwsvdmpy(VuhRtuh)s
olojof1|1|ofof1]ofo|1 ]t t]t t|P/P[O|ujujulululo d|d|d|d]|d]|Vdw=vdmpy(Vu.hRth)sat
ICLASS t5 Parse us x5
ololol1|1]o]o]1]o]o1|t|t]t t|P P|1|ujululululo x | x | x | x | x | YXwr=vdmpy(Vu.hRtuh):
olojof1][1]ojof1 0o/t |t|t t t|t|P[P1|ulujulululo x | x| x| x| x| Jxwr=vdmpy(VuhReh)s
ICLASS Parse us d5
olofo1[1]1]ofofoofo|v|v|[v|v]v|P|[Plo|ulufululujo[1]1]d][d]|d]d]|d]|vdw=vdmpy(vunvuh)sat
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds 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
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Multiply vector by scalar non-widening

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

Rt.

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.

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 32-bit lane—»

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

h[1] h[0] Vu
Rt.b[0] X Rt-h[0]
Rt.b[1]
Rt.b[2] Rth(1]
Rt.b[3] x
<<1

+0x8000:5 Optional round

Optional

accumulation

Saturate upper
16 bits

Vvdd.Vv[0]

h[0]

Vvdd.V[1] h[1] vd

-«——Each 32-bit lane—»
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Syntax Behavior
Vd.h=vmpy (Vu.h,Rt .h) :<<1l:rnd:sat for (i = 0; 1 < VELEM(32); i++) {
vd.w[i] .h[0]=sat ¢ (satsz, (round (((Vu.w[i] .h[0] *

Rt.h[0])<<1))) .h[1]);
Vd.w[i] .h[1l]=sats(sat;, (round(((Vu.w[i] .h[1] *

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

}

Vd.h=vmpy (Vu.h,Rt.h) : <<1:sat for (i = 0; 1 < VELEM(32); i++) {
Vd.w[i] .h[0]=sat g (sat,y, (((Vu.w[i] .h[0] *
Rt.h[0])<<1)).h[1]);
vd.wli] .h[1l]l=sat g (saty, (((Vu.wli] .h([1] *

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

}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.h=vmpy (Vu.h,Rt.h) :<<l:rnd:sat HVX Vector Q6 Vh vmpy VhRh sl rnd sat (HVX Vector Vu,
Word32 Rt)

Vd.h=vmpy (Vu.h,Rt.h) :<<l:sat HVX Vector Q6 Vh vmpy VhRh sl sat (HVX Vector Vu,
Word32 Rt)

Encoding

w

31|30‘29‘28 27‘26’25’24|23‘22‘21 20‘19’18’17|16 15\14 1 12\11]10] 9 | 8|7 \ 6 \ 5|4 \ 3 ] 2 ] 1 | 0
ICLASS t5 Parse us d5

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

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

o|jojoj1/1jofof1rjof1jo|t|t|t|{t|t P/P/Ojujufujufu/0|0|1|d|d|d|d|d

ofojojtj1jojofrjoj1jojt|t|t|t|t/P/P/Ojujujujuju/0|1|/0|d|djd|d|d

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
ts Field to encode register t
us Field to encode register u
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Multiply - vector by vector

Multiply elements in the vector Vu by the corresponding elements in the vector register Vv and
take the upper halfword result.

Syntax Behavior
Vd.uh=vmpy (Vu.uh,Vv.uh) : >>16 for (i = 0; 1 < VELEM(16); i++) {
vVd.uh[i] = (Vu.uh[i] * Vv.uh[i]) .uh[1] ;
1

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

Vd.uh=vmpy (Vu.uh,Vv.uh) : >>16 HVX Vector Q6 Vuh vmpy VuhVuh rslé (HVX Vector
Vu, HVX Vector Vv)

Encoding

w

31|3o\29\2s 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|o

ICLASS Parse u5 d5

Vd.uh=vmpy(Vu.uh,Vv.uh):
>>16

ofofo1j|1{1j{1{1{1(1|/0|viviv|iv|v|P|P{1T|ufjufjujuju|1|1|1|d|d|d|d|d

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Multiply half of the elements (16 x16)

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 32 x 32 low-half multiplies.

Vd.w=vmpyieo (Vu.h,Vv.h) for (i = 0; 1 < VELEM(32) ;
= (Vu.w[i] .h[0]*Vv.w[i].

Syntax

vd.wl[i

}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses an HVX multiply resource.

Intrinsics

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

Encoding

HVX Vector Vv)

Behavior

i++) |

h[1l]) << 16

HVX Vector Q6 Vw_vmpyieo VhVh (HVX Vector Vu,

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

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
ICLASS

Parse
das
ub

v5

Description
Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register u
Field to encode register v
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Integer multiply by byte

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 one form: signed words 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)

wl[3]

w(2]

w[3] w[2] w(1] w[0] Vu
X Rt.b[3]
C)D Rt.b[2]
R e Rt.b[1]
) 4
Output only lower 32 LSBs X -—Rt.b[0]
Optional
+ Accumulate
w[3] w[2] w(1] w[0] vd
-4———Fach 128-bit ane————»
Syntax
Vd.h=vmpyi (Vu.h,Rt.Db) for (i
vd.
1
vVd.w=vmpyi (Vu.w,Rt.Db) for (i
vd.
1
Vd.w=vmpyi (Vu.w,Rt.ub) for (i
vd.
1
Vx.h+=vmpyi (Vu.h,Rt.b) for (i
Vx
1
Vx.w+=vmpyi (Vu.w,Rt.b) for (i
Vx
1
Vx.w+=vmpyi (Vu.w, Rt .ub) for (i
Vx
1

Output only lower 32 LSBs

®

w(1] w[0] Vu
Rt.h[1]
)
X e - Rt.h[0]
Optional
accumulate
w(1] w(0] vd

-——Fach 128-bit ane————————»

Class: COPROC_VX (slots 2,3)

Notes

Behavior

= 0; 1 < VELEM(16); i++) {
h(i] = (Vu.h[i] * Rt.b[i % 4]);
= 0; 1 < VELEM(32); i++) {

[i] = (Vu.w[i] * Rt.b[1 % 4]);
= 0; 1 < VELEM(32); i++) {

[i] = (Vu.w[i] * Rt.ub[i % 4]);
= 0; 1 < VELEM(16); i++)
h[i] += (Vu.h[i] * Rt.b[i % 4]);
= 0; 1 < VELEM(32); i++) {

[i] += (Vu.w[i] * Rt.b[i % 4]);
= 0; 1 < VELEM(32); i++) {

[1] += (Vu.w[i] * Rt.ub[i % 4]);

This instruction uses a HVX multiply resource.
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Intrinsics

Vd.h=vmpyi (Vu.h,Rt.b)
Vd.w=vmpyi (Vu.w,Rt.b)
Vd.w=vmpyi (Vu.w,Rt.ub)

Vx.h+=vmpyi (Vu.h,Rt.Db)

Vx.w+=vmpyi (Vu.w,Rt.Db)

Vx.w+=vmpyi (Vu.w,Rt.ub)

Vu, Word32 Rt)

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_Vw_vmpyi_VwRub (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)

HVX Vector Q6 Vw_vmpyiacc VwVwRub (HVX Vector Vx, HVX Vector

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 t5 Parse u5 x5

o|o‘o‘1 1‘0‘0‘1|0‘1‘0 t‘t‘t‘t|tP‘P1 u‘u‘u‘u|u 0‘1‘0 x‘x‘x‘x|x Vx.w+=vmpyi(Vu.w,Rtb)
ICLASS t5 Parse u5 d5

o|o‘o‘1 1‘0‘0‘1|0‘1‘1 t‘t‘t‘t|tP‘P0 u‘u‘u‘u|u o‘o‘o d‘d‘d‘d|d Vd.h=vmpyi(Vu.h,Rt.b)
ICLASS t5 Parse ub 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 u5 d5

o|o‘o‘1 1‘0‘0‘1|1‘0‘0 t‘t‘t‘t|tP‘P0 u‘u‘u‘u|u1‘1‘0 d‘d‘d‘d|d Vd.w=vmpyi(Vu.w,Rt.ub)
ICLASS t5 Parse ub x5

o|o‘o‘1 1‘0‘0‘1|1‘0‘0 t‘t‘t‘t|t P‘P1 u‘u‘u‘u|u 0‘0‘1 x‘x‘x‘x|x Vx.w+=vmpyi(Vu.w,Rt.ub)
ICLASS t5 Parse ub d5
olofo[1][1]ofof1]1]of1 t[t][t]t[t|P|P[o]ulufulululofoo|d|d|d][d]d]vdw=vmpyi(vuwRtb)

ICLASS

Parse

ds
t5
ub
x5

Field name

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 half of the elements with scalar (16 x16)

Unsigned 16 x 16 multiply of the lower halfword of each word in the vector with the lower
halfword of the 32-bit scalar.

Syntax Behavior
Vd.uw=vmpye (Vu.uh, Rt .uh) for (i = 0; 1 < VELEM(32); i++) {
vVd.uw[i] = (Vu.uw[i] .uh[0] * Rt.uh[O0]);
1
Vx.uw+=vmpye (Vu.uh, Rt .uh) for (i = 0; 1 < VELEM(32); i++) {

Vx.uw[i] += (Vu.uw[i] .uh[0] * Rt.uh[O0]);

}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses an HVX multiply resource.

Intrinsics
Vd.uw=vmpye (Vu.uh, Rt .uh) HVX Vector Q6 Vuw_vmpye VuhRuh (HVX Vector Vu, Word32 Rt)
Vx.uw+=vmpye (Vu.uh, Rt .uh) HVX Vector Q6_Vuw_vmpyeacc_VuwVuhRuh (HVX_ Vector Vx,
HVX Vector Vu, Word32 Rt)
Encoding

w

31|30‘29‘28 27‘26‘25‘24|23‘22‘21 20‘19‘18‘17|16 15\141 12\11\10\ 9 | 8|7 \ 6 \ 54 \ 3 \ 2 \ 1 |o
ICLASS t5 Parse us d5
o|o\o\1 1\0\0\1|o\1\1 t‘t‘t‘t|tP‘P0 u‘u‘u‘u|u 0\1\0 d‘d‘d‘d|d Vd.uw=vmpye(Vu.uh,Rt.uh)

ICLASS t5 Parse u5 x5

ofofof1j1jojof1(1jojo|t|t|t|t|t|P|/P|{1T | ujufujuju|0 |1 |1 |x|x|X]|X]|X

Vx.uw+=vmpye(Vu.uh,Rt.u
h)

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
ts Field to encode register t
us Field to encode register u
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.

Supports the multiplication of unsigned byte data by signed or unsigned bytes in the scalar.

The operation has two forms:
m The first form performs a simple dot product of four elements into a single result.

m The second form takes a one 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 two elements and the upper two 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) Vvdd.w[+]=vrmpy(Vuu.h,Rt.b, #1)

Vuu.V[1] ub[3] | ub[2] | ub[1] | ub[0] [Vuu.V[0]

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[O]

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]

4732—bi|k Iane—é—> ______ omoral 0 R oY A VR optional ) e meme o actmtaion
:_____i i accumulation i i accumulation i
1 1 I ]
! ! | |
! 1vdd.v(o] ‘ w(0] ‘ | vdd.v(1] w(0] | vdd.v[0]
T ! L i T ! L i
44— 32-bit lane pair————————————— -+ 32-bit lane pair >
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.ubl[0]);
vVd.uw[i] += (Vu.uw[i] .ub[1] * Rt.ub[1]);
vVd.uw[1i] += (Vu.uw[i] .ub[2] * Rt.ub[2]);
vVd.uw[i] += (Vu.uw[i] .ub[3] * Rt.ubl[3]);
1
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.Db[1]);
vd.w[i] += (Vu.uw[i].ub[2] * Rt.b[2]);
vd.wl[i] += (Vu.uw[i] .ub[3] * Rt.bI[3]);
1
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Syntax

Vx.uw+=vrmpy (Vu.ub, Rt .ub) for (i

Vx.w+=vrmpy (Vu.ub, Rt .Db) for (i

Class: COPROC_VX (slots 2,3)

Notes

Behavior
= 0; 1 < VELEM(32); i++) {
.uw [1] += (Vu.uw[i] .ub[0] *
uw [i] += (Vu.uw[i] .ub[1] *
uw [1] += (Vu.uw[i] .ub[2] *
.uw [1] += (Vu.uw[i] .ub[3] *
= 0; 1 < VELEM(32); i++) {
wl[i]l 4= (Vu.uw[i] .ub[0] *
wl[il += (Vu.uw[i] .ub[1] *
wli]l += (Vu.uw([i] .ub[2] *
wli]l += (Vu.uw([i] .ub[3] *

m This instruction uses a HVX multiply resource.

REt.
REt.
REt.
REt.

REt.
REt.
REt.

Intrinsics
Vd.uw=vrmpy (Vu.ub, Rt .ub) HVX Vector Q6 Vuw_vrmpy VubRub (HVX Vector Vu, Word32 Rt)
Vd.w=vrmpy (Vu.ub,Rt.Db) 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 .b) HVX Vector Q6 Vw_vrmpyacc VwVubRb (HVX Vector Vx,
HVX Vector Vu, Word32 Rt)
Encoding
31/30]29/2827/26)25/24 23/22|21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS t5 Parse us d5
o0 |0 |1]1 171/0/0|0 |t |t|t | t|t|P]|P ujuju{ujul|0 |11 d Vd.uw=vrmpy(Vu.ub,Rt.ub)
o(o/jof1j1jojoft1jofojo|t|t|tft/t/P/P{Ojujufujuju|1|0]|o0 d|d Vd.w=vrmpy(Vu.ub,Rt.b)
ICLASS t5 Parse ub x5
00011001000tttttPP1uuuuu1OOxxxxx;/X'qur:VrmPY(VU'Ub’Rt'Ub
o/ojof{ty1jojof1jojojo|t|tjtjt(t|P P{1Tjujujujufu|1 |01 |x|x|x]|x|x|Vxwt+=vrmpy(Vu.ub,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 by byte with 4-wide reduction vector by vector

The vrmpy instruction 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

b[0] Vv

--------- Optional accumulation

w(0] vd

4—32-bit lane———»

Syntax Behavior
Vd.uw=vrmpy (Vu.ub, Vv.ub) for (i = 0; 1 < VELEM(32); i++) {
vVd.uw[i] = (Vu.uw[i] .ub[0] * Vv.uw[i] .ub[0]) ;
vVd.uw[i] += (Vu.uw[i] .ub[1] * Vv.uw[i] .ub[1]);
Vd.uw[i] += (Vu.uwl[i] .ub[2] * Vv.uw[i] .ub[2]) ;
vd.uw[i] += (Vu.uw([i].ub[3] * Vv.uw[i].ub[3]);
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Syntax Behavior
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] .Db[0]);
vd.wl[i]l += (Vu.w[i].Db[1] * Vv.w[i].DbI[1]);
vVd.w[i] += (Vu.wl[i] .b[2] * Vv.w[i] .b[2]);
vd.w[i] += (Vu.w([i] .b[3] * Vv.w[i].D[3]) ;
1
Vd.w=vrmpy (Vu.ub, Vv.b) for (i = 0; i < VELEM(32); i++) {
vd.w[i] = (Vu.uw[i] .ub[0] * Vv.w[i].b[0]);
vd.w[i]l += (Vu.uwl[i].ub[1] * Vv.w[i] .b[1]);
vVd.wl[i] += (Vu.uwl[i] .ub[2] * Vv.w[i] .b[2]);
vd.w[i] += (Vu.uw[i].ub[3] * Vv.w[i] .b[3]) ;
1

Class: COPROC_VX (slots 2,3)

Notes

Intrinsics

HVX Vector
HVX Vector

Vd.uw=vrmpy (Vu.ub, Vv.ub)

HVX_ Vector
HVX Vector

vVd.w=vrmpy (Vu.b,Vv.b)

Vd.w=vrmpy (Vu.ub, Vv.Db) HVX Vector

This instruction uses an HVX multiply resource.

Q6 Vuw_vrmpy VubVub (HVX Vector Vu,
vv)

Q6_Vw_vrmpy VbVb (HVX Vector Vu,
vv)

Q6 _Vw_vrmpy VubVb (HVX Vector Vu,

HVX Vector Vv)

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 u5 d5
o(ofjof1j1{1/0f0ofof0|0|v{viv|v|v| P/P|O|ujufujuju|0|0]|O d|d| d|Vduw=vrmpy(Vu.ub,Vv.ub)
ofofof1j|1{1jojofof0o|0|v{viv|(v| v/ P/P|O|ujufu|lu|u|0]|O0 |1 d|d|d|Vdw=vrmpy(Vu.b,Vv.b)
o(ofof1j1{1j/jo0fofofo|j0|v{viv|iv|v|P/P|{[O|ujufujuju|0|1]O0 d|d| d|Vdw=vrmpy(Vu.ub,Vv.b)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d

us Field to encode register u

v5 Field to encode register v
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Splat from scalar

Set all destination vector register words to the value specified by the contents of scalar register

Rt.
Vd=vsplat(Rt) W Rt
Y
*
w[N -1] w[1] w][0] Vvd
*N number of operations in vector
Syntax Behavior
vd.b=vsplat (Rt) for (i = 0; i < VELEM(8); i++) {
vd.ub[i] = Rt ;
}
vd.h=vsplat (Rt) for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = Rt ;
}
Vd=vsplat (Rt) for (i = 0; i < VELEM(32); i++) {
vd.uw[i] = Rt ;
}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses a HVX multiply resource.

Intrinsics

vd.b=vsplat (Rt)
Vd.h=vsplat (Rt)

Vd=vsplat (Rt)

HVX Vector Q6 Vb vsplat R(Word32 Rt)
HVX Vector Q6 Vh vsplat R(Word32 Rt)

HVX Vector Q6 _V_vsplat R(Word32 Rt)

80-N2040-49 Rev. AA

182



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual

HVX Instruction Set

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 d5
o|o0|o[1]1|0]0]1 o1 |t|t|t|t|t/P|PlO|[-|-|-]|-|0|0]0|1 d d | Vd=vsplat(Rt)
o|o0|o[1]1|0]0]1 110[t|t|t|t|t|P|P - -]-]-]o]0 |1 d | vd.h=vsplat(Rt)
o/o|of1 /1|00 |1 1/0|t|t|t|t|t|P|P | -]-|-|-]0]1]0 d | Vd.b=vsplat(Rt)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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[i%4], the

destination Qd is OR'd with or set to 1 or O.

If Rt contains 0x01010101, Qt can be filled with the least significant bits of Vu, one bit per byte.

Syntax

Qd4=vand (Vu, Rt)

Qx4 | =vand (Vu, Rt)

for (i

}

for

}

Qdv [

(1

QxV [

Behavior
0; 1 < VELEM(8); i++) {
il=((Vu.ub[i] & Rt.ub[i % 4]) != 0) ? 1 0;
0; 1 < VELEM(8); i++) {
i1=0xVI[i] | (((Vu.ub[i] & Rt.ub[i % 4]) !=0) ? 1 0);

Class: COPROC_VX (slots 2,3)

Notes

This instruction uses an 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 Qx, HVX Vector Vu,

Word32 Rt)
Encoding
31/30]29/2827/26)25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS t5 Parse ubs x2
olofot]1]ofof1]o/t][1 t[t[e]t]t/PP[1 ulufululu/1]o]o]-]-]-]x]x| ax=vandvuRry
ICLASS t5 Parse u5 d2
o|o ‘0‘1 1 ‘0‘0‘1 |1 ‘0 ‘1 t‘t‘t‘t|t P‘P 0 u‘u‘u‘u|u 0 ‘1 ‘0 -1 ‘0 d|d Qd4=vand(Vu,Rt)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
dz 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'd into Vd or Vx.

If Rt contains 0x01010101, Qt can be expanded into Vd or Vx, one bit per byte.

Syntax Behavior
Vd=vand ([!]Qu4,Rt) for (i = 0; i < VELEM(8); i++) {
vd.ub[i] = [!]QuV[i] ? Rt.ub[i % 4] : 0 ;
}
Vx|=vand ([!]Qu4,Rt) for (1 = 0; 1 < VELEM(8); i++) ({
Vx.ub[i] |= [!](QuVv[i]) ? Rt.ubli % 4] : 0;
}

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 QnR (HVX VectorPred Qu, Word32 Rt)

Vd=vand (Qu4,Rt) HVX Vector Q6_V vand QR (HVX VectorPred Qu, Word32 Rt)

Vx\:vand(!Qu4,Rt) HVX Vector Q6 V vandor VQnR (HVX Vector Vx, HVX VectorPred Qu,

Word32 Rt)
Vx\:vand(Qu4,Rt) HVX Vector Q6 V vandor VOQR(HVX Vector Vx, HVX VectorPred Qu,
Word32 Rt)

Encoding

31/30/29)28/2726/25/24|2322/21|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/ojof{ty1jojof1jo1t 1|t tjtjt(t/PP{1]|=-|-/0jufu{0|1T|1]|x|x]|x]|x]|x|Vxl=vand(Qu4,Rt)
o/ojof{ty1jojof1jo1t (1|t tjtjt(t/PP{1|-|-{1T]ufu{01]|1]|x|x]|x]|x]|x|Vxl=vand(!Qu4,Rt)
ICLASS t5 Parse u2 d5
ofojof1f1]|ofo|1|1]of1|t|t|t|t|t/P|P|O|-|-/0|ujul1|0|1|d|d|d]|d]|d]|Vd=vand(Qu4,Rt)
ofojof1|1]|ofo|1|1]o|1|t|t|t|t|{t/P|[P|O|-|-|1|ufjul1|0|1|d|d|d]|d]|d]|Vd=vand(!Qu4Rt)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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] W
N-1]  |¢=—————= > [1] [0] vd

N is the number of elements implemented in a vector register.

Syntax Behavior
Vd.ub=vabsdiff (Vu.ub, Vv.ub) for (i = 0; i < VELEM(8); i++) {
vd.ub[i] = (Vu.ub[i] > Vv.ub[i]) ? (Vu.ub[i] -
Vv.ub[i]) : (Vv.ub[i] - Vu.ubl[il]);
1
Vd.uh=vabsdiff (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = (Vu.h[i] > Vv.h[i]) ? (Vu.h[i] - Vv.h[i])
(Vvv.h([i] - Vu.h[i]);
1
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]);
1
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Syntax Behavior
Vd.uw=vabsdiff (Vu.w,Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.uw[i] = (Vu.w[i] > Vv.w[i]) ? (Vu.w[i] - Vv.w[i])
(Vv.w([i]l - Vu.wl[i]);
}

Class: COPROC_VX (slots 2,3)

Notes

m This instruction uses an 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)
Vd.uw=vabsdiff (Vu.w,Vv.w) HVX Vector Q6 Vuw_vabsdiff VwVw(HVX Vector Vu,
HVX Vector Vv)
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 us d5
00 0|11 |1/0 0|1 1 0]v viv v viP/Po0 uluuluu00o0|ddddad],dubsvabsdiitvuubivud
o(ofof1j1{1jojof1(1|/0|v|{viv|iv|(v P/P|O|ujufulufu|0|0|1|d|d|d]|d]|d|Vd.uh=vabsdiff(Vu.h,Vv.h)
0001110011OvvvvaPOuuuuu010ddddd;/d'thvabSdiﬁ(VU‘Uh’VV'Uh
o/ojof{1y1{1jo0ofo0o|{1/1j{0|v|v|v|v| v P/ P/Ojujujujufu|0|1|1|d|d|d]|d]|d]|Vduw=vabsdiff(Vuw,Vv.w)

Field name
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v

Description

80-N2040-49 Rev. AA

187



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

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 an 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‘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 |o
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
ts Field to encode register t
x5 Field to encode register x
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6.9 PERMUTE RESOURCE

Vd=valign(Vu,Vv, Rt/u3)

The HVX PERMUTE-RESOURCE instruction subclass includes instructions that use the HVX
permute resource.

Byte alignment

Select a continuous group of bytes the size of a vector register from vector registers Vu and Vv.
The lower bits of Rt (modulo the vector length) or a 3-bit immediate value provide the starting

location.

There are two forms of the operation.

m The first form, valign, uses the Rt or immediate input directly to specify the beginning of the

block.

m The second form, vlalign, uses the inverse of the input value by subtracting it from the vector

length.

This operation can implement a nonaligned vector load, using two aligned loads (above and
below the pointer) and a valign using the pointer as the control input.

Vv

Vv

b[N-1] b[3] b[2] b[1] b[0] Vu b[N-1] b[3] b[2] b[1] b[0]
—>
\\ Starting Byte = Rt (E.g. 2)
bIN-1] | b[N-2] | b[N-3] b[1] b[0] vd
Vd=vlalign(Vu,Vv, Rt/u3)
b[N-1] | b[N-2] | b[N-3] b[1] b[0] Vu b[N-1] | b[N-2] | b[N-3] b[1] b[0]
Starting Byte = N-Rt (E.g. 2)
\

b[N-1] b[3] b(2] b[1] b[0] vd

Performs a right rotate vector operation on vector register Vu, by the number of bytes specified
by the lower bits of Rt. Write the result into Vd.
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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)

b[N-1] | b[N-2] | b[N-3] b[5] b[4] b[3] b[2] b[1] b[0] Vu
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] vd
Syntax Behavior
Vd=valign (Vu, Vv, #u3) for(i = 0; i < VWIDTH; i++) {
Vd.ub[i] = (i+#u>=VWIDTH) ? Vu.ub[i+#u-VWIDTH] : Vv.ub[i+#u];
}
Vd=valign (Vu,Vv,Rt) unsigned shift = Rt & (VWIDTH-1);
for(i = 0; i < VWIDTH; i++) {
Vd.ub[i] = (i+shift>=VWIDTH) ? Vu.ub[i+shift-VWIDTH]
Vv.ub[i+shift];
1
Vd=vlalign (Vu, Vv, #u3) unsigned shift = VWIDTH - #u;
for(i = 0; i < VWIDTH; i++) {
Vd.ub[i] = (i+shift>=VWIDTH) ? Vu.ub[i+shift-VWIDTH]
Vv.ub[i+shift];
1
Vd=vlalign (Vu, Vv, Rt) unsigned shift = VWIDTH - (Rt & (VWIDTH-1));
for(i = 0; i < VWIDTH; i++)
Vd.ub[i] = (i+shift>=VWIDTH) ? Vu.ub[i+shift-VWIDTH]
Vv.ub[i+shift];
}
Vd=vror (Vu,Rt) for (k=0;k<VWIDTH;k++) {
Vd.ub[k] = Vu.ub[ (k+Rt) & (VWIDTH-1)];
}

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

Notes

m This instruction uses the HVX permute resource.

m Input scalar register Rt is limited to registers 0 through 7
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Intrinsics

Vd=valign (Vu, Vv, #u3)

Vd=valign (Vu, Vv, Rt)

Vd=vlalign (Vu, Vv, #u3)

Vd=vlalign (Vu, Vv, Rt)

Vd=vror (Vu,Rt)

Iu3)

Rt)

Word32 Iu3)

Word32 Rt)

HVX Vector Q6 V _valign VVI (HVX Vector Vu, HVX Vector Vv, Word32

HVX_Vector Q6_V_valign VVR (HVX_ Vector Vu, HVX Vector Vv, Word32

HVX Vector Q6_V vlalign VVI (HVX Vector Vu, HVX Vector Vv,

HVX Vector Q6 V vlalign VVR(HVX Vector Vu, HVX Vector Vv,

HVX Vector Q6_V_vror_ VR (HVX_ Vector Vu, Word32 Rt)

Encoding
31/30/29|28|27|2625]24/23|22]21/2019]18[17|16]15]14|13[12]11]10[ 9 |8 | 7] 6 |5 | 4[3 ]2 1] 0
ICLASS t5 Parse u5 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‘1 d‘d‘d‘d|d Vd=vror(Vu,Rt)
ICLASS t3 Parse us ds
000 (|1 |1]0]1 |1 viv|iv|iv|t|t|t|P/P/O|u|jujufufu/0|0]|O0 d|d Vd=valign(Vu,Vv,Rt)
0001 |1]0]1 |1 viviv|v|t|t| t/P/P/Ojujufujujuf0|0 1 d|d Vd=vlalign(Vu,Vv,Rt)
ICLASS Parse ub d5
0|00 (1|1 ]1]1]0 O|1|v|v| v Vv vV P/1 ujufujujulil|ili d|d Vd=valign(Vu,Vv,#u3)
o(0of0(|1|1|1]1]0 11 |v|v| v v|vVv Pi{1|lujuju|jujulilili d Vd=vlalign(Vu,Vv,#u3)

Field name
ICLASS

Parse
ds
£3
t5
u5
v2
v3

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register t
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register v
Field to encode register v

Description
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General permute network

Performs permutation and rearrangement of the 64 input bytes, which is the width of a data slice.
Pass the input data through a network of switch boxes. These switch boxes 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.

There are two main forms of data rearrangement.
m  Asimple reverse butterfly network vrdelta shown in Figure 6-1.

m A butterfly network vdelta shown in Figure 6-2.

These are known as blocking networks, as not all possible paths are 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.

The input vector of bytes passes through six levels of switches that have an increasing stride
varying from 1 to 32 at the last stage. Figure 6-1 is an example of a valid pattern using an 8-
element vrdelta network for clarity: 0, 2,4, 6, 7,5, 3, and 1.

Vu[0] /L'_J\ 1'_‘, 4' |— Vd[0]
Vv[0] bl0] bl1] b[2]

VU[1] 'T‘I, 1'_‘, 1' |— vd[1]
Vv[1] b[0] b[1] bl2]

Vu[2] 4' |— vd[2]

VV[Z] b[0 N\ b[1 b[2

Vu[3] /\,L‘/ o \/\/\/ - Vd[3]
V(3] IMI b[1] bl2)

VU[4] Vd[4]
ST N

Vu[5] Vd[5]
VV[5] b[0 b[1 b[2

W V.V A
VV[6] b[0] b[1] / b[2]

Vu[n/\{?—, |_?_' ‘{ 1 |_ vd[7]
WV[7] b0] b[1] b[2]

Figure 6-1 8-element vrdelta permute network
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The vdelta network is the mirror image, with the largest stride first followed by smaller strides
down to 1. The control inputs in the vector register Vv control each stage output. For each stage
(for example stage 3), the bit at that position looks at the corresponding bit (bit 3) in the control
byte. This is shown in the switch box in Figure 6-2.

i YA ——{Jw
\"
b[0] b[1] b[2]
Vu[1] [ [o] Vd[1]
- ot —
vz LR A Jva
WI2] \/\/\/ 507 b1 bi2)
VU3 1] [ ] 1] vd[3]
VV[S] b[0] b[1] b[2]
1
vy I XAAL R A A Tvan

b[0] b[1] b[2]
Vu5] /\/<\ \‘_}\ Vdi5]

?

Vv[5] / \ b[o] b[1] b[2]
P L an a L = Ivam
[6] / 5107 b1} bl2]
VU[7] 0 1 1] vd[7
WW[7] b[0] IE[’# bl2] !

Figure 6-2 Butterfly network vdelta

The desired pattern 0, 2, 4, 6, 1, 3, 5, and 7 is not possible, as this overuses available paths in the
trellis. The bit sequence produced by the destination position D from source position S
determines the position of the output for a particular input. The bit vector for the path through
the trellis is a function of this destination bit sequence. In the example D =7, 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. Place bits 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, OxOA, 0x08, OxOF, 0xOD, 0x14, 0x16, Ox11, Ox13, Ox1E, Ox1C,
0x1B, 0x19, 0x28, 0x2A, 0x2D, Ox2F, 0x22, 0x20, 0x27, 0x25, 0x3C, Ox3E, 0x39, 0x3B, 0x36, 0x34,
0x33, 0x31, 0x10, 0x12, 0x15, 0x17, Ox1A, 0x18, Ox1F, 0x1D, 0x04, 0x06, 0x01, 0x03, OxOE, 0x0C,
0x0B, 0x09, 0x38, 0x3A, 0x3D, 0x3F, 0x32, 0x30, 0x37, 0x35, 0x2C, Ox2E, 0x29, 0x2B, 0x26, 0x24,
0x23, 0x21}

The following function replicates every fourth 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, 32, 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
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Valid controls = {0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00,
0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00,
0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00,
0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00, 0x01, 0x02, 0x03, 0x00,
0x01, 0x02, 0x03}

The other general form of permute is a Benes network, which requires a vrdelta immediately
followed by a vdelta operation. This form is nonblocking: any possible permute, however random,
can be accommodated, though it has to be a permutation, each input must have a position in the
output. Use a pre- or post-conditioning vrdelta pass to perform the replications before or after
the permute.

Implement element sizes larger than a byte by grouping bytes together and moving them to a
group in the output. The following random mix is an example of a general permute, 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, 0Ox2F, 0x20, Ox2E, 0x04, 0x00, 0x09, 0x29, 0x0C,
0x0A, 0x20, 0x0A, 0x05, OxOF, 0x29, 0x2B, 0x2C, Ox0E, 0x11, 0x13, 0x31, Ox2F, 0x08, Ox0A, 0x2A,
Ox3E, 0x02, 0x32, 0x0B, 0x07, 0x26, OxOE, Ox2A, Ox2E, 0x36, 0x36, 0x1D, 0x07, 0x01, 0x2B, Ox0C,
Ox1E, 0x21, 0x13}

vdelta controls={0x1D, 0x01, 0x00, 0x00, 0x1D, 0x1B, 0x00, Ox1A, Ox1E, 0x02, 0x13, 0x03, 0x0C,
0x18, 0x10, 0x08, 0x1A, 0x06, 0x07, 0x03, Ox11, 0x1D, Ox0OD, 0x11, 0x19, 0x03, 0x15, 0x03, 0x03,
0x19, Ox1F, 0x01, Ox1B, 0x1B, 0x06, 0x12, 0x18, 0x00, Ox1D, 0x09, Ox1A, OxOE, 0x02, 0x02, Ox0B,
0x05, Ox0A, 0x18, 0x1D, Ox1F, 0x01, 0x17, 0x14, 0x06, 0x19, OxOF, Ox1D, 0x0D, 0x05, 0x01, 0x06,
0x06, OXOF, Ox1B}

These applications find the vdelta/vrdelta controls for a Benes-type network or vrdelta only for a
simple Delta network.
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For the Benes control, all outputs must be used. In the Delta network, X is a don't-care output and
replication is allowed.

Vd = vrdelta(Vu,Vv) Vd = vdelta(Vu,Vv)
/) A . M A AN
A\ /AN
/) I | I | /AN
I
/) /AN
A /AN
SXXXXXK XXX
PECCEEOO X XXXRXX X
N 1/ XRRXXX
\) I
\) )
\) I
N Iy
sl N
/) N
/) N
l N
sl S XXXXXX
KX XXXXXXY) XXX XXXRe
A/ o/ XXXXXX
Y/ \v4
4 Y/
A/ \v4
g ;
vd
Vu N vd Vu \vA
/) AN
/3 /AN
A\ I
/0 /AN
/) /AN
A I
SUEXXXX /N XXX
PECCEEEO X XXXRXX e
/X X
\) I
\\ 7
\) I
\) I
\) )
sl N
sl X
] N
/] N
ol N
X WX X
XXX N/ XRRIXK N,
Y/ \v4
y g Example Switch box
i | i |
Y/ \v4 )
N \ v \vA Vu.ubfi] 1; ou
f f Vu.ubfi+2"] ! outf
Vv Vv
Vv.ub[i]&(1<<k) Vv.ub[i+2
Syntax Behavior
Vd=vdelta (Vu, Vv) for (offset=VWIDTH; (offset>>=1)>0; ) {
for (k = 0; k<VWIDTH; k++) ({
Vd.ub[k] = (Vv.ub[k]&offset) ? Vu.ub[k“offset] : Vu.ubl[k];
1
for (k = 0; k<VWIDTH; k++) ({
Vu.ub[k] = vd.ubl[k];
1
}
Vd=vrdelta (Vu, Vv) 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];
1
for (k = 0; k<VWIDTH; k++) {
vu.ub k] = vd.ub[k];
1
1
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Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.
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
31/30/29|28]27|2625]24/23]22]21]20]19]18[17]16[15]14]13[12]11]10[ 9 [8 | 7] 6 [ 5|43 ]2 1] 0
ICLASS Parse us d5
ofofo1j1{1j{1{1/of0o1|v{viv|iv|(v/P/P|[O|jujufufufu|0]|O0 |1 d|d|d|Vd=vdelta(Vu,Vv)

o

Vd=vrdelta(Vu,Vv)

ofofo1j|1{1j{1{1/of0o(1|v{viv|iv|(v/P/P|O|ujufujuju|0|1|1|d|d| d|d

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Shuffle - deal

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.

The vdeale operation deals the even elements of Vv into the lower half of the destination vector
register Vd, and deals the even elements of Vu into the upper half of vd.

The vdeal 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.

Vd.h=vdeal(Vu.h)

[N-1]

[N-2]

(4

Bl

2

[

[0

[N-1]

[N/2+2)

IN/2]

N/2-1)

2

[

[0

.b=vdeale(Vu.b, Vv.b)

Vu

vd

[10]

(9

(8

m

(61

(5]

(4

Bl 2 [

[0

Vu

[10]

(9

(8

m

(61

[s]

(4

Bl

2

[

[0}

Vv

bﬁ
T
&2

3N/
442]

[3N/4] [N/2+2]

IN/2+1]

N/2]

[N/a+2]

[N/4+1]

IN/4]

2]

1

[o1

Figure 6-3 Vdeal operation

vd
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The vshuff operation shuffles 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.

Vd.b=vshuff(Vu.b)

[N-1] e [N/2+2] | [N/2+#1] | [N/2] [ [N/2-1] [2] [1] [0] Vu
A y
[N-1] [N-2] ee [5] [4] 3] [2] (1] [0] vd

*N is the number of element operations allowed in the vector

Figure 6-4 vshuff operation

Syntax Behavior
Vd.b=vdeal (Vu.b) for (i = 0; i < VELEM(16); i++) {
Vd.ub[i ] = Vu.uh[i] .ub[0];
Vd.ub [1+4VBITS/16] = Vu.uh[i] .ub[1] ;
1
Vd.b=vdeale (Vu.b,Vv.b) for (i = 0; i < VELEM(32); i++) {
vVd.ub[0+1 ] = Vv.uw[i] .ub[O0];
Vd.ub [VBITS/32+1i ] = Vv.uwl[i] .ub[2];
Vd.ub [2*VBITS/32+1i] = Vu.uwl[i] .ub[0];
Vd.ub [3*VBITS/32+i] = Vu.uw[i] .ub[2] ;
1
Vd.b=vshuff (Vu.b) for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] .b[0]=Vu.ub[i] ;
vVd.uh[i] .b[1]=Vu.ub[i+VBITS/16] ;
1
Vd.h=vdeal (Vu.h) for (i = 0; i < VELEM(32); i++) {
Vd.uh[i ] = Vu.uw[i] .uh[0];
Vd.uh[i+VBITS/32] = Vu.uw([i] .uh[1] ;
1
Vd.h=vshuff (Vu.h) for (i = 0; i < VELEM(32); i++) {
Vd.uw[i] .h[0]=Vu.uh[i] ;
Vd.uw[i] .h[1]=Vu.uh[i+VBITS/32] ;
1

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.Db)

vVd.b=vshuff (Vu.b)
Vd.h=vdeal (Vu.h)

Vd.h=vshuff (Vu.h)

HVX_Vector

HVX Vector

HVX Vector Vv)

HVX_ Vector
HVX Vector

HVX Vector

Q6 Vh vshuff Vh(HVX Vector

Q6 Vb _vdeal Vb (HVX Vector Vu)

Q6 Vb vdeale VbVb (HVX Vector Vu,

Q6 _Vb_vshuff Vb (HVX Vector Vu)

Q6 Vh vdeal Vh(HVX Vector Vu)

Vu)

Encoding

31/30]29/2827/26)25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS Parse ub d5
olo|of1]1[1]1]0 -lo|-|-|-]ojo|P|P|O ululufu|1[1]0|d|d]|d|d]|d|Vdh=vdeal(Vu.h)
ojofo[1|1]1]1]0 -j0|-|-|-]0oj0o|P|P]|O ulufufu|1|1]1|d|d|d|d]|d]Vdb=vdeal(Vu.b)
ojofo[1|1]1]1]0 -0|-|-|-]0|1|P|P]|O ulu|jufu|1|1]1|d|d|d|d]|d]Vdh=vshuff(vu.h)
ojofo[1|1]1]1]0 -j0|-|-|-|1|o|P|P]|O ulu|ju|u|0|0|0|d|d|d|d]|d]Vdb=vshuff(Vu.b)
000 (|1 |1 |1]1[1 O[1|v|v|v|v|Vv| P|P|O ulujuju|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

ds Field to encode register d

us Field to encode register u

v5 Field to encode register v
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Pack

All three forms of the vpack opration pack elements from the vector registers Vu and Vv into the
destination vector register Vd.

The vpacke operation writes even elements from Vv and Vu into the lower half and upper half of
Vd respectively.

The vpacko operation writes odd elements from Vv and Vu into the lower half and upper half of
Vd respectively.

The vpack operation (Figure 6-5) 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
[N-1] e [ IN2e)|OINZ2D | INZ2-2) | [1] [0] vd

Vd.b=vpacko(Vu.h,Vv.h)

N | N2 6) 2] 1 o | w
N1 | N2 B | @ | mw | o | vu
NG| [ovas | v (v | | 2] | o] | vd

Vd.b=vpack(Vu.h,Vv.h):sat

[N/2-1] [1] [0] Vu [N/2-1] 1 [0] Vv

l
@ ©

[N-1] | IN242) | [N/2] | IN/2-1] [1] [0] vd

Figure 6-5 vpack operation

Syntax Behavior
Vd.b=vpack (Vu.h,Vv.h) :sat for (i = 0; i < VELEM(16); i++) {
Vd.b[i] = satg(Vv.h[i]);
Vd.b[i+VBITS/16] = satg(Vu.h[i]) ;
}
Vd.b=vpacke (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {
Vd.ub[i] = Vv.uh[i] .ub[0];
Vd.ub [i+VBITS/16] = Vu.uh[i] .ub[0] ;
}
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Syntax Behavior
Vd.b=vpacko (Vu.h,Vv.h) for (i = 0; i < VELEM(16); i++) {
Vd.ub[i] = Vv.uh[i] .ub[1];
Vd.ub [1+4VBITS/16] = Vu.uh[i] .ub[1] ;
}
Vd.h=vpack (Vu.w,Vv.w) :sat for (1 = 0; i < VELEM(32); i++) {
Vd.h[i] = satig(Vv.w[il);
Vd.h[i+VBITS/32] = satig(Vu.w[i]) ;
}
Vd.h=vpacke (Vu.w,Vv.w) for (i = i < VELEM(32); i++) {

0;
vd.uh[i] = Vv.uw[i].uh[0];
Vd.uh[i+VBITS/32] = Vu.uw([i] .uh[0] ;

Vd.h=vpacko (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.uh[i] = Vv.uw[i].uh[1];
Vd.uh[i+VBITS/32] = Vu.uw([i] .uh[1] ;
1
Vd.ub=vpack (Vu.h,Vv.h) :sat for (1 = 0; i < VELEM(16); i++)
Vd.ub[i] = usatg(Vv.h[i]);
Vd.ub [i+VBITS/16] = usatg(Vu.h[i]) ;
1
Vd.uh=vpack (Vu.w,Vv.w) :sat for (1 = 0; i < VELEM(32); i++) {
Vd.uh[i] = usat,g(Vv.w[i]);
Vd.uh[i+VBITS/32] = usat,¢(Vu.w[i]) ;

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

Notes

m This instruction uses the HVX permute resource.

Intrinsics

Vd.b=vpack (Vu.h,Vv.h) :sat HVX Vector Q6 Vb _vpack VhVh sat (HVX Vector Vu,
HVX Vector Vv)

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)
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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 Parse us d5
0|0 (0|1 |1 ]1]1[1 1/0|v|iv|v|v| v| P/ P/[O|jujujujufu|0 1|0 d|d Vd.b=vpacke(Vu.h,Vv.h)
0|0 (0|1 |1 ]1]1[1 1/0|v|iv|v|v| v | PP uj/ufujuju(0|1 1 d Vd.h=vpacke(Vu.w,Vv.w)
oo fof1/1[1]1]1 100 v |v|v|v| v P[P0 |ululuuu1[o1|ddd|d]|d]|/dubvpackiVunVvh)sa
000 (|1 |1T|1]1[1 1/0|v|v|v|v| v P P/[O|juljujujufu|1 1]|0|d|d|d]|d]|d]|Vdb=vpack(Vu.hVv.h):sat
ERCRERERERERE 100 v v|v|v v P[P0 |uluuuu/1[1ddddd| ydun=vrackVuwivwys
00|01 [1[1[1]|1 1T|11|v|v|v|v|Vv Oju{ujuju|u|0]|0]|O d|d Vd.h=vpack(Vu.w,Vv.w):sat
0 (0|0 [T |1 [1]1]1 11 |v|v|v]|v|vV Ojujujujufu|0]0]|1 d|d Vd.b=vpacko(Vu.h,Vv.h)
0 (0|0 1|1 [1]1]1 11 |v|v|v]|v|vVv Ojujujujufu|0|1]|O0 d|d Vd.h=vpacko(Vu.w,Vv.w)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d

us 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 ones 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 is typically 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;
Qd4=vsetqg2 (Rt) for(i = 0; 1 < VWIDTH; i++) Qdv[il=(i <= ((Rt-1) & (VWIDTH-1))) ? 1
s 0¢

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 vsetq R(Word32 Rt)

Qd4=vsetqg2 (Rt) HVX VectorPred Q6 Q vsetg2 R(Word32 Rt)

Encoding
31/30]29/2827/26)25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0

ICLASS t5 Parse d2
of(0f0|1|1]0]0|1|1|of[1|t|t|t|t|t|P|P|O|-|[-]|-]-|-]0O d | d | Qd4=vsetq(Rt)
of0f0|1|1]|0]0o|1|1|of1|t|t|t|t|t|P|P|O|-|[-]|-]-|-]0O d | d | Qd4=vsetq2(Rt)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

dz Field to encode register d

t5 Field to encode register t
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Vector in-lane lookup table

The vlut instructions implement fast vectorized lookup-tables. The lookup table is contained in
the Vv register while the indexes are held in Vu. Table elements are either 8-bit or 16-bit. An
aggregation implements tables larger than 64 bytes in 64 B mode and 128 bytes in 128 B mode.
In both 64 and 128 B modes, the maximum amount of lookup table accessible is 32 bytes for byte
lookups (vlut32) and 16 half words in hwords lookup (viut16).

8-bit elements

For 64 byte mode, tables with 8-bit elements support 32 entry lookup tables using the vlut32
instructions. The required entry is conditionally selected by using the lower five bits of the input
byte for the respective output byte. A control input register, Rt, contains match and select bits.
The lower three bits of Rt must match the upper three bits of the input byte index for the table
entry to be written to or OR'd with the destination vector register byte in Vd or Vx respectively.
The LSB of Rt selects odd or even (32 entry) lookup tables in Vv.

The following is an example of a 256 byte table stored naturally in memory:

127,126, ..... 66, 65, 64, 63, 62,......... 2, 1, 0
255,254,....194,193,192,191,190, ....... 130,129,128

For use with the vlut instruction in 64 byte mode, it must be shuffled in blocks of 32 bytes.

63, 31, 62, 30,...... 36, 4, 35, 3, 34, 2, 33, 1, 32, 0 Rt=0, Rt=1 127,
95,126, 94, ..... 100, 68, 99, 67, 98, 66, 97, 65, 96, 64 Rt=2, Rt=3 same
ordering for bytes 128-255 Rt=4, 5, 6, 7

In 128 byte mode, the data must be shuffled in blocks of 64 bytes.

127, 63,126, 62, ........ 68, 4, 67, 3, 66, 2, 65, 1, 64, 0 Rt=0,1,2,3 same
ordering for bytes 128-255 Rt=4,5,6,7
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Accessing data stored in this way this with 64 or 128 byte mode gives the same results. In the case
of 128 byte mode, bit 1 of Rt selects whether to use the odd or even packed table and bit 0
chooses the high of low 32 elements of that high or low table.

Vd.b = vlut32(Vu.b, Vv.b, Rt) and Vx.b |=vlut32(Vu.b, Vv.b, Rt)

Rt
Vu Input .
Vector b[63:8] b[7] | b[6] | b[5] | b[4] | b[3] | b[2] | b[1] | b[O]
=)
b[7:5] ( )
0
¢«—— Replicated for all other input bytes———>
=7
Vv Table | blil/ali o
Vecror | i=31ta4 | PI31 | al3] | bl2] | al2] | b[] | al1] | b[0] | alo] o
To other selects L‘ L/‘\—/‘J L/‘\—/‘J N—P— b[0]
1 1 1
Other l
inputs
i \ Y
k——— blao]
lol
YV
¢«——  Replicated for all other output bytes——— |
vd/Vx *
Output b[63:1] b[O] Optional OR
Vector ; accumulate
205
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Vd.b = vlut32(Vu.b, Vv.b, Rt) and Vx.b |=viut32(Vu.b, Vv.b, Rt)

Rt
Vu Input| BYtes 12780 | o oo | orco1 | B6s) | Bl64] |Bytes 63 to 4| B[3] | B[2] | B[] | B[O] o
Vector 69 ~ 9
Bits 2:0 .;%’ S
bits 7to 5 ( 3
<—Replicated for all other input bytes—>
L
<
2
Vv Table|  blil/alil b[i)/ali] 2
Vector | i=63 to 34 b[33] | a[33] | b[32] | a[32] i=31t02 b[1] | a[1] | b[0] | a[O0]
To other selects w Bit 1 w N——e
———————————————— - B2
+ + Bit O
Select hi or lo 32 for Vv kP
\
32 x 32 to 1 selectors H\— bits 4to 0
IOI
A4
0
vy
Replicated for all other output bytes |
L
vd/Vx Optional OR
Output B127 downto 65 B[64] B63 downto 1 B[0] ptiona
Vector accumulate

128Byte mode

16-bit elements

For tables with 16-bit elements, the basic unit is a 16-entry lookup table in 64 byte mode and 128
byte mode. Supported by the vlut16 instructions. The even byte entries conditionally select using
the lower four bits for the even destination register VddO, the odd byte entries select table entries

into the odd vector destination register Vdd1. A control input register Rt contains match and
select bits in the same way as the byte table case.
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For 64 byte mode, the lower four bits of Rt must match the upper four bits of the input bytes for
the table entry to write to or OR with the destination vector register bytes in Vdd or Vxx

respectively. Bit 0 of Rt selects the even or odd 16 entries in Vv. For 128 B, only the upper four bits
of input bytes must also match the lower four of Rt. Bit 1 of Rt selects odd or even hwords and bit
0 selects the lower or upper 16 entries in the Vv register.

For larger than 32-element tables in the hword case (for example 256 entries), the user must
access the main lookup table in eightdifferent 32 hword sections. The following is an example of a
256H table stored naturally in memory.

63,

1,

0 127,126, .

194,193,192

7 651

64 191,190,

130,129,128

For use with the vlut instruction in 64 byte mode, it must be shuffled in blocks of 16 hwords, the
LSB of Rt is used to choose the even or odd 16 entry hword tables in Vv.

31, 15, 30, 14,...... 20, 4, 19, 3
46, ..... 52, 36, 51, 35, 50, 34,
bytes 64-255 Rt=4, 5, 6, 7, 8, 9,

I 181 2[
49, 33,
10,11,1

48,

17, 1, 16,

2,13,14,15

0 Rt=0,

Rt=1 63,
32 Rt=2, Rt=3 same ordering for

47, 62,

In 128 byte mode, the data must be shuffled in blocks of 32 hwords. Bit 1 of Rt is used to choose
between the even or odd 32 hwords in Vv. Bit 0 accesses the high or low 16 half words of the odd
or even set.

63, 31,

Rt=14,15

62,
ordering for bytes 128-255 Rt=4,5,

30,

4, 35,

3, 34,
Rt=6,7

2,

33, 1,
, Rt=8,9,

32,
Rt=10,11,

0 Rt=0,1 Rt=2,3 same

Rt=12,13,

Figure 6-6 shows vlut16 with even bytes being used to look up a table value, with the result
written into the even destination register. Odd values going into the odd destination, 64 byte and
128 byte modes are shown.

Vdd.h = vlut16(Vu.b, Vv.h, Rt) / Vxx.h |=vlut16(Vu.b, Vv.h, Rt)

Bits 3:0

Bits 31:4

0Odd bytes Even bytes
Bytes Vu input Bytes
i=63t09 | °] bIS] bI3] bl1) vector Wiyt Sy bl6] bl4] bl2] blo]
Bits 7:4 Bits 7:4
<—Replicated for all other odd input bytes———> <——Replicated for all other even input bytes———
ey Vv table
Vv table blil/alil b(il/ali]
vector i=15t04 b[3] | a[3] | b[2] | a[2] | b[1] | a[1] | b[O] | a[0] vector o 15 G b[3] | a[3] | b[2] | a[2] | b[1] | a[1] | b[0O] | a[0]
(copy)
To other selects H H L»}_,H L‘F’H LA Bito To other selects H H L‘F/H HL/H A sito
Other l l Other l l l
inputs inputs
Y 4 4
f——— sits30 f——— sits30
‘0’ o
A A %
9
<——Replicated for all other output bytes——— <——Replicated for all other output bytes————
Vdd1/Vxx1 Vddo/Vxx0
output h[31:1] h[o] output h[31:1] h[0]
vector vector
Optional OR Optional OR

accumulate

Figure 6-6 64 byte mode vlut16 operation

accumulate
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Vdd.h = vlut16(Vu.b, Vv.h, Rt) Vkx.h |= viut16(Vu.b, Vv.h, Rt)

Bytes Bytes | vy Input

27t02ie2 | P2 BT 50600 | vector
128B MODE

o |« o Rt
2 |8 2
o |~ on
2 |2 £ =4
5 3 s o
PR
=3
°
<
e}
bli}/afi] E
. bh[1] | ah[1] | bh[0] | ah[O
(231 te | Bhl1l| ah(1] | bhio] | ahio] g
°
~
Vv Table ™
%
Vector =2
(hwords)
_____ §
_____ NI NS $ g
]
N N N
_____ 22
]
N To other selects N
To other selects — L Bitl L | M
1
cher
inputs |
l Choose hi or lo 16 hwords H P—Bit 0 Choose hior lo 16 hwords Hﬂ—r\m_ hi o lo 16 hwords
from W
" Y Bits3to 0
M Bits3to 0 6x16to 1 select I of input
P P byte
0 0

Replicated for all other

(;Repllcated for all otherg)
even bytes

odd bytes
Vdd1/vxx1 A Vddo/Vxx0
. H[i+ |H[i+62] down . ) H[i-1]
H127 down to i+65 64] to Hea 3:3):: H63 down to i+1 H[i] ) 3ut;t)ut
ector
Optional OR Optional OR
accumulate accumulate

Figure 6-7 128 byte mode vlut operation

The vlut oprations with the nomatch extension do not look at the upper bits and always produce
a result. These are for small lookup tables.

Syntax Behavior

Vd.b=vlut32 (Vu.b,Vv.b, #u3) for (1 = 0; 1 < VELEM(8); i++) ({
matchval = #u & 0x7;
oddhalf = (#u >> (log2(VECTOR_SIZE)-6)) & O0x1;
idx = Vu.ub[i];

vVd.b[i] = ((idx & 0xE0) == (matchval << 5)) ?
Vv.h[idx % VBITS/16] .bl[oddhalf] : 0;
1
Vd.b=vlut32 (Vu.b,Vv.b,Rt) for (i = 0; 1 < VELEM(8); i++) {
matchval = Rt & 0x7;
oddhalf = (Rt >> (log2 (VECTOR_SIZE)—G)) & 0x1;
idx = Vu.ubl[i];
Vd.b[i] = ((idx & 0xE0) == (matchval << 5)) ?
Vv.h[idx % VBITS/16] .b[oddhalf] : 0;
1
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Syntax Behavior

vVd.b=v1lut32 (Vu.b,Vv.b,Rt) :nomatch for (i = 0; i < VELEM(8); i++) {
matchval = Rt & 0x7;

oddhalf = (Rt >> (log2(VECTOR_SIZE)-6)) & 0x1;
idx = Vu.ubl[i];
idx = (idx&0x1F) | (matchval<<5)

( 7
Vd.b[i] = Vv.h[idx % VBITS/16] .b[oddhalf];

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

Notes

m This instruction uses the HVX permute resource.

m Input scalar register Rt is limited to registers 0 through 7

Intrinsics

Vd.b=vlut32(Vu.b,Vv.b, #u3) HVX Vector Q6 Vb vlut32 VbVbI (HVX Vector Vu,
HVX Vector Vv, Word32 Iu3)

vd.b=vlut32 (Vu.b,Vv.b,Rt) HVX_Vector Q6 Vb vlut32 VbVbR (HVX Vector Vu,

HVX Vector Vv, Word32 Rt)

Vd.b=vlut32(Vu.b,Vv.b,Rt) :nomatch HVX Vector Q6 Vb vlut32 VbVbR nomatch (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Encoding

31|3o\29\28 27\26\25\24|23\22\21\20\19 18\17|16 12\11\10\ 9 | 8|7 \ 6 \ 54 \ 3 \ 2 \ 1 | 0
ICLASS t3 Parse us d5

-
| 9 |
-
»
-
w

d Vd.b=viut32(Vu.b,Vv.b,Rt):

ofofof1j|1jo0jo0oj0fv|v|v|v|v| t|t|t/ P P|[O|ju/ufujuju|0|1|1|did| d|d nomatch

o|/ojof{1y1j0j1f{1|viviv|v|iv|it|t(t|P P{1|ujujujufu|0|0[1|d|d|d|d]|d]|Vdb=viut32(Vu.b,Vv.b,Rt)

ICLASS Parse ub d5
olofo1[1]1]1]ofoof1|v|v|[v|v|v|pP|[Plo|ululululu i[i]i|ld[d]d] d]d]|vdb=viutszrvubvbsu3)
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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

v5 Field to encode register v
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6.10 PERMUTE-SHIFT-RESOURCE

The HVX permute shift resource instruction subclass includes instructions that use both the HVX
permute and shift resources.

Vector ASR overlay

This instruction completes a 64-byte bidirectional arithmetic shift right (ASR) by shifting the high-
word source (Vu.w([i]) and merging with the destination register. This assumes a rotate on the
low-word source was already performed and placed in the low-word of the destination register.
This instruction can also concatenate LSB portions of the source and destination registers and
place into the high or low word of the destination depending on the shift amount.

Amt>=0 Vu.wli] Vx[0].uwl[i]

Vxxi] | Sign-ext

— —
amt a).wiil Mt yx[0].uwli]
Amt<0 Vu.wl[i] Vx[0].uwl[i]

Lost 7

/
//A Zero

-amt -amt
Vx[1].wli] Vx[0].uwl[i]
Figure 6-8 vasrinto operation
Syntax Behavior
Vxx.w=vasrinto (Vu.w, Vv.w) for (i = 0; i < VELEM(32); i++) {
shift = (Vu.w[i] << 32);
mask = (((Vxx.v[0].w[i]) << 32) | Vxx.v[0] .w[i]) ;
lomask = (((1) << 32) - 1);
count = -(0x40 & Vv.wl[i]) + (Vv.w[i] & 0x3f);
result = (count == -0x40) ? 0 : (((count < 0) ? ((shift
<< -(count)) | (mask & (lomask << -(count)))) : ((shift >>
count) | (mask & (lomask >> count)))));
Vxx.v[1] .w[i] = ((result >> 32) & Oxffffffff);
Vxx.v[0] .w[i] = (result & Oxffffffff);
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Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX permute resource.

m This instruction uses the HVX shift resource.

Intrinsics

Vxx.w=vasrinto (Vu.w,Vv.w)

Encoding

HVX Vector Vu, HVX Vector Vv)

HVX VectorPair Q6_Ww_vasrinto WwVwVw (HVX VectorPair Vxx,

31|3o\29\23 27\26\25\24|23\22\21 \20\19\18\17|16

15\14

w

12\11\10\9|8 7\6\5

4\3\2\1|o

ICLASS

Parse

ub

olofolt[1]o[1]o]1]o]1]v]v][v]v]v]P]|P

ululululult 1]

Vxx.w=vasrinto(Vu.w,Vv.w)

Field name
ICLASS

Parse
ub
v5

x5

Instruction class
Packet/loop parse bits
Field to encode register u
Field to encode register v
Field to encode register x

Description
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Vector shuffle and deal cross-lane

The vshuff (formerly vtrans2x2) and vdeal operations perform a multiple-level transpose
operation between groups of elements in two vectors. The scalar register Rt specifies the element
size. Rt=1 indicates an element size of one byte, Rt=2 indicates halfwords, Rt=4 words, Rt=8 eight
bytes, Rt=16 sixteen bytes, and Rt=32 32 bytes.

Consider the data in the two registers as two rows of 64 bytes each. Each two-by-two group is
transposed. For example, Rt = 4 indicates that each element contains four bytes. The matrix of
four of these elements is 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 presented in the two destination registers. A value of Rt = 0 leaves the input
unchanged.

Figure 6-9 shows examples for Rt =1, 2, 4, 8, 16, and 32. In these cases, the vdeal and vshuff
operations perform the same operation. Figure 6-9 is valid for vshuff and vdeal.

vshuff/vdeal(Vy,Vx,Rt) N = 64/Rt Rt = 2Aj

[N-1] | [N-2] [1] [0] Vy | [N-1] | [N-2] [1] [0] Vx

A A A A

[N-1] | [N-2] [ [N-3] | [N-4] [ ... [0] vy | [N-1] | .. [3] [2] [1] [0] Vx’

Vdd = vshuff/vdeal(Vu,Vv,Rt) N =64 /Rt Rt = 2]

[N-1] | [N-2] [1] [0] Vu | [N-1] | [N-2] [1] [0] Vv
Y Y Y Y
[N-1] | [N-2] | [N-3] | [N-4] [0] |[vdd[1]| [N-1] | [N-2] | [3] [2] [1] [0] | vdd[o]
7/ S
// \\\\ /
d N Elements
3 2 1 0

ElementRt=4N=16

Figure 6-9 Vector shuffle and deal cross-lane operations
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When using a value of Rt other than 1, 2, 4, 8, 16, or 32, the effect is a compound hierarchical
transpose. For example, the value 23 =1 + 2 + 4 + 16 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. The order is in increasing element size. For vdeal the order is reversed,
starting with the largest element size first, then working down to the smallest.

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, Rt = -24 is a multiple of 8,
so 8 is the smallest element size. With a -ve value of Rt, the upper bits of the value Rt are set. For
example, Rt=-8 is the same as 32 + 16 + 8. Figure 6-10 shows the effect of this transform for the
vshuff operation. Figure 6-11 shows the effect of this transform for the vdeal operation.

vshuff(Vy,Vx,Rt) Rt = -8 == 32+16+8

[15] | [14] | [13] | [12] | [12] | [20] | [o] | [8] | Vy [71 | (61 | [51 | [4 | B3I | [2] | [a | [0] | Vx

Y.

EIRIEEIEICIEIG fia | @ e | @ oo | o | e ] o]
I[_]_I__[_]_ [_]_I_[] i[ ]L[] I_[] l_[] | :_[ ]_I_[]_I_[ ]L[] i[ ]_L[]_I_[] i [0] !

N W i R R R R R e e R R T
tasi ! o | nar | e ) I |2 @) o |
; L Lt L

[15] | [7) | [24] | [6] | [13] | [5] | [12] | [4] | Wy (1] | [3] | [(20] | [2] | (91 | [1] | (8] | [0] | WX

Element size 8
Vdd = vshuff(Vu,Vv,Rt) Rt = 24

[15] | [14] | [13] | [12] | [12] | [10] | [o] | [8] | Vu [71 | (61 | [51 | [4 | B3I | [2 | (2 | [0] | W

[15] | (7] | [14) | [6] | [13] | [S] | [12] | [4] |vddii] (111 | (31 | (10) | [2] | [9) | (1] | (8] | [0] |vddio]

Figure 6-10 Vector shuffle when the Rt value is the negated power of 2
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vdeal(Vy,Vx,Rt) Rt = -8 or 56

[(15] | [14) | [13) | (121 | [22] | {20) | [9) | [8) | wx 7 [ 16 | 151 | 14l | 3| @ ||| vy
| e I I R [ I Y I N
IusJ' [1411 [1311 12 | ! [611' 5] | 141! :[11]_! (10 | 191 ! [811, @3 | [211 [11—! [0 |
N IS N A _I__ _L___L_ _l__ I | R IR E BN _L___L___
I_J_ I e I e | | i I Y I A _l_ -9~ _J__|
Iusﬂ [1411 [1111 1011 [7) i [611 [31—| 2 | IusJ 1] | [911 [811 [s] | [411 [111 [0 |
L b Lot L___ bbb L L L___I___
A A
(s) | @3] | oy | o | o | s | Bl| oo |w (14] | (12 | 0] | fe) | 6] | 141 | [2 | [o] | wy

Element size 8

Vdd = vdeal(Vu,Vv,Rt) Rt = -8 or 56

Vu

[15]

[14]

[13]

[12]

[11]

[10]

191

(8l

[15]

[13]

[11]

191

71

151

K]l

(1

vdd([1]

71

[14]

[12]

[10]

(8]

[6]

(4]

[2]

[0]

Vdd(0]

Figure 6-11 Vector deal operation when the Rt value is the negated power of -2

If in addition to this family of transformations, a block size is defined B, and the element size is
defined as E, if Rt = B - E, the resulting transformation is a set of B contiguous blocks, each
containing perfectly shuffled or dealt elements of element size E. Each block B contains 128 byte
elements in the 64 byte vector case. This represents the majority of common data
transformations. When B is set to 0, the result is a shuffle or deal of elements across the whole

vector register pair.

Syntax

Vdd=vdeal (Vu, Vv, Rt)

Behavior
vdd.v[0] = Vv;
vdd.v[1l] = Vu;
for (offset=VWIDTH>>1; offset>0; offset>>=1) ({
if ( Rt & offset) ({
for (k = 0; k < VELEM(8); k++) ({
if (! ( k & offset)) {
SWAP (Vdd.v[1] .ub[k],vdd.v[0] .ub[k+offset]) ;
}
1
1
1

80-N2040-49 Rev. AA

214



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

Syntax Behavior

vVdd=vshuff (Vu, Vv, Rt) vdd.v[0] = Vv;
vdd.v[1] = Vu;
for (offset=1; offset<VWIDTH; offset<<=1) {
if ( Rt & offset) f{
for (k = 0; k < VELEM(8); k++) {
if (1 ( k & offset)) {
SWAP (VdAd.v [1] .ub[k],vdd.v[0] .ub[k+offset]) ;

1
1
}
vdeal (Vy,Vx,Rt) for (offset=VWIDTH>>1; offset>0; offset>>=1) {
if ( Rt & offset) f{
for (k = 0; k < VELEM(8); k++) {
if (1 ( k & offset)) {
SWAP (Vy.ub [k] ,Vx.ub[k+offset]) ;
}
1
1
}
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+offset]) ;
}
1
1
}
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.
m Input scalar register Rt is limited to registers 0 through 7

m This instruction uses the HVX shift resource.

Intrinsics

vdd=vdeal (Vu,Vv,Rt) HVX VectorPair Q6 W vdeal VVR (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

vdd=vshuff (Vu, Vv, Rt) HVX VectorPair Q6 W_vshuff VVR(HVX Vector Vu,

HVX Vector Vv, Word32 Rt)
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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 |54 3| 2] 1|0

ICLASS t5 Parse y5 x5
0|0 (0|11 1 11|t t|t|t|t|P P|[1 00 [1|x|x|x]|x|x|vshuff(Vy,Vx,Rt)
ololof1]1]0]0]1 11l tlt]|t]t]t|p|p] 0/1]0]x|x|x|x|x|vdeal(vy,vxRt)

ICLASS 3 |Parse us d5

0|0 (0|11 111 viviv| v/ t|t|t P/1Tjujufujuju(0|1 1 d Vdd=vshuff(Vu,Vv,Rt)
0|0 (0|1 |1]0]1 |1 viviv| v/ t|t|t P/1T/ujufujujuf1|{0]|0 d|d Vdd=vdeal(Vu,Vv,Rt)

Field name
ICLASS

Parse
ds
t3
t5
ub
v2
v3

x5

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register t
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register v
Field to encode register x
Field to encode register y

Description
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Vector in-lane lookup table

The vlut instructions implement fast vectorized lookup-tables. The lookup table is contained in
the Vv register while the indexes are held in Vu. Table elements are either 8-bit or 16-bit. An
aggregation feature implements tables larger than 64 bytes in 64 B mode and 128 bytes in 128 B
mode.

In both 64 and 128 B modes, the maximum amount of lookup table accessible is 32 bytes for byte
lookups (vlut32) and 16 half words in hwords lookup (viut16).

8-bit elements

In 64 byte mode, tables with 8-bit elements support 32 entry lookup tables using the vliut32
instructions. The required entry is conditionally selected by using the lower five bits of the input
byte for the respective output byte. A control input register, Rt, contains match and select bits.
The lower three bits of Rt must match the upper three bits of the input byte index for the table
entry to be written to or OR'd with the destination vector register byte in Vd or Vx respectively.
The LSB of Rt selects odd or even (32 entry) lookup tables in Vv.

A 256 byte table stored naturally in memory:

127,126, ..... 66, 65, 64, 63, 62,......... 2, 1, 0
255,254,....194,193,192,191,190, ....... 130,129,128

For use with the vlut instruction in 64 byte mode, it must be shuffled in blocks of 32 bytes.

63, 31, 62, 30,...... 36, 4, 35, 3, 34, 2, 33, 1, 32, 0 Rt=0, Rt=1 127,
95,126, 94,..... 100, 68, 99, 67, 98, 66, 97, 65, 96, 64 Rt=2, Rt=3 same
ordering for bytes 128-255 Rt=4, 5, 6, 7

In 128 byte mode, the data must be shuffled in blocks of 64 bytes.

127, 63,126, 62,........ 68, 4, 67, 3, 66, 2, 65, 1, 64, 0 Rt=0,1,2,3 same
ordering for bytes 128-255 Rt=4,5,6,7
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Accessing data stored in this way with 64 or 128 byte mode gives the same results. In 128 byte
mode, bit 1 of Rt selects whether to use the odd or even packed table and bit 0 chooses the high

of low 32 elements of that high or low table.

Vd.b = vlut32(Vu.b, Vv.b, Rt) and Vx.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]
o
b[7:5] ( a)
o]
«—— Replicated for all other input bytes————>
Vv Table b[i]/ali] §
Veator | i=31t0a | P! | aB31 | bl2] | al2] | bi1] | al1] | blo] | a[o] =
S AL LS W
1
Other
inputs
P y \ y y
HL b[4:0]
IOI
\
0
yv
«—— Replicated for all other output bytes———— |
Vd/Vx v
Output b[63:1] b[0] Optional OR
Vector ' accumulate

Figure 6-12 The vlut32 operation in 64 B mode
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Vd.b = vlut32(Vu.b, Vv.b, Rt) and Vx.b |=viut32(Vu.b, Vv.b, Rt)

Rt
Vu Input | BYEES 12780 | o o1 | 51671 | gi6s) | B[64] |Bytes63to4| B(3] | BI2] | B1] | BlO] o
Vector 69 ~ 8
Bits 2:0 % S
bits 7to 5 ( 3
<—Replicated for all other input bytes—>
=7
<
IS
Vv Table|  blil/ali] blil/ali] §
Vector | i=63to 34 b[33] | a[33] | bI32] | a[32] i=31t02 b[1] | a[1] | b[O] | a[0]
To other selects Bit 1 N—P—e
Bit 0
Select hior lo 32 for Vv k]
Y
32 x 32 to 1 selectors H\_ bits4to 0
IOI
\
o)
Yv
Replicated for all other output bytes |
L]
v/Vx Optional OR
Output B127 downto 65 B[64] B63 downto 1 B[O] ptiona
Vector accumulate

128Byte mode

Figure 6-13 The vlut32 operation in 128 byte mode
16-bit elements

For tables with 16-bit elements, the basic unit is a 16-entry lookup table in 64 byte mode and 128
byte mode, supported by the vlutl16 instructions. The even byte entries conditionally select using
the lower four bits for the even destination register VddO, the odd byte entries select table entries

into the odd vector destination register Vdd1. A control input register, Rt, contains match and
select bits in the same way as the byte table case.

80-N2040-49 Rev. AA 219



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

Bits 3:0

In 64 byte mode, the lower four bits of Rt must match the upper four bits of the input bytes for
the table entry to be written to or OR'd with the destination vector register bytes in Vdd or Vxx
respectively. Bit 0 of Rt selects the even or odd 16 entries in Vv. In 128 byte mode, only the upper
four bits of input bytes must also match the lower four of Rt. Bit 1 of Rt selects odd or even
hwords and bit O selects the lower or upper 16 entries in the Vv register.

For larger than 32-element tables in the hword case (for example 256 entries), the user must
access the main lookup table in eight different 32 hword sections. The following is an example of
a 256 H table stored naturally in memory:

63, 62,......... 2, 1, 0 127,126, ....... 66, 65, 64 191,190,...... 130,129,128
255,254, ...... 194,193,192

For use with the vlut instruction in 64 byte mode, it must be shuffled in blocks of 16 hwords, the
LSB of Rt is used to choose the even or odd 16 entry hword tables in Vv.

31, 15, 30, 14,...... 20, 4, 19, 3, 18, 2, 17, 1, 16, 0 Rt=0, Rt=1 63, 47, 62,
46, ... .. 52, 36, 51, 35, 50, 34, 49, 33, 48, 32 Rt=2, Rt=3 same ordering for
bytes 64-255 Rt=4, 5, 6, 7, 8, 9, 10,11,12,13,14,15.

In 128 byte mode, the data must be shuffled in blocks of 32 hwords. Bit 1 of Rt chooses between
the even or odd 32 hwords in Vv. Bit 0 accesses the high or low 16 half words of the odd or even
set.

63, 31, 62, 30,........ 36, 4, 35, 3, 34, 2, 33, 1, 32, 0 Rt=0,1 Rt=2,3 same
ordering for bytes 128-255 Rt=4,5, Rt=6,7, Rt=8,9, Rt=10,11, Rt=12,13,
Rt=14,15

The following diagram shows viut16 with even bytes looking up a table value, with the result
written into the even destination register. Odd values going into the odd destination, 64 byte and
128 byte modes are shown.

Vdd.h = vlut16(Vu.b, Vv.h, Rt) / Vxx.h |=vlut16(Vu.b, Vv.h, Rt)

0Odd bytes Even bytes

Bytes
i=63t09

Vu input Bytes
vector i=62to8

b[7] b[5] b[3] b[1] b[6] b[4] b[2] b[0]

Bits 7:4 Bits 7:4

Bits 31:4

<—Replicated for all other odd input bytes——> <——Replicated for all other even input bytes———>
VAT Vv table
Vv table b[il/alil blil/ali]
vector i=15t04 b(3] | al3] | bl2] | a[2] | b[1] | a[1] | b[O] | a[O] vector =150 | P31 | 231 | bl2] | al2] | b{1] | al1] | b(0] | a[0]
(copy) L‘ A
To other selects H H L‘F/H H—H P Bit 0 To other selects 1 L‘FH L‘F/f\_‘
- o - 1
oo o ]
inputs ' ' ' ' '
b——1— sits30 k—1
‘0’ o
A A
! 0 E ovﬂ
¢<——Replicated for all other output bytes———> <——Replicated for all other output bytes————> ly_;—_|
Vdd1/vxx1 Vddo/Vxx0
output h[31:1] h[o] output h[31:1] h[0]
vector vector
Optional OR Optional OR
accumulate accumulate
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Vdd.h = vlut16(Vu.b, Vv.h, Rt) Vkx.h |= viut16(Vu.b, Vv.h, Rt)

Bytes ’ : Bytes | vy Input
B[2i+1
128B MIODE 12710212 | "%V B2 5100 | vector
o |« o Rt
2 |2 2
o~ o
2 |8 £ =4
35 5 ™9
e
33
el
<
8
blil/ali] 3
h[1 h[1 h h
i=31t02 | Ph[Ll[ahl1] | bh(O] | ah(0] E
Vv Table (3
Vector =2
(hwords)
§
________ N NS 33
i3
. To other selects LA
To other selects —_ NN -1 B N
1
cher
inputs v
l Choose hi or lo 16 hwords H P—Bit 0 Choose hior lo 16 hwords Hﬂ—/\m_ hi or lo 16 hwords
from vv
" A Bits3to 0
M Bits 3t0 0 6x 16 to 1 sele ! of input
byte
o o
Replicated for all other Replicated for all other
odd bytes even bytes
Vdd1/vxx1 7 Vddo/Vxx0
X H[i+ |H[i+62] down . ) H[i-1]
H127 down to i+65 64] to Hea 3:3):: H63 down to i+1 H[i] ) ?/ut;t)ut
ector
Optional OR Optional OR
accumulate accumulate

Figure 6-14 The vlut16 operation in 128 B mode

The vlut operations with the nomatch extension do not look at the upper bits and always produce

a result. These are for small lookup tables.

Syntax Behavior
vdd.h=vlutl6 (Vu.b,Vv.h, #u3) for (i = 0; i < VELEM(16); i++) {
matchval = #u & OxF;
oddhalf = (#u >> (log2 (VECTORﬁSIZE)—G)) & 0x1;
idx = vu.uh[i] .ub[0];
vdd.v[0] .h[i] = ((idx & 0XFO0) == (matchval << 4))

? Vv.wl[idx %

? Vv.wl[idx %

}

idx =

vdd.v[1] .h

VBITS/32] .h[oddhalf]
Vu.uh[i] .ub[1];

VBITS/32] .h[oddhalf]

0;

[i] = ((idx & 0xFO0) (matchval << 4))

0;
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Syntax
Vdd.h=vlutlé (Vu.b,Vv.h,Rt)

Vdd.h=vlutlé (Vu.b,Vv.h,Rt) :nomatch

Vx.b|=vlut32 (Vu.b,Vv.b, #u3)

Vx.b|=vlut32 (Vu.b,Vv.b,Rt)

Vxx.h|=vlutl6 (Vu.b,Vv.h, #u3)

Vxx.h|=vlutlé (Vu.b,Vv.h,Rt)

Behavior

for (i = 0; 1 < VELEM(16) ;
matchval = Rt & OxF;
oddhalf = (Rt >> (log2(VECTOR_SIZE)-6)) &
idx = Vu.uh[i] .ub[0];
vdd.v[0] .h[i] = ((idx & O0xFO0) == (matchval
? Vv.w[idx % VBITS/32] .h[oddhalf] : 0;

idx = Vu.uh[i] .ub[1];

vdd.v[1] .h[i] = ((idx & O0xFO0) == (matchval
? Vv.w[idx % VBITS/32] .h[oddhalf] : 0;

}

for (i = 0; i < VELEM(16) ;
matchval = Rt & OxF;
oddhalf = (Rt >> (lOgZ(VECTOR_SIZE)—6)) &

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

(1idx&0x0F) | (matchval<<4);

v[0] .h[i] = Vv.w[idx % VBITS/32].h[oddhalf];

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

(1idx&0x0F) | (matchval<<4);

vI[1] .h[i] = Vv.w[idx % VBITS/32] .h[oddhalf];

i++) |
0x1;

<< 4))

<< 4))

i++) |

0x1;
idx =
idx =
vdd.
idx =
idx =
vdd.

(i = 0;
matchval =
oddhalf = (#u >>
idx = Vu.ub[i];
Vx.b[i] |= ((idx & 0xE0) == (matchval << 5)) 2
Vv.h[idx % VBITS/16] .b[oddhalf] : 0;

}

for

for i < VELEM(8) ;
#u & 0x7;

(log2 (VECTOR_SIZE) -6))

i++) |

& 0x1;

(i = 0; i < VELEM(8) ;
matchval = Rt & 0x7;
oddhalf = (Rt >> (log2 (VECTOR_SIZE) -6))
Vu.ub[i];

Vx.b[i] |= ((idx & 0xE0) == (matchval << 5)) ?
Vv.h[idx % VBITS/16] .b[oddhalf] : 0;

}

for

i++) |

& 0x1;
idx =

(i = 0; i < VELEM(16) ;
matchval = #u & OXF;
oddhalf = (#u >> (log2(VECTOR_SIZE)-6))
idx = Vu.uh[i] .ub[0];

Vxx.v[0].h[i] |= ((idx & 0xF0) == (matchval <<
VBITS/32] .h[oddhalf] : 0;

i++) |

& 0x1;

4)) ? Vv.wlidx %
idx = Vu.uh[i] .ub[1];
Vxx.vI[1] .h[i] |= ((idx & O0xF0) == (matchval <<
4)) ? Vv.wl[idx % VBITS/32] .h[oddhalf] : 0;
}
for (i = 0; i < VELEM(16); i++) {
matchval = Rt.ub[0] & OXF;
oddhalf = (Rt >> (log2(VECTOR SIZE)-6)) & 0x1;
idx = Vu.uh[i] .ub[0];
Vxx.v[0].h[i] |= ((idx & 0xF0) == (matchval <<
4)) ? Vv.wl[idx % VBITS/32] .h[oddhalf] : 0;
idx = Vu.uh[i] .ub[1];
Vxx.v[1] .h[i] |= ((idx & 0xF0) == (matchval <<
4)) ? Vv.w[idx % VBITS/32] .h[oddhalf] : 0;
}
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Class: COPROC_VX (slots 0,1,2,3)

Notes

Intrinsics

vdd.h=vlutleé (Vu.

vdd.h=vlutle (Vu.

vVdd.h=vlutlé (Vu.

Vx.b|=vlut32 (Vu.

Vx.b|=vlut32 (Vu.

b, Vv

b, Vv

b, vv

b, Vv

b, Vv

.h, #u3)

.h,Rt)

.h,Rt) :nomatch

.b, #u3)

.b,Rt)

Vxx.h|=vlutl6 (Vu.b,Vv.h, #u3)

Vxx.h|=vlutlé (Vu.b,Vv.h,Rt)

This instruction uses the HVX shift resource.

HVX VectorPair

HVX_Vector

HVX VectorPair

HVX_ Vector

HVX VectorPair
HVX Vector

vu,

HVX_ Vector
HVX_ Vector

HVX Vector
HVX_ Vector

This instruction uses the HVX permute resource.

Input scalar register Rt is limited to registers 0 through 7

Vv,

Vv,

Q6 Wh vlutlé VbVhI (HVX Vector Vu,
Word32 Iu3)

Q6 Wh vlutlé VbVhR (HVX Vector Vu,
Word32 Rt)

Q6_Wh vlutlé_ VbVhR nomatch (HVX Vector
Vv, Word32 Rt)

Q6 Vb _vlut32or VbVbVbI (HVX Vector Vx,

vu,

HVX_ Vector Vv,

Word32 Iu3)

Q6 Vb vlut32or VbVbVbR (HVX Vector Vx,
Vu, HVX Vector Vv, Word32 Rt)

HVX_VectorPair Q6_Wh vlutl6éor WhVbVhI (HVX VectorPair

VX%,

HVX Vector Vu,

HVX Vector Vv,

Word32 Iu3)

HVX VectorPair Q6 Wh vlutléor WhVbVhR (HVX VectorPair

Vxx, HVX Vector Vu, HVX Vector Vv, 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 t3 Parse u5 d5
ololo|1]1]0]0o vivivivit/t|t/ P[P0 ululululult1|ofo|d| d|d|d|d|VddhvitieubyvhRY
ICLASS t3 Parse ub x5
O|O‘O‘1 1‘0‘1‘1|v‘v‘v‘v‘v t‘t|tP‘P1 u‘u‘u‘u|u1‘0‘1 x‘x‘x‘x|x Vx.b|=vlut32(Vu.b,Vv.b,Rt)
ICLASS t3 Parse u5 d5
o|o‘o‘1 1‘0’1’1|v‘v‘v‘v‘v t’t|t P‘P1 u‘u’u’u|u1‘1‘0 d‘d’d’d|d Vdd.h=viut16(Vu.b,Vv.h,RY)
ICLASS t3 Parse ubs x5
o|o‘o‘1 1‘0’1’1|v‘v‘v‘v‘v t]t|t P‘P1 u‘u’u’u|u1‘1‘1 x‘x’x’x|x Vxx.h|=viut16(Vu.b,Vv.h,Rt)
ICLASS Parse ub x5
o|0|0 1|1 |1]0]O0 110 v|v|iv|v| v P|P|{1T|lujujuluful|il|i|i|x|x|x]|x]|Xx ;/X.b|=vlut32(Vu.b,VV.b,#u3
o|0|0O 1|1 |1]/0]O0 111 v|v|iv|v|v| P|P|{1|lujujuluful|il|il|i|x|x|x]|x]|x g¥x1ﬂ=vhn16(Vu1vaJL#u
ICLASS Parse ub d5
ololol1]1]1]1]o0 111 |v|v|v|iv|v|p/Plo|lu|u|u|u|uli|ilild|d|d|d|d g)dd-h="'““6(V“-b'VV-h'#U
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
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Field name
t3

u5
v2
v3
v5

x5

Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register v
Field to encode register v
Field to encode register x

Description
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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] s (31 | [2] | [1] | [O] | Vu
sign | [2N-1] sign | [6] |sign| [4] |sign| [2] |sign| [0] | Vdd
Vxx.h|=vunpacko(Vu.b)
[N-1] (4] | 131 | (2] | [1] | [O] | Vu
[2N-1] | [2N-2) (o1 | (8] | (7] | [6] | [5] | [4] | [3] | [2] | [1] | [O] | Vxx
Unmodified

Figure 6-15 The two forms of the unpack operation

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.ubl[i];
}
Vdd.uw=vunpack (Vu.uh) for (i = 0; i < VELEM(16); i++) {
vdd.uw[i] = Vu.uh[i];

}
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Syntax Behavior
Vdd.w=vunpack (Vu.h) for (i = 0; i < VELEM(16); i++) {
vdd.w([i] = Vu.h[i];
1
Vxx.h|=vunpacko (Vu.b) for (i = 0; i < VELEM(8); i++) {

Vxx.uh[i]

}

Vxx.w|=vunpacko (Vu.h) for

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

Notes

Intrinsics

vVdd.h=vunpack (Vu.b) HVX VectorPair

Vdd.uh=vunpack (Vu.ub) HVX VectorPair

vdd.uw=vunpack (Vu.uh) HVX VectorPair

vdd.w=vunpack (Vu.h) HVX VectorPair

Vxx.h|=vunpacko (Vu.b) HVX VectorPair

HVX Vector Vu)

Vxx.w|=vunpacko (Vu.h) HVX VectorPair

HVX Vector Vu)

(G =207
Vxx.uw[i]

|= Vu.ub[i]<<8;

i < VELEM(16); i++) {
|= Vu.uh[i]<<16;

This instruction uses the HVX permute resource.

This instruction uses the HVX shift resource.

Q6 _Wh_ vunpack Vb (HVX Vector Vu)
Q6 Wuh vunpack Vub (HVX Vector Vu)
Q6 Wuw_vunpack Vuh (HVX Vector Vu)
Q6 Ww_vunpack_ Vh (HVX Vector Vu)

Q6 Wh vunpackoor WhVb (HVX VectorPair Vxx,

Q6 Ww_vunpackoor WwVh (HVX VectorPair Vxx,

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 u5 d5
olofof1|1|1(1]of-]-]0]|=-|-|-]|0[1|P|P|O|u|u|u|u|u|0|0|0|d|d|d|d]|d|Vdd.uh=vunpack(Vu.ub)
o(fofo1j|1{1j{1{0f-(-/0}|=-{=-{=-(0(1|/P|/P{Ojujufujuju|0|0|1|d|d|d]|d]|d|Vdd.uw=vunpack(Vu.uh)
ojofof1|1|1]1|0|-|-|0|-|-]|-|O0O|1|P|[P|O|ujulu|u|uf0|1]|0|d|d|d]|d]|d|Vdd.h=vunpack(Vu.b)
o/o/jof{1ty1/1j1f0|{-/-/0|-|-{-/0(1|P/P/[Ojujujujufu|{0|1(1|dd d | d | Vdd.w=vunpack(Vu.h)
ICLASS Parse u5 x5
o/ojof{1y1j{1j1j0|-|-/0|--]/0/J0]|0 P/1/ujufuju|u|0|0 |0 |x|x|x]|x|x |Vxxh|=vunpacko(Vu.b)
010 111110 |-~ - - 0 P{1|ujujufu|{u|0|0 |1 |x]|x|x]|x]|x |Vxxw|=vunpacko(Vu.h)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
x5 Field to encode register x
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6.11 SCATTER DOUBLE-RESOURCE

The HVX scatter double resource instruction subclass includes instructions that perform scatter

operations to the vector TCM.

Vector scatter

Scatter operations copy values from the register file to a region in VTCM. Two scalar registers
specify this region of memory: Rt32 is the base and Mu2 specified the length-1 of the region in
bytes. This region must reside in VTCM and cannot cross a page boundary. A vector register,
Vwv32, specifies byte offsets in this region. Elements of either halfword or word granularity,
specified by Vw32, are sent to addresses pointed to by Rt + Vvv32 for each element. In the
memory, the element is either write to memory or accumulated with the memory (scatter-

accumulate).

Ordering is not guaranteed when multiple values are written to the same memory location. This
applies to a single scatter or multiple scatters.

The offset vector, Vvv32, can contain byte offsets specified in word sizes. The vector pair contains
even element offsets in the lower vector and the odd in the upper vector. The final element

addresses do not have to be byte aligned for regular scatter operations. However, for scatter
accumulate instructions, the addresses are aligned. If an offset crosses the scatter region's end, it

is dropped. Offsets must be positive, otherwise they are dropped.

All vectors registers can be used immediately after the scatter operation.

vscatter(Rt,Mu,Vvv.w)=Vw.h

Rt — Scalar Indicating base address in VICM Vv — Vector with byte offsets from base

Vw - Vector with halfword elements to be
Mu — Scalar indicating length-1 of Region scattered

Example of vscatter (only first 4 elements shown)

Rt+Mu

Region | VW.h
End [2]
Vw.h g
3] 3
/ Vw.h 5
.§ (1] 2
S / »
S N @,
0 Q o
= & >
F N 5
= \,;\“’\\ ™
S 1o QN
S W N -
5 R A Vw.h Region
* 85," 4\\*\ [0] Base
& K
- o 2\ S vicm
o) | ‘Base
oY
/ *\‘“N“ -
Rt
he| ol | hy ] ho Lvwd| offsett offsetl | Vw.V[1lw
offset2 offset0 Vw.V[0]l.w  Byte Offsets from Rt

Values to Scatter
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Syntax

if (Qs4)
vscatter (Rt,Mu,Vvv.w) .h=Vw32

if (Qs4)
vscatter (Rt,Mu,Vvv.w)=Vw32.h

vscatter (Rt,Mu,Vvv.w) +=Vw32.h

vscatter (Rt,Mu,Vvv.w) .h+=Vw32

vscatter (Rt,Mu,Vvv.w) .h=Vw32

vscatter (Rt,Mu,Vvv.w)=Vw32.h

Behavior

MuV = MuV | (element size-1);

Rt = Rt & ~(element size-1);

for (i = 0; i < VELEM(32); i++) {
for(j = 0; j < 2; Jj++) {

EA = Rt+Vvv.vI[j].uwl[i];
if ( (Rt <= EA <= Rt + MuV) & QsV) *EA =
VwV.w([i] .uh[]j];

1
}

Assembler mapped to: "if (Qs4)
vscatter (Rt,Mu2,Vvv.w) .h=vw32"

Assembler mapped to: "vscatter (Rt,Mu2,Vvv.w) .h+=Vw32"

MuV = MuV | (element size-1);
Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(32); i++) {
for(j = 0; J < 2; F++) {
EA = Rt + Vvv.v[j]l.uw[i] = Vvv.v[]].uw[i] &
~ (ALIGNMENT - 1);
if (Rt <= EA <= Rt + MuV) *EA += VwV.w[i].uh[j];

}

MuV = MuV | (element_size-1);
Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(32); i++) ({
for(j = 0; F < 2; F++) {
EA = Rt+Vvv.vI[j].uwl[i];
if (Rt <= EA <= Rt + MuV) *EA = VwV.w[i].uh[j];

}

Assembler mapped to: "vscatter (Rt,Mu2,Vvv.w) .h=Vw32"

Class: COPROC_VMEM (slots 0)

Notes

m This instruction uses any pair of the HVX resources (both multiply or shift/permute).

Intrinsics

if (Qs4)
vscatter (Rt,Mu,Vvv.w) .h=Vw32

vscatter (Rt,Mu,Vvv.w) .h+=Vw32

vscatter (Rt,Mu,Vvv.w) .h=Vw32

void Q6 vscatter QRMWwV (HVX VectorPred Qs,
HVX Vector* Rb, Word32 Mu, HVX VectorPair Vvv,
HVX Vector Vw)

void Q6 vscatteracc RMWwV (HVX Vector* Rb, Word32
Mu, HVX VectorPair Vvv, HVX Vector Vw)

void Q6_vscatter RMWwV (HVX_ Vector* Rb, Word32
Mu, HVX VectorPair Vvv, HVX Vector Vw)
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Encoding

31|3o\29\2s 27\26\25\24|23 2[2 20\19\18\17|16 15\14 1
ICLASS NT t5 Parse |u1

N
-
w

12\11\10\9|8|7\6\5\4\3\2\1|o

00101111001tttttPPuvvvva10wwwwwxvs:fzatter(Rt‘Mu’VW'W)'h=V

00101111001tttttPPuvvvvv11OwwwwwVscaﬂer(Rt’MU’VVV'W)'h+=

Vw32
ICLASS NT t5 Parse |u1 s2
if (Qs4)
00101111101tttttPPuvvvvasswwwwwxvs:;:zatter(Rt,Mu,Vvv.w).h=V
Field name Description
ICLASS Instruction class
NT Nontemporal
Parse Packet/loop parse bits
52 Field to encode register s
ts Field to encode register t
ul Field to encode register u
v5 Field to encode register v
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6.12 SCATTER

The HVX scatter instruction subclass includes instructions that perform scatter operations to the

vector TCM.

Vector scatter

Vector scatter instructions perform scatter operations to the vector TCM. Scatter operations copy
values from the register file to a region in VTCM. Two scalar registers specify this region of
memory: Rt32 is the base and Mu2 specified the length-1 of the region in bytes. This region must
reside in VTCM and cannot cross a page boundary. A vector register, Vv32, specifies byte offsets in
this region. Elements of either halfword or word granularity, specified by Vw32, are sent to
addresses pointed to by Rt + Vv32 for each element. In the memory, the element is either write to

memory or accumulated with the memory (scatter-accumulate).

Ordering is not guaranteed when multiple values are written to the same memory location.

The offset vector, Vv32, can contain byte offsets specified in either halfword or word sizes. The

final element addresses do not have to be byte aligned for regular scatter operations. However,
for scatter accumulate instructions, the addresses are aligned. An offset that crosses the end of
the scatter region is dropped. Offsets must be positive, otherwise they are dropped.

All vectors registers can be used immediately after the scatter operation.

vscatter(Rt,Mu,Vv.h)=Vw.h

Vv — Vector with byte offsets from base

Rt —Scalar Indicating base address in VICM
Vw — Vector with halfword elements to be

Mu — Scalar indicating length-1 of Region scattered

Example of vscatter (only first 4 elements shown)

Rt+Mu

Region Vw.h
End [2]
Vw.h g
3] g
/ Vw.h %.
(1] 2
s
g - g
S o
z s‘@ N )
S+ S
h XAQ. N Vw.h Rey
& & =N . gion
=/ = & (0] Base
& o ol P VTCM
\1‘(\\0\\; = | Gm
*\N"\l ’
/ ;
li —
h3 h2 hl hO | Vw.h | offset3 | offset2 | offsetl | offsetd | Vv.h

Values to Scatter Byte Offsets from Rt
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Syntax Behavior

if (Qs4) MuV = MuV | (element size-1);
vscatter (Rt,Mu,Vv.h) .h=Vw32 Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(16); i++) {
EA = Rt+Vv.uhl[i];

if ( (Rt <= EA <= Rt + MuV) & QsV) *EA = VwV.uh[i];
1
if (Qs4) Assembler mapped to: "if (Qs4)
vscatter (Rt,Mu,Vv.h)=Vw32.h vscatter (Rt,Mu2,Vv.h) .h=vw32"
if (Qs4) MuV = MuV | (element size-1);
vscatter (Rt,Mu,Vv.w) .w=Vw32 Rt = Rt & ~(element_size-1);

for (i = 0; i < VELEM(32); i++) {
EA = Rt+Vv.uwl[i];
if ((Rt <= EA <= Rt + MuV) & QsV) *EA = VwV.uw[i];

if (Qs4) Assembler mapped to: "if (Qs4)
vscatter (Rt,Mu,Vv.w) =Vw32.w vscatter (Rt,Mu2,Vv.w) .w=Vw32"
vscatter (Rt,Mu,Vv.h) +=Vw32.h Assembler mapped to: "vscatter (Rt,Mu2,Vv.h).h+=Vw32"
vscatter (Rt,Mu,Vv.h) .h+=Vw32 MuV = MuV \ (element size-1);

Rt = Rt & ~(element_size-1);

for (i = 0; i < VELEM(16); i++) {
EA = (Rt+Vv.uh[i] = Vv.uh[i] & ~(ALIGNMENT-1)) ;
if (Rt <= EA <= Rt + MuV) *EA += VwV.uh[i];

}

vscatter (Rt,Mu,Vv.h) .h=Vw32 MuV = MuV \ (element size-1);
Rt = Rt & ~(element_size-1);
for (i = 0; i < VELEM(16); i++) {
EA = Rt+Vv.uh[i];
if (Rt <= EA <= Rt + MuV) *EA = VwV.uh[i];

vscatter (Rt,Mu,Vv.h)=Vw32.h Assembler mapped to: "vscatter (Rt,Mu2,Vv.h) .h=Vw32"
vscatter (Rt,Mu,Vv.w) +=Vw32.w Assembler mapped to: "vscatter (Rt,Mu2,Vv.w) .w+=Vw32"
vscatter (Rt,Mu,Vv.w) .w+=Vw32 MuV = MuV \ (element size-1);

Rt = Rt & ~(element size-1);

for (i = 0; i < VELEM(32); i++) {
EA = (Rt+Vv.uw[i] = Vv.uw[i] & ~(ALIGNMENT-1)) ;
if (Rt <= EA <= Rt + MuV) *EA += VwV.uwl[i];

}

vscatter (Rt,Mu,Vv.w) .w=Vw32 MuV = MuV \ (element size-1);
Rt = Rt & ~(element size-1);
for (i = 0; i < VELEM(32); i++) {
EA = Rt+Vv.uwl[i];
if (Rt <= EA <= Rt + MuV) *EA = VwV.uw[i];

}

vscatter (Rt,Mu,Vv.w)=Vw32.w Assembler mapped to: "vscatter (Rt,Mu2,Vv.w) .w=Vw32"

Class: COPROC_VMEM (slots 0)

Notes

m This instruction can use any HVX resource.
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Intrinsics
if (Qs4) void Q6 vscatter QRMVhV (HVX VectorPred Qs,
vscatter (Rt,Mu,Vv.h) .h=Vvw32 HVX Vector* Rb, Word32 Mu, HVX Vector Vv,
HVX Vector Vw)
if (Qs4) void Q6 vscatter QRMVwV (HVX VectorPred Qs,
vscatter (Rt,Mu,Vv.w) .w=Vw32 HVX Vector* Rb, Word32 Mu, HVX Vector Vv,
HVX Vector Vw)
vscatter (Rt,Mu,Vv.h) .h+=Vw32 void Q6_vscatteracc RMVhV (HVX Vector* Rb, Word32
Mu, HVX Vector Vv, HVX Vector Vw)
vscatter (Rt,Mu,Vv.h) .h=Vw32 void Q6 vscatter RMVhV (HVX Vector* Rb, Word32
Mu, HVX Vector Vv, HVX Vector Vw)
vscatter (Rt,Mu,Vv.w) .w+=Vw32 void Q6 vscatteracc RMVwV (HVX Vector* Rb, Word32
Mu, HVX Vector Vv, HVX Vector Vw)
vscatter (Rt,Mu,Vv.w) .w=Vw32 void Q6 vscatter RMVwV (HVX Vector* Rb, Word32
Mu, HVX Vector Vv, HVX Vector Vw)
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 NT t5 Parse |u1
ofof1/o0j1{1j{1{1j/ojo|1|t|tjt|t|/t|P/Plujviv|iv|iv|v|0 00wwwww\ézcatter(m‘MU’VV'W)'W=VW
o/o1{oy1j1j1f1jo0of1 |t tjtjt(t|P Plujviviv|v| v|0 0|1 wwwww\ézcatter(Rt,Mu,Vv.h).h=Vw
00 101|111 ]0/01|t|t|t|t|t|P|P|ujv|v|v|v|v|1]|o]o|w|w|w| w|w]SaterRtMuVvww=V
ofo(1/oj1{1j{1j{1jofo1|t|t|t|t|t/P/Plujviv|iv| v v|1]0]|1 wwwwwxvs:f;ner(Rt‘Mu’VV'h)'h*':V
ICLASS NT t5 Parse |u1 s2
if (Qs4)
o/o1{oy1j1j1f{1j1ojo|t|tjtjt(t/PPlujviviv| v v| 0| s|s|w| w|w|w|w|vscatter(Rt,MuVv.w).w=Vw
32
if (Qs4)
o/o(1{of1j1j1f1j1/ojo|t|t|t|t(t|P Plujviviv|v|v|1l s|s|w|w|w|w]|wvscatter(Rt,MuVv.h).h=Vw
32
Field name Description
ICLASS Instruction class
NT Nontemporal
Parse Packet/loop parse bits
s2 Field to encode register s
t5 Field to encode register t
ul Field to encode register u
v5 Field to encode register v
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6.13 SHIFT-RESOURCE

The HVX shift resource instruction subclass includes instructions that use the HVX shift resource.
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]  k——————= [1] [0] Vu

Vv

Optional Round

Arithmetic
Shift by Rt

Optional Saturate to next

sat ‘ sat sat ‘ sat ‘ sat ‘ sat smaller element limits
[2N-1] [ [2N-2] g ——————= (3] (2] (1] [0] vd

Figure 6-16 Arithmetically shift right operation
Class: COPROC_VX (slots 0,1,2,3)

Notes

m Input scalar register Rt is limited to registers 0 through 7

m This instruction uses the HVX shift resource.
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat for (1 = 0; i < VELEM(16); i++)
shamt = Rt & 0x7;
Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vVd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w[i] .h[1l]=sat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;
vd.w[i] .h[0]=[sat;4] (Vv.w[i] >> shamt) ;
[i].

vd.w h[ll=[sat 4 (Vu.w[i] >> shamt);
}
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h([i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:xnd] :sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] + (l<<(shamt-1))
>> shamt) ;
Vd.uh[i] .b[1l]=usatg(Vu.uh[i] + (1l<<(shamt-1))

>> ghamt) ;
1
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:xrnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;

Vd.uw[i] .h[0]=usat,¢ (Vv.uw[i] + (l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; 1 < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat ¢ (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w([i] .h[l]=usat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat for (1 = 0; i < VELEM(16); i++)
shamt = Rt & 0x7;
Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vVd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w[i] .h[1l]=sat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;
vd.w[i] .h[0]=[sat;4] (Vv.w[i] >> shamt) ;
[i].

vd.w h[ll=[sat 4 (Vu.w[i] >> shamt);
}
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h([i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:xnd] :sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] + (l<<(shamt-1))
>> shamt) ;
Vd.uh[i] .b[1l]=usatg(Vu.uh[i] + (1l<<(shamt-1))

>> ghamt) ;
1
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:xrnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;

Vd.uw[i] .h[0]=usat,¢ (Vv.uw[i] + (l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; 1 < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat ¢ (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w([i] .h[l]=usat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat for (1 = 0; i < VELEM(16); i++)
shamt = Rt & 0x7;
Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vVd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w[i] .h[1l]=sat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;
vd.w[i] .h[0]=[sat;4] (Vv.w[i] >> shamt) ;
[i].

vd.w h[ll=[sat 4 (Vu.w[i] >> shamt);
}
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h([i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:xnd] :sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] + (l<<(shamt-1))
>> shamt) ;
Vd.uh[i] .b[1l]=usatg(Vu.uh[i] + (1l<<(shamt-1))

>> ghamt) ;
1
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:xrnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;

Vd.uw[i] .h[0]=usat,¢ (Vv.uw[i] + (l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; 1 < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat ¢ (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w([i] .h[l]=usat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat for (1 = 0; i < VELEM(16); i++)
shamt = Rt & 0x7;
Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vVd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w[i] .h[1l]=sat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;
vd.w[i] .h[0]=[sat;4] (Vv.w[i] >> shamt) ;
[i].

vd.w h[ll=[sat 4 (Vu.w[i] >> shamt);
}
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h([i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:xnd] :sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] + (l<<(shamt-1))
>> shamt) ;
Vd.uh[i] .b[1l]=usatg(Vu.uh[i] + (1l<<(shamt-1))

>> ghamt) ;
1
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:xrnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;

Vd.uw[i] .h[0]=usat,¢ (Vv.uw[i] + (l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; 1 < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat ¢ (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w([i] .h[l]=usat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat for (1 = 0; i < VELEM(16); i++)
shamt = Rt & 0x7;
Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vVd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w[i] .h[1l]=sat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;
vd.w[i] .h[0]=[sat;4] (Vv.w[i] >> shamt) ;
[i].

vd.w h[ll=[sat 4 (Vu.w[i] >> shamt);
}
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h([i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:xnd] :sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] + (l<<(shamt-1))
>> shamt) ;
Vd.uh[i] .b[1l]=usatg(Vu.uh[i] + (1l<<(shamt-1))

>> ghamt) ;
1
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:xrnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;

Vd.uw[i] .h[0]=usat,¢ (Vv.uw[i] + (l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; 1 < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat ¢ (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w([i] .h[l]=usat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
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Syntax Behavior
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat for (1 = 0; i < VELEM(16); i++)
shamt = Rt & 0x7;
Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vVd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w[i] .h[1l]=sat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat] for (i = 0; i < VELEM(32); i++) {

shamt = Rt & OxF;
vd.w[i] .h[0]=[sat;4] (Vv.w[i] >> shamt) ;
[i].

vd.w h[ll=[sat 4 (Vu.w[i] >> shamt);
}
Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] : sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h([i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
}
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:xnd] :sat for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] + (l<<(shamt-1))
>> shamt) ;
Vd.uh[i] .b[1l]=usatg(Vu.uh[i] + (1l<<(shamt-1))

>> ghamt) ;
1
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:xrnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;

Vd.uw[i] .h[0]=usat,¢ (Vv.uw[i] + (l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; 1 < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat ¢ (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
vd.w([i] .h[l]=usat,g(Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
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HVX Instruction Set

Intrinsics
Vd.b=vasr (Vu.h,Vv.h,Rt) :rnd:sat HVX Vector Q6 Vb vasr VhVhR rnd sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)
Vd.b=vasr (Vu.h,Vv.h, Rt) :sat HVX Vector Q6 Vb vasr VhVhR 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) :rnd:sat HVX Vector 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:sat HVX Vector 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.ub=vasr (Vu.uh,Vv.uh,Rt) :rnd:sat HVX Vector
Q6_Vub_vasr VuhVuhR_rnd_sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)
Vd.ub=vasr (Vu.uh,Vv.uh,Rt) :sat HVX Vector Q6 Vub vasr VuhVuhR_ sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)
Vd.uh=vasr (Vu.uw,Vv.uw,Rt) :rnd:sat HVX Vector
Q6_Vuh vasr VuwVuwR_rnd_sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)
Vd.uh=vasr (Vu.uw, Vv.uw,Rt) : sat HVX Vector Q6 Vuh vasr VuwVuwR_sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)
Vd.uh=vasr (Vu.w,Vv.w,Rt) :rnd:sat HVX Vector Q6 Vuh vasr VwVwR _rnd_ 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]2827|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 t3 Parse ub d5
o/ofo|1|1]0]o00 vivivivit/t|t/ P[P0 |ulululululolofo|d| d|d|d|d|/db=vasrVuhVvhRE):sa
o/olof1|1]0]00 vvvvtttPPOuuuuu001ddddd;{gﬁgh:a\{asr(vu'UW’VV'UW’Rt
o001 |1]0/0f0 v v v viv|t/t|t|P Plo|ujululuuo|[1]0|d d d|d|d]|Vduh=vastVuwVvwRyr
olojol1|1]ofofo|v|v v v|v|t|t| t P[P0 ululululu/1|[1]1 d|d|d|d]d]|Ydub=vasr(Vu.uhVvuhRt
):rnd:sat
olojof1/1]0l0]0 viviviv|t|t|t|p|P|1 uuuuu100ddddd;{gé‘gh”’asr(vu-”W’VV-“W'R‘
olofo1/1]ojojo|v|v v iviv ittt p|P|1 uuuuu1o1ddddd;(gé‘gb“asr(v“-”h'VV-“th
oO/0|0|1|1]0 1|1 viv|iv|iv|t|t|t|P/P/O|ujujujufu|0|1|0|d|d|d|d|d]Vdh=vasr(Vuw,Vv.w,Rt)
ololo|1]1]0/1 |1 vivivivit/t|t/ P[P0 ululululuol1[1|d|d| d|d| g dn=vasVumVvwRl)sa
0001|1011 vivivivit/t/t|P|Plo|ululululult1|olo|d|d d d d ydh=vasrVuwVvwRe:m
0o o 1|1]0/[1]1 vivivivit/t|t|P/ P[0 ulululuu[1 01 |d/dd|d] a ydun=vasrVuw.Vvw.RY:s
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31(30(29|28|27|26|25|24|23|22|21|20|19|18|17|16(15/14|/13|12|11|10|/9 |8 |7 (6 |5 /4|3 |2 |1 |0

Vd.ub=vasr(Vu.h,Vv.h,Rt):s
at

Vd.ub=vasr(Vu.h,Vv.h,Rt):r
nd:sat

Vd.b=vasr(Vu.h,Vv.h,Rt):rn
d:sat

Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds 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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Compute contiguous offsets for valid positions

Perform a cumulative sum of the bits in the predicate register.

Vd32.h = prefixsum(qv4)

al5] | al4] | al3] | al2] | q[1] | q[0] | Qv

Remained of the
adders

h[2] h(1] h[0] vd
Figure 6-17 Vd32.h = prefixsum(qv4)
Syntax Behavior
Vd.b=prefixsum(Qv4) for (i = 0; i < VELEM(8); i++) {
acc += QVVI[i];
Vd.ub[i] = acc;
1
Vd.h=prefixsum (Qv4) for (i = 0; i < VELEM(16); i++) {
acc += QuV[i*2+0];
acc += QVV[i*2+1];
vVd.uh[i] = acc;
1
Vd.w=prefixsum (Qv4) for (i = 0; i < VELEM(32); i++) {
acc += QvV[i*4+0];
acc += QuV[i*4+1];
acc += QuV[i*4+2];
acc += QvV[i*4+3];
vVd.uw[i] = acc;
1
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Class: COPROC_VX (slots 0,1,2,3)

Notes

m This instruction uses the HVX shift resource.

Intrinsics
Vd.b=prefixsum(Qv4) HVX Vector Q6 Vb prefixsum Q(HVX VectorPred Qv)
Vd.h=prefixsum(Qv4) HVX Vector Q6 Vh prefixsum Q(HVX VectorPred Qv)
Vd.w=prefixsum(Qv4) HVX Vector Q6_Vw_prefixsum Q(HVX VectorPred Qv)
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 d5
ojofof1|1|1|1|0|v|v|o|-|-]|0|1|[1|P|P|[1]|-|-|0|0|0|0|1|0|d|d]|d]|d]|d]Vdb=prefixsum(Qv4)
ojofof(1|1|1|1|0|v|v|o|-|-]|0|1|[1|P|P|[1]|-|-|0|0[1]|0|1]|0|d]|d]|d]|d]|d]Vdh=prefixsum(Qv4)
olofof1|1|1|1|0|v|v|o|-|-]0|1|[1|P|P|[1]|-|-|0|1]0|0|1]|0|d|d]|d]|d]d|Vdw=prefixsum(Qv4)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
v2 Field to encode register v
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Add - half precision vector by vector

These instructions perform a vectorized half precision floating point add. The inputs are either
both IEEE single precision, both 16-bit Qfloat, or one of each. The result is a 16-bit Qfloat vector.

Syntax Behavior

vd.qgfl6=vadd (Vu.hf,Vv.hf) for (i = 0; i < VELEM(16); i++) {
u = Vu.hf[i];
v = Vv.hf[i];
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (-
(FRAC_HF+1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = v.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}

sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);

if ((u.sign”v.sign)==0)
sig = sig u + sig v;
sig low = (u.exp>v.exp) ? (sig u-sig)+sig v :
(sig v-sig) + sig u;
} else if((u.sign==0) && (v.sign==1)) {
sig = sig u - sig v;
sig low = (u.exp>v.exp) ? (sig u-sig)-sig v :
sig u-(sig v+sig) ;
} elsef
sig = sig v - sig u;
sig low = (v.exp>u.exp) ? (sig v-sig)-sig u : sig v
- (sig_u + sig);
}
vd.qgfl6[i] = rnd_sat (exp,sig,sig_low) ;
if (u.sign && v.sign) Vd.gflé6[i] = - (vd.gfle6[i]) ;
}
vd.gfl6=vadd (Vu.qf16,Vv.hf) for (i = 0; i < VELEM(16); i++) {

(
u vu.qgfle[i];
v = Vv.hf[i];
if(v.sign) v.sig =
(u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = V.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}

sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);

(-1.0) *v.sig;

sig = sig u + sig v;

sig low = (u.exp>v.exp) ? (sig u-sig) + sig v : (sig_v-
sig) + sig u;

vd.qgfl6[i] = rnd sat (exp,sig, sig low) ;

}
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Syntax

vd.qgflé6=vadd (Vu.qfl6,Vv.qfle6) for

(
u
v = Vv.gfl6[i];
i

Behavior

i < VELEM(16); i++) {
= Vu.qf16[i];

if (u.exp>v.exp) ({

exp = u.exp+((u.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = Vv.exp;
} else {
exp = v.exp + ((v.sig==0.0)? (-
(FRAC_HF+1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
1
sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);
sig = sig u + sig v;
sig low = (u.exp>v.exp) (sig_u-sig)+sig v : (sig v -
sig) + sig u;
vd.qgflé6[i] = rnd sat (exp,sig, sig low) ;

}

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

Notes

m This instruction uses the HVX shift resource.

Intrinsics

vd.gfl6=vadd (vu.hf,Vvv.hf)

vd.gf16=vadd (Vu.qf16,Vv.hf)

vd.qgflé=vadd (Vu.qfl6,Vv.qf16)

HVX Vector Vv)

HVX Vector Vv)

Vu, HVX Vector Vv)

HVX Vector Q6 Vqgflé vadd VhfVhf (HVX Vector Vu,

HVX Vector Q6 _Vgflée vadd VqgfleVhf (HVX Vector Vu,

HVX Vector Q6 Vgflé vadd Vgflevgflé (HVX Vector

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 u5 d5
olofof1/1[1]1]1 111 v|viv|v|v|P Pl uuuuuo1oddddd}q%)“”“:"add(\’”-q”evv"-q
ololol1]1[1]1]1 111 v|v|v|viviP|[P[1]u|ululululo|1]1]d]|d]|d]d]d]|vdafte=vaddvunfVvv.hf)
ololo|1]1]1/[1]1 111|v|v|v|v|v|Pp/P|[1|u|u|ululul1|0]o|d|d|d|d]|d }gd-q”szadd(vu-qﬂe'v"-h

Field name
ICLASS

Parse
ds
ub

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register u
Field to encode register v

Description
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Add - single precision vector by vector

These instructions perform a vectorized single precision floating point add. The inputs are either
both IEEE single precision, both 32-bit Qfloat, or one of each. The result is a 32-bit Qfloat vector.

Syntax Behavior

vVd.gf32=vadd (Vu.qf32,Vvv.qf32 for
)

(i = 0; i < VELEM(32); i++) {
u = Vu.qf32[i];
v = Vv.gf32[i];
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = Vv.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
1

sig u = ldexp(u.sig, u.exp-exp);

sig v = ldexp(v.sig, v.exp-exp);

sig = sig u + sig v;

sig low = (u.exp>v.exp) ? (sig u-sig)+sig v : (sig v -
sig) + sig u;

vd.qgf32[i] = rnd sat (exp,sig,sig low) ;

vVd.qgf32=vadd (Vu.qf32,Vv.sf) for (i = 0; i < VELEM(32); i++) {
u = Vu.qgf32[i];
v = Vv.sf[i];
if (v.sign) v.sig = (-1.0)*v.sig;
(u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = v.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}

sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);

sig = sig u + sig v;

sig low = (u.exp>v.exp) ? (sig u-sig) + sig v : (sig v-
sig) + sig u;

Vd.gf32[i] = rnd sat (exp,sig,sig_low) ;

}
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Syntax

vd.qgf32=vadd (Vu.sf,Vv.sf)

Behavior
for (i = 0; i < VELEM(32); i++) {
u = Vu.sf[i];
v = Vv.sf[i];
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (-
(FRAC_SF+1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = Vv.exp;
} else {
exp = v.exp+((v.sig==0.0)? (-
(FRAC_SF+1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
1
sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);

if ((u.sign”v.sign)==0)
sig = sig u + sig v;
sig low = (u.exp>v.exp) ?
(sig v-sig)+sig_u;
} else if((u.sign==0) && (v.sign==1)) {

sig = sig u - sig v;
sig low = (u.exp>v.exp) ? (sig u-sig)-sig v :
sig_u- (sig_v+sig) ;
} elsef
sig = sig v - sig u;
sig low = (v.exp>u.exp) ? (sig v-sig)-sig u :
- (sig_u+sig);
1
vd.qgf32[i] = rnd_sat (exp,sig, sig low) ;
if(u.sign && v.sign) vd.qgf32[i] = -(vd.qgf32[1]);

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

Notes

m This instruction uses the HVX shift resource.

Intrinsics

vd.qgf32=vadd (Vu.qgf32,Vvv.qf32)
Vd.gf32=vadd (Vu.qgf32,Vv.sf)

vd.gf32=vadd (vu.sf,Vvv.sf)

Encoding

HVX Vector Q6_VQgf32_ vadd Vgf32Vqgf32 (HVX Vector
Vu, HVX Vector Vv)

HVX Vector Q6 Vgf32 vadd Vgf32Vsf (HVX Vector Vu,
HVX Vector Vv)

HVX Vector Q6 Vgf32 vadd VsfVsf (HVX Vector Vu,
HVX Vector Vv)

(sig u-sig) +sig v :

sig v

31/30]29/28

27‘26’25’24|23‘22‘21‘20‘19’18’17|16

15/14/13[12/11]10/ 9 | 8

w

ICLASS

Parse ub

00|01 (1|1 (1|1 [1T|0O|1T|v|Vv| V]|V

v(P/IP/1T|ujujufufu/0|0|0|d|d|d|d|d

Vd.qf32=vadd(Vu.qf32,Vv.q
32)

o001 1|11 [1T[1T|0|1T|v|Vv| V]|V

v|P|P|1

uju/ujfuj{u|(0/0(1|d|d|d|d|d

Vd.gf32=vadd(Vu.sf,Vv.sf)

Vd.qf32=vadd(Vu.qf32,Vv.s
f)
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Field name
ICLASS

Parse
ds
ub

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register u
Field to encode register v

Description
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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.

w[N-1] [ ————— L wi[1] wi[0] Wu

shift right, and
sign fill, by lower
& bits of Rt

IS} R P | wiL wio]

Mis the numl=r of ope @tiors imple memed ineachvector

Figure 6-18 Shift right and add Vx.w += vasr(Vu.w, Rt)

80-N2040-49 Rev. AA 249



Qualcomm Hexagon V69 HVX Programmer’s Reference Manual HVX Instruction Set

wlN-1]  ————— L w1l w[ 0] Yu

Shift by lower

S bits of Rt
i [M-1] FFE——. [ 1] w10 WK
M & the number of opz @tiors implkemented ingachvector
Figure 6-19 Shift left and add Vx.w +=vasl(Vu.w, Rt)
Syntax Behavior
Vx.h+=vasl (Vu.h,Rt) for (i = 0; i < VELEM(16); i++) {
Vx.h[i] += (Vu.h[i] << (Rt & (16-1))) ;
}
Vx.h+=vasr (Vu.h,Rt) for (i = 0; i < VELEM(16); i++) {
Vx.h[i] += (Vu.h[i] >> (Rt & (16-1))) ;
}
Vx.w+=vasl (Vu.w,Rt) for (i = 0; i < VELEM(32); i++) {
Vx.wl[i]l += (Vu.w[i] << (Rt & (32-1))) ;
}
Vx.w+=vasr (Vu.w,Rt) for (i = 0; i < VELEM(32); i++) {
Vx.wl[i]l += (Vu.w[i] >> (Rt & (32-1))) ;
}

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

Notes

m This instruction uses the HVX shift resource.
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Intrinsics
Vx.h+=vasl (Vu.h,Rt) HVX Vector Q6_Vh vaslacc_VhVhR (HVX_Vector Vx,
HVX Vector Vu, Word32 Rt)
Vx.h+=vasr (Vu.h,Rt) HVX Vector Q6 Vh vasracc_VhVhR (HVX Vector Vx,
HVX Vector Vu, Word32 Rt)
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)
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 t5 Parse u5 x5
o/ojof{1ty1jojof1jo1 (1|t tjt|t(t|P P{1 | ujujujufu/01|0|x|x]|x]|x]|x|Vxwt+=vasl(Vu.wRt)
o/ojof{1ty1jojof1jo1 (1|t t/t|jt(t|P P{1T|ujujujufu|1 0[1|x|x]|x]|x]|x|Vxwt+=vasr(VuwRt)
ofojof1j|1jojojf1(1jojo|t|t tjt(t P/ P|{1T|{ujufufjuju|1|1|1|x|x|x]|x]|x]|Vxh+=vasr(Vu.hRt)
o/jojof{ty1jojof1j1 o1 |ty tjtjt(t|P P{1jujujujufu|{1 0[1]|x|x]|x]|x|x|Vxh+t=vasl(Vu.hRt)
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ts Field to encode register t
us 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). Halfword shifts use the lower four bits, while word shifts use the lower five bits.

The logical left shift does not saturate the result to the element size.

Vd.w=vlsr(Vu.w,Rt)

< Rt— —Rt—>
[N-1] Dont K 0] Don’t Vu
care care
Logical
€-N-1to1-- shift by Rt
Zero fill [N-1] f——————- Zero fill [0] vd

Figure 6-20 Logical shift by Rt

Vd.w=vasl(Vu.w,Rt)

<——Rt——> <——Rt——>
Don’t N-1] k———— N Don’t [0] Vu
care care
Shift left
¢-N-1to1-— by Rt
[N-1] Zerofill g——————= [0] Zero fill vd

Figure 6-21 Shift left by Rt
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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.w,Vv.w,Rt) :rnd:sat

Vd.h=vasr (Vu.w,Vv.w,Rt) [:sat]

Vd.h=vlsr (Vu.

Vd.ub=vasr (Vu.h,Vv.h,Rt) [:rnd] :sat

Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:rnd] : sat

Behavior

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

shamt = Rt & 0x7;

Vd.h[i] .b[0]=satg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;

Vd.h[i] .b[1l]l=satg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
1
for (i = 0; i < VELEM(16); i++) {

Vd.h[i] = (Vu.h[i] << (Rt & (16-1)));
1
for (i = 0; i < VELEM(16); i++) {

vVd.h[i] = (sxt(4 4 1) - »

16 (Vw.h[i])>0)? (Vu.h([i] <<sxt 4 , 1)
16(Vv.h([i])) :

- >

(Vu.hlil>>sxt (4 4 1)-516(Vv.h[i]));

}
for (i = 0; i < VELEM(16); i++) {
vd.h[i] = (Vu.h[i] >> (Rt & (16 - 1)));
}
for (i = 0; i < VELEM(16); i++) {
Vd.h[i] = (sxt(g , 1) -
516 (Vw.h[i])>0) ? (Vu.h[i] >>sxt (4 , 1) -
216 (Vv.h[i])) : (Vu.h[i] <<sxt (4 , 1)-516(Vv.h[i]));
1
for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vd.w[i] .h[0]=sat g (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.w[i] .h[1l]=sat g (Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
}
for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
vd.w[i] .h[0]=[sat ] (Vv.w[i] >> shamt);
vd.w[i] .h[1]=[sat;4] (Vu.w[i] >> shamt) ;
}
for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] = (sXt (g441)-
216 (Vv.h[i])>0) ? (Vu.uh[i] >>>sxt (4 , 1) -
516 (Vw.h[i])) : (Vu.uh[i]l<<sxt (4 , 1) -5 16(Vv.h[i]));
1
for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;
vd.h[i] .b[0]=usatg(Vv.h[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.h[i] .b[1]=usatg(Vu.h[i] + (l<<(shamt-1)) >>
shamt) ;
1
for (i = 0; i < VELEM(16); i++) {
shamt = Rt & 0x7;

Vd.uh[i] .b[0]=usatg(Vv.uh[i] +
>> shamt) ;

Vd.uh[i] .b[1l]=usatg(Vu.uh[i] +
>> shamt) ;

}

(1<< (shamt-1))

(1<< (shamt-1))
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Syntax Behavior

Vd.ub=vlsr (Vu.ub,Rt) for (i = 0; i < VELEM(8); i++) {
vd.b[i] = Vu.ub[i] >> (Rt & 0x7);
1

Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:rnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.uw[i] .h[0]=usat ¢ (Vv.uw[i] + (1l<<(shamt-1))
>> ghamt) ;
Vd.uw[i] .h[1]=usat g (Vu.uw[i] + (l<<(shamt-1))

>> shamt) ;
1
vVd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat for (i = 0; i < VELEM(32); i++) {
shamt = Rt & OxF;
Vd.w[i] .h[0]=usat s (Vv.w[i] + (l<<(shamt-1)) >>
shamt) ;
Vd.w([i] .h[1l]=usat ¢ (Vu.w[i] + (l<<(shamt-1)) >>
shamt) ;
1
Vd.uh=vlsr (Vu.uh,Rt) for (i = 0; i < VELEM(16); i++) {
vd.uh[i] = (Vu.uh[i] >> (Rt & (16-1)));
1
Vd.uw=vlsr (Vu.uw, Rt) for (i = 0; i < VELEM(32); i++) {
vd.uw[i] = (Vu.uw[i] >> (Rt & (32-1)));
1
vd.w=vasl (Vu.w, Rt) for (i = 0; i < VELEM(32); i++) {
vd.wli] = (Vu.w[i] << (Rt & (32-1)));
1
vd.w=vasl (Vu.w,Vv.w) for (i = 0; i < VELEM(32); i++) {
vd.wli] = (sxt(5 , 1) -

532 (Vv.w[i])>0)? (Vu.w[i] <<sxt (g5 , 1)-

532 (Vw.wl[il)) : (Vu.wlil>>sxt (5 , 1)-532 (VVv.w[i]));

1
Vd.w=vasr (Vu.w, Rt) for (i = 0; i < VELEM(32); i++) {
vd.wl[i] = (Vu.w[i] >> (Rt & (32 - 1))) ;
1
vVd.w=vasr (Vu.w,Vv.w) for (i = 0; 1 < VELEM(32); i++) {
vd.wli] = (sXt (g,1)-

232 (Vw.w[i]) >0) ? (Vu.w[i]l >>sxt (5 , 1)

232 (Vv.w[il)) : (Vu.wli] <<sXt (5 , 1)-532(VV.w[i]));

1
Vd.w=vlsr (Vu.w,Vv.w) for (i = 0; i < VELEM(32); i++) {
Vd.uw[i] = (sxXt (541)-
532 (VWw.w[i])>0) ? (Vu.uw[i] >>>sxt (5 , 1) -
532 (Vw.wl[i])) : (Vu.uw[i] <<sxt (g , 1)-532 (Vv.w[i]));

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

Notes

m Input scalar register Rt is limited to registers 0 through 7

m This instruction uses the HVX shift resource.
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Intrinsics
Vd.b=vasr (Vu.h,Vv.h,Rt) :rnd:sat HVX Vector Q6_ Vb vasr VhVhR rnd sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)

Vd.b=vasr(Vu.h,Vv.h, Rt) :sat HVX Vector Q6 Vb _vasr VhVhR sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.h=vasl (Vu.h,Rt) HVX Vector Q6 Vh vasl VhR(HVX Vector Vu, Word32
Rt)
Vd.h=vasl (Vu.h,Vv.h) HVX_ Vector Q6_Vh vasl_VhVh (HVX Vector Vu,

HVX Vector Vv)

Vd.h=vasr (Vu.h,Rt) HVX Vector Q6 Vh vasr VhR(HVX Vector Vu, Word32
Rt)
Vd.h=vasr (Vu.h,Vv.h) HVX Vector Q6 Vh vasr VhVh(HVX Vector Vu,

HVX Vector Vv)

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) :rnd:sat HVX Vector 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.h=vlsr (Vu.h,Vv.h) HVX Vector Q6_Vh vlsr_ VhVh(HVX Vector Vu,
HVX Vector Vv)

Vd.ub=vasr (Vu.h,Vv.h,Rt) :rnd:sa HVX Vector Q6 Vub vasr VhVhR rnd sat (HVX Vector
t 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.ub=vasr (Vu.uh,Vv.uh,Rt) :rnd: HVX Vector
sat Q6 _Vub vasr VuhVuhR rnd sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.ub=vasr (Vu.uh,Vv.uh,Rt) :sat  HVX Vector Q6 Vub_vasr VuhVuhR_ sat (HVX_Vector
Vu, HVX Vector Vv, Word32 Rt)

Vd.ub=vlsr (Vu.ub,Rt) HVX Vector Q6 Vub vlsr VubR (HVX Vector Vu,
Word32 Rt)

Vd.uh=vasr (Vu.uw,Vv.uw,Rt) :rnd: HVX Vector
sat Q6_Vuh vasr VuwVuwR_rnd_sat (HVX Vector Vu,
HVX Vector Vv, Word32 Rt)

Vd.uh=vasr (Vu.uw,Vv.uw,Rt) :sat HVX Vector Q6 Vuh vasr VuwVuwR_sat (HVX Vector
Vu, HVX Vector Vv, Word32 Rt)

Vd.uh=vasr (Vu.w,Vv.w,Rt) :rnd:sa HVX Vector Q6 Vuh vasr VwVwR rnd sat (HVX_ Vector
t 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)

Vd.uh=vlsr (Vu.uh,Rt) HVX Vector Q6 Vuh vlsr VuhR(HVX Vector Vu,
Word32 Rt)

Vd.uw=vlsr (Vu.uw, Rt) HVX Vector Q6_Vuw_vlsr VuwR (HVX Vector Vu,
Word32 Rt)

vd.w=vasl (Vu.w,Rt) HVX Vector Q6 Vw_vasl VwR (HVX Vector Vu, Word32
Rt)

vVd.w=vasl (Vu.w,Vv.w) HVX Vector Q6 Vw_vasl VwVw(HVX Vector Vu,

HVX Vector Vv)
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vVd.w=vasr (Vu.w,Rt)

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

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

HVX Vector Q6 Vw_vasr VwR (HVX Vector Vu, Word32
Rt)

HVX_ Vector Q6_Vw_vasr_ VwVw(HVX_ Vector Vu,
HVX Vector Vv)

HVX Vector Q6 Vw_vlsr VwVw(HVX Vector Vu,
HVX Vector Vv)

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 t3 Parse u5 d5

000 1|1]0]o]o|v|v|v|v|v|t|t|t|P|P|o|ufululululofo o d d d]d] a]obvasiVuhVihRisa
olofol1/1]olo/o|v|viv|iv|vit|t|t P|Plo|ulululululolo|1|d d|d dd ;(ﬁ’r;gh;‘{as“\’“-”""’V"-“‘”’R‘
ofofof1|1/0/0f0 v v|v|viv|t/t|t|P Plo|ujululuuo|[10|dd d|d|ad| du=vasVuwVvwRyr
olofol1/1]ololo|v|viv|iv|vit|t|t P|Plo ululululul1|1]1|d d|d| d| a]Vdub=vasr(VuuhVvuhRt

):rnd:sat

ololo|1|1]ololo|v|v|v|v|v|t|t|t|P|P|1|ululu|ulul1|o|o|d|d|d|d|d ;(gé‘;h:"as“\’“-“W’V"-“W'R‘
ololo|1]|1]ololo|v|v|v|v|v|t/t|t|P|P|1|ululu|ulul1|o|1|d|d|d|d|d ;{gé‘tlb:"asr(v”-“h'V"-“h'Rt

ICLASS t5 Parse u5 d5
olofoft1f1folof1To1 1]t tlt]elt[PlPlo ululululul1]o]1]d]d]d]d]d]|vdw=vasrvuwRre
olofof1]1]olol1lof11]t]e|t]|t|t|PlP[o]ululululul1[1]o]d]d|d]|d]|d]|vdh=vasrvuhRe)
ololol1|1]ofol1|of1][1]tlt|t|t|t|P|Plo|ululululul1]1]1]d]|d|d]|d]|d]vdw=vasivuwRe
ololol1]1]ofol1|1]ofolt|t|t|t]|t|P|Plofulululululololo|d|d]|d]|d]d]|vdh=vasivunRe
o/ojof{ty1jojof1j{1/ojo|t|t|tjt(t/PPOjujujujufu|{0|0[1|d|d|d]|d]|d]|Vduw=visr(Vu.uw,Rt)
olofof1]1]olof1l1]olo]t][t]t][t|t[P|P[olulululululol1]o]d|d]d]|d]d]|vdun=visrvu.unRy)
olofof1]1folol1l1]olo]t[t]t][t|t[P|Plolulululululof1|1]d|d]d]d]d]|vdub=visrvu.ub,RY)

ICLASS 3 | Parse u5 d5
o/ojof{1y1j0j1f{1|viviv|viv|it|t|t P P[Ojujujujufu|{0|1/0|d|d|d]|d]|d]|Vdh=vasr(VuwVv.w,Rt)
00 011|011 ]|v|v|v|v|v|t|t|t|P|P|o|ujujulululo|1|1|d|d|d| d|a] on=vasiVuwVvwRy:sa
000 1[1]01]1 v v|v|v|v|t|t|t|P|P|o|u|ujululul1|o|o|d|d|d|d|a|yeh=vasiVuwVvwRt:m
00011011 v v|v|v|v|t|t t P/P0|ujujujujul1|o|1|d| d| d|d|d|yur=vasrVuwvwRl:s
0001 |1]01]1]|v|v|v|v|v|t|t|t|P|P|o|ufulululul1|1 0 |dd d]d]ad]ydubsvasiVunVvhRY):s
oo 011 o[1|1 v|v|v|v|v|t|t|t/ P Plo|ujululuul1/1]1|d| d d|d] d]|Vdub=vasrVunVvhRyr
0001 1]0 1|1 v v|v|v|v t|t t P/P|[1|ujujujujujo|o|o|d| d| d|d|d|yibvastvuhVvhRim

ICLASS Parse u5 d5
o/ojof{1y1{1j1{1{1/0{1|vjviv|iv|(v/ P/ P/Ojujujujufu|{0|0|0|d|d|d]|d]|d]|Vdw=vasr(VuwVv.w)
o/ojof{1y1j{1j1f{1{1/0{1|vjiviv|v|v| P P[O|jujujujufu|0 0 |1|d|d|d]|d]|d]|Vdw=visr(Vu.w,Vv.w)
ofojo1j1{1{1{1{1/0(1|v{viviv|iv/ P/P|O|ujufuluju|0|1]|0|d|d|d]|d]|d]|Vdh=visr(Vu.hVv.h)
ofofo1j1{1{1j{1(1/0o(1|v{viv|iv|(v/P/P/O|jujufulufu|0|1|1|d|d|d]|d]|d|Vdh=vasr(Vu.hVv.h)
o/ojof{1y1j{1j1{1{1/0{1|vjiviv|iv|iv| P/P/Ojujujujufu|1|/0|0|d|d|d]|d]|d]Vdw=vasl(VuwVv.w)
o/ojof{1y1j{1j1{1{1/0{1|vjiviv|iv|iv| P/ P/Ojujujujufu|1 /0|1 |d|d|d]|d]|d]|Vdh=vasl(Vu.hVv.h)
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Field name
ICLASS

Parse
ds
t£3
t5
ub
v2
v3

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register t
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register v
Field to encode register v

Description
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Narrowing shift by vector

Arithmetically shift-right the elements in vector register pair Vuu by the lower bits of the
elements in vector register Vv. 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 Vu+1, and each odd element in Vd comes from the vector register

Vu.

Vd.h=vasr(Vu.w,Vv.w,Rt)[:rnd][:sat]

[N-1]

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

Figure 6-22 Vd.h = vasr(Vu.w, Vv.w, Rt) [:rnd][:sat]

[1]

[0]

Vu

Vv

Optional Round

Arithmetic
Shift by Rt

Optional Saturate to next
smaller element limits

\e!
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Syntax

Vd.ub=vasr (Vuu.uh,Vv.ub) [:rnd] : sat

Vd.uh=vasr (Vuu.w,Vv.uh) [:rnd] :sat

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

for

Behavior
(i = 0; i < VELEM(16); i++) {
shamt = Vv.ub[2*i+0] & 0x7;

Vd.uh[i] .b[0]=usatg (Vuu.v[0] .uh[i]
>> ghamt) ;

shamt = Vv.ub[2*i+1] & 0x7;
Vd.uh[i] .b[1l]=usatg(Vuu.v[1] .uh[i]

>> ghamt) ;

+ (l<<(shamt-

+ (l<<(shamt-

(i = 0; i < VELEM(32); i++) {
shamt = Vv.uh[2*i+0] & OxF;
vVd.w([i] .h[0]=usat ¢ (Vuu.v[0] .w[i]
>> shamt) ;

shamt = Vv.uh[2*i+1] & OxF;
vd.w(i] .h[l]=usat ¢ (Vuu.v[1] .w[i]
>> shamt) ;

+ (l<<(shamt-

+ (l<<(shamt-

Notes
m This instruction cannot be paired with a HVX permute instruction
m This instruction uses the HVX shift resource.
m If a packet contains this instruction and an HVX ALU operation, the ALU OP must be unary.
Intrinsics
Vd.ub=vasr (Vuu.uh,Vv.ub) :rnd:sat HVX Vector
Q6_Vub_vasr WuhVub_ rnd sat (HVX VectorPair Vuu,
HVX Vector Vv)
Vd.ub=vasr (Vuu.uh, Vv.ub) :sat HVX Vector Q6 Vub vasr WuhVub sat (HVX VectorPair
Vuu, HVX Vector Vv)
Vd.uh=vasr (Vuu.w,Vv.uh) :rnd:sat HVX Vector
Q6 _Vuh vasr WwVuh rnd sat (HVX VectorPair Vuu,
HVX Vector Vv)
Vd.uh=vasr (Vuu.w,Vv.uh) : sat HVX Vector Q6 Vuh vasr WwVuh sat (HVX VectorPair
Vuu, HVX Vector Vv)
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 |54 3 | 2] 1|0
ICLASS Parse ub d5
00 011|101 ]0]0]o|v|v|v|v|v|P|P|o|u|u|ufululofo|o|d|d|d d|a yduh=vasrVuuwVvuhys
000 1|1]1]0o]1]0o]o]o|v|v|v|v|v|P|P|o|ulululululofo|1|d d| d|d|aVdur=vasriVuuwVv.un)r
00 011|101 ]0]o]o|v|v|v|v|v|P|P|o|u|ululululo|1|o|d d d] d]ad] dub=vasrVuuuhVyub)
00 011|101 ]0]0]o|v|v|v|v|v|P|P|o|ulululululo|1|1|d d d d a]ydubzvasrVuuuhVvub)r
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Field name
ICLASS

Parse
ds
ub

v5

Instruction class
Packet/loop parse bits
Field to encode register d
Field to encode register u
Field to encode register v

Description
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Convert gfloat to IEEE floating point

These instructions convert Qfloat input vector register(s) to an IEEE output vector register.

Syntax
vd.hf=vu.qgflé for
}
vd.hf=vuu.qgf32 for
}
vd.sf=vu.qf32 for

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

Notes

(i
u

vd.

(1
u0
ul

vd.
vd.

(1
u
vd

Behavior
= 0; 1 < VELEM(16); i++)
= Vu.qf16[i];
hf[i] = rnd sat(u.exp,u.sig) ;

= 0; 1 < VELEM(32); i++) {
= Vuu.v[0] .gf32[i];

= Vuu.v[1].gf32[1];
hf [2*¥i] = rnd sat (u0.exp,ul0.sig) ;
hf [2*¥i+1] = rnd sat(ul.exp,ul.sig);

= 0; 1 < VELEM(32); i++) {
= Vu.qgf32[i];
.sf[i] = rnd_sat(u.exp,u.sig);

m This instruction uses the HVX shift resource.

Intrinsics

vVd.hf=Vu.qgfle
Vd.hf=Vuu.gf32

vd.sf=vu.qf32

HVX Vector Q6 Vhf equals Vgflé (HVX Vector Vu)
HVX Vector Q6 Vhf equals Wqgf32 (HVX VectorPair Vuu)

HVX Vector Q6 Vsf equals Vgf32 (HVX Vector Vu)

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 |54 3 | 2] 1|0
ICLASS Parse u5 d5
o001 |1 {1 |1(0]|~-]|- - -1 O(P/P/1T|u{ujufufu/0|0|0|d|d|d|d|d]Vdsf=Vu.qf32
olofof1|1|1]1]0]-]- -1 -1 0|P|P|[1|u|lufulufu0|[1|1|d|d|d|d]|d]|Vdhf=Vuqf6
olofof1|1|1|{1/0|-|-|o|-|-][1]0f0|P|P|[1|u|u|ulufu1|[1]|0|d|d|d]|d]|d]|Vdh=Vuu.qgf32
Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
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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 eight bits, logically or arithmetically right-shift by eight, 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]

Figure 6-23 Vd.b = vround(Vu.h, Vv.h):sat

h[1]

h[0O]

h[1]

h[0O]

b[3]

b[2]

b[1]

b[0]

Vu

Vv

Saturate
to
byte

vd
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Syntax Behavior
Vd.b=vround (Vu.h,Vv.h) :sat for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] .b[0]=satg((Vv.h[i] + 0x80) >> 8);
Vd.uh[i] .b[1]=satg((Vu.h[i] + 0x80) >> 8);
}
Vd.h=vround (Vu.w,Vv.w) :sat for (i = 0; i < VELEM(32); i++) {
Vd.uw[i] .h[0]=sat ¢ ((Vv.w[i] + 0x8000) >> 16);
Vd.uw[i] .h[1l]=sat;z((Vu.w[i] + 0x8000) >> 16);
}
Vd.ub=vround (Vu.h,Vv.h) :sat for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] .b[0]=usatg ((Vv.h[i] + 0x80) >> 8);
Vd.uh[i] .b[1l]=usatg((Vu.h[i] + 0x80) >> 8);
}
Vd.ub=vround (Vu.uh, Vv.uh) : sat for (1 = 0; i < VELEM(16); i++)
Vd.uh[i] .b[0]=usatg ((Vv.uh[i] + 0x80) >> 8);
Vd.uh[i] .b[1]=usatg((Vu.uh[i] + 0x80) >> 8);
}
Vd.uh=vround (Vu.uw, Vv.uw) : sat for (1 = 0; 1 < VELEM(32); i++) {
Vd.uw[i] .h[0]=usat ¢ ((Vv.uw[i] + 0x8000) >> 16);
Vd.uw[i] .h[1]=usat ¢ ((Vu.uw[i] + 0x8000) >> 16);
}
Vd.uh=vround (Vu.w,Vv.w) :sat for (i = 0; 1 < VELEM(32); i++) {
vVd.uw[i] .h[0]=usat ¢ ((Vv.w[i] + 0x8000) >> 16);
Vd.uw[i] .h[1]=usat ¢ ((Vu.w[i] + 0x8000) >> 16);
}

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 HVX Vector Q6_Vb_vround VhVh_sat (HVX_ Vector Vu,
HVX Vector Vv)

Vd.h=vround (Vu.w,Vv.w) :sat HVX Vector Q6 Vh vround VwVw_sat (HVX Vector Vu,
HVX Vector Vv)

Vd.ub=vround (Vu.h,Vv.h) :sat HVX Vector Q6 Vub vround VhVh sat (HVX Vector Vu,
HVX Vector Vv)

Vd.ub=vround (Vu.uh,Vv.uh) :sat HVX Vector Q6 Vub_ vround VuhVuh sat (HVX_ Vector
Vu, HVX Vector Vv)

Vd.uh=vround (Vu.uw, Vv.uw) :sat HVX Vector Q6 Vuh vround VuwVuw_sat (HVX Vector
Vu, HVX Vector Vv)

Vd.uh=vround (Vu.w,Vv.w) : sat 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]20]19]18[17]16[15]14]13[12]11]10[ 9 [8 | 7] 6 [ 5| 4[3 ]2 1] 0
ICLASS Parse us d5
ololo|1]1]1/[1]1 101 v v|v|v|v| P[P0 |ulujuluul10[0|ddd|d]d]|/dn=voumndVuwivw)sa
olofolf1]1]1/1]1 101 [viviv|v|v|PPlo|ulujululu/1|o]1|d d d|d|a]ydun=voundVuwVvw)s
0|0 |0 1|1 1]1]1 1/1|v|iv|v|v| v/ P/P/O|ujujujufu|1 |1|0|d|d|d]|d]|d]|Vdb=vround(Vu.h,Vv.h):sat
ololo|1]1]1/[1]1 101 v v v|v|v| P[P0 ulululuu1[1[1]|ddd|d]|d]|ydubzvoundVuhVrh)s
olofolf1]1]1/1]1 101 v viv|viv|P|Plo|ufulululuo|[1 1]d|ld d da|aVdub=vround(Vu.unvuh)
000 11|11 1111 v|v v|v|ivIP/Po|uluuuuioodddd.adygn=voundiuumivu
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d

us Field to encode register u

v5 Field to encode register v
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Vector rotate right word

Rotate right each element of Vu.w by the unsigned amount specified by bits 4:0 of corresponding
element of Vv.w, place the result in respective elements of Vd.w.

Syntax Behavior
Vd.uw=vrotr (Vu.uw,Vv.uw) for (i = 0; 1 < VELEM(32); i++) {
Vd.uw[i] = ((Vu.uw[i] >> (Vv.uw[i] & 0x1f)) | (Vu.uw[i] <<
(32 - (Vv.uw[i] & 0x1f))));

}

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

Notes

m This instruction uses the HVX shift resource.

Intrinsics

Vd.uw=vrotr (Vu.uw, Vv.uw) HVX Vector Q6_Vuw_vrotr VuwVuw (HVX_ Vector Vu,
HVX Vector Vv)

Encoding

12/11/10/9 8|7 ]6[5/4[3/2]1]0

w

31|30‘29‘28 27‘26‘25‘24|23‘22‘21‘20‘19‘18‘17|16 15\14 1
ICLASS Parse us d5
O|O‘0‘1 1‘0‘1‘0|1‘0‘0‘v‘v‘v‘v|v P‘P1 u‘u‘u‘u|u1‘1‘1 d‘d‘d‘d|d Vd.uw=vrotr(Vu.uw,Vv.uw)

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Subtract - half precision vector by vector

These instructions perform a vectorized half precision floating point subtract. The inputs are
either both IEEE single precision, both 16-bit Qfloat, or one of each. The result is a 16-bit Qfloat

vector.
Syntax Behavior
vd.gfl6=vsub (Vu.hf, Vv.hf) for (i = 0; 1 < VELEM(16); i++) {
u = Vu.hf[i];
v = Vv.hf[i];
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (-
(FRAC_HF+1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = v.exp;
} else {
exp = v.exp+((v.sig==0.0)? (-
(FRAC_HF+1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}
sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);
if ((u.sign==0) && (v.sign==0)) ({
sig = sig u - sig v;
sig low = (u.exp>v.exp) ? (sig u-sig)-sig v :
(sig u- (sig v+sig));
} else if(u.sign * v.sign) {
sig = sig u + sig v;
sig low = (u.exp>v.exp) ? (sig u-sig)+sig v :
(sig v-sig)+sig u;
} else{
sig = sig v - sig u;
sig low = (v.exp>u.exp) ? (sig v-sig)-sig u
sig v-(sig u+sig) ;
}
vd.qgflé6[i] = rnd sat (exp,sig,sig low) ;
if ((u.sign==1) && (v.sign==0)) Vvd.gfle[i] = -
(vd.gfle6[1i]) ;
}
vd.qgfl6=vsub (Vu.qf16,Vv.hf) for (i = 0; i < VELEM(16); i++) {

(
u vu.qgfle[i];
v = Vv.hf[i];
if(v.sign) v.sig =
(u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = V.exp;
} else {
exp = v.exp+ ((v.sig==0.0)? (-
(FRAC_HF+1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}

sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);

(-1.0) *v.sig;

sig = sig u - sig v;

sig low = (u.exp>v.exp) ? (sig u-sig)-sig v :
(sig u- (sig v+sig));

Vvd.qgflé6[i] = rnd sat (exp,sig,sig low) ;

}
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Syntax
vd.qgflé6=vsub (Vu.qfl6,Vv.qfl6)

Behavior

(i = 0; i < VELEM(16); i++) {
u = Vu.qfl6[i];
v = Vv.gfl6[i];
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = Vv.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_HF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
1

sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);
sig = sig u - sig v;

for

sig low = (u.exp>v.exp) ? (sig_u-sig)-sig v :

(sig u- (sig v+sig));
Vd.qgflé6[i] = rnd sat (exp,sig,sig low) ;
}

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

Notes

m This instruction uses the HVX shift resource.

Intrinsics

Vd.gflé=vsub (Vu.hf,Vv.hf)
vd.gflé=vsub(Vu.qfl6,Vvv.hf)

vVd.qgfl6=vsub (Vu.qfl6,Vv.qfl6)

Encoding

HVX Vector Q6 Vqgflé_vsub VhfVhf (HVX Vector Vu,
HVX Vector Vv)

HVX Vector Q6 Vgflé vsub VgfleVhf (HVX Vector Vu,
HVX Vector Vv)

HVX Vector Q6_Vqgflé_vsub VgfleVgflé (HVX Vector
Vu, HVX Vector Vv)

31|30‘29‘28 27‘26’25’24|23‘22‘21‘20‘19’18’17|16

15\141

w

12/11/10/9 8|7 ]6[5/4[3/2]1]0

ICLASS

Parse ub d5

o001 |1 |11 {101 |(1T]|Vv]|Vv| V| |Vv| Vv

P/P/1|ujujujufuf1|0|1|d|{d|d|d]|d

Vd.gf16=vsub(Vu.qf16,Vv.q
16)

o001 |1 |11 {101 |(1T]|Vv]|Vv| V| |Vv| |V

P/ P{1|ujujujufu|1|1]|0|d|d|d]|d]|d]|Vd.gfi6=vsub(Vu.hfVv.hf)

P/ P{1jujujujufu|{1|1|1|d|d|d|d|d

Vd.qf16=vsub(Vu.qf16,Vv.h
f)

Field name Description
ICLASS Instruction class
Parse Packet/loop parse bits
ds Field to encode register d
us Field to encode register u
v5 Field to encode register v
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Subtract - single precision vector by vector

These instructions perform a vectorized single precision floating point subtract. The inputs are
either both IEEE single precision, both 32-bit Qfloat, or one of each. The result is a 32-bit Qfloat

vector.
Syntax Behavior
vd.qgf32=vsub (Vu.qf32,Vv.qf32) for (i = 0; i < VELEM(32); i++) {
u = Vu.qf32[i];
v = Vv.qf32[i];
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = v.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}
sig u = ldexp(u.sig, u.exp-exp);
sig v = ldexp(v.sig, v.exp-exp);
sig = sig u - sig v;
sig low = (u.exp>v.exp) ? (sig u-sig)-sig v :
(sig u-(sig v + sig));
vd.qgf32[i] = rnd sat (exp,sig,sig low) ;
}
vd.gf32=vsub (Vu.qf32,Vv.sf) for (i = 0; i < VELEM(32); i++) {

(
u = Vu.qf32[i];
v = Vv.sf[i];
if(v.sign) v.sig =
if (u.exp>v.exp) {
exp = u.exp+((u.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = v.exp;
} else {
exp = v.exp+((v.sig==0.0)? (- (FRAC_SF +
1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}

sig u = ldexp(u.sig, u.exp-exp);

(-1.0) *v.sig;

sig v = ldexp(v.sig, v.exp-exp);

sig = sig u - sig v;

sig low = (u.exp>v.exp) ? (sig u-sig)-sig v : (sig u
- (sig v+sig));

vd.qgf32[i] = rnd_sat (exp,sig,sig_low) ;
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Syntax
vd.qgf32=vsub (Vu.sf,Vv.sf)

Behavior

(i = 0; i < VELEM(32); i++) {
u = Vu.sf[i];

v = Vv.sf[i];

if (u.exp>v.exp) {

for

exp = u.exp+((u.sig==0.0)? (- (FRAC_SF +

1)) :ilogb(u.sig)) ;
if (exp<v.exp) exp = Vv.exp;
} else {

exp = v.exp+((v.sig==0.0)? (- (FRAC_SF +

1)) :ilogb(v.sig)) ;
if (exp<u.exp) exp = u.exp;
}

sig u = ldexp(u.sig, u.exp-exp);

sig v = ldexp(v.sig, v.exp-exp);

if ((u.sign==0) && (v.sign==0)) {
sig = sig u - sig v;

sig low = (u.exp>v.exp) ? (sig u-sig)-sig v

(sig u - (sig v+sig));
} else if(u.sign * v.sign) {
sig = sig u + sig v;

sig low = (u.exp>v.exp) ? (sig u-sig)+sig v

(sig_v - sig)+sig_u;
} elsef
sig = sig v - sig u;

sig low = (v.exp>u.exp) ? (sig_v-sig)-sig u
sig v - (sig_u+sig);
1
vd.qgf32[i] = rnd_sat (exp,sig,sig_low) ;
if ((u.sign==1) && (v.sign==0)) vd.gf32[i] = -
(vd.gf32[i]) ;

}

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

Notes

m This instruction uses the HVX shift resource.

Intrinsics

Vd.gf32=vsub (Vu.qf32,Vv.qgf32)

vd.gf32=vsub(Vu.qf32,vv.sf)

vd.qgf32=vsub (Vu.sf,Vv.sf)

HVX Vector Q6 Vgf32 vsub Vqf32vVgf32 (HVX Vector

Vu, HVX Vector Vv)

HVX Vector Q6 Vgf32 vsub Vgf32Vsf (HVX Vector Vu,

HVX Vector Vv)

HVX Vector Q6_VQgf32_ vsub VsfVsf (HVX_ Vector Vu,

HVX Vector Vv)
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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 Parse ubs d5
ooo111111o1vvvvaP1uuuuuo11ddddd}g"z-)qm:"S“b(V“-qf?’z'V"-q
o/ojof{1ty1j{1j1f{1{1/0{1|{vjviv|v|iv|P/P{1|ujujujufu|1 /0|0|d|d|d]|d]|d]|Vd.qgf3d2=vsub(Vu.sfVv.sf)
00011111101vvvvaP1uuuuu101dddddXd'qf32=VSUb(Vu'qf32‘VV'S
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d

us 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). Count leading identical bits, and add a value to it for

each lane.
Syntax Behavior
vd.h=vadd (velb (Vu.h),Vv.h) for (i = 0; 1 < VELEM(16); i++) {
Vd.h[i] = max(count_ leading ones(~Vu.h[i]),
count leading ones(Vu.h[i])) + Vv.h[i];
}
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=vclo (Vu.uh) for (i = 0; i < VELEM(16); i++) {
Vd.uh[i] =count_ leading ones (~Vu.uh[i]) ;
}
Vd.uw=vclo (Vu.uw) for (i = 0; i < VELEM(32); i++) {
Vd.uw[i] =count_ leading ones (~Vu.uw[i]) ;
}
vd.w=vadd (velb (Vu.w) , Vv.w) for (i = 0; i < VELEM(32); i++) {
Vd.w[i] = max(count leading ones (~Vu.w[i]),
count_leading ones (Vu.w([i])) + Vv.w[i] ;
1
Vd.w=vnormamt (Vu.w) for (i = 0; i < VELEM(32); i++) {
Vd.w[i] =max (count_leading ones (~Vu.wl[i]),
count leading ones(Vu.w[i]))-1;
}

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

Notes

m This instruction uses the HVX shift resource.
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Intrinsics

Vd.h=vadd (vclb(Vu.h) ,Vv.h)

Vd.h=vnormamt (Vu.h)
Vd.h=vpopcount (Vu.h)
Vd.uh=vcl0 (Vu.uh)
Vd.uw=vclO (Vu.uw)

Vd.w=vadd (vclb (Vu.w) ,Vv.w)

Vd.w=vnormamt (Vu.w)

HVX_Vector
Vv)

HVX_ Vector
HVX_Vector
HVX Vector
HVX_ Vector

HVX_Vector
Vv)

HVX_ Vector

Q6_Vh vadd_vclb VhVh (HVX Vector Vu, HVX Vector

Q6_Vh vnormamt_ Vh (HVX Vector Vu)

Q6_Vh vpopcount Vh (HVX Vector Vu)

Q6 _Vuh vcl0 Vuh (HVX Vector Vu)
Q6_Vuw_vcl0_Vuw (HVX Vector Vu)

Q6_Vw_vadd_vclb VwVw (HVX Vector Vu, HVX Vector

Q6_Vw_vnormamt Vw (HVX Vector Vu)

Encoding

31/30]29/2827/26)25/24 23/22/21/20/19]18/17]16/15[14/1312]11/10] 9 [ 8 | 76 | 5[4 |3 ]2 1] 0
ICLASS Parse ub d5
0|00 |11 ]1]1]0 -{0|-]-|-{1|0|P|P|{O|ujujufuju|1]|0 d|d|d|d|d|Vduw=vclO(Vu.uw)
0|00 |11 ]1]1]0 -{0|-|-|-[1|0|P|[P|[O|ujujufuju|tl |1 d|d|d|d|d|Vdh=vpopcount(Vu.h)
ojofo[1|1]1]1]0 -jo|-]-|-|1|o|P|P|O|ulujululult]1 d|d|d|d|d | Vduh=vclO(Vu.uh)
ojofo[1|1]1]1]0 -10|-]-|-|1|[1|P|P|O|ulujujuful1]oO d|d|d|d|d|Vdw=vnormamt(Vu.w)
ojofof1|1]1]1]0 -j0o|-]-|-|1|[1|P|P|O|ulujuluful1]|O d|d|d|d|d|Vdh=vnormamt(Vu.h)
0|0 (0|1 |1 ]1]1[1 0/0O|v|v|v| v v P|P/1T|ujufujujul0]|oO0 d|d|d|d|d|Vdh=vadd(vclb(Vu.h),Vv.h)
olofol1]1]1/1]1 olo|v|v|v|v|/v|P|P|[1|u|ulu|ululo]o d|d|d|d|d x‘)’-wzva"d("c'b(V“-W)’VV-
Field name Description

ICLASS Instruction class

Parse Packet/loop parse bits

ds Field to encode register d

us Field to encode register u

v5 Field to encode register v
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6.14 STORE

The HVX store instruction subclass includes memory store instructions.

Store - byte-enabled aligned

Of the bytes in vector register Vs, store to memory only the bytes 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:

m Rt with a constant 4-bit signed offset

m  Rx with a signed post-increment

m  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 is stored to memory, but the post-increment of the pointer

in Rt occurs.

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

If (Qv4) vmem(Rt) = Vs

[N-1] [2] [1] [0] | Vs.b
En Qv.b[0]
@4— Qv.b[1]
@4 Qu.b(2]
¢mmmm - > o
J
Qv.b[N-1]
Y Y Y
MEMORY
Syntax Behavior
if ([!']1Qv4) vmem(Rt) :nt=Vs Assembler mapped to: "if ([!]Qv4)
vmem (Rt+#0) :nt=vs"
if ([!]Qv4) vmem(Rt)=Vs Assembler mapped to: "if ([!]1Qv4)
vmem (Rt+#0) =Vs"
if ([!']Qv4) vmem (Rt+#s4) :nt=Vs EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = Vs;
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if

if

if

if

if

Syntax
([1]Qv4) vmem (Rt+#s4)=Vs
(['1Qv4) vmem(Rx++#s3) :nt=Vs
([!1Qv4d) vmem (Rx++#s3)=Vs
(['1Qv4) vmem(Rx++Mu) :nt=Vs
([!'1Qv4) vmem(Rx++Mu)=Vs

Behavior
EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = Vs;
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+#s*VBYTES;
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+#s*VBYTES;
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+MuV;
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Notes
m This instruction can use any HVX resource.
m  An optional nontemporal hint to the microarchitecture can be specified to indicate that the
data has no reuse.
m Immediates used in address computation are specified in multiples of vector length.
Intrinsics
if (!'Qv4) vmem (Rt+#s4) :nt=Vs void Q6 vmem QnRIV nt (HVX VectorPred Qv,
HVX Vector* A, HVX Vector Vs)
if (!'Qv4) vmem (Rt+#s4)=Vs void Q6 vmem QnRIV(HVX VectorPred Qv,
HVX Vector* A, HVX Vector Vs)
if (Qv4) vmem (Rt+#s4) :nt=Vs void Q6 vmem QRIV_ nt (HVX VectorPred Qv,
HVX Vector* A, HVX Vector Vs)
if (Qv4) vmem (Rt+#s4)=Vs void Q6 vmem QRIV (HVX VectorPred Qv, HVX Vector*
A, HVX Vector Vs)
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 NT t5 Parse s5
00 1 0110 t|t|t P/ Pli|v|v|i|i|i|O|O0O|O0|s|s|s]|s]/|s/|if(Qv4)vmem(Rt+#s4)=Vs
00 (1|0 00|01 |00 |t |t]|t P/Pli|v|iv|i|i|i|O|O0|1]|s|s|s]|s/|s/|if(lQv4)vmem(Rt+#s4)=Vs
olo/1]o/1]olojol1|1]o]t|t]t PIPIi|v vlililio0/o]s|s|s/s/s Q0 0
olof1/0/1]olofo|1[1]0]t|t]t PIPifv|viiililojo/1 s|s|s|s s 0 . 0 v
ICLASS NT x5 Parse s5
olof1/o/1]olof1]1]0]0|x|x| x PIP - |vivii|i ilo]o/o]s s|s|s| s/ @ o v
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31/30(29|28|27|26|25|24|23|22|21/20/19 /18|17 |16|15/14|13|12|11|10/ 9 (8 |7 (6 |5 (4|3 (2|1 |0
if (\Qv4)
OO101001100XXXXXPP'VV"'001sssssvmem(Rx++#s3)=Vs
if (Qv4)
OO101001110XXXXXPP'VV"'000sssssvmem(Rx++#s3):nt=Vs
if ('Qv4
OO1O1001110xxxxxPP-VV|||OO1sssss\/r](1€3rT](l)QX,rHL#S:,’):nt:vs
ICLASS NT x5 Parse |u1 s5
if (Qv4)
00101011100xxxxxPPuvv---000sssssvmem(RX++MU)=Vs
if (1Qv4)
00101011100xxxxxPPuvv---OO1sssssVmem(RX++MU)=VS
if (Qv4)
00101011'I10xxxxxPPuvv---000sssssvmem(Rx,r,rMu):nt:vs
if ('Qv4)
00101011110xxxxxPPuvv---001sssssVmem(RX++MU):m=VS
Field name Description
ICLASS Instruction class
NT Nontemporal
Parse Packet/loop parse bits
s5 Field to encode register s
ts 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 writes 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 writes to
memory, and V12 writes to the vector register file.

The operation has three ways to generate the memory pointer address:
m Rt with a constant 4-bit signed offset
m  Rx with a 3-bit signed post-increment

m  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 Behavior
if ([!]1PV) if ([t11pviol) {
vmem (Rt +#s4) :nt=088 .new EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
} else {
NOP;
}
if ([!1Pv) vmem(Rt+#s4)=0s8.new if ([!1Pv[0]) {
EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
} else {
NOP;
}
if ([!]1PV) if ([t1pviol) {
vmem (RX++#s3) :nt=0s8.new EA=RX;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+#s*VBYTES;
} else {
NOP;
}
if ([!]Pv) if ([!1Pv[0])
vmem (Rx++#s3) =0s8 .new EA=Rx;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+#s*VBYTES;
} else {
NOP;
}
if ([!]Pv) if ([t1Pv([0]) {
vmem (Rx++Mu) :nt=0s8 .new EA=RXx;
* (EA&~ (ALIGNMENT-1)) = OsN.new;
Rx=Rx+MuV;
} else {
NOP;
}
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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=0s8 .new

vmem (Rx++Mu) =0s8 .new

if ([!1Pv[0])
EA=Rx;
* (EA&~ (ALIGNMENT-1)) =
Rx=Rx+MuV;
} else {
NOP;
1

Assembler mapped to:
Assembler mapped to:

EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1) )

EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1))

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

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

EA=RXx;
* (EA&~ (ALIGNMENT-1))
Rx=Rx+MuV;

EA=RXx;
* (EA&~ (ALIGNMENT-1))
Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Behavior

OsN.new;

"vmem (Rt+#0) :nt=0s8.new"
"vmem (Rt+#0) =0s8 .new"

= OsN.new;

= OsN.

new;

= OsN.new;

= OsN.new;
= OsN.

new;

= OsN.new;

Notes
m This instruction can use any HVX resource.
m An optional nontemporal hint to the microarchitecture can be specified to indicate that the
data has no reuse.
m Immediates used in address computation are specified in multiples of vector length.
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 NT t5 Parse s3
o(of17|/o0j1jojojofojo|1|t|t|t|t|t/P/P|i|-|-|i|i|i|O0O|O0|1|=-|0]|s]|s]|s |vmem(Rt+#s4)=0s8.new
o(of1|/oj1jojojofof1 |1 |t|t|t|t|t/P/P|i|-|-|i|i|i|O0O|O0]|1]|=-|-]|s]|s]|s|vmem(Rt+#s4):nt=0s8.new
. . if (Pv)
01010 110/0]0 101 t|t|t t t P Plilvivliiif01/000]s|s|s/ yiloumnocsmew
0o |1 01 oo o 1]of1|t|t t t t PIPlilvivii i ifo]1]1/01 s|s|s/I00 0 anew
if (Pv)
OO1O1000111tttttPP|VV|||O1010sssvmem(RH#S“):m:OSs_new
. if (IPv)
00 1011000 111 t|t|t|t t P Plilvivlii i i0/1/11/1]s/s/s/ (iilous i ossnew
ICLASS NT x5 Parse s3
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31/30(29 28|27 |26|25|24 22(21/20(19|18(17|16(15/14{13|12/11/10/ 9 |8 | 7 1

0|0 [1{0|1]0]0 |1 01 |x|x|x|x|Xx P|-|-|-|i]i|i]O s vmem(Rx++#s3)=0s8.new

0olo/1/0|1|0/0 |1 111 x|x|x /x| x|P[P|-|-|-]ilililo s | s | ymem(Rx++#s3)nt=Os8.ne

. if (Pv)
0(0|1]0|1]0]|0 |1 O1T|x|x|x|x|x|P|P|=-|v|v|i|i|ilO s vmem(Rx++#s3)=0s8.new
. if (1Pv)

0|0 |1]0 1|00 |1 0|1 |{x|x|x|x|[x|[P|P|-|v | v|i|i|i]|O s vmem(Rx++#s3)=0s8.new
if (Pv)

0|0 (1{0|1]0]0 |1 11| x|x|x|x|x|P|/P|[-|v|v]|i|ili|O s vmem(Rx++#s3):nt=0s8.ne
w
if (1Pv)

0|0 (1{0|1]0]0 |1 11| x|x|x|x|x|P|/P|-|v| v]i|ili|O s vmem(Rx++#s3):nt=0s8.ne
w

ICLASS NT x5 Parse |u1 s3

0|0 [1{0 1|01 |1 0O/1|x|x|x|x|x|P|{Plu|-|-|-]-|-]0 s vmem(Rx++Mu)=0s8.new

oo 1(0f1]of1]1/0/11]|x|x|x|x|x|[P[P|lu|-|--|-]-]o s | s | ymem(Rxct+Mu):nt=0s8.ne
if (Pv)

0|0 |1]0 1|0 (1|1 O|1|{x|x|x|x|[x|[P/Plufv|v|-|-|-]|0 s vmem(Rx++Mu)=0s8.new
if (1Pv)

0(0|1]0|1]0]1 |1 O/1T|x|x|x|x|x|P/Plu|lv|v|-]-|-]|0 s vmem(Rx++Mu)=0s8.new
if (Pv)

0[O0 (1|0 |1]0]1 |1 11 |x|x|[x|x|x|P|{Plujv|v|-|-]|-]0 s vmem(Rx++Mu):nt=0s8.ne
w
if (1Pv)

0|0 (1{0 1|01 |1 11| x|x|x|x|x|P/Plujv|iv|-|-|-]0 s vmem(Rx++Mu):nt=0s8.ne
w

Field name
ICLASS

NT
Parse
s3
t5
ul
v2

x5

Instruction class

NonTemporal

Packet/loop parse bits
Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x

Description
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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:
m Rt with a constant 4-bit signed offset
m  Rx with a signed post-increment

m 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 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 Behavior
if ([!1Pv) vmem(Rt) :nt=Vs Assembler mapped to: "if ([!]Pv)
vmem (Rt+#0) :nt=vVs"
if ([!1Pv) vmem(Rt)=Vs Assembler mapped to: "if ([!]1Pv) vmem(Rt+#0)=Vs"
if ([!]Pv) vmem(Rt+#s4) :nt=Vs if ([!]1PvI[O0]) {
EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = Vs;
} else {
NOP;
1
if ([!]1Pv) vmem(Rt+#s4)=Vs if ([!1pv[0]l) {
EA=Rt+#s*VBYTES;
* (EA&~ (ALIGNMENT-1)) = Vs;
} else {
NOP;
1
if ([!]Pv) vmem (Rx++#s3) :nt=Vs if ([!]1PvI[O0]) {
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+#s*VBYTES;
} else {
NOP;
1
if ([!]1Pv) vmem (Rx++#s3)=Vs if ([t1Pv([0])
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;

Rx=Rx+#s*VBYTES;
} else {

NOP;
}
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Syntax Behavior

if ([!]Pv) vmem(Rx++Mu) :nt=Vs if ([!1Pv[0])
EA=RXx;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+MuV;
} else {
NOP;
}

if ([!]1Pv) vmem(RxX++Mu)=Vs if ([t1Pv([0])
EA=RXx;
* (EA&~ (ALIGNMENT-1))
Rx=Rx+MuV;
} else {
NOP;
}

vmem (Rt) :nt=Vs Assembler mapped to: "vmem(Rt+#0) :nt=Vs"

1
<
[9)

vmem (Rt) =Vs Assembler mapped to: "vmem(Rt+#0)=Vs"

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

Vs;

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

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

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

vmem (Rx++Mu) :nt=Vs EA=RX;
* (EA&~ (ALIGNMENT-1)) = Vs;
Rx=Rx+MuV;

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

Class: COPROC_VMEM (slots 0)

Notes

m This instruction can use any HVX resource.

m An optional nontemporal hint to the microarchitecture can be specified to indicate the data
has no reuse.

m Immediates used in address computation are specified in multiples of vector length.
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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 |54 3| 2] 1|0
ICLASS NT t5 Parse s5
0|/0(1]/0|1]0]0|O0 o1 |t|t|t |t |t P|[P|i -li|i|i|0|/0|0|s|s|s vmem(Rt+#s4)=Vs
0|/0f(1]/0|1]0]0|O 11|t t|t|t|t|P P|i -|i|i|i|0|/0|0|s|s|s vmem(Rt+#s4):nt=Vs
0|0|1]/0|1|0|0|O o1 |t|t|t|t|t| P|P|i v|ii|i|i|0O|0O|0O|s|s|s if (Pv) vmem(Rt+#s4)=Vs
0/0(1{0|1]0]0|O0 o1 |t|t|t t| t P[P i v|ii|i|i|[0O]|O0O|1]|s|s|s if (IPv) vmem(Rt+#s4)=Vs
o(0f1|/0|1]0]|0|O 11ttt t|t|P|[P]|i vii|i|i|0O|0O|0O|s|s|s if (Pv) vmem(Rt+#s4):nt=Vs
. . if (1Pv)
0(0|1]0|1]0]|0]|O 11|t t|t|t|t|P|P]|i vii|i|i|0O|0|1|s|s]|s vmem(Rt+#s4)nt=Vs
ICLASS NT x5 Parse s5
0(0(1|0|1|0]0 1 O/1|(x|x|x|x|x|P|P|- -|i|i|[i|0O|0|0O|s|s|s vmem(Rx++#s3)=Vs
0|0 [1{0|1]0]0 |1 11| x|x|x|x|x|P|P]|- -li|i|i|0|0O|0|s|s]|s vmem(Rx++#s3):nt=Vs
0|0 (1{0|1]0]0 |1 01T | x|x|x|x|x|P|P|- v|ii|i|i|[0O|0O|0O|s|s|s if (Pv) vmem(Rx++#s3)=Vs
0|0 (1{0|1]0]0 |1 01 | x|x|x|x|x|P|P|- vii|i|i|[0O]|0O|1]|s|s|s if (IPv) vmem(Rx++#s3)=Vs
. if (Pv)
0|0 1|0 [1]0]|0 |1 111 x|{x|x|x|x P|P]|- v| i|i|i|0|0O|0|s|s|s vmem(Rx++#s3):nt=Vs
. if (1Pv)
0(0|1]0|1]0]|0 |1 11 |x|x|x|x|[x|P|P|- v|ii|i|i|0O|O|1]|s|s]|s vmem(Rx++#s3):nt=Vs
ICLASS NT x5 Parse |u1 s5
0|0 (1{0|1]0]|1 |1 0|1 | x|x|x|x|x|P|[P|u -|-]-/-]0|/0|0|s|s|s vmem(Rx++Mu)=Vs
0|0 [1{0 1|01 |1 11| x|x|x|x|[x|P|P|u -|-]-/-]0|/0|0|s|s|s vmem(Rx++Mu):nt=Vs
0|0 [1{0 1|01 |1 0|1 | x|x|x|x|x|P|P|u v|i-|-|-/0[0|0|s|s|s if (Pv) vmem(Rx++Mu)=Vs
0[O0 (1|0 |1]0]1 |1 01 |x|x|x|x|x|[P|P|u v|i-|-|-|/0|0|1|s|s|s if (IPv) vmem(Rx++Mu)=Vs
if (Pv)
0|0 |1]0 1|0 (1|1 11 |x|x|x|x|x|P|P|u v|i-|-|-/0|0|0|s|s|s vmem(Rx++Mu):nt=Vs
if (1Pv)
0(0|1]0|1]0]1 |1 11 |x|x|x|x|[x|P|P|u vi-|=-|-/0|01|s|s|s vmem(Rx++Mu):nt=Vs

Field name
ICLASS

NT
Parse
s5
t5
ul
v2

x5

Instruction class
Nontemporal

Packet/loop parse bits
Field to encode register s
Field to encode register t
Field to encode register u
Field to encode register v
Field to encode register x

Description
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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:

m Rt with a constant 4-bit signed offset

m  Rx with a 3-bit signed post-increment

m 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.
Use aligned memory operations and combinations of permute operations, when possible.

This instruction uses both slot 0 and slot 1, allowing at most three instructions 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
if ([!]1Pv) vmemu(Rt)=Vs
if ([!]1Pv) vmemu (Rt+#s4)=Vs
if ([!]Pv) vmemu (Rx++#s3)=Vs
if ([!]1Pv) vmemu (Rx++Mu)=Vs

vmemu (Rt) =Vs

vmemu (Rt +#s4) =Vs

vmemu (Rx++#s3) =Vs

Behavior

Assembler mapped to: "if ([!]Pv)
vmemu (RE+#0) =Vs"

if ([!]1Pv[0]) {
EA=Rt+#s*VBYTES;
*EA = Vs;

} else {
NOP;

1

if ([!]1Pv[0]) {
EA=Rx;
*EA = Vs;
Rx=Rx+#s*VBYTES;

} else {
NOP;

1

if ([!1Pv[0])
EA=RXx;
*EA = Vs;
Rx=Rx+MuV;

} else {
NOP;

1

Assembler mapped to: "vmemu (Rt+#0)=Vs"

EA=Rt+#s*VBYTES;

*EA = Vs;
EA=RX;
*EA = Vs;

Rx=Rx+#s*VBYTES;
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vmemu (Rx++Mu) =Vs

Syntax

EA=Rx;
*EA

Behavior

Rx=Rx+MuV;

Class: COPROC_VMEM (slots 0)

Notes

m This instruction uses the HVX permute resource.

m Immediates used in address computation are specified in multiples of vector length.

Encoding

31|3o\29\23 27\26\25\24|23

N

2[2 20\19\18\17|16 15\14

-

13\12\11\10\9|8|7\6\5

4\3\2\1|o

ICLASS

NT t5 Parse

s5

o/o1 |t tjt|t|t PP

iji|i[1|1|1]|s]|s]|s

vmemu(Rt+#s4)=Vs

o1 |t |ttt t P|P

vii|li|li|1]|1]0]|s|s]|s

if (Pv) vmemu(Rt+#s4)=Vs

o1 |t|t|t|t|t|P|P

viilili|1|1]|1]|s|s]|s

if (IPv) vmemu(Rt+#s4)=Vs

NT x5 Parse

s5

vmemu(Rx++#s3)=Vs

o/o[1]o/1]0]o 1 011 | x|x|x|x|x/P|[P|-|v|v|ililil1/1]0]s|s]|s ifn(f;‘gu(Rxﬁ#Q):Vs
0|0 [1{0|1]0]0 |1 O/1|x|x|x|x|x|P|P|- viiji|i[1][1|1]s]|s|s ifrgepr;)u(Rx++#83)=VS
ICLASS NT x5 Parse |u1 s5
0|0 (1 1101 (1]0 01 |x|x|x|Xx|Xx Plu -l -] --]1 |1 ][1|s|s|s vmemu(Rx++Mu)=Vs
0|0 [1{0 1|01 |1 0|1 |x|x|x|x|Xx Plu v|i-|-|-[1]1|/0|s|s|s if (Pv) vmemu(Rx++Mu)=Vs
0|0 1|0 (1|0 |11 0|1 |x|x|x|x|x|P|P|u V|-|-|-][1]1]1]|s|s|s ifn(':epr¥1)u(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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Scatter release

Specialized store that follows outstanding scatters or gathers to ensure that they complete. When
the scatter release address writes to VTCM space, no data is actually stored.

A VMEM load from that scatter release address causes a stalling synchronization until the scatter
release operation completes and thus all older scatter and gather operations.

The EA of the store release must be in the VTCM, otherwise it is dropped

The following code sequence demonstrates the proper usage of a scatter release used for
synchronization.

vscatter{r0, m0, v1.h) =v4.h; /[ Issue a scatter operation
vscatter(r0, mo0, v2.h) =v5.h; // Issue another scatter operation
vmem(rl0):scatter release;  // Scatter release to address in VTCM pointed to by r10

v31 = vmem(rl0); // Load from VTCM address in r10, when this load completes
// all prior scatters and gathers for the current context have
/[ completed

Syntax Behavior

vmem (Rt+#s4) : scatter release EA = Rt + #s * VBYTES;
char* addr = EA&~ (ALIGNMENT - 1) ;
Zero byte store release (nonblocking sync) ;

vmem (Rx++#s3) : scatter release EA = Rx;
char* addr = EA&~ (ALIGNMENT - 1) ;
Zero byte store release (nonblocking sync) ;
Rx =R x + #s*VBYTES;

vmem (Rx++Mu) : scatter release EA=RX;
char* addr = EA&~ (ALIGNMENT - 1) ;
Zero byte store release (nonblocking sync) ;
Rx = Rx + MuV;

Class: COPROC_VMEM (slots 0)

Notes

m This instruction can use any HVX resource.

m Immediates used in address computation are specified in multiples of vector length.
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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 NT t5 Parse
oo 101 ojofolofo1|t|t|t|t|t P P|i -|-|ili ijo]o[1|- 1]~ -] /mem(Ririsa)scatter_rele
ICLASS NT x5 Parse
0010 1]0]0]1/0 01 |x|x|x|x x|P/P|-|-|-|iililo]o|1]-|1]-]|-]|-]|}memRxrris3)scatter_re
ICLASS NT X5 Parse | ut
00 1 0[1]0]1]1]00]1|x|x|x|x|x|P|P|u|-|-|-|-|-[ofo|1]-|1]-]-]|-]|ymem(Rx++Mu)scatier_rel
Field name Description
ICLASS Instruction class
NT Nontemporal
Parse Packet/loop parse bits
t5 Field to encode register t
ul Field to encode register u
x5 Field to encode register x
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A
add
Rdd=add (Rss,Rtt, Px) :carry 65
and
Qd4=and (Qs4, [!10t4) 41
H
hf
vd.hf=Vu.qf16 261
vd.hf=Vuu.qf32 261
vd.gfl6=vadd (Vu.hf,Vv.hf) 244
vd.qfl6=vadd (Vu.qf16,Vv.hf) 244
vd.qgfl6=vmpy (Vu.hf,Vv.hf) 142
Vd.qfl6=vmpy (Vu.qf16,Vv.hf) 142
Vd.qgflé=vsub (Vu.hf,Vvv.hf) 266
vd.gfle=vsub (Vu.qgfl6,Vv.hf) 266
vdd.qf32=vmpy (Vu.hf,Vv.hf) 142
vdd.qgf32=vmpy (Vu.gf16,Vv.hf) 142
N
no mnemonic
if ([11Ps) vd=vu 68
if ([!]Qv4) Vx.b[+-]1=Vu.b 81
if ([11Qv4) Vx.h[+-]1=Vu.h 81
if ([!11ov4) Vx.wl+-]1=Vu.w 81
Vd. tmp=Vu 69
vd=vu 68
not

Qd4=not (Qs4) 55

(o)

or
Qd4=or (Qs4, [!10ta) 41

P

prefixsum
Vd.b=prefixsum(Qv4) 242
Vd.h=prefixsum(Qv4) 242
Vd.w=prefixsum(Qv4) 242

Q

qgfle
vd.qgfl6=vadd (Vu.qf16,Vv.qf16) 245
vd.qgflé=vmpy (Vu.qf16,Vv.qfl6) 142
vd.qgfl6=vsub (Vu.qf16,Vv.qf16) 267
vad.qf32=vmpy (Vu.qf16,Vvv.qf16) 143

qgf32
vd.qf32=vadd (Vu.qf32,Vv.qf32) 246
vd.qgf32=vmpy (Vu.qf32,Vvv.qf32) 150
vd.qf32=vsub (Vu.qf32,Vv.qf32) 268
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S

st
vd.
vd.
vd.
vd.
vd.
vd

sub

gf32=vadd (Vv

( .qf32,vv.sf) 246
gf32=vadd (V;

(

(

.sf,vv.sf) 247
gf32=vmpy (Vu.sf,Vvv.sf) 150
qf32=vsub (Vu.qf32,Vv.sf) 268
gf32=vsub (Vu.sf,Vvv.sf) 269

u
u
u
u

.sf=Vu.qf32 261

Rdd=sub (Rss,Rtt, Px) :carry 65
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ub

Qd4=vcmp.eq(Vu.ub, Vv.ub) 74
Qd4=vemp.gt (Vu.ub, Vv.ub) 74
Ox4*=vemp.eq (Vu.ub,Vv.ub) 76
Qx4 =vemp.gt (Vu.ub, Vv.ub) 76
0x4 [&|]=vcmp.eq (Vu.ub, Vv.ub) 75
x4 [&]]=vemp.gt (Vu.ub, Vv.ub) 75
Vd.b=vnavg (Vu.ub, Vv.ub) 71
vd.h=vdmpy (Vu.ub,Rt.b) 167
Vd.ub=vabs (Vu.b) 60
Vd.ub=vabsdiff (Vu.ub, Vv.ub) 186
Vd.ub=vadd (Vu.ub,Vv.b) :sat 62
Vd.ub=vadd (Vu.ub, Vv.ub) :sat 62
Vd.ub=vasr (Vi
Vd.ub=vavg (Vu.ub, Vv.ub) [:rnd] 71
Vd.ub=vlsr (Vu.ub,Rt) 254

vd.ub=vmax (Vu.ub, Vv.ub) 57

Vd.ub=vmin (Vu.ub, Vv.ub) 57

vd.ub=vpack (Vu.h,Vv.h) :sat 201
Vd.ub=vround (Vu.h,Vv.h) :sat 263
vd.ub=vsat (Vu.h,Vv.h) 86

Vd.ub=vsub (Vu.ub,Vv.b) :sat 62

Vd.ub=vsub (Vu.ub, Vv.ub) :sat 62
Vd.uw=vrmpy (Vu.ub, Rt .ub) 178

Vd.uw=vrmpy (Vu.ub, Vv.ub) 180

Vd.w=vmpyi (Vu.w, Rt .ub) 175

vd.w=vrmpy (Vu.ub,Rt.b) 178

Vd.w=vrmpy (Vu.ub, Vv.Db) 181

vdd.h=vadd (Vu.ub, Vv.ub) 121

vdd.h=vdmpy (Vuu.ub, Rt .b) 125

Vdd.h=vmpa (Vuu.ub,Rt.b) 132

Vvdd.h=vmpa (Vuu.ub, Rt .ub) 132

Vdd.h=vmpa (Vuu.ub, Vvv.b) 132

Vvdd.h=vmpa (Vuu.ub, Vvv.ub) 133

vdd.h=vmpy (Vu.ub,Rt.b) 136

Vvdd.h=vmpy (Vu.ub, Vv.Db) 140

vdd.h=vsub (Vu.ub, Vv.ub) 121

vdd.h=vtmpy (Vuu.ub,Rt.b) 160

Vdd.ub=vadd (Vuu.ub, Vvv.ub) :sat 51
Vdd.ub=vsub (Vuu.ub,Vvv.ub) :sat 51
Vdd.uw=vrmpy (Vuu.ub, Rt .ub, #ul) 154
Vdd.uw=vrsad (Vuu.ub, Rt .ub, #ul) 165
vdd.w=véempy (Vuu.ub,Vvv.b, #u2) :h 116, 116
vdd.w=vémpy (Vuu.ub, Vvv.b, #u2) :v 117, 117
Vdd.w=vrmpy (Vuu.ub,Rt.b, #ul) 154
Vx.h+=vdmpy (Vu.ub, Rt .b) 167

VX .uw+=vrmpy (Vu.ub, Rt .ub) 179

Vx .uw+=vrmpy (Vu.ub, Vv.ub) 156
VX.w+=vmpyi (Vu.w,Rt.ub) 175

Vx.w+=vrmpy (Vu.ub,Rt.b) 179

VX.w+=vrmpy (Vu.ub,Vv.b) 157

Vxx.h+=vadd (Vu.ub, Vv.ub) 122
Vxx.h+=vdmpy (Vuu.ub, Rt .Db) 126
Vxx.h+=vmpa (Vuu.ub,Rt.Db) 133

Vxx.h+=vmpa (Vuu.ub, Rt .ub) 133
Vxx.h+=vmpy (Vu.ub,Rt.b) 137

Vxx.h+=vmpy (Vu.ub, Vv.b) 140

Vxx.h+=vtmpy (Vuu.ub,Rt.b) 160
Vxx.uw+=vrmpy (Vuu.ub, Rt .ub, #ul) 154
Vxx.uw+=vrsad (Vuu.ub, Rt .ub, #ul) 165
Vxx.w+=vémpy (Vuu.ub,Vvv.b, #u2) :h 118, 118
Vxx.w+=véempy (Vuu.ub,Vvv.b, #u2) : v 119, 120
Vxx.w+=vrmpy (Vuu.ub, Rt .b, #ul) 155

w.h,Vv.h,Rt) [:rnd] :sat 234, 235, 236, 237, 238, 239, 253
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uh

\"

Qd4=vecmp.eq (Vu.uh,Vv.uh) 74
Qd4=vcmp.gt (Vu.uh, Vv.uh) 74
Ox4*=vemp.eq(Vu.uh,Vv.uh) 76
0x4*=vemp.gt (Vu.uh,Vv.uh) 76
0x4 [&|]=vemp.eq (Vu.uh, Vv.uh) 75
0x4 [&|]=vcmp.gt (Vu.uh, Vv.uh) 75
vd.h=vlut4 (Vu.uh,Rtt.h) 129

Vd.ub=vasr (Vu.uh,Vv.uh,Rt) [:rnd] :sat 234, 235, 236, 237, 238, 239, 253

Vd.ub=vasr (Vuu.uh, Vv.ub) [:rnd] : sat 259
Vd.ub=vround (Vu.uh,Vv.uh) :sat 263
vd.uh=vabs (Vu.h) 60

Vd.uh=vabsdiff (Vu.h,Vv.h) 186
vd.uh=vabsdiff (Vu.uh,Vv.uh) 186
Vd.uh=vadd (Vu.uh,Vv.uh) :sat 62

Vd.uh=vasr (Vu.uw,Vv.uw,Rt) [:rnd] :sat 234, 235, 236, 237, 238, 239, 254
Vd.uh=vasr (Vu.w,Vv.w,Rt) [:rnd] :sat 234, 235, 236, 237, 238, 239, 254

(

(
Vd.uh=vasr (Vuu.w,Vv.uh) [:rnd] :sat 259
Vd.uh=vavg (Vu.uh,Vv.uh) [:rnd] 71
vd.uh=vclo (Vvu.uh) 271
Vd.uh=vlsr (Vu.uh,Rt) 254
Vd.uh=vmax (Vu.uh, Vv.uh) 57
Vd.uh=vmin (Vu.uh,Vv.uh) 57
Vd.uh=vmpy (Vu.uh,Vv.uh) : >>16 173
Vd.uh=vpack (Vu.w,Vv.w) : sat 201
vd.uh=vround (Vu.uw, Vv.uw) : sat 263
Vd.uh=vround (Vu.w,Vv.w) :sat 263
Vd.uh=vsat (Vu.uw, Vv.uw) 86
Vd.uh=vsub (Vu.uh,Vv.uh) :sat 62
vd.uw=vmpye (Vu.uh, Rt .uh) 177
Vd.w=vdmpy (Vu.h, Rt .uh) :sat 169
Vd.w=vdmpy (Vuu.h,Rt .uh, #1) :sat 125
Vd.w=vmpye (Vu.w, Vv.uh) 151
Vd.w=vmpyie (Vu.w, Vv.uh) 147
vVdd.uh=vadd (Vuu.uh,Vvv.uh) :sat 51
vdd.uh=vmpy (Vu.ub,Rt.ub) 137
Vdd.uh=vmpy (Vu.ub, Vv.ub) 140
vdd.uh=vsub (Vuu.uh, Vvv.uh) :sat 51
Vdd.uh=vunpack (Vu.ub) 225
vdd.uh=vzxt (Vu.ub) 49
vVdd.uw=vdsad (Vuu.uh, Rt .uh) 163
vdd.uw=vmpy (Vu.uh,Rt.uh) 137
Vdd.uw=vmpy (Vu.uh, Vv.uh) 140
vdd.uw=vunpack (Vu.uh) 225
vdd.uw=vzxt (Vu.uh) 49
vdd.w=vadd (Vu.uh,Vv.uh) 122
Vdd.w=vmpa (Vuu.uh, Rt .b) 133
Vdd.w=vsub (Vu.uh, Vv.uh) 122
Vdd=vmpye (Vu.w,Vv.uh) 151
Vx.h=vmpa (Vx.h,Vu.uh,Rtt.uh) :sat 130
Vx.h=vmps (Vx.h,Vu.uh,Rtt.uh) : sat 130
Vx .uw+=vmpye (Vu.uh,Rt.uh) 177
Vx.w+=vdmpy (Vu.h,Rt .uh) :sat 170
Vx.w+=vdmpy (Vuu.h,Rt.uh, #1) : sat 126
Vx.w+=vmpyie (Vu.w, Vv.uh) 147
Vxx.uh+=vmpy (Vu.ub, Rt .ub) 137
Vxx.uh+=vmpy (Vu.ub, Vv.ub) 140
Vxx.uw+=vdsad (Vuu.uh, Rt .uh) 163
Vxx.uw+=vmpy (Vu.uh, Rt .uh) 137
Vxx.uw+=vmpy (Vu.uh, Vv.uh) 140
Vxx.w+=vadd (Vu.uh, Vv.uh) 122
Vxx.w+=vmpa (Vuu.uh, Rt .Db) 133

vabs

Vd.b=vabs (Vu.b) [:sat] 60
Vd.h=vabs (Vu.h) [ sat] 60
vd.uw=vabs (Vu.w) 60

Vd.w=vabs (Vu.w) [:sat] 60
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vabsdiff
Vd.uw=vabsdiff (Vu.w,Vv.w) 187

vadd
vd.b=vadd (Vu.b,Vv.b) [:sat] 62
Vd.h=vadd (Vu.h,Vv.h) [:sat] 62
Vd.uw=vadd (Vu.uw, Vv.uw) :sat 62

Vd.w,Qe4=vadd (Vu.w,Vv.w) :carry 65
vd.w=vadd (Vu.w,Vv.w,Qs4) :carry:sat 65
Vd.w=vadd (Vu.w,Vv.w,Qx4) :carry 65

vd.w=vadd (Vu.w,Vv.w) [:sat] 62

vdd.b=vadd (Vuu.b,Vvv.b) [:sat] 51
vdd.h=vadd (Vuu.h,Vvv.h) [:sat] 51
vdd.uw=vadd (Vuu.uw, Vvv.uw) : sat 52

vdd.w=vadd (Vu.h,vv.h) 121

vdd.w=vadd (Vuu.w,Vvv.w) [:sat] 52

Vxx.w+=vadd (Vu.h,Vv.h) 122

valign
Vd=valign (Vu, Vv, #u3) 190
Vd=valign (Vu,Vv,Rt) 190

vand
Qd4=vand (Vu,Rt) 184
0x4|=vand (Vu,Rt) 184
vVd=vand ([!]Qu4,Rt) 185

vd=vand ([!]1Qv4,Vu) 56

Vd=vand (Vu, Vv) 67

Vx|=vand ([!]1Qu4,Rt) 185
vasl

vd.h=vasl (Vu.h,Rt) 253

Vd.h=vasl (Vu.h,Vv.h) 253

(v

(
vd.w=vasl (Vu.w,Rt) 254
vd.w=vasl (Vu.w,Vv.w) 254
Vx.h+=vasl (Vu.h,Rt) 250
Vx.w+=vasl (Vu.w,Rt) 250

vasr
Vd.b=vasr (Vu.h,Vv.h,Rt) [:rnd]
Vd.h=vasr (Vu.h,Rt) 253
Vd.h=vasr (Vu.h,Vv.h) 253

Vd.h=vasr
vd.w=vasr (Vu.w,Rt) 254

vVd.w=vasr (Vu.w,Vv.w) 254
Vx.h+=vasr (Vu.h,Rt) 250
Vx.w+=vasr (Vu.w,Rt) 250

vasrinto
Vxx.w=vasrinto (Vu.w,Vv.w) 210

vavg
Vd.b=vavg (Vu.b,Vv.b) [:rnd] 71
vd.h=vavg (Vu.h,Vv.h) [:rnd] 71

:sat 234, 235, 236, 237, 238, 239, 253

(V1
(
(

vd.h=vasr (Vu.w,Vv.w,Rt) :rnd:sat 234, 235, 236, 237, 238, 239, 253
(Vu.w,Vvv.w,Rt) [:sat] 234, 235, 236, 237, 238, 239, 253
(
(V1

Vd.uw=vavg (Vu.uw,Vv.uw) [:rnd] 71

vd.w=vavg (Vu.w,Vv.w) [:rnd] 72

vclo
vd.uw=vclo (Vu.uw) 271

velb
vd.h=vadd (vclb (Vu.h),vv.h) 271
vVd.w=vadd (vclb (Vu.w) ,Vv.w) 271
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vemp . eq
Qd4=vemp.eq(Vu.b,Vv.b) 74
Qd4=vcmp.eq(Vu.h,Vv.h) 74
Qd4=vecmp. eq (Vu.uw, Vv.uw) 74
Qd4=vcmp.eq(Vu.w,Vv.w) 74
Ox4*=vemp.eq(Vu.b,Vv.b) 76
Ox4*=vemp.eq(Vu.h,Vv.h) 76
ox4*=vemp. eq (Vu.uw, Vv.uw) 76
Ox4*=vemp.eq (Vu.w,Vv.w) 76
ox4 [&|]=vcmp.eq (Vu.b,Vv.b) 75
0x4 [&|]=vemp.eq(Vu.h,Vvv.h) 75
0x4 [&|]=vemp.eq (Vu.uw, Vv.uw) 75
ox4 [&|]=vemp.eq(Vu.w,Vv.w) 75

vemp . gt
Qd4=vcmp.gt (Vu.b,Vv.Db) 74
Qd4=vemp.gt (Vu.h,Vv.h) 74
Qd4=vcmp.gt (Vu.hf,vv.hf) 74
Qd4=vecmp.gt (Vu.sf,vv.sf) 74
Qd4=vcmp.gt (Vu.uw, Vv.uw) 74
Qd4=vcmp.gt (Vu.w,Vv.w) 75
Ox4*=vemp.gt (Vu.b,Vv.b) 76
Ox4*=vemp.gt (Vu.h,Vv.h) 76
Ox4*=vemp.gt (Vu.hf,Vv.hf) 76
Ox4*=vemp.gt (Vu.sf,Vv.sf) 76
Ox4*=vemp.gt (Vu.uw, Vv.uw) 76
Ox4*=vemp.gt (Vu.w,Vv.w) 76
0x4 [&|]=vcmp.gt (Vu.b,Vv.b) 75
0x4 [&|]=vemp.gt (Vu.h,Vv.h) 75
0x4 [&|]=vcmp.gt (Vu.hf, Vv.hf) 75
ox4 [&|]=vemp.gt (Vu.sf,vv.sf) 75
0x4 [&|]=vcemp.gt (Vu.uw, Vv.uw) 75
]

0x4 [&|]=vemp.gt (Vu.w, Vv.w) 75
vcombine
if ([!1Ps) vdd=vcombine (Vu,Vv) 43

Vdd. tmp=vcombine (Vu, Vv) 69
Vdd=vcombine (Vu, Vv) 43

vdeal
vd.b=vdeal (Vu.b) 198
vd.h=vdeal (Vu.h) 198
vdd=vdeal (Vu,Vv,Rt) 214
vdeal (Vy,Vx,Rt) 215

vdeale
Vd.b=vdeale (Vu.b,Vv.b) 198

vdelta
Vd=vdelta (Vu, Vv) 195

vdmpy
Vd.w=vdmpy (Vu.h,Rt.b) 167
vd.w=vdmpy (Vu.h,Rt.h) :sat 169
Vd.w=vdmpy (Vu.h,Vv.h) :sat 169
vd.w=vdmpy (Vuu.h,Rt.h) :sat 125
Vdd.w=vdmpy (Vuu.h, Rt .b) 126
Vx.w+=vdmpy (Vu.h,Rt.b) 167
Vx.w+=vdmpy (Vu.h,Rt .h) : sat 169
Vx.w+=vdmpy (Vu.h,Vv.h) : sat 126
Vx.w+=vdmpy (Vuu.h,Rt.h) :sat 126
Vxx.w+=vdmpy (Vuu.h,Rt.b) 126

vextract
Rd.w=vextract (Vu,Rs) 90
Rd=vextract (Vu,Rs) ) 90
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vgather
if (Qs4) vtmp.w=vgather (Rt,Mu,Vv.w).w 95
vtmp.w=vgather (Rt,Mu,Vv.w) .w 95

vhist
vhist 35
vhist (Qv4) 35

vinsert
Vx.w=vinsert (Rt) 188

vlalign
Vd=vlalign (Vu, Vv, #u3) 190
Vd=vlalign (Vu, Vv,Rt) 190

vlsr
Vd.h=vlsr(Vu.h,Vv.h) 253
Vd.uw=vlsr (Vu.uw,Rt) 254
vVd.w=vlsr (Vu.w,Vv.w) 254

vliutle
Vdd.h=vlutl6 (Vu.b,Vv.h, #u3) 221
Vdd.h=vlutl6 (Vu.b,Vv.h,Rt) 222
vdd.h=v1lutlé (Vu.b,Vv.h,Rt) :nomatch 222
Vxx.h|=vlutlé (Vu.b,Vv.h, #u3) 222
Vxx.h|=vlutl6 (Vu.b,Vv.h,Rt) 222

viut32
vd.b=vlut32 (Vu.b,Vv.b, #u3) 208
vd.b=v1lut32 (Vu.b,Vv.b,Rt) 208
Vd.b=v1lut32 (Vu.b,Vv.b,Rt) :nomatch 209
Vx.b|=vlut32 (Vu.b,Vv.b, #u3) 222
Vx.b|=vlut32 (Vu.b,Vv.b,Rt) 222

vmax
Vd.b=vmax (Vu.b,Vv.b) 57
Vd.h=vmax (Vu.h,Vv.h) 57
vd.hf=vmax (Vu.hf,vv.hf) 57
vd.sf=vmax (Vu.sf,Vvv.sf) 57
vd.w=vmax (Vu.w,Vv.w) 57
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vmem
if ([!]1Pv) Vd.cur=vmem(Rt) 100
if ([!]1Pv) Vd.cur=vmem(Rt) :nt 100
if ([!]1Pv) Vd.cur:vmem(Rt+#s4 ) 100
if ([!]1Pv) Vd.cur=vmem(Rt+#s4) :nt 101
if ([!1Pv) Vd.cur=vmem(Rx++#s3) 101
if ([!]1Pv) Vd.cur=vmem (Rx++#s3) :nt 101
if ([!1Pv) Vd.cur=vmem(Rx++Mu) 101
if ([!]1Pv) Vd.cur=vmem(Rx++Mu) :nt 101
if ([!1Pv) Vd.tmp=vmem(Rt) 103
if ([!]Pv) Vd.tmp=vmem(Rt) :nt 103
if ([!1Pv) Vd.tmp:vmem(Rt+#s4 ) 103
if ([!]1Pv) VA.tmp=vmem (Rt+#s4) :nt 104
if ([!]1Pv) Vd.tmp=vmem (Rx++#s3) ) 104
if ([!]1Pv) Vd.tmp=vmem (Rx++#s3) :nt 104
if ([!11Pv) Vd.tmp=vmem (Rx++Mu) 104
if ([!]Pv) Vd.tmp=vmem(Rx++Mu) :nt 104
if ([!1Pv) Vd=vmem(Rt) 97
if ([!]1Pv) Vd=vmem(Rt):nt 97
if ([!11Pv) Vd=vmem(Rt+#s4) 97
if ([!]1Pv) Vd=vmem(Rt+#s4) :nt 98
if ([!1]1Pv) Vd=vmem (Rx++#s3) 98
if ([!]1Pv) Vd=vmem (Rx++#s3) :nt 98
if ([!]1Pv) Vd=vmem (Rx++Mu) 98
if ([!]1Pv) Vd=vmem(Rx++Mu) :nt 98
if ([t1Pv) vmem(Rt) nt=vs 279
if ([11Pv) vmem(Rt)=Vs 279
if ([!11Pv) vmem(Rt+#s4) :nt=0s8.new 276
if ([!]1Pv) vmem(Rt+#s4) :nt=Vs 279
if ([!1Pv) vmem(Rt+#s4)=0s8.new 276
if ([!]1Pv) vmem(Rt+#s4)=Vs 279
if ([!]1Pv) vmem(Rx++#s3) :nt=0s8.new 276
if ([11Pv) vmem(Rx++#s3) :nt=Vs 279
if ([!]1Pv) vmem(Rx++#s3)=0s8.new 276
if ([!]1Pv) vmem(Rx++#s3)=Vs 279
if ([!]Pv) vmem(Rx++Mu) :nt=0s8.new 276
if ([!]1Pv) vmem(Rx++Mu) :nt=Vs 280
if ([!]1Pv) vmem(Rx++Mu)=0s8.new 277
if ([11Pv) vmem(Rx++Mu)=Vs 280
if ([!1Qv4) vmem(Rt) :nt=vs 273
if ([!]1Qv4) vmem(Rt)=Vs 273
if ([!11Qv4) vmem(Rt+#s4) :nt=vs 273
if ([!]1Qv4) vmem(Rt+#s4)=vs 274
if ([!11Qv4) vmem (Rx++#s3) :nt=vs 274
if ([!]1Qv4) vmem (Rx++#s83)=Vs 274
if ([!11Qv4) vmem(Rx++Mu) :nt=vVs 274
if ([!]1Qv4) vmem(Rx++Mu)=Vs 274

Vd.cur=vmem (Rt+#s4) 100
Vd.cur=vmem (Rt+#s4) :nt 100
Vd.cur=vmenm (Rx++#s3) 100
Vd.cur=vmem (Rx++#s3) :nt 100
vd.cur=vmem (Rx++Mu) 100
Vd.cur=vmem (Rx++Mu) :nt 100
Vd.tmp=vmem (Rt +#s4) 103
Vd.tmp=vmem (Rt+#s4) :nt 103
Vd.tmp=vmem (Rx++#s3) 103
Vd.tmp=vmem (Rx++#s3) :nt 103
Vd.tmp=vmem (Rx++Mu) 103

Vd. tmp=vmem (Rx++Mu) :nt 103
vd=vmem (Rt) 97

Vd=vmem (Rt) :nt 97

Vvd= vmem(Rt+#s4 ) 97
Vd=vmem (Rt +#s4) :nt 97
Vd=vmem (Rx++#s3) 97
Vd=vmem (Rx++#s3) :nt 97
Vd=vmem (Rx++Mu) 97
Vd=vmem (Rx++Mu) :nt 97
:nt=0s8.new 277

vmem (Rt )
vmem (Rt) :nt=Vs 280
vmem (Rt) =0s8 .new 277

(R

(
vmem (Rt) =Vs 280
vmem (Rt+#s4) :nt=0s8.new 277
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vmem (Rt +#s4)
vmem (Rt +#s4)
vmem (Rt +#s4)
vmem (Rt +#s4)

:nt=vs 280

:scatter_release 284

=0s8.new 277

=vs 280

vmem (Rx++#s3) :nt=0s8.new 277

(

(

(

(

(

vmem (Rx++#s3

vmem (Rx++#s3

vmem (Rx++#s3

vmem (Rx++#s3
(
(
(
(
(

vmem (Rx++Mu)
vmem (Rx++Mu
vmem (Rx++Mu

vmem (Rx++Mu

)
)
)
)

vmem (Rx++Mu

:nt=vs 280
:scatter_release 284
-0s8.new 277

=vs 280

:nt=0s8.new 277
:nt=vs 280
:scatter_release 284
=0s8.new 277

=vs 280

vmemu
if ([!]1Pv) vmemu (Rt)=Vs 282
if ([!]1Pv) vmemu (Rt+#s4)=vs 282
if ([!]1Pv) vmemu (Rx++#s3)=Vs 282
if ([!]1Pv) vmemu (Rx++Mu)=Vs 282
R

vd=vmemu (Rt+#s4) 106
Vd=vmemu (Rx++#s3) 106
vd=vmemu (Rx++Mu) 106
vmemu (Rt) =Vs 282
vmemu (Rt+#s4) =Vs 282
vmemu (Rx++#s3) =Vs 282
vmemu (Rx++Mu) =Vs 283

v
Vd=vmemu (Rt) 106
(
(
(

vmin

Vd.b=vmin (Vu.b,vv.b) 57
Vd.h=vmin (Vu.h,Vv.h) 57
vd.hf=vmin (Vu.hf,vv.hf) 57
vVd.sf=vmin (Vu.sf,Vv.sf) 57
vd.w=vmin (Vu.w,Vv.w) 57

vmpa

vdd.w=vmpa (Vuu.h,Rt.b) 133
Vx.h=vmpa (Vx.h,Vu.h,Rtt.h) :sat 130
Vxx.w+=vmpa (Vuu.h,Rt.b) 133

vmpy

Vd.h=vmpy (Vu.h,Rt.h) :<<1:rnd:sat 172
Vd.h=vmpy (Vu.h,Rt.h) :<<1l:sat 172
vdd.h=vmpy (Vu.b,Vv.b) 140
vdd.w=vmpy (Vu.h,Rt.h) 137
Vxx.h+=vmpy (Vu.b,Vv.b) 140
Vxx.w+=vmpy (Vu.h,Rt .h) 137
Vxx.w+=vmpy (Vu.h,Rt.h) :sat 137

vmpyi
vd.h=vmpyi (Vu.h,Rt.b) 175
Vd.h=vmpyi (Vu.h,Vv.h) 145
vd.w=vmpyi (Vu.w,Rt.b) 175
vd.w=vmpyi (Vu.w,Rt.h) 148
Vx.h+=vmpyi (Vu.h,Rt.b) 175
Vx.h+=vmpyi (Vu.h,Vv.h) 145
Vx.w+=vmpyi (Vu.w,Rt.b) 175
Vx.w+=vmpyi (Vu.w,Rt.h) 148

vmpyie

Vx.w+=vmpyie (Vu.w,Vv.h) 147

vmpyieo

Vd.w=vmpyieo (Vu.h,Vv.h) 174

vmpyio

Vd.w=vmpyio (Vu.w,Vv.h) 147
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vmpyo
Vd.w=vmpyo (Vu.w,Vv.h) :<<1[:rnd] :sat 151
Vx.w+=vmpyo (Vu.w,Vv.h) :<<1[:rnd] :sat:shift 151
Vxx+=vmpyo (Vu.w,Vv.h) 151

vmux
Vd=vmux (Qt4,Vu, Vv) 84

vnavg
Vvd.b=vnavg (Vu.b,Vvv.b) 71
Vd.h=vnavg (Vu.h,Vv.h) 71
Vd.w=vnavg (Vu.w,Vv.w) 72

vnormamt
Vd.h=vnormamt (Vu.h) 271
Vd.w=vnormamt (Vu.w) 271

vnot
Vd=vnot (Vu) 67

vor
Vd=vor (Vu, Vv) 67

vpack
Vd.b=vpack (Vu.h,Vv.h) :sat 200
Vd.h=vpack (Vu.w,Vv.w) :sat 201

vpacke
vd.b=vpacke (Vu.h,vv.h) 200
Vd.h=vpacke (Vu.w,Vv.w) 201

vpacko
Vd.b=vpacko (Vu.h,Vv.h) 201
vd.h=vpacko (Vu.w,Vvv.w) 201

vpopcount
Vd.h=vpopcount (Vu.h) 271

vrdelta
Vd=vrdelta (Vu, Vv) 195

vrmpy
Vd.w=vrmpy (Vu.b,Vv.b) 181
VX.w+=vrmpy (Vu.b,Vv.b) 157

vVI¥Xor
Vd=vror (Vu, Rt) 190

vrotr
Vd.uw=vrotr (Vu.uw, Vv.uw) 265

vround
Vd.b=vround (Vu.h,Vv.h) :sat 263
Vd.h=vround (Vu.w,Vv.w) :sat 263

vsat
Vd.h=vsat (Vu.w,Vv.w) 86

vsatdw
vVd.w=vsatdw (Vu.w,Vv.w) 86
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vscatter

if (Qs4) vscatter (Rt,Mu,Vv.h).h=vw32 231
if (Qs4) vscatter (Rt,Mu,Vv.h)=vw32.h 231
if (Qs4) vscatter (Rt,Mu,Vv.w).w=Vw32 231
if (Qs4) vscatter (Rt,Mu,Vv.w )_Vw32.w231
if (Qs4) vscatter (Rt,Mu,Vvv.w).h=vw32 228
if (Qs4) vscatter(Rt,Mu,Vvv.w)=Vw32.h228
vscatter (Rt,Mu,Vv.h) .h+=vw32 231
vscatter (Rt,Mu,Vv.h) .h=Vw32 231

vscatter (Rt,Mu,Vv.h) +=Vw32.h 231
vscatter (Rt,Mu,Vv.h)=Vw32. h231

vscatter (Rt,Mu,Vv.w) .w+=Vw32 231
vscatter (Rt,Mu,Vv.w) .w=Vw32 231

vscatter (Rt,Mu,Vv.w) +=Vw32. w231
vscatter (Rt,Mu,Vv.w)=Vw32. w231

vscatter (Rt,Mu, Vvv.w) .h+=vw32 228
vscatter (Rt,Mu,Vvv.w) .h=Vw32 228
vscatter (Rt,Mu, Vvv.w) +=Vw32.h 228
vscatter (Rt,Mu,Vvv.w)=Vw32. h 228

vsetqg

oda=vsetq(Rt) 203

vsetgz
Qd4=vsetq2 (Rt) 203

vshuff
Vd.b=vshuff (Vu.b) 198
Vd.h=vshuff (Vu.h) 198
vdd=vshuff (Vu,Vv,Rt) 215
vshuff (Vy, Vx,Rt) 215

vshuffe
Qd4 .b=vshuffe (Qs4.h,Qt4.h) 41
Qd4 .h=vshuffe (Qs4.w,Qt4.w) 41
Vd.b=vshuffe (Vu.b,Vv.b) 88
vd.h=vshuffe (Vu.h,Vv.h) 89

vshuffo
vd.b=vshuffo (Vu.b,Vv.b) 89
Vd.h=vshuffo (Vu.h,Vv.h) 89

vshuffoe
vdd.b=vshuffoe (Vu.b,Vv.b) 44
vdd.h=vshuffoe (Vu.h,Vvv.h) 44

vsplat
Vd.b=vsplat (Rt) 182
vd.h=vsplat (Rt) 182
Vd=vsplat (Rt) 182

vsub
Vd.b=vsub (Vu.b,Vv.b) [:sat] 62
vd.h=vsub (Vu.h,Vv.h) [:sat] 62
Vd.uw=vsub (Vu.uw, Vv.uw) :sat 62
vd.w,Qe4=vsub (Vu.w,Vv.w) : carry 65
Vd.w=vsub (Vu.w,Vv.w,Qx4) :carry 65
Vd.w=vsub (Vu.w,Vv.w) [:sat] 62
vdd.b=vsub (Vuu.b,Vvv.b) [:sat] 51
vdd.h=vsub (Vuu.h,Vvv.h) [:sat] 51
vVdd.uw=vsub (Vuu.uw, Vvv.uw) : sat 52
vdd.w=vsub (Vu.h,Vv.h) 122
vdd.w=vsub (Vuu.w,Vvv.w) [:sat] 52

vswap
vdd=vswap (Qt4,Vu,Vv) 46
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vsxt
vdd.h=vsxt (Vu.b) 49
vdd.w=vsxt (Vu.h) 49

vtmp.h
if (Qs4) vtmp.h=vgather (Rt,Mu,Vv.h).h 95
if (Qs4) vtmp.h=vgather (Rt,Mu,Vvv.w).h 93
vtmp.h=vgather (Rt,Mu,Vv.h) .h 95
vtmp.h=vgather (Rt,Mu,Vvv.w) .h 93

vtmpy
vdd.h=vtmpy (Vuu.b,Rt.b) 159
vdd.w=vtmpy (Vuu.h,Rt.b) 160
Vxx.h+=vtmpy (Vuu.b,Rt.b) 160
Vxx.w+=vtmpy (Vuu.h,Rt.b) 160

vtrans2x2
vtrans2x2 (Vy,Vx,Rt) 215

vunpack
Vdd.h=vunpack (Vu.b) 225
vdd.w=vunpack (Vu.h) 226

vunpacko
Vxx.h|=vunpacko (Vu.b) 226
Vxx.w|=vunpacko (Vu.h) 226

vwhistl128
vwhist128 38
vwhist128 (#ul) 38
vwhist128 (Qv4,#ul) 39
vwhist128 (Qv4) 39

vwhist256
sat

vwhist256:sat 40
vwhist256 39

vwhist256 (Qv4) 39
vwhist256 (Qv4) :sat 39

VXOor
Vd=vxor (Vu, Vv) 67

X

XOor
Qd4=xor (Qs4,Qt4) 41
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