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Agenda

 Modernizacao de Codigos
— Arquitetura Intel
— Processo de otimizacao
— Métricas de desempenho e peerfilagem
— Técnicas de otimizacao:
* manual e automatica
— Otimizacao Vetorial
— Identificando Paralelismo Multi-Threading
— Hands-on.
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Computacao na Era Exascala

Projected Performance Development
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High Performance Cloud Computing

Desafios da Computacao Exascala

* A arquitetura do processador em aberto.

« Consumo energético

— Projecao simplista exigiria 200 MW em 2020, o que ¢ insustentavel. A
meta € de 20-40 MW para 1 exaflop.

 Largura de banda de memdria e capacidade nao estao mantendo o
mesmo ritmo do crescimento dos FLOPSs.

 Diminuigao da frequéncias do clock e o numero de unidades de
processamento num unico chip devem aumentar.

— Modelo de programacao sera revisto: compiladores nao serao capazes
de esconder o nivel de concorréncia das aplicagdes

» N3&o é esperado melhora significativa no custo de movimentacao de
dados tanto quanto a de flops.

— Algoritmos necessitam minimizar o movimento de dados, e nao flops.
* Aumento de complexidade do gerenciamento do sistema de I/O
» Confiabilidade e resiliéncia serao pontos fundamentais.

Fonte: Departamento de Energia Norte-Americano
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Arquitetura Intel

Intel Xeon

Intel Xeon Phi
Processor

Intel Xeon Phi
Coprocessor, 1st generation Processor, 2nd generation™

Xeon Phi™ Coprocessor

Xeon Phi™ Processor

Current: Broadwell
Upcoming: Skylake

* socket and coprocessor versions
|}

Multi-Core Architecture

Knights Landing (KNL)

Intel Many Integrated Core (MIC) Architecture
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Next Step: KNL

: A SN NN EE NN NSNS NS S SN NN EEEEEEEEEEEEEEEEEE SyStemS Scalable to
) >100 PFlop/s

- e : _ B  Up (o 100 Gb/s with
y . ~ Power Storm Lake integrated fabric
Resiliency Efficiency |
rogrammin
9 g SLLELLEEL Over 15 GF/Watt

Models

~500 GB/s sustained memory
Processor bandwidth with integrated on-
Performance package memory

~3X Flops and ~3X single-
........................ thread theoretical peak
performance over Knights
Corner’
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Intel Xeon PHI (2"9 Gen)

» Plataforma especializada para
aplicacoes que demandam alta
computacao

Versao em socket ou como
coprocessador

64-72 cores x4 HT em 1.3-1.5GHz
+3 TFLOP/s in PD (FMA)

+6 TFLOP/s in PS (FMA)

> 380 GiB DDR4 (> 90 GB/s)

16GiB HBM(MCDRAM, > 400 GB/s)
Binario compativel com Xeon

Xeon Phi™

Processor
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Por que modernizacao de codigo?

N-Body S1mu1at1on Performance

3000
= hﬁanmE5ﬂ97WHH%wdD 2875
[ Intel Xeon Phi 7120A (1st gen, KNC)
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Step O: Step 1: Step 2: Step 3: Step 4:
Initial Multi-threaded Scalar Tuning

Detalhes sobre a simulacdo pode ser vista em: lotsofcores.com/KNLbook

Vectorized w/SOA Memory Optimization
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IDENTIFICANDO
OPORTUNIDADES DE
OTIMIZAGAO
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|dentificando oportunidades de otimizacao
Foco deste seminario: Modernizagao de codigo

>

Otimizacdo em um unico “nd” de processamento

HPC Cluster Cluster Edition

Multi-fabric MPI MPI error checking
library and tuning
g
MPI Messages / Threading design Parallel performance Memory & thread
& prototyping tuning correctness

Composer Edition

\

ectorize Intel® C++ and Parallel models
& Fortran compilers (e.g., OpenMP¥)
Threaded

Optimized libraries

10
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Areas de Otimizac3o

Vetorizacao
Qﬁ_miza?éo Escalar SIMD esta sendo bem usado? Threading
Pipelining esta sendo usado?
Os cores cooperam
/ 7 . eficientemente?
Memoria
Qso de cache esta maximizadoj
Comunicacao

A coordenacdao de mensagens em
um sistema distribuido pode ser
melhorada?
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High Performance Cloud Computing

Ciclo de Otimizacao

Inicio

Obter informagoes
de desempenho

Testar os resultados

Analisar os dados e
identificar os problemas

Implementar as Criar alternativas de

melhorias solucao

12
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Obter Informacoes de Desempenho

« Perfilador: programa capaz de reunir informacdes sobre
o desempenho através de instrumentacao de fungoes,
metodos, blocos basicos e declaracoes.

— Intel Vtune
— PAPI
— HPCToolkit, etc,...

* Principais métricas de desempenho:
— CPU Time
— Operacoes de Ponto-Flutuante por segundo FLOPS
— Contadores de Hardwares: CPI, L1/L2 Cache Misses, etc
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Intel® VTune™ Amplifier

« Get the data you need

Hotspot (Statistical call tree), call counts (statistical)
Thread profiling — concurrency and locks and waits
analysis

Cache miss, bandwidth analysis...’

GPU offload and OpenCL* kernel tracing

* Find answers fast

View results on the source/assembly

OpenMP* scalability analysis, graphical frame analysis
Filter out extraneous data — organize data with
viewpoints

Visualize thread and task activity on the timeline

« Easytouse

No special compiles — C, C++, C#, Fortran*, Java®,
ASM*

Visual Studio* integration or stand-alone

Graphical interface and command line

Local and remote data collection

Analyze Windows* and Linux* data on macOS*?

1 Events vary by processor. 2 No data collection on macOS*
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Quickly Find Tuning Opportunities

Function / Call Stack

[# FireObject::checkCollision
FireObject::ProcessFireCollisionsRange
NtWaitForSingleObject I
(=) std::basic_ifstream<char,struct std::char_traits
. Ogre:FileSystemArchive:open
CBaseDevice:Present
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See Results On The

Source Code
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Técnicas de otimizacao

 Regras gerais:

15

Selecao dos melhores algoritmos;

Uso de bibliotecas eficientes (ndo esquecendo da portabilidade);
« Exemplo: Algebra Linear (Intel MKL)

Escolha do melhor layout de dados;

Programar com boas praticas de programacao (otimizacoes
manuais);

Usar otimizacdes do compilador SEMPRE!!!;
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Téecnicas de Otimizacao (cont)

« Otimizacdo manual:
— O usuario tem maior controle a respeito das dependéncias de dados;
— Pode reduzir a legibilidade do programa;

— Algumas otimizacdes podem ser benéficas em algumas arquiteturas e maléficas para
outras;

« Otimizacdo automatica:
— O compilador possui um conhecimento limitado das dependéncias de dados;
— Praticamente impossivel em C/C++ se forem utilizados ponteiros indiscriminadamente;
— Nao altera a legibilidade do codigo;
— Resultados 6timos de acordo com a arquitetura e a habilidade do compilador;
— Pode aumentar consideravelmente o tempo de compilagao
« Otimizacio na pratica
— Realizar otimizacbes manuais basicas e deixar outras otimizac&o por conta do compilador

— Utilizar otimizagbes avancadas somente para as arquiteturas predominantes

16
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Otimizacao Manual

Forma mais trabalhosa porém a mais efetiva;

— O programador deve ter controle sobre o que deve ser otimizado

Baseia-se em:
— Utilizar boas praticas de programacao durante a fase de concepcéo do software;

— Por em pratica o ciclo de desempenho:

Inicio Obter informagdes de

/ e
Testar os

resultados

Analisar os dados e
identificar os problemas

Implementar Criar alternativas de
as melhorias ‘ solugao ’

17



TECNICAS BASICAS DE
OTIMIZAGCAO

18
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Original

2%

onde i é um valor inteiro
Original

2*%f

onde f é um valor de ponto
flutuante

Original

x**2 .d0

v 7ANMT

High Performance Cloud Computing

Reducoes

Melhorado

i+1

Alternativa
f + £

essa modificacdao ndo traz beneficios pois a
adicdao e a multiplicacao de ponto flutuante
consomem o mesmo numero de ciclos

Melhorado

No minimo, substitua por:
xX**x2

ou melhor:
xX*x
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Eliminacao de sub-expressoes

Original Melhorado
sl =a+c+b No minimo, substitua por:
s2 =a +b--c sl = (a+Db) + c

s2 = (a+Db) - c
ordem das operagoes inibindo

as otimizagdes por parte do ou melhor:
compilador t =a+b
sl =t + c
s2 =t -_c¢
Original Melhorado
r = 2.*%x(1i) tl = x(1)
s = x(i)-1. r = 2.*%tl
s = tl1-1.
Original Melhorado
X = acos(-1l.) + acos(-1.)**2 tt = acos(-1.)
X = tt + tt**2
ou melhor:
tt = acos(-1.)
X = tt + tt*tt

Muitas dessas otimizag¢des podem ser automaticamente feitas pelo compilador

20
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Expressoes constantes em lacos

Original

do i=1,n
a(i) = r*a(i)*s
enddo

ordem das operagoes
inibindo as otimizacdes por
parte do compilador

Melhorado

No minimo, substitua por:
do i=1,n

a(i) = r*s*a(i)
enddo

ou melhor:
tl = r*s
do i=1,n
a(i) = tl*a (i)
enddo
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Conversao de sinais

 Aconversao de sinais consome alguns ciclos de processamento;

A omissao das conversoes, em operacgoes de ponto flutuante, podem
alterar o resultado das operacgdes, ou seja, o compilador nao tenta
fazer tais transformacdes em niveis baixos de otimizacao;

Original Melhorado

a(i) = -(1.d0-.5d0*b (1)) a(i) = -1.d0+.5d0*b (1)

22
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Propagacao e avaliacao de constantes e
simplificacao no calculo de enderecos

Original Melhorado
two = 2.d0 x = 6.d0*y
= 3.d0*two*y

Original Melhorado
dimension a(4,100) dimension a(4*100)
do i=1,100 iadd = 1

x = x+a(l,1i) do i=1,100
enddo X = x+a(iadd)

iadd = iadd+4

oenderecode a(l,i) em enddo
relacdao ao elemento a(1,1)
e 4*i-4 aqui o endereco é calculado por

uma simples adicao

23
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« Funcao sendo chamada dentro de um « Atécnica de “in-lining” consiste em
laco: substituir as chamadas de rotinas
.. escrevendo-as explicitamente onde elas
do i=1,max sao chamadas:
r(i) = dist(x(i),y(i))
enddo
“ e do i1=1,max
function dist(x,y) r(i) = dsgrt(x(i)*x(1i)+y(i)*y (1))
real*8 :: x, y, dist enddo

dist = dsgrt(x*x + y*vy)

end function

Os compiladores possuem flags especificos para realizar esse tipo de substituicao baseado em alguns
critérios, porém, quando efetuamos essa substituicao explicitamente facilitamos o trabalho do
compilador.

24
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Precisao: Constantes

// bad: 2 is “int”
long b = a*2;

// bad: overflow
long n = 100000*100000;

// bad: excessive

float p=6.283185307179586;

// Bad: 2 is “int”
float g = 2*p;

// Bad: le9 is “double”
float r=1e9*p

// bad: 1 is “int”
double t=s+1

// Good: 2 is “long”
long b = a*2L;

// Good: correct
long n = 100000L*100000L;

// Good: accurate
float p=6.283185f;

// Good: 2 is “float”
float g = 2.0f*p;

// Goof: le9 is “float”
float r=1e9f*p

// Good: 1.0 is “double”
double t=s+1.0
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Tipos de dependéncias e instrucoes
FMA

Dependéncia Dependéncia
verdadeira

Anti-dependéncia de saida

@ - e+ s
(9= t6 - &7

Fused multiply-add (FMA)

Original Melhorado
x = 2.%y+1. x = 2.%y+1.
s = s+x z = 3.*%*r+2.
z = 3.*%*r+2. s = s+x
t = t+z t = t+z

26
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Evite sempre!

Testes no interior de lagos intensivos
do i=1,1000
if (i.1t.50) ! do something
enddo

Chamadas de rotinas no interior de lacos

intensivos
do i=1,1000
call something
enddo

Operacodes de divisdo “...custam muito mais
ciclos de processamento do que as operacgées
de multiplicagéo...”

Operacgdes de 10 no interior de lacos intensos
Variaveis n&o iniciadas;

Arranjos com dimensdes superiores a 2;

Aritmética de arranjos do Fortran90 “..facilita a
vida do programador mas deixa o desempenho
inteiramente sob responsabilidade do
compilador.”

Sobrecarga de operadores (C++ e Fortran90)

“Aliasing”: 2 arranjos compartilhando a mesma
area de memoria

— call sub(n,a(l),a(l),c(1l),sum)



Y NACA TV AMT

Nucleo Avangado de Compuragao de Alto Desempenho High Performance Cloud Computing

Otimizacao automatica

- E aforma mais simples e rapida de se obter ganhos de
desempenho, portanto, UTILIZE SEMPRE independentemente de
ter feito otimizacao manual ou nao;

« Para gerar um codigo otimizado o compilador realiza algumas
operacoes bastante similares a algumas técnicas de otimizacao
manual, tais como: alteracao da ordem de algumas instrucoes,
desenrolamento de lagos, inlining, etc...

28
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Otimizacao automatica (cont.)

« Armadilhas dos flags de otimizacao:

— Um compilador normalmente possui dezenas de opcdes de otimizagao que
podem ser usadas individualmente ou agrupadas entre si. Nem sempre a
associacéo dos flags de otimizacdo produzem o melhor resultado. E importante
ressaltar que em alguns casos uma associacao de flags mal-feita pode acarretar
em efeito contrario (“pessimizacdo”).

« Escolhendo os flags de otimizacdo que devem ser usados
— Teste os flags recomendados pelo fabricante do compilador;
— Utilize os flags mais conhecidos e avalie as diferencas;

« OBSERVACAO CRUCIAL:

— Os flags de otimizacao podem influenciar severamente no resultado de alguns
calculos, portanto, certifique-se que o programa otimizado esta produzindo o
resultado correto.

29
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Otimizacao assistida

* Alguns compiladores possuem opc¢des

especificas para a geracao de relatérios de

avaliacao de desempenho;

Compila-se o programa com essas opgdes
ativadas;

Executa-se uma rodada normal do software.
Sera produzido o relatério de otimizagao;
Recompile o software fornecendo o relatério
de otimizacéo para o compilador;

Baseado no relatdrio de otimizagao o
compilador tentara produzir uma versao de
codigo binario mais eficiente que o primeiro.

*  Enquanto houver algum ganho esse ciclo
pode ser repetido

Phase 1

Phase 2

Phase 3

I
Compile source with | Results in instrumented

prof-gen or prof-genx / | executable.
options _.: Amount of instrumentation data

| depends on the option used to
| compile source.

y

Results in dynamic profile
information file. Each time the
instrumented executable is run

Run the Instrumented :
|
: a new .dyn file is created with
|
|
|

Executable
(one or more times)

¥

the file name format of:
8 hex_digits.dyn

y

| Creates and uses merged
Compile with prof-use I dynamic information summary
option _.: file; default file name
I
|
I

is pgopti.dpi

A 4

Application optimized using
profile-guided code.

Alguns fabricantes de compiladores chamam este procedimento de PGO Profile Guided
Optimization

30
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Otimizacao assistida (cont.)

ifort -prof-gen -c foo.f

-0 foo foo.o

Nticleo Avangad
« Fase 1:
ifort
 Fase 2:
./foo
 Fase 3:

31

ifort -prof-use -c foo.f

ifort

-0 foo foo.o

Step 1

Step 2

Step 3

Compile with prof-genx

.

([ Instrumented Executables |

ﬂ app.exe

;

Run the Instrumented
Executables

.

Merge the Dynamic Profile

.

Compile with prof-use
(PGO)

.

~

-\

Optimized Executables

app.exe

Keep the static profile information (.spi)
for coverage analysis.

Keep the dynamic profile information
(.dpi) for coverage analysis and PGT.
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Flags Compilador
Funcionalidade Linux

Desabilita otimizacdes -00

Otimizacdao (ndo aumenta tamanho do cddigo) -01

Otimizacao (habilita vetorizacao, otimizacoes de lacos) -02

Otimizacao alta-ordem (loop unrol) -03

Vectorization <varias Opcoes>
Otimizacao Agressiva (-ipo, -03, -no-prec-div, -xHost) -fast

Criacdo de informacdes para depuracao -g

Gera arquivo Assembly -S

Geracao do relatdrio de otimizacao -gopt-report=<n>
Suporte OpenMP -gopenmp
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LABO1- Otimizacao Automatica

* QObijetivos:
— Explorar opcoes de otimizacdo do compilador a partir de uma

implementacao de uma algoritmo de atualizacao vetorial do tipo:
SAXPY

— Demonstrar o ganho de desempenho com a utilizagao de
bibliotecas especializadas.
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Lab 01 - SETUP UP

* Obter dados do handson no site do workshop.

* Copiar os arquivos do hands-on para seu
diretério home.

— ¢p handson.tar.gz ${HOMEY}/.

 Descompacta-lo:
— tar xzvf handson.tar.gz
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LAB1: SAXPY

Localizacao dos arquivos:
— ~/handson/lab01/saxpy

Para compilar sem otimizacao: -O0
— icc —g -00 saxpyl.cpp -0 saxpy.exe

Compile com as opcdes -O1, -O2 e -O3 -xHost

Veja o relatorio de otimizacao:

— acrescente a flag —gopt-report
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LABO1: Multiplicacao Matricial

Obijetivos: Demostrar o uso de bibliotecas eficientes

Localizacao do codigo-fonte:
— ~/handson/1ab01

Para compilar:
— Versao ingénua: Smake stepl
— Versao usando MKL Blas: $Smake step?2

Compare os tempos de processamento.
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VETORIZAGCAO
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Vetorizacao: Como funciona?

 Uma operacao ESCALAR pode ser ilustrada por:

do i=1,n

c(i) = a(i) + b(1i)

enddo
a(l) not used not used not used not used
b (1) not used not used not used not used

c(1l) not used not used not used not used

38
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Vetorizacao: Como funciona?

(cont.)
» Executando-se a mesma operacao em um processador VETORIAL
teriamos:
do i=1,n
c(i) = a(i) + b(i)

enddo

a(l1) a(2) a(3) a(4) a(5)
+ + + + +

b(1) b(2) b (3) b (4) b(5)
c(1) c(2) c(3) c(4) c(5)

ou seja, poderiamos operar em 5 posicoes dos vetores simultaneamente a cada ciclo do processador
(5 x mais rapido!).

39
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Vetorizacao - Perspectivas

 Perspectiva para o hardware: Instrucoes,
registradores ou unidades funcionais especializadas
gque permitem o paralelismo das operacoes no interior
do nucleo em arranjos de dados (vetores)

» Perspectiva do Compilador: determinar como e
quando e possivel expressar computagdes em termos
de instrucoOes vetoriais

* Perspectiva do usuario: determinar como escrever
codigos de uma maneira que permita ao compilador
deduzir que a vetorizacao é possivel
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Vetorizacao: Hardware

* QObjetivo: paralelizar computagao sobre arranjos vetoriais
« Duas principais técnicas: pipelining e SIMD (Single Data
Multiple Data)

* Pipelining: Diversas tarefas distintas executando
simultaneamente

« SIMD: Muitas instancias de uma simples tarefa
executando simultaneamente
— Vetores menores, poucos ciclos por instrucao

— Novos CPUs podem usar o pipelining em algumas instrucoes
SIMD
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Pipelining: como funciona?

Clock Cycle

0 N O o0~ W DN -

Load

Square

R2

Add

R3

X,%+8
X,2+8
X5%+8
X,%+8
Xg%+8

Divide

R4
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Vetorizacao e Pipelining

Clock R1 R2 R3 R4
1 [X,, X,... Xe]
2 [X,2, X,2...X2]
3 [X248, X,%+8...X2+8]
4 Load [(X,2+8)/2,
(X,2+8)/2
Square
Add (X52+8)/2]

Divide
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Vetorizacao: Motivacao

« Velocidade dos CPUs alcangou um patamar
— Limitagcbes de consumo

— Muitos transistores “lentos” sao mais eficiente que poucos
transistores “rapidos”

 Melhorias de processo ocasionou barateamento do
espaco fisico

— Uma solucao: Adicionar mais cores
* Primeiro Intel dual cores CPUs aparece em 2005.
* Numero cresce rapidamente ( +60 no MIC)

— OQutra solucao: + FPU por core — Operacdes vetoriais
« Surgimento no Pentium com MMX em 1996
« Rapido aumento da largura do vetor ( 512-bit [8 doubles]) no MIC
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Evolucao do processamento vetorial dos
processadores Intel®

0

MMX™

Vector size: 64bit

Data types: 8, 16 and 32 bit integers
VL: 2,4,8

For sample on the left: Xi, Yi 16 bit
X4o0pY4 | X30pY3 | X20pY2 | XlopYl integers

Intel® SSE
Vector size: 128bit
Data types:
8,16,32,64 bit integers
32 and 64bit floats

X4opY4 | X30pY3 | X20pY2 | XiopYl VL: 2,4,8,16
Sample: Xi, Yi bit 32 int / float

45
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Evolucao do processamento vetorial dos
processadores Intel®

128 127 0

A3 Intel® AVX / AVX2

X7 X4
- - - - - - - Vector size: 256bit
Data types: 32 and 64 bit floats
VL: 4, 8,16
Sample: Xi, Yi 32 bit int or float

X8opY{ X7opY! X6opYl X50pYS X4opY4 X30pY! X20pY: X1lopYi

Intel® MIC / AVX-512
- . | X9} X8| X7 Vector size: 512bit
IIIIIIIII Data types:
.. 1Y Y8 Y7 32 and 64 bit integers
32 and 64bit floats
(some support for
16 bits floats)

T T . Vs

Sample: 32 bit float

46
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Speedup

« Paralelismo SIMD - tipicamente 1 ciclo por operacao
com ponto-flutuante
— Excecoes: divisoes, sqrt, sin

« Speedup (comparado com codigo sem vetorizacio)
— 128-bit SSE — 2x double, 4x single
— 256-bit AVX — 4x double, 8x single
— 512-bit AVX2 — 8x double, 16x single

« Exemplo AVX hipotético: 8 cores/CPU*4 double/vetor *
2.0 GHz = 64 Gflops/CPU

— Pipelining pode melhorar ainda mais!
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Speedup

« Largura de banda da memoria pode ser um problema,
vamos explorar isso mais tarde

— Ultilizacao ineficiente da cache, alinhamento, laténcia

« SIMD é paralelo = lei de Amdahls é efetivo!
— Porcgbes seriais/escalares do codigo ou CPU sao limitadores
— Speedup tedrico € somente um limitante superior.

8
6 . 7 vectorization
3 e ~30%
D 4
N 2 ! — —— S —+90%
O I I I |
1 2 4 8 16

Vector width
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Perspectiva do Usuario

« Como podemos aproveitar esse poder?

— Codificagao Assembly

» Potencial ganho de desempenho final mas somente para os bravos

— Funcoes Intrinsecas
« Passo anterior ao assembly. Util mas arriscado

— Deixe o compilador descobrir como... (auto-vetorizagao)
» Relativamente simples, desafiador para o compilador
* O compilador pode necessitar de uma ajuda

— Link com um biblioteca otimizada que faca o trabalho real
« Exemplo: Intel MKL, escrito por pessoas que sabem todos os truques
» Obtém os beneficios quando executados em plataformas suportadas
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|dentificando oportunidades de otimizacao
Maneiras de vetorizar o codigo

Facilidade de Uso

AN

\Vectors LDevemos avaliar trés fatores:

Intel® Math Kernel Library U Necessidade de performance
O Disponibilidade de recursos
Auto vectorization
para otimizar o codigo
Array Notation: Intel® Cilk™ Plus

Semi-auto vectorization:
#pragma (vector, ivdep, simd)

O Portabilidade do codigo

C/C++ Vector Classes
(F32vecl6, F64vec8)

50
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O Que eu preciso fazer?

» Conhecer o que faz ser “vetorizavel”

— Lacos “for” em C/C++ ou “do” em Fortran que atendam a certas
restricoes

« Conhecer onde a vetorizacao ira ajudar
» Avaliar a saida do compilador
— Ele esta realmente vetorizado onde eu acho que deveria estar?
* Avaliar o desempenho da execucao
— Comparar com o speedup teorico
» Conhecer o padrao de acesso ao dados para maximizar a eficiéncia
* Implementar correcoes: diretivas, flags compilador e alteragao do
codigo
— Remover construgdes que fazem vetorizacdo impossivel
— Forcgar vetorizagao quando compilador nao faz, mas que deveria
— Melhorar o padrao de acesso a memoria.
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Escrevendo lacos “vetorizaveis”

* Requerimentos basicos:

— Contavel em tempo de execucgao
 Numero de iteragcdes conhecido antes de sua execucgao
« Sem terminagao condicional (sem breaks)

— Ter um fluxo de execucao simples
 Sem saltos condicionais

* If sdo permitidos quando eles podem ser implementados com
mascaras

— Deve ser o lago mais interno se houver lagos aninhados
» Compilador pode reverter a ordem

— Evitar chamadas de funcao
* Funcdes basicas matematicas sao permitidas: pow, sqrt, sin
« Algumas fungodes inline sao permitidas
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Auto-vetorizacao

e Suporte compilador Intel:

Vetorizacao é realizado a partir do nivel de otimizacdo —0O2
Default para instrugcdes SSE

Pode incorporar instrucoes SSE e AVX em um mesmo binario com
a flag —axaAvx

 Rodara AVX em CPUs com AVX suporte, SSE caso contrario.
—-gopt-report=<n> para gerar um relatorio de vetorizagao.
— AVX512: Suporte para versoes > 15.0.

. GCC (>4.9):

Vetorizacao € desabilitado por default

Use a flag —-ftree-vectorize combinado com nivel otimizacao >
-02

Padrao instrugcdes SSE, -mavx -march=corei7-avx para AVX
-ftree-vectorizer-verbose para gerar o relatorio.
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Desafio
Dependéncia de dados

* Vetorizacao pode alterar a ordem da computacao em
comparacao de um caso escalar

« Compilador deve assegurar que a vetorizacao ira
produzir resultados corretos

 Necessidade de considerar operacoes independentes
em lacos desenrolados — depende do tamanho do vetor

« Compilador executa uma analise de dependéncia
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Dependéncias: leitura apos escrita

Considere o lago: for(i=1;i < N; i++)
a=1{0,1,2,3,4} a[i] = a[i-1] + b[i]
b =1{5,6,7,8,9}

Aplicando cada operacao sequencialmente:

a[l] =a[0] + b[1] = a[1l]=0+6 =2 a[l] =6
al[2] =a[1] +b[2] = a[2]=6+7 =2 a[2] =13
a[3] =a[2] + b[3] = a[3]=134+8 =2 a[3] =21
al4] = a[3] + b[4] = a[4] =21+49 - a[4] =30

a={0,6,13,21,30}
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Dependéncias: Leitura apos escrita

Vamos tentar vetorizar:
a=1{0,1,2,3,4}
b ={5,6,7,8,9}

for(i=1;i < N; i++)
a[i] = a[i-1] + b[1]

Aplicando operacao vetorial, i={1,2,3,4}:
ali-1] ={0,1,2,3} (load)

bli] =1{6,7,8,9} (load)

{0,1,2,3} +{6,7,8,9} = {6,8,10,12} (operate)
ali] =1{6,8,10,12} (store)

a=1{0,6,8,10,12} 1={0,6,13,21,30} NAO VETORIZADO
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Dependéncias: escrita apos leitura

Vamos tentar vetorizar: £ —0:1 < N: i++
a=1{0,1,2,3,4) or(1=0;1 ; 1t++)

b ={5,6,7,8,9) afi] = a[i+l] + b[1]

Aplicando cada operacao sequencialmente:

A[0] =a[1] + b[0] = a[0]=1+5—> a[l]=6
A[1] =a[2] + b[1] = a[l]=2+6 > a[2] =8
A[2] =a[3] +b[2] = a[2]=3+7 =2 a[3]=10
A[3]=a[4] +Db[3] = a[3]=4+8 2 a[4] =12

2a={6,8,10,12,4}
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Dependéncias: Leitura apos escrita

Vamos tentar vetorizar: for (120
a=1{0,1,2,3,4} ]
~ [1]
b={5,6,7,8,9}

Il -

< N; 1++)
a

(
2l [1+1] + b[1i]

Aplicando operacao vetorial, i={1,2,3,4}:
ali-1] ={1,2,3,4} (load)

bli] =1{5,6,7,8} (load)

{1,2,3,4} + {5,6,7,8} = {6,8,10,12} (operate)
ali] =1{6,8,10,12} (store)

q=1{0,6,8,10,12}=={0,6,8,10,12} VETORIZADO
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Tipos de Dependeéencias

« Leitura apods escrita:
— Também conhecida como 7T nneosnnniiosiiosiesiieosieosooo :

dependéncia de fluxo for(i=1;i < N; i++) |
— Variavel escrita primeiro e depois | a[i] = a[i-1] + b[i]
ida

— Nao vetorizavel

« Escrita seguida por leitura
— Conhecida como anti 5for(i=0;i < N; i++)

dependéncia | _ _ o
— Variavel lida primeiro, depois oozl = afawl) s blial

escrita
— Vetorizavel
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Tipos de Dependeéencias

* Leitura apos leitura: e |
— Na verdade n3o é um éfor(ifo;i < N; i++)
dependéncia o a[i] = b[1%2] + c[1]

— vetorizavel

Escrita apﬂos.escrlta For(io0:i < Ni it+)
— Dependéncia de saida | a[i%2] = b[i] + c[i]
— Variavel escrita e reescrita

— Nao vetorizavel
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Dependéncia em Lacos: “Aliasing”

« Em C, ponteiros podem esconder dependéncias de
dados

— Pode haver sobreposicao de memoria

* O caodigo abaixo € seguro?

___________________________________________________________________________________________________________

VOld compute(double *a, double *Db,

i double *c)
{

E for(i =1; i < N; i++) {
a[i] = b[i] + c[1];
)

 }

Nao se forem dados os
argumentos: compute(a, a+1,c)
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Dependéencia em Lacos: Aliasing

« C99 introduz a palavra chave restrict na linguagem
— Diz para o compilador assumir que os enderecos nao irao
sobrepor.

— Pode ser necessario usar as flags: -restrict, -std=c99

VOld compute (double * restrict a,
double * restrict b,
double * restrict c)

for(i =1; i < N; i++) {
a[i] b[i] + c[i];
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Relatorio de Vetorizacao

Mostra quais lacos foram ou nao vetorizados, e porque

Intel: -qopt-report=<n>

— 0: nenhuma informacao

— 1: lista lacos vetorizados

— 2: lista lacos nao vetorizados, com explicagcao

— 3. saida adicional com informacdes de dependéncia

— 4: lista lacos nao vetorizados, sem explicagcao

— 5: lista lacos nao vetorizados, com informacao de dependéncia

Relatorios sao essenciais para determinar onde o compilador
encontrou uma dependéncia

Compilador € conservador. Voceé precisa ir ao codigo e
verificar se realmente ha uma dependéncia.
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Sugestoes para Vetorizacao

« Compilador deve comprovar que nao ha nenhuma dependéncia de
dados que ira afetar a exatidao do resultado
* Entretanto, as vezes isso € impossivel
— Ex. Uso complicado dos ponteiros

« Solucao dos compiladores Intel: diretiva IVDEP (Ignore Vector
DEPendence)

— Diz ao compilador: assume nenhuma dependéncia

subroutine

vecl (s1,M,N, x) void vecl (double sl,int M,

int N,double *x) {
IDECS$ IVDEP

o iPrTgTSO;ZEE.:El’H) [1]=x[1+M]+s1;
x (1) = x(1+M) + sl Or(1=U71<N71 x[1]=x[1 sl;

end do
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Diretivas que auxiliam a vetorizacao

Antes do laco: #pragma (C/C++) IDIRS (para Fortran)
ivdep
— Instrui o compilador a ignorar as dependéncias assumidas

— Compilador pode vetorizar lacos que ele inicialmente considerou
nao vetorizavel

vector always

— Sobrescreve as heuristicas do compilador que determinam se a
vetorizacao é susceptivel de produzir ganhos de desempenho;

novector
— Nao vetorize

omp simd (OpenMP 4.0)

— Vetoriza lago (mais poderoso que vector always)
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Exemplos (C/C++)

Evoid ignore vec dep(int *a, int k, int ¢, 1nt m) {
#pragma ivdep
for (int 1 = 0; 1 < m; 1++)

ali] = a1 + k] * c;

Evoid vec (1nt *a,int *b,int m) {

#pragma vector always

for(int 1 = 0; 1 <= m; 1++)
a[32*i] = b[99*i];

#pragma omp simd collapse(2)
for (i=0; i<N; i++) { a[i] = Db[i] [
for (1=0; 1i<N; 1i++) { d[i] = e[1] *

___________________________________________________________________________________________________________________________________



//= C 7 ANMT

Ntcleo Avangado de Compuragao de Alto Desempenho High Performance Cloud Computing

Exemplos (Fortran 90)

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

'dir$ ivdep | ~ 1dir$ vector always
do i =1, m; . doi=1,m

a(i) = a(d + k) * c; a(32*i) = b(99*%1i)
enddo enddo

____________________________________________________________________________________________________________________________

——————————————————————————————————————————————————————————————————————————

ISomp simd collapse (2)

do j=1, N
do 1i=1, N
a(i,Jj) = a(i,jJ) * bli]
enddo

enddo
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CACHE e Alinhamento

2 X1 yi

22 X2 y2

3 |=a*| x3|+| y3

yl,y2,y3,..yn x1,x2,x3,..xn

n Xn n
|~ L —y— 21,122,123, ..2zn

ymm?2 ymmO  ymm1

» Vetorizacao eficiente requer preocupacoes que vao além da
unidade SIMD

— Registradores: alinhamento de dados nos limites de 128, 256 e 512 bits
— Cache: Cache é rapida, memoria é lenta

« Memdria: acesso sequencial muito mais rapido que acesso
randémico ou espacado.

« Se as unidades vetoriais ficam esperando dados, a eficiéncia €
drasticamente prejudicada.
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Acesso com passo largo

 Padrao de acesso mais rapido € passo unitario

* Melhor desempenho quando CPU pode carrega L1 Cache da
memoria em blocos de dados, sequencialmente.

» Construcdes Passo Unitario:

— arranjos multidimensional
» Fortran: passo unitario na dimensao mais interna
» C/C++: passo unitario na dimensao mais externa

do j = 1,n; do i=1l,n for (j=0;j<n; j++)
a(i,j)=b(i,j)*s for (i=0;i<n;i++)
enddo; endo aljllil=bIl[j]l[i]*s;
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Ordem de armazenamento de dados
em arranjos

Fortran (por colunas) C/C++ (por linhas)
\1, \l, idx (1,1) | idx(1,2)

idx(1,1) idx(1,2) idx(1,3)
idx(2,1) idx (2,2) idx (2, 3)
integer :: idx(2,3) = (/1,1,2,2,3,3/) integer :: idx(2,3) = (/1,2,3,1,2,3/)

_ 1 2 3

idx =

1 2 3

70
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Acesso com passo largo

* Acesso espacado na memoria reduz a largura de banda
efetiva da memoria.

* Pior que acesso nao alinhado. Muitas operacoes para
povoar uma cache line, registradores, etc.

Memory Strided Add* Performance
0.4

0.35
L 4

0.3 /,/

0.25 -

0.2 o

015 ad *do i = 1,4000000*istride, istride

1 /’ a(i) = b(i) + c(i) * sfactor

0.

0.05 - enddo
A

0

Time (Giga Clock Periods)

Stride
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Blocagem

Funciona com pequenos blocos de matrizes quando a expressao
contém acessos a memaoria com espacamentos mistos.

do i=l,n _ do i=1l,n,2
do j=1,n . do j=1,n,2
A(3,1)=B(1,3) A(3 ,i )=B(1 ,3 )
end do A(3+1,i )=B(i+l,5 )
end do A(3 ,i+l)=B(i ,3j+1)
A(3+1,i+1)=B(i+1,j+1)
end do

end do
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Blocagem

real*8 a(n,n), b(n,n), c(n,n)

matrix . .
e do ii=1l,n,nb
multiplication . .
do jj=1,n,nb

example
- do kk=1l,n,nb
1000 —a—unblocked MM || do i=ii ,min (n ’ ii+nb-1)

v o blocked MM do j:Jj ,min (n, jj+n-b_1)

P SUNPSSEIY e S
. - ———

do k=kk,min(n,kk+nb-1)

-

c(i,j)=c(i,j)+a(j,k)*b(k,1)

MELOPS »
s &8 8 B

«

CELLPPLEL PSS

Mattix dimension, n

nbxnb nbxnb nb xnb nb x nb

end do; end do; end do; end do; end do; end do

Much more efficient implementations exist, in HPC scientific libraries (ESSL, MKL, ACML,...).
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Alinhamento dos dados

vmovupd peen

T 111

vaddpd

T 111

L1 Data Cache

Cache Line 1A I I Cache Line 2A Cache Lin e 128A

Cache Line 1D I I Cache Line 2D

Cache Lin e 128D

Instrucoes de carregamento movem

-~ Assembl
multiplos valores da cache para os Instructions
registradores simultaneamente. | | Cache Line
Mais rapido quando a cache line inteira = s o 464-bit DP FP
€ movida com um unica unidade, i.e., (LT 1] 1256-bit Register

alinhada
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Alinhamento

Alignment

32-byte (AVX)
aligned

—

High Performance Cloud Computing

Load 4 DP Words

Load 4 DP Words
Load 4 DP Words

(7p]
| .
)
e
D
(@))
()
| -

Load 4 DP Words

Load 4 DP Words
Load 4 DP Words

(7p)
| .
)
e
D
(@))
)
| -
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Alinhamento

* Aplicado especialmente a arranjos, estruturas

— lterar arranjos multidimensionais podem afetar o
alinhamento se numero de colunas/linhas nao forem
multiplos do tamanho da cache line.

» Solucao: usar padding e adaptar seu algoritmo
« Alinhamento depende da arquitetura do
processador:
— Haswell: 64 bytes
— MIC: 64 bytes
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Alinhamento Manual

« Para Intel, diretivas podem forcar o compilador a assumir
alinhamento

— #pragma vector aligned (c/c++) afirma que dados em um
laco estao alinhados para os limites apropriados.

— Fortran 90: !dir$ vector aligned
— Cuidado — segfault se vocé estiver errado

E// C/C++ . || FORTRAN
 #pragma vector aligned . 1 !dir$ vector aligned
 for (1=0;1<500;1++) . ido i=1,500
| B[i] = A(i,3) o B(i) = A(3,1)
' ' end do

» Pode forcar alocacao dinamica ser alinhada
— Com compiladores Intel, use _mm malloc ou _mm free
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Alinhamento

« Definindo alinhamento de arranjos estaticos:

— Windows C/C++:
* declspec(align(64)) float A[1000];

— Linux C/C++:
* float A[1000]  attribute((aligned(64)));

— Fortran:
Real :: A(1000)
!dir$ attributes align: 64::A

* Informando o compilador sobre o alinhamento:

____________________________________________________________________________________________________________________________

. // C/C++ . | !Fortran

' void myfunc (double p[]) { . 1 1dir$ assume aligned A:64
. __assume aligned(p, 64); . iDO I =1, N

. for(int i=0; i < n; i++) = A(i) = A(i) + 1

i plil++; - |END DO

L} o
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Diagnosticando deficiéncias da cache e
memoria

 Maus padroes de acesso pode impedir vetorizagao

— No relatdrio de vetorizagao: “vectorization possible but
seems inefficient’

« Caso contrario, pode ser de dificil deteccao
— Indicador: desempenho da vetorizagao longe do esperado

* Ferramentas de perfilagem podem ajudar:
— Intel Vtune: Microarchitecture Analysys / Bandwith

— Visualizar o numero de ciclos do CPU gasto com acesso
aos dados (L1 cache miss, TLB misses, etc)
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Vetorizacao
Resumo

» \etorizacao ocorre em lacos e podem ser feitas
“automaticamente” pelo compilador

* Precisa saber onde a vetorizacao pode ocorrer e
verificar se o compilador esta realmente fazendo.

* Precisa saber se a falha do compilador na vetorizacao é
legitima
— Se for, corrigir o cédigo, se ndo, usar #pragma.

 Ter consciéncia dos efeitos relacionadas a forma como
os dados sao acessados e o alinhamento deles.

— As unidades vetoriais precisam ser bem alimentadas!
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LAB #2

» Objetivos: explorar as possibilidades da
vetorizacao
— Dois codigo-fonte:
* Multiply: Multiplicagcao Matricial
— Caodigo base: multiply0.c
— Arquivos: handson/lab02/multiply
« Sten2D: Stencil de diferenca finitas 2D

— Caodigo base: stenc2d _base.c
— Arquivos: handson/lab02/stend2d

 Exemplos em Fortran:
— Handson/lab02/Fortran
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LABO2: Multiply

« Step 1: Compile multiply0.c com -03 —qopt-report=3 e
veja o relatorio gerado.

LOOP BEGIN at multiply0.c(47,5) inlined into multiply0.c(106,2)
remark #25444: Loopnest Interchanged: (123 )-->(132)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at multiply0.c(49,10) inlined into multiply0.c(106,2)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at multiply0.c(48,9) inlined into multiply0.c(106,2)
<Peeled loop for vectorization>
LOOP END

LOOP BEGIN at multiply0.c(48,9) inlined into multiply0.c(106,2)

<Remainder loop for vectorization>
remark #15335: remainder loop was not vectorized: vectorization possible but seems inefficient.

Use vector always directive or -vec-thresholdO to override
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Vtune: Coletando dados de desempenho

Processo em trés etapas:

— Compile com a opcao —g

— Execute amplxe-cl para coletar os dados de perfilagem
— Visualize os dados com amplxe-gui

O que coletar:
— amplxe-cl —help collect

|dentificando gargalos:
— ampxe-cl -collect hotspots ./myexe

Visualizando em TXT
— amplxe-cl —-report summary -r ./r000hs
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Perfilando com o vtune

* Criando o projeto de perfilagem local

* Analysis Type

@ Analysis Target
¥ & Accessible Targets
@ local
@ remote Linux (SSH)
@ Intel Xeon Phi coprocessor (nativ
@ Intel Xeon Phi coprocessor (host
v = Arbitrary Targets
@ local
@ Intel Xeon Phi coprocessor (nativ
@ Intel Xeon Phi coprocessor (host

il P 8 @ & @ |welome New Ampl... X
™ Choose Target and Analysis Type

Launch Application v

Specify and configure your analysis target: an application or a script to execute.
Press F1 for more details.

Application: /home/camata/Dropbox/| ~ Browse...

Application parameters: v Modify...
& Use application directory as working directory

working directory:

User-defined environment variables:
Modify...

Manaaqed code profiling mode: | Auto v

INTEL VTUNE AMPLIFIER XE 2017

e Choose Analysis

@’ Binary/Symbol Search
@‘ Source Search ‘
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Vtune Amplifier XE 2017

' e b POE O
% General Exploration General Exploration viewpoint (change) ® INTEL VTUNE AMPLIFIER XE 2017

Welcome

r000ge X =

@ Analysis Target|  * Analysis Type

Elapsed Time : 4.708s
Clockticks:
Instructions Retired:
CPI Rate
MUX Reliability “:
Eront-End Bound :
Bad Speculation :
Back-End Bound :

Memeorv Bound :
L1Bound :
L3 Bound :

Contested Accesses :

Data Sharing
LLC Hit :

SQFull ~:
DRAM Bound :

Memory Latency :

LLC Miss :
Store Bound :
Core Bound :
- .
Total Thread Count:
Paused Time :

CPU Usage Histogram

12,095,500,000
22,752,800,000
0.532
0.773
0.2%
0.0%

87.8% *

69.9% [*

0.082 &

0.000
0.000
0716 &
0.009

0.028
0.000
18.0%
24.0%

0s

B8 Collection Log | HESVININELY +% Bottom-up| *% Event Count| BE Platform

Tipos de Analises:

Basic Hotspots (CPU TIME)

Advanced Hotspots (CPU TIME, CALL STACK,...)
General-Exploration (Microarchitecture Analysis)
Bandwidth

CPU Specific Analysis

U= e ) =
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Bottom-UP View
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s & P B @& @ | welome r000ge X
™ General Exploration General Exploration viewpoint (change) @ INTEL VTUNE AMPLIFIER XE 2017

@ Analysis Target| | * Analysis Type| |2 Collection Log| | ¥ Summary| |+% Bottom-up| |+% Event Count| |BE Platform multiply0.c

Source || Assembly 9| 8| ¥ o Assemblygrouping: | Address =
% %
S 4 Source cl. Addressa 50.. Assembly cl.
Li. Line
0x4014d9 50 nopl %eax, (%rax) ~
0x4014e0 Block 23:
0x4014e0 50 movupsx (%rl5,%rcx,8), %xmml 270..
0x4014e5 50 movupsx 0x10(%rl5,%rcx,8), %xmm2 2,2..
0x4014eb 50 movupsx 0x20(%rl5,%rcx,8), %xmm3 438.. |
B oxs014¢1 50 movupsx 0x30(%rl15,%rcx,8), %xmmd 595.. |-
0x4014f7 50 mulpd %xmm@, %xmml 202.. @
47 for(i=0; i<msize; i++) { 0x4014fb 50 mulpd %xmmO, S%xmm2 11..
48 for(j=0; j<msize; j++) { 1,0.. Ox4014fF 50 mulpd %xmm@, %xmm3 788..
49 for(k=0; k<msize; k++) { 88,.. 0x401503 50 mulpd %xmmO, %xmm4 938.. |
50 c[il[j] = c[i][j] + alillk] * | 10,... 0x401507 50 addpdx (%rll,%rcx,8), %xmml 348...
0x40150d 50 addpdx 0x10(%rll,%rcx,8), %xmm2 749..

. . o . L. addpdx 0x20(%rll,%rcx,8), %xmm3 583..
Permite identificar quais tipos de addpdx  0x30(%rll,%srcx,8), %xmmd 1,0..
instrugdes foram usadas na vetorizagao 0x401522 movupsx %xmml, (%rll,%rcx,8) 557..

= 0x401527 50 movupsx %xmm2, 0x10(%rll,%rcx,8) 210..
(SSE, AVX). Nesse caso, ndo houve 0x40152d 50  movupsx S%xmm3, 0x20(%rll,srcx,8) 198..
Vetonzagé(). AS Operagaes Sao escalares 0x401533 50 movupsx %xmm4, 0x30(%rll,%rcx,8) 234..

0x401539 48 add $0x8, %rcx 482..

~amar~ PPN e O smdlas O_smmns -
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LABO2: Multiply

« Step 2: Permute os loops e compile novamente com -03 —qopt-
report=3 e veja o relatorio gerado.

LOOP BEGIN at multiply0.c(48,9) inlined into multiply0.c(106,2)
<Remainder loop for vectorization>
remark #15335: remainder loop was not vectorized: vectorization possible but seems inefficient.
Use vector always directive or -vec-thresholdO to override

« Step 3: Alocacao dinamica usando _mm_malloc() e #pragma ivdep
no loop interno
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LABO2: Multiply

« Step 4: Implemente blocagem para melhorar eficiéncia do uso da cache.
mblock = MATRIX_BLOCK_SIZE;

for (i0=0;i0 ¢ msize; i0 +=mblock {
for (k0=0; kO ( msize; kO += mblock{
for (jO=0;jO ( msize; jO += mblock {
for (i=i0;i¢i0+ mblock; i++){
for (k=kO; k kO + mblock; k++{
#pragma ivdep
#pragma vector aligned
for (j=jO;j«jO+ mblock; j++){
crinjir=crinji+arinks* brkijs;

}
}
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LABO2: Multiply

« Step 4: Implemente blocagem para melhorar eficiéncia do uso da cache.

LOOP BEGIN at multiply5.c(52,7)
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at multiply5.¢(53,11)
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at multiply5.c(54,15)
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at multiply5.¢(55,19)
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at multiply5.¢(56,23)
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at multiply5.¢(59,27)
remark #15300: LOOP WAS VECTORIZED
LOOP END
LOOP END
LOOP END
LOOP END
LOOP END
LOOP END
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Vtune Bottom-up

il P B @& @ | welome r000ge X =
# General Exploration General Exploration viewpoint (change) @ INTEL VTUNE AMPLIFIER XE 2017
@ Analysis Target| | © Analysis Type| |2 Collection Log| | Kt Summary|  *% Bottom-up||+*% Event Count| B2 Platform | [JE-Xuitla]s]VeRaRs
Source || Assembly 9| ¥ ¥ | Assemblygrouping: | Address 2
% %
S. So..
T Source cl. Address a Line Assembly cl.
50 mblock = MATRIX BLOCK SIZE; 0x400ead 60 vmovupdy 0x80(%rl4), %ymm5 294..
51 0x400eb6 60 vmovupdy 0Oxa0(%rl4), %ymmé 584..
52 for (i0 = 0; 10 < msize; i0 +=mblock) { 0x400ebf 60 vmovupdy 0xcO(%rl4), Symm7 261..
53 for (kO = 0; kO < msize; kO += mblock) { 0x400ec8 60 vmovupdy 0xe0(%rl4), %ymm8 527..
54 for (jO =0; jO < msize; jO += mblock 0x400ed1 60 vfmadd213pdy (%rl2,%rl5,8), %SymmO, %ymm]197..
55 for (1 =1i0; 1 < i0 + mblock; i+ 0x400ed7 60 vfmadd213pdy 0x20(%rl2,%rl15,8), %ymm@, |367..[=
56 for (k = k0; k < k0 + mblock| 78,.. Ml 0x400ede 60 vfmadd213pdy 0x40(%rl2,%rl5,8), %ymm0@, |246..
57 #pragma ivdep W 0x400ee5 60 vfmadd213pdy 0x60(%rl2,%rl5,8), %ymm0@, |477..
58 #pragma vector aligned 0x400eec 60 vfmadd213pdy 0x80(%rl2,%rl5,8), %ymm@, |215..
59 for (j = j0; j < jO + mb|304.. 0x400ef6 60 vfmadd213pdy ©xa0(%rl2,%rl5,8), %ymmO, |302..
60 c[il[j] = cl[il[j] + 6,6.. 0x400f00 60 fmadd213pdy 0xcO(%rl2,%rl5,8), Symmo, |[171..
0x400f0a vfmadd213pdy 0Oxe0@(%rl2,%rl5,8), %Symm@, |302..
vmovupdy Symml, (%rl2,%rl5,8) 171..
vmovupdy Symm2, 0x20(%rl2,%rl5,8) 22,..
. ~ vmovupdy S%ymm3, 0x40(%rl2,%rl5,8) 112..
Nesse caso, houve vetorlzagao. As 0x400f28 60 vmovupdy %ymm4, 0x60(%rl2,%rl5,8)
operagcoes usam instrucdes AVX: 0x400f2f 60  vmovupdy %ymm5, 0x80(%rl2,%rl15,8) 103..
0x400f39 60 vmovupdy %ymm6, Oxa0(%rl2,%rl5,8) 20, ..
meadd213pdy 0x400f43 60  vmovupdy Symm7, Oxc@(%rl2,%rl5,8) 139..
0x400f4d 60 vmovupdy S%ymm8, 0xe0(%rl2,%rl5,8) 20,..
VmOVUpdy 0x400f57 59 add $0x20, %rl5 98, ..

0x400f5b 59 add $0x100, %rl4
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LABO2: Sten2D

« Compilar com —O2 —qopt-report
« Observar o relatério de otimizacgao.

LOOP BEGIN at sten2d9pt_base.c(53,3)
remark #25096: Loop Interchange not done due to: Imperfect Loop Nest
remark #25452: Original Order found to be proper, but by a close margin
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #15346: vector dependence: assumed OUTPUT dependence between fout[c] (68:9) and fout[c] (68:9)
remark #15346: vector dependence: assumed OUTPUT dependence between fout[c] (68:9) and fout[c] (68:9)
LOOP BEGIN at sten2d9pt_base.c(54,5)
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #15346: vector dependence: assumed FLOW dependence between fout[c] (68:9) and fin[c] (68:9)
remark #15346: vector dependence: assumed ANTI dependence between fin[c] (68:9) and fout[c] (68:9)
LOOP BEGIN at sten2d9pt_base.c(67,7)
remark #15344: loop was not vectorized: vector dependence prevents vectorization
remark #15346: vector dependence: assumed FLOW dependence between fout[c] (68:9) and fin[c] (68:9)
remark #15346: vector dependence: assumed ANTI dependence between fin[c] (68:9) and fout[c] (68:9)
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LABO2: Sten2D

* Verificar se ha dependéncias.
 Usar #pragma ivdep no loop mais interno
« Recompilar e observar o relatorio de otimizacgao.

LOOP BEGIN at sten2d9pt_vect.c(53,3)
remark #25096: Loop Interchange not done due to: Imperfect Loop Nest
remark #25452: Original Order found to be proper, but by a close margin
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at sten2d9pt_vect.c(54,5)
remark #15542: loop was not vectorized: inner loop was already vectorized
LOOP BEGIN at sten2d9pt_vect.c(67,7)
<Peeled loop for vectorization>
remark #25015: Estimate of max trip count of loop=3
LOOP END
LOOP BEGIN at sten2d9pt_vect.c(67,7)
remark #15388: vectorization support: reference fout[c] has aligned access [ sten2d9pt_vect.c(68,9) ]
remark #15389: vectorization support: reference fin[c] has unaligned access [ sten2d9pt_vect.c(76,26) ]
remark #15389: vectorization support: reference fin[n] has unaligned access [ sten2d9pt_vect.c(74,26) ]
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malloc/ mm free

 Usar #pragma vector aligned no loop mais interno
 Recompilar e observar o relatorio de otimizacao.

OOP BEGIN at sten2d9pt_pad.c(83,7)

remark #15388:
remark #15388:
remark #15388:
remark #15388:
remark #15388:
remark #15388:
remark #15388:
remark #15388:
remark #15388:
remark #15388:

vectorization support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:
vectorization support:

reference fout[c] has aligned access [ sten2d9pt_pad.c(84,9) ]
reference fin[c] has aligned access [ sten2d9pt_pad.c(92,26) ]
reference fin[n] has aligned access [ sten2d9pt_pad.c(90,26) ]
reference fin[s] has aligned access [ sten2d9pt_pad.c(91,26) ]
reference fin[e] has aligned access [ sten2d9pt_pad.c(89,26) ]
reference fin[w] has aligned access [ sten2d9pt_pad.c(88,26) ]
reference fin[nw] has aligned access [ sten2d9pt_pad.c(84,26) |
reference fin[ne] has aligned access [ sten2d9pt_pad.c(85,26) ]
reference fin[sw] has aligned access [ sten2d9pt_pad.c(86,26) ]
reference fin[se] has aligned access [ sten2d9pt_pad.c(87,26) ]



IDENTIFICANDO OPORTUNIDADES DE
DE VETORIZAGAO E PARALELISMO
(MULTI-THREADING)
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Identificando oportunidades de
vetorizacao e paralelismo

Intel® Advisor fornece duas ferramentas que ajudam
garantir que aplicacbes C/C ++ e Fortran alcancem o :
potencial pleno de desempenho em processadores Inich
modernos, como processadores Intel® Xeon Phi ™

Advisor

X&

Vectorization Advisor é uma ferramenta de otimizacao que
permite identificar loops que mais beneficiariam da
vetorizacao, identificar o que esta bloqueando a vetorizacao,
explorar o beneficio da alternativas de reorganizagdes de
dados, e verificar a corretudo do cédigo.

Threading Advisor € uma ferramenta de prototipagem
Multi-threading que permite analisar, projetar, ajustar e
verificar opcOes de paralelismo sem interromper o seu
desenvolvimento normal.
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CA CA
J O
Of'd 2L0 dU0O eto ACaA0
~ ere O O atio andy/o ead ¢ para el Ad s 016
& Survey
i Elapsed time: 54.44s | Vectorized || Mot Vectorized | _ FILTER: | All Modules v Sources v &
Tri Wectorized Loops A
Function Call Sites and Loops & | @ Vectorlssues Self Timew | Total Time Co?mts Loop Type Why No Vectorization? - —
ecto.. ‘ Efficiency ‘Vector Lo
1> O [loop at stl_algo.h:d740 in stdutr... [ ] 0.170s1 0.170s1 Scalar B non-vectorizable loop ins ..
= [loop atfloopstl.cpp:2449in 5234_] @ 2 Ineffective peeledfrern..  0.170s] 017051 12;4 Collapse Collapse AN 4
i [loofat loopstl.cpp:2ddQins.. [] 0.150s | 0.150s1 12 Vectorized (Body) AV 4
1O at loopstl.cpp:2449ins.. [] 0.020s1 0.020s1 4 Remainder
i>( loopstl.cpp:7900invas_]  [] 0.170s1 0.170s1 500 Scalar B vectorization possible but... 4
® loopstl.cpp:3509 in s2... ¥ 1High vector register ... 0.160s]| 0.160s| 12 Expand Expand
loopstl.cpp:3891 in 5279 ] @ 2 Ineffective peeledfrem..  0.150s1 0.150s1 125;4 Expand Expand
&= loopstl.cpp:6249in s414_] 0.150s1 0.150s1 12 Expand Expand
sti_nureric.h:247 instd... [ % 1Assumed dependency...  0.150s] 0.150s1 49 Scalar B vector dependence preve

Foco nos lagos Quais instrucdes vetoriais estao | Como eficiente é

Quais problemas de

gue demadam sendo usadas? o codigo?

mais CPU

vetorizacao?
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Buscando Vetorizacao Eficiente

1. Diagnéstico do compilador + Dados 2. Detecta problemas e fornece
de Desempenho + Informacdes SIMD recomendacdes de como resolve-los.

& VA |ssue: Peeled/Remainder loop(s) present

) ] Self Total Campiler Vectorization @ 8 All or some source loop iterations are not executing in the kernel loop. Improve performance by moving
Function Call Sites and Loopsa Ti Ti = ? source loop iterations from peeled/remainder loops to the kernel loop. Read more at Vector Essentials,
Ime  lime Loop Type Wihy No Vectorization? Utilizing Full Vectors...
[#[loop in runCForallLambdaloops) 0.0845 0.0945 [] Scalar vector dependence prevents vector.., Recommendation: Align memory access

[ [lop in runCForallLambdal oops] 0.1405 3.7445 [] Scalar inner loop was already vectorized Projected maximum performance gain: High

EV [loop in std:: Complex_base<double,struct C double_complexi... | 0.031s 0.031¢ W Vectorized (Body) Projection confidence: Medium

The compiler created a peeled loop because one of the memory accesses in the source loop does not

Vectorized S3E; SSEZ loop processing Float3Z; Floatf4 data type(s) having Divisions; Square Roots operations start at a data boundary. Align the memory access and tell the compiler your memory access is aligned.
Peeled loop; loop stuts were reordered This example aligns memory using a 32-byte boundary

[#I{loop in stdbasic_string <char,struct std:ichar_traits<chars,class stdzallo.., 0,005 5440.., [] Scalar nonstandard loop is not a vectoriza.. float *array;

#[loop in std:basic_string<char,struct std:ichar_traits <char>,class stdksallo..,  0.000s 544.0.., [7] Scalar nonstandard loop is not a vectoriza... array = (float *) mm_malloc(ARRAY_SIZE®sizeof(float), 32);

[#{loop in stdznum_put<char,class stdzostreambuf iterator<char struct st 0.000s 0.2345 [] Scalar nonstandard loop is not a vectoriza... 11 Scamdhare tlse

__assume_aligned(array, 32);
// Use array in loop

3. Analise de Dependéncia 4. Analise do padrao de acesso a memoria

Site Name Site Function Site Info Loop-Carried Dependencies Strides Distribution Access Pattern
loop_site_ 203 runCRawloops runCRawloops.coc1063 @ RAW:L No information available No information available
loop_site_ 139 runCRawloops runCRawLoops.coc622  No information available W399 36% / 23 Mixed strides

ID @ Type Site Name Sources Modules State loop_site_ 160 runCRawloops runCRawloops.ox925 No information available 100% /0% /0% All unit strides

P1 @  Parallel site information site2 dqtest2.cpp dqtest2 v Not a problem | .o access patterns

P2 @ Read after wiite dependency  site2 dqtest2.cpp dqtest2 R New D ® Stidew Type Source Modules  Alignment

P3 @ Read after wiite dependency site2 dqtest2.cpp dqtest2  ReNew @ ool ; Dink sfticle qeChawt oops:oatd’ | sk exe

m x| Write after write dependency | site2 dqtest2.cpp dqtest2 INew

PS @  Wiite after wiite dependency site2 dqtest2.cpp dqtest2 R New

P6 @ Wiite after read dependency  site2 dqtest2.cpp dqtest2 R New o e oo CRankioopnoiot |k

P7 @ Wiite atter read dependency site2 dqtest2.cpp; idle.h dqtest2 R New -1575; -63; -26; -25; -1; 0; 1; 25; 26; 63; 2164801 Variable stride runCRawloops.coc628  Icals.exe

il &=

31 &= 64-1;

plip] [2] += b[31][i1]:
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P1: Onde a vetorizacao sera mais benéfica.

ere should | add vectorization and/or threading parallelism? D

%Survey L » Refinement Reports & Annotation Report | Suitability Report
time: 8,525 | | Vectorized || Not Vectorized | FILTER: |All Modules | | All Sources v
. . . Why No
Call Sites and Loops & | @ Vectorlssues Self Timew Total Time Loop Type Vectorization?
p at fractal.cpp:179 in <lambda1>:op... ¥ 4 High vector ...  0,013s| 12,020s @@ Collapse Collapse
oop at fractal.cpp:179 in <lambdal>::0... ®  Serialized use.. 11,281s 1 | Vectorized (Body)
oop at fractal.cpp:179 in <lambdal>::0... § 2 Data type co ... 0,000s | 0,163s| Peeled
oop at fractal.cpp:179 in <lambdal>::0... ¥ 2 Datatypeco... 0,000s | 0,576s) Remainder
p at fractal.cpp:177 in <lambdal>:oper.. [ ] % 2Datatypeco.. 0,010s1 12,030s @ Scalar
Line ‘ Source Total Time % ‘ Loop Time‘ 9
163 B for (int x = x0; x < x1; ++x) { 10.822s @@
[loop at fractal.cpp:163 in <lambdal>::operator()]
Scalar Loop. Not vectorized: outer loop was not auto-vectorized: consider usj
No loop transformations were applied
164 B for (int v = y0; v < vl; ++y) { 10.822s .

[loop at fractal.cpp:164 in <lambdal>::operator()]
Scalar Loop. Not vectorized: vectorization possible but seems inefficient. Us
Loop was unrclled by 2

fractal data array[x - x0][y - y0] = calc one_pixel(x, ¥y, 10.822s ()

167 }

168 for (int v = yv0, y_temp = 0; ¥ < v1; ++y, ++v_temp) {

169 area.set_pos(0, v - v0);

170 for (int x = x0, x_temp = 0; x < x1; ++x, ++x_temp) {
m area.put_pixel(fractal_data_array[x_temp] [v_temp]):’
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P2: Detecta problemas e fornece
recomendacoes

Z,

L
=
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S
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A Where should | add vectorization and/or threading parallelism? & Intel Advisor XE 2016

Summary %SurveyReport » Refinement Reports £ Annotation Report { Suitability Report

i Elapsed time: 8,81s Vectorized Not Vectorized [ FILTER: | All Modules v | | All Sources v o
v . Vectorized Loops A
Function Call Sites and Loops & | @ Vectorlssues Self Timew Total Time Loop Type | Why No Vectorization? -
X X Vecto.,.‘ Estim... ’ Vector Len
moyeesees  (Click to see recommendation 11,460s @B Scalar
1> O [loop at arena.cpp:288 in thb:tbb::] ] 0,000s1 11,460s @@ Scalar
= [loop at fractal.cpp:179 in <lambda1>::0p... ® 5 Ineffective ..., 0,000s| 2,022s10 Collapse Collapse
1> O [loop at fractal.cpp:179 in <lambdal>:o.. [ ] @ 2Datatypeco.. 0,000s | 2,02250 Remainder
v
>
4 ¢ Recommendations | @
~
| & 3 | Issue: Ineffective peeled/remainder loop(s) present
All or some source loop iterations are not executing in the loop body. Improve performance by moving source loop iterations from
| @ 5 | peeled/remainder loops to the loop body.
() Disable unrolling . i
The trip count after loop unrolling is too small compared to AdV|Sor ShOWS h|nts tO0 move nroll
factor using a directive. . .
ICL/ICC/ICPC Directive | IFORT Directive Iterations to vector bOdy
#pragma nounroll !DIRS NOUNROLL
#pragma unroll IDIRS UNROLL
Read More:
e User and Reference Guide for the Intel C++ Compiler 15.0 > Compiler Reference > Pragmas > Intel-specific Pragma
Reference > unroll/nounroll. v




Ntcleo Avangado de Computagao de Alto Desempenho High Performance Cloud Computing

P3: Verifica dependéncia de dados

#| Check for loop-carried dependencies in your application

tt 3 Refinement Reports Annotati

Site Name  Site Function  Site Info Loop-Carried Dependencies Strides Distribution  Access Pattern
loop_site_6  main main.cpp:13 @RAW:T AwWART &Awaw: Mixed strides

Detected
dependencies

Correctness Report

ID @ Type Sources Modules State
P1 Parallel site information main.cpp test_l.exe  « MNota problem
P3 @  Read after write dependen Bop_site_6  crtexe.c; main.cpp test_l.exe R New
P4 @ \irite after write depende loop_site_6  crtexe.c; main.cpp test_lexe R New
X

Write after read dependency |loop_: crtexe.c; main.cpp |te

D Description Source Function Module State
=317 Read rnain.cpp:22 main test_T.exe R New
Y20 k += a[9]:
21 k *= a[8];
22 k -= a[7]:
23 k += a[6]:
24 k *= a[5];
=X18 Read main.cpp:23 main
Nal k *= a[8]; . 5
2 K - al71; Source lines with Read and
23 k += a[6]:

Write accesses detected
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P4: Analise do padrao de acesso a memoria

Stride distribution

A Check memory access patterns in your application D Intel Advisor XE 2016

Summary . Survey Report 9 Refinement LM 4 Annotation Report | Suitability Report

Site Name | Site Function | Site Info ‘ Loop-Carried Dependencies | Strides Distribution Access Pattern

loop_site_79  operator() fractal.cpp:179 No information available 100% / < 1,0000%/ w Mixed strides
loop_site_93 .cpp: i i i _ 100% /0% /0% | Al unit strides
loop_site_94 operator() i

All memory accesses are unlform with zero unit stride,

so the same data is read in each iteration
We can therefore declare this function using the omp

Memory Access Patterns Report
‘ \ Stride ‘Ty =

1@P18 @ 0 ride
=P21 @ 0 Unit stride
N 64 color_t color;
65
66 £x0 = x0 - size_x / 2.0%;
67 fy0 = y0 - size_y / 2.0%;
68 fx0 = £x0 / magn + cx;
=P24 @ 0 Unit stride fractal.cpp:68 fractal.exe
N 66 fx0 = x0 - size_x / 2.0f;
67 fy0 = y0 - size_y / 2.0%;
&8 fx0 = £x0 / magn + cx;
69 fy0 = £fy0 / magn + cy;
70
P27 @ 0 Unit stride fractal.cpp:69 fractal.exe
P30 @ 0 Unit stride fractal.cpp:74 fractal.exe v
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LAB 03: Vectorization Advisor

* Obijetivos:
— ldentificar loops que mais serao beneficiados pela vetorizacao.
— ldentificar o que esta bloqueando vetorizacao.
— Aumentar a confianca de que a vetorizacao é segura.
— Explorar o beneficio da reorganizacées de dados.

* Arquivos:
— handson/lab03/pricing.tar.gz
— Copie para sua area de trabalho e segue as instru¢des dada.

« Tutorial detalhando disponivel em:

— https://software.intel.com/en-us/intel-advisor-tutorial-vectorization-
linux-cplusplus
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LAB 03

Caodigo de exemplo - Black-Scholes Pricing Code

“a mathematical model of a financial market containing certain derivative in High Performance
Parallelism Pearls

instruments.

Exemplo retirado do livro “High Performance Parallelism Pearls”
Caodigo fonte: http://lotsofcores.com/pearls.code

Artigo sobre otimizagao deste método
https://software.intel.com/en-us/articles/case-study-computing-black-schole s

advanced-vector-extensions
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Criando Projeto

pricing_advisor - Project Properties

Analysis Target | Binary/Symbol Search @ Source Search

¥ [ Survey Analysis Types
% Survey Hotspots Analysis
T Survey Trip Count Analysis
¥l suitability Analysis
v [ Refinement Analysis Types
& Dependencies Analysis
~ Memory Access Patterns Analysis

‘:Survey Launch Application | v |

Specify and configure the application executable (target) to
analyze. Press F1 for more details.

@ No application executable (target) file specified.

Application: | L | Browse...
Application paramete v Modify...
ion directory as working directory
v Browse...
User-defined environment variables:
| | Modify...

Child application: \:’

[ Analyze loops that reside in non-executed code paths

‘ ] use MPI launcher

)IC

-

Ok | cancel |
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High Performance Cloud Computing

Indicar o diretério do codigo-fonte

>

pricing_advisor - Project Properties

Analysis Target = Binary/Symbol Search | Source Search

Additional Source File Locations

Specify local directories to include in the search. Press F1 for more details.

® Specify at least one directory in the Source Search tab before using the Suitability or

Dependencies tools.

Search Directories

Inclua o diretério que
contenha os fontes
T | & (%
| Search recursively
Exclude the following Files:

Mask File

\» OK | Cancel
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Welcome |€000 3§ ’ -

Flapsed time 5 Not Vectorized|[ 7| ' °
AllModules ~ m AllThreads ~

Vectorization Advisor

Vectorization Advisor is a vactorization analysis tool that lets you identify loops that will benefit most from
vectorization.

Program metrics
Elapsed Time: 3,30s
Vector Instruction Set: None Number of CPU Threads: 1

& Loop metrics

Total CPU time 3.29s I 100,0%
Time in 0 vectorized loops  0s
Time in scalar code 3,29s [ 100,0%

(3) Vectorization Gain/Efficiency (Not available)®
® Top time-consuming loops®

Loop Source Location Self Time? Total Time?
& GetOptionPrices pricing1.cpp:46 0,600s 3,280s
G main pricing1.cpp:74 0,010s 0,010s
® Collection details
- Passos:
Platform information
CPU Name: Intel(R) Core(TM) i5-4210U CPU @ 1.70GHz 1 U COIeta ros dados
Frequency: 2,40 GHz 2. Visualizar o resumo

Logical CPU Count: 4 . Z g ong
3. Analisar o relatdrio de sustentabilidade
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s Pa XTd AU & O

Welcome | €000 3¢ v
clsed time: 3¢ [INEHENEEH IEORBVARRGRERY | 2

FILTER: | AllModules ~|| AllSources ~|| Loops ~+|| AllThreads -~| INTEL ADVISOR 2017

@ summary 2% SurveyReport % Refinement Reports

A Higher instruction set architecture (ISA) available
Consider recompiling your application using a higher ISA.

Veckc
[=] Function Call Sites and Loops & | Vectorlssues Self Timev Total Time |Type Why No Vectorization? =
ect.
T T Y T
3O [loop in GetOptionPrices at pricing1.c... §{C] ©2Assumed depen... 0,496s HEEN 3,388 HEEEE Scalar 8 vector dependence prevents ...
310 [loop in main at pricing1.cpp:74] (7J @ 1Assumeddepen... 0,022s! 0,022s( Scalar 8 vector dependence prevents ...
»
' Source TopDown CodeAnalytics Assembly ¥ Recommendations & Why No Vectorization?
Line Source TotalTime| % |LoopTime| % Traits

44 float dl, d2, pl, p2;

45

46 for (i =0; i <N; i++) 3,388s

47 {

48 dl = (log(pSO[i] / pK[i]) + (r + sig * sig * 0.5) * pT[i]) / (sig * 0,464s | e
49 d2 = (log(pSO[i] / pK[i]) + (r - sig * sig * 0.5) * pT[i]) / (sig * H
50 pl = cdfnormf(dl); 1,306s Bl

51 p2 = cdfnormf(d2); 1,106s I

52 pC[i] = pSO[i] * pl - pK[i] * exp((-1.0) * r * pT[i]) * p2; 0,512s 1

53 }

Selected (Total Time): 0s >

3
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Recomendacoes

‘s e CTBRAY & @

Welcome | €000 3¢ v
capsedtime: 42+ O IO |~ :

FILTER: | AllModules ~|| AllSources ~|| Loops || AllThreads -/ INTEL ADVISOR 2017

¥ summary 2% SurveyReport % Refinement Reports

A Higher instruction set architecture (ISA) available
Consider recompiling your application using a higher ISA.

Veckc
[=] Function Call Sites and Loops & | Vectorlssues Self Timev |Total Time |Type Why No Vectorization? ot
ect.
/G [loop in GetOptionPrices at pricing1.c... © 2 Assumed depen... 0,496s HEEE 3,388s HEEEM Scalar 8 vector dependence prevents ...
315 [loop in main at pricing1.cpp:74] (] ¢ 1Assumeddepen... 0,022s! 0,022s( Scalar 8 vector dependence prevents ...

(¢ " ) »

Source Top Down CodeAnalytics Assembly ¥ Recommendations & Why No Vectorization?

Issue: Assumed dependency present

The compiler assumed there is an anti-dependency (Write after read - WAR) or true dependency (Read after write - RAW) in the loop. Improve performance by investigati
the assumption and handling accordingly.

(>) Recommendation: Confirm dependency is real Confidence: @ Need More Data
There is no confirmation that a real (proven) dependency is present in the loop. To confirm: Run a Dependencies analysis.

Issue: Data type conversions present
There are multiple data types within loops. Utilize hardware vectorization support more effectively by avoiding data type conversion.

(>) Recommendation: Use the smallest data type Confidence: @ Low

The source loop contains data types of different widths. To fix: Use the smallest data type that gives the needed precision to use the entire vector register width.
Example: If only 16-bits are needed, using a short rather than an int can make the difference between eight-way or four-way SIMD parallelism, respectively.
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Checar dependénc

™ Ve B AN & O
Welcome | €000 3§

clapsedtime: 1.+ [ INRESNEES IEOMBRNAREANERY | :

FILTER: | AllModules ~|[ AllSources +|[ Loops -|[ AllThreads +| INTEL ADVISOR 2017
@ summary %% SurveyReport @ Refinement Reports

Site Location Loop-Carried Dependencies |Strides Distribution Access Pattern Max. Site Footprint

@ [loop in GetOptionPrices at pricing3.cpp:..| ¥ No dependencies found No information available |No information available|No information availabl

«

Memory Access Patterns Report Dependencies Report | ¥ Recommendations

D @ Type SiteName 'Solrces TMogules Stace Severity
P1 Parallel site information loop_site_4 pricing3.cpp pricing.exe v Nota problem Information 1item
Type
Parallel site infor... 1item
Source
pricing3.cpp 1item
Module
ID | Instruction Address |Description |Source Function Variablereferences |Module  |State|| pricing.exe 1item
¥ X1 0x401187 Parallelsite [ pricing3.cpp:47 GetOptionPrices pricing.exe v Not State
K ' Not a problem 1item

«( . S , ¥ Sort By ltem Name‘
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Implementar as recomendacoes

‘s PE CTTBRAY & @

Welcome | €000 3§ v

clapsedtime: 3z [ EHEHESY [ EORVRGESARH .

FILTER: | AllModules ~|| AllSources ~|| Loops || AllThreads -/ INTEL ADVISOR 2017
@ summary % SurveyReport ' Refinement Reports
A Higher instruction set architecture (ISA) available

Consider recompiling your application using a higher ISA.

Veckc
Vect.
110 [loop in GetOptionPrices at pricing1.c... € 2 Assumed depen... 0,496s HEEE 3,388s NI Scalar @ vector dependence prevents ...
310 [loop in main at pricing1.cpp:74] [(J @ 1Assumeddepen... 0,022s! 0,022s( Scalar @ vector dependence prevents ...

[=] Function Call Sites and Loops & | Vectorlssues Self Timev |Total Time |Type Why No Vectorization?

Source Top Down Code Analytics = Assembly ‘¥ Recommendations & Why No Vectorization?

¢ HUN a Uepenaencies analysis 10 CNecK IT the 100p Nas real Gepenaencies. 1 nere are WO Types Of aepenaencies:
© True dependency - Read after write (RAW)
o Anti-dependency - Write after read (WAR)

* If no dependencies exist, use one of the following to tell the compiler it is safe to vectorize:
o Directive to prevent all dependencies in the loop

Target ICL/ICC/ICPC Directive IFORT Directive
Source Loop | #pragma simd or #pragma omp simd | IDIR$ SIMD or I$OMP SIMD

o Directive to ignore only vector dependencies (which is safer)

Target | ICL/ICC/ICPC Directive | IFORT Directive E
Source Loop | #pragma ivdep IDIRS IVDEP

o restrict keyword
e |f anti-dependency exists, use a directive where k is smaller than the distance between dependent items in anti-dependency. This enables vectorization, as
dependent items are put into different vectors:
Target ICL/ICC/ICPC Directive IFORT Directive
Source Loop | #pragma simd vectorlength(k) | IDIR$ SIMD VECTORLENGTH (k)
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Rodar Survey Analysis
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Welcome €000 b 4 ’ = ‘
i | Elapsedtime: 3,14s [[CNectonzed] [ NOEVectonzed|
SR INTEL ADVISOR 2017

Line Source TotalTime| % | LoopTime| % Traits

4z {

43 int i;

44 float dl, d2, pl, p2;

45

46 for (1 = 0; i < N; i++) 3,120s -

47 {

48 // conversao de double para float

149 dl = (logf(pSO[i] / pK[i]) + (r + sig * sig * 0.5f) * pT[i]) / 0,472s 1

- . . . . . |
D a 0 a 044s []

52 p2 = cdfnormf(d2); 1,112s 1

53 pC[i] = pSO[i] * pl - pK[i] * expf((-1.0f) * r * pT[i]) * p2; 0,492s 1

54 w

55 }

56

57 double start, finish;

ss  double t; cdfnormf(x) = 0.5f + 0.5f*erf(x)

59

60 int main(int argc, char *argv[])

o ! Selected (Total Time): 1,044s =

«C ) D) T 0>

»

Annotations Example |
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Uso de Instrucoes Vetoriais AVX

‘s e CTBRAY & @

wWelcome | €000 3¢

clapsedtime: o1+ [ INRESNEES IETMBRNARERNER] |~ .

FILTER: | AllModules ~|| AllSources || Loops ~|| AllThreads - INTEL ADVISOR 2017

@ summary % SurveyReport | Refinement Reports
A Higher instruction set architecture (ISA) available

Consider recompiling your application using a higher ISA.

Vec!
Vec!
#O [loop in main at pricing5.cpp:83] 0,010s 1 0,010s 1 Vectorized (Body) SSE

5@ [loop in GetOptionPrices at pricings.cpp:4s] IIE!EEE_E

[=] Function Call Sites and Loops & |Vectorlissues Self Timev |Total Time |Type why No Vectorization?

( m ] v

Source Top Down CodeAnalytics Assembly ¥ Recommendations & Why No Vectorization?

Issue: Potential underutilization of FMA instructions ‘

Your current hardware supports the AVX2 instruction set architecture (ISA), which enables the use of fused multiply-add (FMA) instructions. Improve performance by
utilizing FMA instructions.
(>) Recommendation: Target the AVX2 ISA Confidence: ¢ Low
Although static analysis presumes the loop may benefit from FMA instructions available with the AVX2 ISA, no AVX2-specific code executed for this loop. To fix:
Use the xCORE-AVX2 compiler option to generate AVX2-specific code, or the axCORE-AVX2 compiler option to enable multiple, feature-specific, auto-dispatch code
generation, including AVX2.
Windows* OS Linux* OS
/QxCORE-AVX2 or /QaxCORE-AVX2 | -xCORE-AVX2 or -axCORE-AVX2

Read More:

e ax, Qax; x, Qx
® Code Generation Options in the Intel® C++ Compiler 16.0 User and Reference Guide
e Compiling for the Intel® Xeon Phi™ processor x200 and the Intel® AVX-512 ISA and Vectorization Resources for Intel® Advisor Users
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Welcome | €000 3§

Elapsed time 0,005 [CINectorzed| —\E °
m INTEL ADVISOR 2017

¥ summary

D

Vectorization Advisor

Vectorization Advisor is a vectorization analysis tool that lets you identify loops that will benefit most from
vectorization.

® Program metrics

Elapsed Time: 0,09s
Vector Instruction Set: AVX Number of CPU Threads: 1

® Loop metrics

Total CPU time 0,08s NG 100.0%
Timein 2 vectorized loops 0,085 [ 100,0%
Time in scalar code 0s

® Vectorization Gain/Efficiency”
Vectorized Loops Gain/Efficiency 8,43x [E100200 e |

Program Theoretical Gain 8,43x

® Top time-consuming loops®

Loop Source Location Self Time? Total Time?
5 main pricing5.cpp:83 0,012s 0,012s
& GetOptionPrices pricing5.cpp:49 0,008s 0,068s

(® Collection details

® Platform information
CPU Name: Intel(R) Core(TM) i5-4210U CPU @ 1.70GHz
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ldentificando Oportunidades de

Inserindo

Paralelismo

as “anotacoes” do Advisor para executar a proxima

fase: Check Suitability

1__declspec(noinline) void GetOptionPrices(float *pT, float *pK, float *pSO, float *pC)

{
int i;
float d

1/ /#pragma

//#pragma
#pragma
#pragma
ANNOTAT
for (i

{

1, d2, p1, p2;

cilk grainsize=256
omp parallel for
ivdep

unroll(4)

E_SITE_BEGIN( MySitel ); // Place before the loop control statement to begin a parallel code region (parallel site).
=09; i< N; i++)

ANNOTATE_ITERATION_TASK( MyTaskl ); // Place at the start of loop body. This annotation identifies an entire body as a task.

/* -
dl
d2
pl
p2
pC[i]

¥

Float usage */
(logf(pS@[i] / pK[i]) + (r + sig * sig * @.5Ff) * pT[i]) / (sig * sqrtf(pT[i]));
(logf(pS@[i] / pK[i]) + (r - sig * sig * @.5Ff) * pT[i]) / (sig * sqrtf(pT[i]));

cdfnormf(dl);
cdfnormf(d2);

= pSO[i] * pl - pK[i] * exp((-1.8f) * r * pT[i]) * p2;

ANNOTATE_SITE_END(); // End the parallel code region, after task execution completes

Linux - Compilando / Link com Advisor
icpc -O2 -openmp 02_pricing.cpp

-0 pricing.exe
-l/opt/intel/advisor_xe/include/
-L/opt/intel/advisor_xe/lib64/
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|dentificando Oportunidades de
Paralelismo

('\

i B Ee Pea CTBREAUEA & @
Welcome |€000 8] v.

e 1|8 .
INTEL ADVISOR 2017

E

Report efinement Reports  { otation Report ¥{ Suitability Report

Maximum Program Target System: \ CPU v | Threading Model: ]:Intel CilkPlus | v | CPUCount: \2 v
Gain For All Sites: 1,34x - - - 5
l Site Source Impact to Program Combined Site Metrics, All Instances Site Instance
Serial time: 1,293s |Label |Location Gain : i Metrics, Parallel Ti...
Predicted Parallel time: 0.9665 oc Total Serial ... ’TotalParallel ‘ Site G...
solve pricing6.c... 1,34x 1,244s 0,916s 1,36x 0,916s
ste pertormance scalabily |[SiaBetalls] |
Scalability of Maximum Site Gain Loop Iterations (Tasks) Modeling Runtime Modeling (]
64x Avg. Number of Avg. Iteration - e can s
o Iterations (Tasks): (Task) Duration: || ReduceSite Overhead
32x 6000000 <0,000s B
2 16x4 || ReduceTask Overhead
x 0,008x 0,008x
3 8xq 0,040x 0,040x [ ReduceLock Overhead
3 0,200x 0,200x
@ 1x (6000000) 1x (< 0,000s) ["] Reduce Lock Contention
g 5x 5x
) 25x 25X [ Enable Task Chunking
2 125x 125x
2 4 8 16 32 64 Apply
CPU Count
16.1% Load Imbalance: 0,147s -
Min Task Time: <0,000s
Max Task Time: <0,000s .
Warning ~

32. 1% Runtlme Overhead: 0,294s ~ & Current tasks are too fine-grain, and not
d: <0.000s effective for multi-threading. =
4 " ) y
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LAB 03: Threading Advisor

* QObijetivos:

— ldentificar oportunidades de paralelismo multithread

* Arquivos
— handson/lab03/nqueens_advisor
— Copie para sua area de trabalho e segue as instrucdes dada.

« Tutorial detalhando esta disponivel em:

— https://software.intel.com/en-us/intel-advisor-tutorial-
vectorization-linux-cplusplus
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Mais Informacoes

Modernizacao de codigos:

. INTEL® XEON PHI™
— https://software.intel.com/en-us/modern-code HIGH PEREORMANGE
PROGRAMMING
Books: e

— Intel Xeon Phi Processor High Performance programming:
Knights Landing Edition

— High Performance Parallelism Pears
— lotsofcores.com

High Performance
Parallelism Pearls




