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g\:{ FX; fdtﬁﬁ 75\5&1@ VPDPBUSD xmml, xmm2, xmm3/m128
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xmm3
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https://www.officedaytime.com/simd512e/simdimg/si.php?f=vpdpbusd
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gcc -0O3 -march=native :--

dot 16x1x16 uint8 int8 int32:

void dot 16x1x16 uint8 int8 int32(uint8 t data[4],
1int8 t kernel[l6][4],
int32 t output[1l6]){
for (int 1 = 0; 1 < 16;
output[1i] 0;
for (int k 0; k < 4; k++){
output[1] += data[k] * kernel[1][k];

i++){

leaq 64 (%rdx), %r8

movq $rsi, %$rcx

leaq 4(%rdi), %rsi

cmpq $r8, %rdi

setnb %al

cmpq $rsi, %$rdx

setnb $sil

orb ¢sil, %al

je L2

leaq 63(%rdx), %rax

subq ¥rcx, %rax

cmpq $126, %rax

jbe L2

movzbl (%rdi), %eax

movdga .LCO(%rip), %xmml
movd ¢eax, %$xmmO

movzbl 1(%rdi), %eax
movdga %xmml, %$xmmé

movdga %xmml, %xmmlO
punpcklbw gxmm0, %xmmo0
punpcklwd gxmm0, %xmmo0
pshufd $0, %xmm0O, %$xmmé6
movd geax, %$xmmO

movzbl 2(%rdi), %eax
punpcklbw xmm0, %xmmO
movdga %xmm6, %$xmmll
punpcklwd gxmm0, %xmmo0
pshufd $0, %xmm0O, %$xmm8
movd geax, %$xmmO

movzbl 3(%rdi), %eax
punpcklbw gxmm0, %xmmO
punpcklwd gxmm0, %xmmo0
pshufd $0, %$xmmO, %xmm7
movd ¢eax, %$xmmO
punpcklbw gxmm0, %$xmmO0

punpcklwd gxmm0, %xmmO
pshufd $0, %$xmmO, %xmm5
pxor gxmm0, %xmmO0

movups sxmm0, (%rdx)

movups $xmm0O, 16(%rdx)
movups %xmm0, 32 (%rdx)
movups %xmm0, 48(%rdx)
movdqu (%rcx), %xmm0

movdqu 16(%rcx), %Sxmm3
movdqu 32(%rcx), %xmm2
movdqu 48(%rcx), %xmm9

pand gxmm3, %xmmlO

psrlw $8, %$xmm3

pand gxmm0, %xmmé

psrlw $8, %xmmO

packuswb gxmml0, %xmmé
movdga %xmml, %xmmlO
packuswb gxmm3, $xmmo
movdga %$xmml, %$xmm3

pand gxmm9, %xmmlO

pand gxmm2, %$xmm3

psrlw $8, %xmm9

psrlw $8, %$xmm2

packuswb gxmml0, %xmm3
movdga %xmml, %xmmlO
packuswb gxmm9, %$xmm2
movdga %xmml, %xmm9

pand gxmm4, %xmmlO0

pand gxmm3, %$xmm9

psrlw $8, %$xmmé

psrlw $8, %$xmm3

packuswb gxmm9, %xmmlO
packuswb gxmm3, $xmmé
movdga %$xmml, %xmm3

pand gxmm2, $xmml

pand gxmm0, %$xmm3




R NVILERMTSDONT> v )l

Nw NEDOC7AO7 Lz )\1)L

FTAVX512-VNNIZfES

void dot 16x1x16 uint8 int8 int32(uint8 t data[4],
1int8 t kernel[l6][4],
int32 t output[1l6]){
for (int 1 = 0; 1 < 16; 1++){
output[1i] = 0;
for (int k = 0; k < 4; k++){
output[1] += data[k] * kernel[1][k];
}

>

dot 16x1x16 uint8 int8 i1nt32:
vmovdgqu64 zmmO,
vpbroadcastd zmml, (%rdi)

vpdpbusd zmmO,

(3rdx)

zmmQO, (%rsi)

vmovdqu64 (%3rdx), zmmO

ret
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#pragma omp parallel for

- 1Y) \O/]/ 3 D 7_—“,]/ l/ 7 7_— e 7\75: EEE < #pragma vector always

#pragma ivdep

| ] ] Eg_-
- lﬂtrlﬂSICS%—:l—s < - m128i mm dpbusd epi32( m128i, ml128i, ml28i);
~ m2561 mm256 dpbusd epi32( m256i, m2561i, m2561);
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vmovdqu64 zmm0O, (%rdx)
vpbroadcastd zmml, (%rdi)
vpdpbusd zmm0O, zmmO, (%rsi)
vmovdqu64 (%rdx), zmmO
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1. SLP Vectorization
2. Loop Vectorization

3. Ad hoc7zPeephole Optimization
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SLP(Superword-Level Parallelism)Vectorization
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ZTNEenhmmmtzy hICEB DPeephole Optimization

vpmaddwd ymm3,ymm3 YMMWORD PTR [r8+0x20]
vpaddd ymm2 ymm2, ymm3

:> vpdpwssd yvmmZ ymm3 YMMWORD PTR [r§+0x20]

[X86] Combine reduce (add (mul x, y)) to VNNI instruction.

™ Closed @ Public [AArché4] turn extended vecreduce bigger than v16i8 into udot/sdot
[X86] Machine combine vnni instruction. @ Closed @ Public
& Closed @ Public [AArch64] Generate dot for v16i8 sum reduction to i32

™ Closed @ Public

Authored by LuoYuanke on Apr 22 2023, 1:39 PM.

m Authored by mivnay on Oct 1 2020, 12:24 AM.
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VeGen: A Vectorizer Generator for SIMD and Beyond

RN S LLVM®Dad-hoc peephole optimizer%z 49 % Vectorizer Generator % %%
> AIZRANYT NUVIZIEXIL, BEFEDEZE & OFRFMEHMELY

Minotaur: A SIMD-Oriented Synthesizing Superoptimizer

SIMD Intrinsics ©®ad-hoc peephole optimizerté=% B &) CIEER
» AJERNY NUVIEIEXTIS, 32V /N1 VALK
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https://dl.acm.org/doi/pdf/10.1145/3445814.3446692
https://arxiv.org/abs/2306.00229
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.I | Generator o /\\\_Z 70|:| 7\\3A @E)ﬂ? k Generator(CSmith) ) <]
) Y
Mutator
(Clang AST)

2. Mutator --- VectorizerHODTAMNDEE g !
I

4 Compiler(clang.)/AssembIer(IId)
X86-64 mda AArch64
SSE, AvX12 SVE
3. Compiler(s) - & Target@(Flc I>/8A)L | )
é Both are (not) vectorized
Comp?

Differencps found
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4. Comparator - HMR{ILShic{ETLLE
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5. Reducer --- ##fr (Future work) Reducer

19 i (CReduce)
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1. Generator : N

| | T A MNERK
3. Compiler(s)

4. Comparator

5. Reducer

CSmith* CER U770 5 L%
ProfitablelcZZ#a %

*Finding and Understanding Bugs in C Compilers
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' Generator(CSmith)
o V \
; Mutator
(Clang AST)

Y

x86-64
SSE, AvX12

Driver

Compiler(clang)/Assembler(lid)

Comparator

Both are (not) vectorized

d

Differencps found

4 v h
Reducer
(CReduce)
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1. Generator

2. Mutator

3 Compilerts

5. Reducer

Lkl LoopVectorizer, SLPVectorize
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Generator(CSmith)

Y

L

Mutator
(Clang AST)

w

x86-64
SSE, AvX12

Driver

Compiler(clang)/Assembler(lid)

Comparator

Both are (not) ve ‘ torized

A' Deencsfund o

\/
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Reducer
(CReduce)




Running Example: Generator

1. Generator

2. Mutator

3. Compiller(s)

4. Comparator

5. Reducer

/

int8 t ****1 962[10][8][3] =
{{{89_891,...}}};

intlé t 1 1199 = 7L;

const union U0 *1 1240 = &g 247;
uint64 t ***1 1246 = &g 452;
int32 t 1 1364 = (-1L);

uint32 t 1 1408 = 4294967295UL;
int 1, 3, kj;

for (1 = 0; 1 < 9; 1i++)
{

for (j = 0; j < 1; j++)

{

for (k = 0; k < 1; k++)
1 598[i][j][k] = OUL;

}
}
for (1 = 0; 1 < 2; 1i++)

1 620[i] = &1 621[1][0]1[2];

Qo

_' [Generator(CSmith)]<} ;

\/

|

Mutator
(Clang AST)

|

x86-64
SSE, AVX12

Driver

Compiler(clang)/Assembler(lid)

AArched
SVE

Generated by CSmith
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Comparator

Differencps found

Both are (not) vectorized

|

Reducer
(CReduce)
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Running Example: Mutator

1. Generator
2. Mutator

3. Compiller(s)
4. Comparator

5. Reducer

/

alignas(128) int8_t ****1 962[4096]

05814058,

={{{&g 891..}};
intle t 1 1199 = 7L;

const union UQ0 *1 1240 = &g 247;

uint64 t ***1 1246 = &g 452
int32 t 1 1364 = (-1L);

°
4

[ Generator(CSmith) ] <}

IRRER, 7 S

' Mutator '
,; (Clang AST)

uint32 t 1 1
il‘lt i, jl k;
for (1 = 0;.

{

for (j”=

{

for

1< 40965 1t%)

408 = 4294967295UL;

0; 7 <‘4096; j++)

(k = 0; k < 4096; k+t+)
ST TRT =L

(1 =0; 1 < 4096; it+)
1 620[1i] = &1 621[1]1[0]1[2];

x86-64
SSE, AVX12

Compiler(clang)/Assembler(lld)

Driver

23

Both are (not) vectorized

Comparator

Differencps found

Reducer
(CReduce)




Running Example: Compiler(s)

1. Generator
2. Mutator

3. Compiler(s)
4. Comparator

5. Reducer

\

.LBBO 4:

x86-64 + avxb12f

vptestmd %zmml, 3IzmmO, 3kl
vpsrld $1, %$zmmO, %$zmmd
vpxord %zmm2, %zmm4, %zmmé4d {3kl}

ARMv8.5 + sve

(512 bit register width)
.LBBO 4:

[ Generator(CSmith) ] <}

:

Mutator
(Clang AST)

mov z2.d,
lsr z3.s,

add x11, x9, x8,

add zO0.s,

z0.d
z0.s,

z0.s,

#1
1sl #2
#16

24

Compiler(clang)/Assembler(lid)
X86-64 i AArch64 ;',
SSE, AvX12 SVE
/3
R
Both are (not) vectorized
Comparator

Differencps found

\/

|

Reducer
(CReduce)

]




Running Example: Comparator

1. Generator
2. Mutator
3. Compiller(s)

4. Comparator ||..

5. Reducer

x86-64

.LBBO 4:

vptestmd ..
vpsrld .. (xd,xé,,,,yxh)
vpxord ..

ARMvS8.5

.LBBO 4:

add z0.s,..

AN

mov ...
lsr Z3.S,...* (yl,y2, o--,yn)
add x11,...

25

[ Generator(CSmith) ] <}

:

Mutator
(Clang AST)

Compiler(clang)/Assembler(lld)
Driver

x86-64
SSE, AVX12

Both are (not) vectorized

Reducer
(CReduce)




Running Example: Reducer(Future work

. Generator
. Mutator

ompiler(s

AW N

. Comparator

5. Reducer

///'

int32_t 1 516 = (-1L);

int32_t 1 522 = 0x4ACC47C3L;

alignas(128) int8_t *1_572[4096]
[4096]1={{&g_468,&g_468,&g_468,&g_468,&g_468
/&g_468},
{&9_573,&9_468,&9_573,&9_573,&9g_468,&g_573}

'
{&g_573,&9_468,&g_468,&g 573,&9g_468,&g_573}
'
{&g_573,89_468,8g_573,&9_573,&9_468,&g_468}
4
{&9_573,&9_468,&9_573,&9_573,&9g_468,&g_573}

'
{&g_573,&g_468,&g 468,&g 573,&g 468,&g 573}
}i

alignas(128) int32_t *1_597[4096]
[4096]1={{&l_522,&g 147,&g_147,&1 522,&1 522
,&g_147,&9_147,&1_522,&1_522},
{&1_581,&9 126,&1 581,&g_126,&1 581,&g_126,
&1 581,&g 126,&1 581},
{&1_522,&1_522,&g_147,&9_147,&1_522,&1_522,
&g _147,&g_147,&1_522},{(void*)0,&g_126,
(void*)0,&g_126, (void*)0,&g_126,
(void*)0,&g_126,(void*)0},
{&1 522,&g 147,&g 147,81 522,&l 522,&g_ 147,
&g_147,&1 522,81 522},
{&1_581,&g_126,&1_581,&g_126,&1_581,&g_ 126,
&l 581,&g_126,&1 581},
{&1_522,&1 522,&g 147,89 147,&l 522,&l 522,
&g_147,8&g_147,&1_522},{(void*)0,&g_126,
(void*)0,&g_126, (void*)0,&g_126,
(void*)0,&g_126, (void*)0}};

alignas(128) uint8_t 1_598[4096]
[40967[4096];

uint64 t *1 611 = &g _144[2][1]1[5];

alignas(128) const uint32_t
*1 621[4096][4096]
[40961={{{&1_599,&9_107,&1_599}},
{{&1_599,&g 107,&1_599}}};

alignas(128) const uint32_t
**]1 620[40961;

int32_t 1 _671 = 5L;

union U0 *1_723 = &g _622;

uintl6_t *1_741 = &g_28[5][11[0];

uintl6 t **1 740 = &1 741;

int32_t ** const * const **1 799 =
(void*)0;

int64_t 1 828 =
0x4C1C55A4356F194BLL;

uint32_t 1_863 = 0x6869705BL;

int64_t 1 905 = (-1L);

alignas(128) int8_t ****]1 962[4096]
[40961[40961={{{&g_891,&g_891,&g_891},
{&g_891,&g 891,&g 891},
{&g_891,&g_891,&g 891},
{(void*)0,&g_891,&g_891},{&g_891, (void*)O0,
(void*)0},{&g_891,(void*)0,&g_891},{&g_891,
(void*)0, (void*)0}, {&g_891,&g 891,
(void*)0}},{{&g_891,&g_891,&g 891},
{&g_891,&g_891, (void*)0},
{&g_891,&g_891,&g_ 891},
{&g_891,&g_891,&g_891},
{(void*)0,&g_891,&g_891},
{&g_891,&g_891,&g_ 891},
{&g_891,&g_891,&g_891},
{&g_891,&g 891,&g 891}},
{{&g_891,&9_891,&g_891},{(void*)0,&g_891,
(void*)0},{&g_891,&g_891,&g_891},
{&g_891,&g 891,&g 891},
{&g_891,&g_891,&g_ 891},

void main() {

alignas(128) int8 t ****1 962[4096][4096]

[4096]

={{{&g_891..}};
intl6_t 1 1199 = 7L;
const union U0 *1 1240 =

uint64 t ***1 1246 = &g 452;

int32 t 1 1364 = (-1L);

uint32 t 1 1408 = 4294967295UL;
int i, j, k;
for (i = 0; i < 4096; i++)
{
for (j = 0; j < 4096; j++)

{
for (k = 0; k <

1 598[i][j]1[k] = OUL;

for (i = 0; i < 4096;

i++)

Reduced

&g 247;

4096; k++)

\

CReduceTIT5 DO ER

Generated C program ~

(X1, X55 oees X,

(y19y29 9yn

Generator(CSmith)

Mutator
(Clang AST)

<]

x86-64
SSE, AVX12

Compiler(clang)/Assembler(lid)

AArchéd
SVE

X CldFuture work)
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g

Comparator

Differencps found

Both are (not) vectorized

Reducer
(CReduce)



https://github.com/csmith-project/creduce
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REff 1 N MUET A SAEREET] DRRELE

C program 4 i
generator(CSmith) :

Mutator@ 3D 7107 5 AIECSmithFD £ £ & X ]
VeCtOrlzer — ﬁz} 7|‘)',|‘ é n %¢ i E€ g? < {3 7'3\ ' [i\«iatcr(\é?;‘é:g:iéfgrmeﬂ] " '
UTOAYVINA IV ETEZ AW T LEER [ |

r p

Compiler(clang)/Assembler(lid)
. S W X86-64 Driver AArch64
- LoopVectorize B’ NI E*ULT2IL—T D% @ @
\ /

- SLPVectorizerH ' \%Z MIL{E* U TS %K

Both (don't) use VecOp

Comparator

* Legality, Profitability Checkz 7 ') 779 % [ Test;z;zrrtzc:ucer ]
=> N7 MNliEE=h s
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seffil: N7 MU BT A M EREETI DR

10,000[E]MD S ELoopVectorize iR MWL B IL—F D{E %

» 1T —XH 1D DIL—T71E2360%38

. 2238/7- — 2 T\:t%j:”] (80,7- —Z 75{5@7’/)\) 10000 - 10000 times generation-and mutation

--- Mean Before Mutation
[ --- Mean After Mutation
° "E [ Before VecMut
.é‘ BOUG E i 60%1% [ After VecMut
£ |
T; 6000 - |
% 4000 - 1
—Loop Vectorize DY K )L{bish Mg E !
_ wL — _ v 20004 f
Legality CheckD[EIZHIE X, (Appendix) - |
72 MERE UT I3 R J e

01 5 10 15
29 OfE Loops vectorized by LoopVectorize



seffil: N7 MU BT A M EREETI DR

10000[E]D S ESLPVectorizerH’ R ML T D5 D{EZK

> 1T —AHT=H DS

8250 3%38

. B4 —X TIENN(BH27 T — R TR

—>SLPDES= D

]

BUSF

— A\
(@S

R

(R EHICET DERIEIE UL TRWZH)
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10000 times generation and mutation

10000 ,
:
|
|
|

— |

= :

N 8000 -—3*

g :

o

S ;

¥© 60001 !

(¥

(4]

(&)

1%

b :

‘s 40004 !

5

e

=

z ;

o 20004 3

-

0
01

OfE

--- Mean Before Mutation
--- Mean After Mutation
.| Before VecMut
After VecMut
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Instructions vectorized by SLPVectorizer



Refi2: SVEEAVXS120 B8N MU EDIEREEFHER

C program 4
generator(CSmith)

A%/ EERUA DI B 5 TargetE \ oy J
TERRICAY N COHRE RS Atk |
JV /A VDLV, SLPOStatslHB&IC & D% |~ |

4 Compiler(clang‘)/AssembIer(lId)
| X86-64 S AArch64
. I T T | \SSE, AvX12 SVE
» TPy la /LI RAYERBGEZRAT ¥ )

UTFD 2 DDTargetZz IR

Both (don't) use VecOp

X86—64 + AVXS-I 2 Comparator

AArcho4(ARMv8.5) + SVE

Test case reducer
Reporter
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Refi2: SVEEAVXS120 B8N MU EDIEREEFHER

]OOOOIEIHSI (ﬁ’*’JSH#IEE'ﬁEIf )

LoopVectorlze SLPVectorlzer:, LoopVectorize  SLPVectorizer

Loops Instructions

Loops Instructions
M AVX512
| wins

0
SVE
o 15 0 204

\_ | FHREROTANEROFEEEAE CSmithE 2D % £ FE

@ lLoopVectorizeD#ERIFIEE UL T A MERKICK D FEAE

AVX512
wins
SVE

wins

F —
/

SSLPOREREEDIERONDD. TAMEKRICKDZELIEIFIFERU

- & D Mutation® ZEkic 9 hidLoopVectorization®
I\ |BREREFRENDISHRFTES




>

>
FEMR, EEOH/SERDOEE
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FEM 5. Vectorizer7)LT) X LABAEDHE

All you need is superword-level parallelism: systematic control-flow vectorization with SLP

LoopFusion‘LoopUnrolingZ SLPVectorizericil# S EiliilEaz 2 <i#kx 5 7))L T'J XL gSLP®D

S

Vectorization-aware loop unrolling with seed forwarding

— iR CHeuristicii&#E1{k T % LoopUnrolling®SLPVectorization DB #7ERA%Z &\ U f=Heuristic D1

——

ES

lthemal: Accurate, Portable and Fast Basic Block Throughput Estimation using Deep Neural Networks

BMZEZMALL/N—RI 2 7OIRXANETILEE

[T

Compiler auto-vectorization with imitation learning

SLPVectorizer® AN ETFILDEEE 2 —URXRTo v TIC
Graph Neural networkz W\ %
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https://dl.acm.org/doi/abs/10.1145/3519939.3523701
https://dl.acm.org/doi/10.1145/3377555.3377890
https://arxiv.org/abs/1808.07412
https://dl.acm.org/doi/10.5555/3454287.3455597

X & - SROIRRE

L EH @

Qu

LoopVectorizer D TargetfE D4 EE

EZRBICHENBZOTANER, OQEDTANDRSE

. Clang(2023/12 trunk), Arm SVE, x86 AVX512%& X RIcC
Targetf@®LoopVectorizerfgeE=HFHR

~7 1&03 n%é

BOMN o e ERDRBITED DELR, I\ PXRT NUbiEsDRR

. ISALNILDETILIL e.g. Lane Level Parallelism

. BEEEMAZE TIECReduceZ FFE

I.

V)1 ZIERFEDComparatoric &% 1>/ S (gece, etc) D EE
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LoopVectorization Legality Example

// x JL=TEICAETY DIEREFMNASD TInduction’ KB ,, , aliasingLUTW3B ERY NETERVD THIK

int memory_dep(int a[100]) { int may alias(int a[100], int b[100]) {
for (int 1=0;1<100;++1) { for (int 1=0;1<100;++1) {
int t = a[1]; int t = a[1];
a[1] = a[i+l]; a[i] = b[i+1];
a[i+l] = t; b[i+l] = t;
} }
} }
// ¥ XETEYDNAZER-HReductionkH // O DIKIFIAST
int volat(volatile int* t, int a[100]) { int no alias(int a[restrict 100],
*t = 0 int b[restrict 100]) {
for (int 1=0;1<100;++1) { for (int i=0;i<100;++1i) {
xt += a[i]; a[i] = 2 * b[i];
} }
return *t; }
}

https://godbolt.org/z/E7 7hvbdz6
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SLPVectorization Profitability Example

a =b;  + ¢ *(dy + (€5 * C2y))
di+l = bi+1 + C3i * (d3i + (C3i * C3i))

store store t
r
dj A4 store
ay

Total: O cost

-1
add add
add
/-1 N -1
O ONG RSO > o |[
A\ -1
(- (=
/42 \ -1
@ 0 @ 0 load dv with mul
move
RN +
@ @ @ @ load ev with load cv with
move move
_dr’//

Reproduced from [Porpodas +, PACT 2015]
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EEM Y sELD BEE Superoptimizer

Minotaur: A SIMD-Oriented Synthesizing Superoptimizer

Faster sorting algorithms discovered using deep reinforcement learning

BIEFE 7Y 7UmTnOLEUEZICERU,
ERANBZA 77 OlEZERR
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https://arxiv.org/abs/2306.00229
https://www.nature.com/articles/s41586-023-06004-9

EEATR.ED T A MR—=D /A1 ZFuzzing

Finding missed optimizations through the lens of dead code
elimination

DeadCodeMarkerz#]H U miE{L = %= B E#IEXR

UBfuzz: Finding Bugs in Sanitizer Implementations

Debug/&

= % FI|FH U Sanitizer D145 14 7= B 81iER

Compilation Consistency Modulo Debug Information

FINy Z AV A U (-g) DTREAS % HEIER
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EITFE DOframework & DG

Dead [Theodoros+,] Ubfuzz [Shaohua+,]  Dfuser [Theodore+,]

Generator CSmith CSmith CSmith

| e 1) aAVIAST4LY 1) IL—F%4048 trip
B Block|c BE, |77 B RAIEZED _ o
Mutator #BasicBloc ,,,f%r Rl 77 ° T4 7 DEA 2) Bz 128 bytes

YoRERA - BANOREERERA o) semsozE  3) R5I£4048 1 X

1) -02 vs -03,
2) GCC vs LLVM

il - - -0O3 - - XRIBZ=IR
Compile opts 3) Clang/GCC version OO0 vs -03 O3 -g vs -03 X
A vs B
_ \ SLPVectorizer,
Compare ALY OD ““O0® Crash => ZINACFYURD o6 VZ;Z:;Z;)
P EEE LR 03MCrash” % iE DRELE ’

N7 NIk [E1# = 7l




Table 4.1: SVE and X86 TargetTransformInfo on Evaluation

Fixed Vector Scalable Vector MinVector

Target Register Width Register Width Register Width
x86-64 AVX512 512 0 128
AArch64 SVE 512 128 64

1) ISAIADER S IEFArm SVEZE{LIC, 2) SLPOORXNETILZ#HEE, Ul

42



=L{f2: TSVC2 ICxt9 Bx86-64+avxb12 & ARMv8+sve(b12bw)

D StatsF gL

AutoVectorizationE 7 D TSVC benchmark ZrEFHWT
AIIED /N1 )LEKTE CTDHRE Z LLER

TSVC2 SVE vs AVXS512(T)

B SVE(512bitwidth VLEN) B AVX512f
800

600

400

IBENLGEANYFI—T TlE
Arm SVEDME(I

200

LoopVectorizer analyzed LoopVectorizer vectorized  SLPVectorizer instructions

"SRERICEXTSVCZ Z#]H https://qithub.com/UoB-HPC/TSVC 2
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https://github.com/UoB-HPC/TSVC_2

#E AT (Future work)

1. Generator

' I\/Iutator

| 3 Com) |Ier <
" EHTAR

’ 4. Compa rator

15 Reducer |

52 R

A

44

Generator(CSmith)
4 v h
Mutator
(Clang AST)

x86-64
SSE, AvX12

Driver

Compiler(clang)/Assembler(lid)

Comparator

Both are (not) vectorized

d

Differencps found

kL

4

Reducer
(CReduce)

™~ A

Yy




Future work: Reducer Example (for out of topic issue

. Generator
. Mutator
. Compiller(s

omparator

Ul A W N

Reducer

1 "./csmith_tmp.c"

1 "<built-in>" 1

1 "<built-in>" 3

396 "<built-in>" 3

1 "<command line>" 1

1 "<built-in>" 2

1 "./csmith_tmp.c" 2

10 "./csmith_tmp.c"

1 "/home/kheid4/git/VecFuzz/csmith/
include/csmith.h" 1

# 40 "/home/kheid4/git/VecFuzz/csmith/
include/csmith.h"

# 1 "/usr/include/string.h" 1 3 4

# 26 "/usr/include/string.h" 3 4

# 1 "/usr/include/x86_64-linux-gnu/bits/
libc-header-start.h" 1 3 4

# 33 "/usr/include/x86_64-linux-gnu/bits/
libc-header-start.h" 3 4

1 "/usr/include/features.h" 1 3 4

439 "/usr/include/features.h" 3 4

1 "/usr/include/stdc-predef.h" 1 3 4
440 "/usr/include/features.h" 2 3 4

461 "/usr/include/features.h" 3 4

1 "/usr/include/x86_64-linux-gnu/sys/
cdefs.h" 1 3 4

# 452 "/usr/include/x86_64-linux-gnu/sys/
cdefs.h" 3 4

# 1 "/usr/include/x86_64-linux-gnu/bits/
wordsize.h" 1 3 4

# 453 "/usr/include/x86_64-linux-gnu/sys/
cdefs.h" 2 3 4

# 1 "/usr/include/x86_64-linux-gnu/bits/
long-double.h" 1 3 4

# 454 "/usr/include/x86_64-linux-gnu/sys/
cdefs.h" 2 3 4

HHHFHRHFHRHR®R®

HHHFHRHH

Generated C program

# 462 "/usr/include/features.h" 2 3 4

# 485 "/usr/include/features.h" 3 4

# 1 "/usr/include/x86_64-linux-gnu/gnu/
stubs.h" 1 3 4

# 10 "/usr/include/x86_64-linux-gnu/gnu/
stubs.h" 3 4

# 1 "/usr/include/x86_64-linux-gnu/gnu/
stubs-64.h" 1 3 4

# 11 "/usr/include/x86_64-1linux-gnu/gnu/
stubs.h" 2 3 4

# 486 "/usr/include/features.h" 2 3 4

# 34 "/usr/include/x86_64-linux-gnu/bits/
libc-header-start.h" 2 3 4

# 27 "/usr/include/string.h" 2 3 4

4.5k LoC

# 1 "/home/kheid4/git/llvm-project/build/
lib/clang/18/include/stddef.h" 1 3 4

# 77 "/home/kheid/git/llvm-project/build/
lib/clang/18/include/stddef.h" 3 4

# 1 "/home/khei4/git/llvm-project/build/
lib/clang/18/include/__ stddef_ size t.h" 1 3
4

# 13 "/home/kheid4/git/llvm-project/build/
lib/clang/18/include/__ stddef_size t.h" 3 4
typedef long unsigned int size_t;

# 78 "/home/kheid4/git/llvm-project/build/
lib/clang/18/include/stddef.h" 2 3 4

# 92 "/home/kheid4/git/llvm-project/build/
lib/clang/18/include/stddef.h" 3 4

# 1 "/home/kheid/git/llvm-project/build/

\

Reduced

int a[3183476736] = {5};

https://godbolt.org/z/3ddzP8P3b

Generator(CSmith)

Mutator
(Clang AST)

<]

x86-64
SSE, AVX12

Compiler(clang)/Assembler(lid)

AArchéd
SVE

https://github.com/livm/llvm-project/issues/70910

Comparator

Differencps found

Both are (not) vectorized

Reducer
(CReduce)



https://godbolt.org/z/3ddzP8P3b
https://github.com/llvm/llvm-project/issues/70910

Mutator(Internal): (ClangAST Transformer)

1. Generator [  program ]q_
generator(CSmith)
2. Mutator
/ ) Mutator
: Clang AST
3. COmpller(S) return makeRule( Lwatcr(werzfilr’]gnsformerj
makeNDimensionalArrayMatcher(n),

4 Comparatgr flatten(ifBound ( - v

‘arr ayl nitializer", N Compiler(clang)/Assembler(lld)
5 Reducer changeTo(cat("alignas(128) ", x86-64 i <

' SSE, AVX12

between(before(node("nDimArray")), name("'nDimArray")), |\_
name( nDimArray'"), NewSize,

4

node("arrayInitializer"),
Comparator

"))y

changeTo(cat (
"alignas(128) ",
between (before(node("nDimArray")),
name( 'nDimArray")), [

name( "'nDimArray"), NewSize, ";

N )))) )i y
46

Test case reducer
Reporter




Tl i 7S F & F

104:12] koheis—MacBook-Air.local: [04:12] koheis—MacBook-Air
mode = SLP mode = LV Loop Num
before vecmut total diff num: 294 before vecmut total diff num: ©

before vecmut num sve wins: 204 before vecmut num sve wins: ©
before vecmut num avx512 wins: 90 before vecmut num avx512 wins: ©0
after vecmut total diff num: 293 after vecmut total diff num: 24
after vecmut num sve wins: 201 after vecmut num sve wins: 15
after vecmut num avx512 wins: 92 after vecmut num avx512 wins: 9
diff lost by vecmut: 78 diff lost by vecmut: ©

diff found only if vecmut: 77 diff found only if vecmut: 24

diff lost by Mutator --- Mutator Z&EH U EWCSMIthDEDCTOHR DD > 1cE

diff found by Mutator --- Mutator Z@REDCTOHRE DM o> IcE
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TN NUILRG S DIRNT >

Mojod IEMLIR%E B WL 7=SIMD& S D
Pythonlc X9 % 350001& D &R b & 3ZR U

2]: |np = Python.import_module("numpy") B ™M VvV & F N
plt = Python. import_module("matplotlib.pyplot")
colors = Python. import_module("matplotlib.colors")

result = compute_mandlebrot()
dpi = 72

width = 10

height = 10 * yn // xn

fig = plt.figure(1, [width, height], dpi)

ax = fig.add_axes(([0.0, 0.0, 1.0, 1.0], False, 1)
light
image

colors.LightSource(315, 10, o, 1, 1, 0)
light.shade(result.to_numpy(), plt.cm.hot, colors.PowerNorm(©.3), "hsv", @, 0, 1.5)

plt. imshow( image)
plt.axis("off")
plt.show()

F

* https://www.youtube.com/watch?v=6GvB5I|ZJgcE
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https://www.youtube.com/watch?v=6GvB5lZJqcE

F1{m: SLPVectorizer CEM & S #ER 7= F TReduce

static uint64_ t func_13(uint8 t *p 14, uint8 t *p 15,
const intl6é t p 16) { /* block id: 6 */

uintlé t *1 50 = &g 51[3];
int64 t *1 2127 = &g 2128;
uint32 t p 55 = 0;

for (g 106 = 0; (g 106 <= 3); g 106 += 1) {
for (g 202 = 1; (g 202 <= 5); g 202 += 1) {
for (g 26 = 0; (g 26 <= 3); g 26 += 1) {

int32 t *1 1280 = &g 1281;

alignas(128) int32 t 1 1944[4096];

int32 t *1 2076 &1 19447[1];

int32_t *1 2077 &g 1567;

int64 t *1 1939 &g 151[01];

alignas(128) int32 t 1 2111[4096];

alignas(128) uintl6 t 1 2074[4096][4096]1[4096] = {
{{5UL, 0xD149L, 4UL, 4UL, 0xD149L}},
{{0xDAC9L, 0x0BB9L, 4UL, O0x5CE6L, O0x5CE6L}},
{{0x0BB9L, O0xDAC9L, 0xOBB9L, 4UL, Ox5CE6L}}};

uintl6é_t *volatile ***1 2071 = &g 2070[1];

uintl6é t ***1 2093 = (void *)0;
(*1 1280) =
((*1 2077) = (safe mul func uint64 t u u(
p_55,
((*1.1939) |=

((safe mul func intl6 t s s(
(((safe 1lshift func int32 t s s(

((*1 2076) = (safe mul func intl6 t s s((*g 1243),
65531U0L))),
25)) ~
(1 2093 == (*1 2071))) |

OL),
(safe rshift func uint32 t u u(
((safe mod func uint8 t u u(
(((*g_1244) = (*g_1244)) =
(((safe _div_func int8 t s s(
(safe_lshift func _uintl6_t u u(0, 0)),
(=10L))),
1 2111[41]),
&g_239)), }
p_535)) = 0),
1.2074[11[01[31)))) ~
P_55)))))i

{ /* block id: 1020 */
// TODO: -> 13, 9
for (g 500 = 0; (g 500 <= 8); g 500 += 1) { /* block id: 1160 */
for (g 2248 = 3; (g 2248 <= 8); g 2248 += 1) { /* block id: 1164 */
for (g 1281 = 0; (g 1281 >= 0); g 1281 -= 1) { /* block id: 1167 */
alignas(128) int32 t 1 2320[4096];
int32 t 1 2625 = 1L;
int32 t 1 2626 = (-9L);
int8 t *1 2658 = &g 2646;
uintl6é t **1 2630 = &1 50;
// ~ TODO: -> 13, 9
1 2320[0] =
((safe _sub func uintl6 _t u u(
(++(**1_2630)),
((0UL © g 1158[g_2248]) ==
((*1 _2658) = (safe 1shift func int32 t s s(
(safe rshift func int32 t s s(
(safe rshift func int32 t s s(
((*g_103) &
(1 2626 "= (safe mod func uint8 t u u(
((*p_l4) !=
((safe rshift func intl6 t s u(
g 2646, (safe add func intl6 t s s(
p_16, 0x253CL)))) >
false)),
1_2625)))),
14)),
p_16)),
14)))))) == O0xDEA0201BL);
}
}
}

}
return NULL;

LVDEDH B —X https://godbolt.org/z/rfréeveo9, SLPDOEH 4 %4 —A https://godbolt.org/z/i6xnMceGx
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https://godbolt.org/z/rfr6eveo9
https://godbolt.org/z/j6xnMceGx

=i 1 [cHUWT, LoopVectorizeh LegalityDIRE %z 1T - fcLoop#

10,000[E1DFHITD S BlLoopVectorize h BT 2 IL—TF D{EEL

> -I ,7_ _X @ 7«—: D )l/_j'fE %;& (13:67%15 00 iIOO(E)O times generation-and mutation

--- Mean Before Mutétion
S| s e
- 71427 =2 THEIN(T247 —2ZBL) 1.0 | erem
% 400 -
§ 300 -
Epilogue)l—7 DA 7R E1CETFH U T :

EFRDVectorized loop & DIEZTWS & HER -

-
= 100 -

0 - NGy oo
0 5 10 15 20 25 30 35 40 45 50 55
50 Loops analyzed by LoopVectorize




LLVM® 3> )AL sE{EStats DA

LLVMZ Assertion build U, ClangiC -mllvm stats A~¥ > KZJE9 & e D
L DRFEHED RN B
4 SLP - Number of vector instructions generated

4 loop-vectorize - Number of loops analyzed for
vectorization

1 loop-vectorize - Number of loops vectorized

- SLPHORY MILMEL et B
- LoopVectorize Bt LTz IL—7%

- LoopVectorize B’ R MILELTZIL—TF D%
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