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Programacao com Vetorizacao

Trés Formas Possiveis:

a) Codificacao em Assembly

« Maximo desempenho; grande esforco; baixa portabilidade
b) Codificacao com funcoes intrinsecas

 Esforco ainda significativo; pouca portabilidade;
c) Uso de compiladores vetorizadores

* Alta portabilidade do programa; desempenho depende da
qgualidade do compilador; forma preferencial atualmente

y
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Problemas para Vetorizacao

* Principal alvo da vetorizacao de programas
 Loops — na verdade, iteracdes de um loop

* Objetivo primario de um compilador vetorizador:
* Vetorizar loops, de modo a explorar o hardware vetorial

 Problema Fundamental: Dependéncias

 Compilador deve garantir que codigo vetorizado nao viola
dependéncias entre iteracoes do loop

 (Cddigo vetorizado deve produzir o mesmo resultado que o
codigo serial original

D)

o CAP-387(2016): Topicos Especiais em Computacao Aplicada
Celso L. Mendes, Stephan Stephany (LAC/INPE)



Problemas para Vetorizacao

 Dependéncias entre iteracoes

Como ja visto, existe dependéncia entre dois commandos
guando ambos acessam a mesma posicao de memoria, e um
deles escreve naquela posicao

* Linguagens com ponteiros:

Como garantir se um ponteiro acessa a mesma regiao que um
outro ponteiro ou array?

Quando isto ocorre, € comum dizer que ha um alias entre os
ponteiros (isto €, eles acessam uma regiao comum de memaoria)

CAP-387(2016): Topicos Especiais em Computacao Aplicada 4
Celso L. Mendes, Stephan Stephany (LAC/INPE)



Desafio para o Compilador

 Exemplo: duas funcdes semelhantes
* void sum (double *total, double *a, int n) {
int i; for (i=0; i<n; i++) *total += ali]; }
 void sum2 (double *total, double *a, int n) {
int i; double s=*total; for (i=0; i<n; i++) s += a[i]; *total=s; }

Pergunta: as duas funcdes produzem o mesmo resultado sempre ?

Sugestao: Considere as chamadas sum(&al2],a,3) e sum2(&al[2],a,3)
onde a[] € um array de tamanho igual ou maior que 3, e veja

se os resultados de sum e sum2 sao 0s mesmos
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Desafio para o Compilador

. Exemplo (cont.): duas funcdes semelhantes

. void sum (double *total, double *a, int n) {
int i; for (i=0; i<n; i++) *total += a[i]; }
. void sum2 (double *total, double *a, int n) {

int i; double s=*total; for (i=0; i<n; i++) s += a[i]; *total=s; }
Supondo a={20,21,22}, ou seja a[0]=20, a[1]=21, a[2]=22

sum(&a[2],a,3): *total=a[2]=22;
i=0: *total=*total+a[0]: 22+a[0]=22+20 a[0]=20,a[1]=21,a[2]=22+20
i=1: *total=*total+a[1]: 22+20+a[1]=22+20+21 a[0]=20,a[1]=21,a[2]=22+20+21
i=2: *total=*total+a[2]: 22+20+21+a[2]=22+20+21+(22+20+21)

sum2(&al2],a,3): *total=a[2]=22; s=*total=a[2]=22;
i=0: s=s+a[0]=22+20
i=1: s=s+a[1]=(22+20)+21
i=2: s=s+a[2]=(22+20+21)+22 ; *total=22+20+21+22

e
INPE
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Desafio para o Compilador

 Exemplo (cont.): Na verdade, os resultados sao estes:
e sum: a[2]+a[0]+a[1]+a[2]+a[0]+a[1]
e suma2: a[2]+a[0]+a[1]+a[2]
 Logo, os resultados sao diferentes!
* Razdo: Primeiro argumento aponta para regido do segundo
- Ha um alias entre “&a[2]” e “a”

 Problema concreto para o compilador:

« Como decidir se ha dependéncias entre iteracoes, caso as iteracoes
contenham um alias ?

 Decisao precisa ser tomada em tempo de compilacao!
 Na duvida, compilador deve ser conservador e nao vetorizar
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Auxilio ao Compilador

 Atributo  restrict
* |nserido pelo programador, para programas em C

* Informa ao compilador que um ponteiro com este atributo
nao tem um alias com nenhum outro ponteiro

Compilador tem maxima liberdade para vetorizar

Obvio que cabe ao programador garantir que um alias de fato
nao exista

Se existir, resultado da execucao podera ser incorreto
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Vetorizacao em Compiladores Atuais

* Avaliacao em 2011:

S. Maleki et al: An Evaluation of
Vectorizing Compilers — PACT’2011

* U RL http://polaris.cs.uiuc.edu/~garzaran/doc/pact1l1.pdf

3 compiladores avaliados:
e gcc-4.7.0,icc-12.0, xlc-11.1

e 2 plataformas de hardware usadas
* INTELi7 @ 2,66 MHz
* |BM Power7 @ 3,86 MHz

2011 Internetivnal Conference on Parallel Architecwres aod Compilation Techniues

An Evaluation of Vectorizing Compilers

Saged Maleki', Yaeqing

T: Department of Computer Scicnee
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1. INTRODUCTION

The hot spots of many single threaded codes are loops
where the same operation is applied across ditterent array
elements. Vecarization transfors. Qiese loops o instrue-

o thaal wark on nultiple data it simuliancously, Ty
cally, vectorization targets either high-end veeror processors or
micruprocessor veelor exlensions, Veslor processurs were Lhe
nain components of the supercomputers of the: 1930 s garly
1991, Vector exfensions for generid purpose microprocessors
such as Tnlel MMX and IBM AlliVeo, emerged i he 19905 (o
support multimedia applications. Vector devices are also found
todaty in video game vonsules and graphic cards. Today, vector
extensions and veetor deviees are not only used for muli
media applications und video games bol also for scicnlific
computations.

I'he maximurn speedup that can be obtained through veemr
cxicnsians in microprocessars is a tuncrion of che widd of
the vectr registers and nnits. Most of today's machines have
vector wnits thar are L2R-bit wide, and dhe voctor epcrations
over the cquivalent sequential operations are up 10 2, 4, & and
165 times faster than their scalar counterpart depending on the
dati typre. Th
matns that can ha

i

e

sigmilicant impcl on performang
There are three major ways to make use of vector units:
by programming in asscmbly code, by programming with
murinsic finetions in high-level Lmgoages such as C, or to use
a vectorizing compiler that autematically translatcs scquenees
of sealar aperations, ypically represented in the form of loops
it veetor instractions. Progrunming in sssembly lingvage
or using intrinsie functions gives the programmer eomplete
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comral ol the low level detils at the expense of productivily
and porcabilicy. O the other hand, vectarizing compilers such
a5 GOC, the Tmel € compilor (10C) and the TBM X1C
e vecior code.

compiler can auontically e

In this paper we study the elfectiveness of vectorizing
compilers hevause af s Importance. for productivity, We first
iseuss the muin vbslacles that linil the capabilities of cumrent
weetorizers and the available solutions. and then ate the
weetorization capabilitics of GCC, 1CC and XLC for differcnt
benehmurks, including a set of syolhetic benchmurs [3],
wwo upplicatons frem te Petascale Application Collaboration
“leams FACT |3], [14]. and the Media Bench 11 2] applications.
£nur cvaluation methodology was to vectorize the codes sing
the campilers. and when they failed, do the veetorization by
hand. Our results show that after 40 years of stuclics m auto
vectorization, today's conipilers can at most vectorize 45-T1%
of the Inaps in our synthetic henchmark and only 18-30% in
our collection o application:

As dliscussed helow, we b

i Found arry cases
Krnwn campiler lechniyues Ganne, handle, When veciorization
tailed, the reason was that the campiler did not implement the
necessiry evhniyues, nol that automlic veelorization was nol
pssible:

The rest of this paper is organized as follows: Section 1L
4 ibes (he benchmarks we o velion T deseribes the
cnvironment: Section IV discusses the main ssues that limic
voctorization; Section V prosenls the cvaluation; Scetion V1
presenes the relared worle: and finally Section V1L concludes.

T BLENCUMARK
W used three dillerent sels of benchmarks o evaluale the

ing vapatvilities of the vormpilers
1) Tesi Suite for Vectorizing Compilers: One of the bench-
wmarks [or our cvalualion is the Test Suile lor Veelorisog
Compilers (ISVC) developed by Callaban, Dongama and
Leving [S]. which contains 135 leops. This benchmark was
developed 20) years ago to assess the veetorizing capabilitics of
compilers. The ariginal benchmark suite was wrigen in Fortran
and we translated it imo € using £2= 9] and manvally applied
mmingr transformations to account for the differences between
the two languages, such as converting arays 1o start ac (1 to
contomi 10 € comvention and aligning all arrays at 16-byte
boundarics, W have cxended this benchmarks sct with
alliticanl o 16 sssens iwes ot cliressed by the ol sl
of laops and removed T (ohsolete) loops that are formed with
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http://polaris.cs.uiuc.edu/~garzaran/doc/pact11.pdf

Cddigos para Avaliacao

a) Benchmark publico com 151 loops
128 loops de uma suite antiga de teste de sistemas vetoriais
* 23 loops adicionais, com aspectos nao cobertos ainda
 TSVC: Test Suite for Vectorizing Compilers
 Originalmente em Fortran, adaptada para C com f2c
b) AplicacOes cientificas com processamento numeérico
e  MILC - quantum chromodynamics

e DNS - turbuléncia
c) Aplicacoes de multimedia
* Encoders/decoders de JPEG, H263, MPEG2, MPEG4

y
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Desempenho com Vetorizacao

 Ganho esperado da vetorizacao
 Avaliacao com um codigo simples:
for (k=0; k<ntimes; k++) {
for (1=0; 1<N; 1++) al[i]=b[1] + 1;
}
 a[] e b[]: tamanho =12.5 KB (cabem na cache L1)
* ntimes =400.000

e Compilacdes com e sem vetorizacao
 Mas com outras otimizacdes em ambos os casos

y
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Desempenho com Vetorizacao

Ganho estimado por Maleki et al:

* Tempos de execucao em seqgundos
 |IBM Power7: AltiVec, 128 bits ; INTEL i7: SSE, 128 bits
e Compiladores: IBM: xlc; INTEL: icc ou gcc ?

Machine double flcocat int short char
Vec 1.18 1.10 1.11 1.16 1.14
Power 7 NoVec 1.58 2.91 2.64 546 10.49
Speedup 1.35 264 2.37 4.71 8.20
Vec 167 1.61 1.67 1.65 1.68
Intel i7 NoVec 2.37 4.81 4.83 8.61 19.22
Speedup 142 2.99 2.89 582 11.44
TABLE ||

RUNNING TIMES AND SPEEDUPS FOR THE OPERATION A[T]=B[1]+1
WITH FIXED ARRAY SIZE 12.5KB.
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Compilacao no Santos Dumont

 Opcoes de compilacao utilizadas

 -0O3 utilizado em todos os casos
* Flags especificos de vetorizacao e nao-vetorizacao
* Flags especificos para relatorio da vetorizacao

-fno-tree-vectorize Default (-ftree-vectorize)  -ftree-vectorizer-report=2

ICC -no-vec Default (-vec) -qopt-report
PGCC -Mnovect -Mvect=sse —Mcache_align -Minfo=vect
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Desempenho no Santos Dumont

GCC
4.4.7

GCC
5.3.0

ICC
16.0.2

PGCC
16.5

INPE

Nao-Vetoriz.
Vetorizado
Speedup
Nao-Vetoriz.
Vetorizado
Speedup
Nao-Vetoriz.
Vetorizado
Speedup
Nao-Vetoriz.
Vetorizado

Speedup

0,538 s
0,278 s
1,94
0,580 s
0,203 s
2,86
0.405s
0.141s
2,87
0.288 s
0.173 s
1,66
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1,073 s
0,278 s
3,86
1,078 s
0,206 s
5,23
0.811s
0.144 s
5,63
1.090 s
1.341 s
0.81

1,078 s
0,273 s
3,95
1,078 s
0,278 s
3,88
0.805 s
0.169 s
4,76
0.569 s
0.276 s
2,06

2,147 s
2,146 s
1,00
2,147 s
0,278 s
7,72
1.606 s
0.169 s
9,50
1.176 s
1.182 s
0,99

4,278 s
4,277 s
1,00
4,282 s
0,274 s
15,63
4.277 s
0.169 s
25,31
2.678 s
2.675s
1,00

I S S I T

14



