Multicore

Multicore curiculum

Motivation

Moore’s Law: the number of transistors double every 18
months
Héading toward 1 billion transistors in 2007 ’ T 1:000,000,000

.
¢

100,000,000
Pentium® 4 Processoy; %

Fentium® Il Pfocessor

Pentiym® I Processor 10,000,000
xentl Im® Processar,
AB6™ DY Broce: P 1,000,000

386™ Processor

- 100,000
wV

10,000
80
400 1,000
1970 1980 1990 2000 2000 g
Multicore curiculum =2l

L8

Memory capacity also increases
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How to go parallel?

« VLIW Processors

« Superescalar Processors
— Hyperthread

« Multi-core
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Very Long Instruction Word

Instruction (8 operations)

I 1
:

Time

Processor (8 Functional Units)
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VLIW

« Advantages

— Easy to implement in hardware
 Several similar tiles
« Donotrequire a huge control logic

» Disadvantages
— Difficult to generate good code
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Superscalar Processor

Instructions
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Time

Processor (8 Functional Units
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Superscalar Processor

- Advantage
— Transparent to the software

— The processor is able to use dynamic
information to find the parallelism

— Speculative code execution
» Disadvantage

— Can not always find instruction for each
functional unit

— Detecting parallelism in hardware requires
alot of area
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Hyperthreading Technology
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Hyperthreading Technology

« Requirements
— 2 Different

* Program counter

» Register banks

« Status registers
—The same

» Functional units

» Caches
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Hyperthreading Technology

- Advantage

— Uses the available functional units to
execute a second thread

— Capable of executing code during a stall of
the other thread (cache miss, etc)
+ Disadvantage
— Threads usually need the same functional
unit
— 2 threads at the same time, but only 30%
of typical speedup

— Multicore caricalum
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Chip Multiprocessing (CMP)

2 Cores 4 Cores

L1 Cache | L1 Cache

L1 Cache |L1 Cache |L1 Cache | L1 Cache

L2 Cache L2 Cache

A cache L2 também pode ser dividida!
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Intel Dual Core Pentium
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AMD Dual Core

HyperTransport”™ technology
links provide up to 24 GBIs peak
per processor,

64GBls @
DDR-400
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Intel Roadmap
Intel’ Desktop Dual/Quad-Core Roadmap
2007 Future
@ljl
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AMD Dual Core
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AMD Quad Core
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AMD Roadmap
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AMD abre o padrao de barramento

An Open Platform

Direct Connect Architecture

Imagine It, Build It...
* HTX Slot
+ Customer Centric
Accelerators
- Media
- FLOPs, XML, Gaming
Physics, etc.
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AMD Vision Roadmap

AMD64 Continued Leadership
' -
Price Performance Performance Per Watt

2005 2006 2007 2008
AMD
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SUN Niagara

Core
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SUN Niagara

I Ix‘!

UltraSPARC-Core
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IBM Cell

Cell Broadband Engine Processor
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IBM Cell

Chip Multiprocessing

« Advantages
— Simpler cache coherency circulit
— Simpler chip packaging
— Sharing L2 reduces the total chip area

— Easier to replicate the same, already
tested, cores several times in the circuit

+ Disadvantages
— Requires software redesign
— The memory wall problem increased
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Andlise de Desempenho
« Como medir o desempenho de um
software?
—Tempo
« Usuario
« Sistema
* Real
« Como medir o desempenho de um
software multithread?
—Tempo?
Multicore curiculum
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Scientific Computing Demand
Grand Challenge problems | ™
Global change
Human genome
Fluid turbulence
178 gemrleavn;lr‘qnnc:
Vacous T dymamics
Superconductor modeling
100 GB Quantum chromo dynamics.
E 0GB Structural
z Vehicle biology
E signature  Pharmaceutical design
5 1o 72-hour
2 weather
100 MB |~ 48 hour 3D plasma
weather modeling Chemical dynamics
toms - 20, O:rl\::m;nmg”
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Como medir o tempo?
« Exemplo:
— Processo totalmente paralelizavel
1 Proc. 2 Proc. 4 Proc.
Usuario 20s
Sistema 2s
Real 22s
—— Multicore curiculum
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Como medir o tempo?

Espago de Enderegamento

« Como garantir o compartilhamento de
dados através da meméria?
« Espago de enderegamento Unico

— O enderego 1000 para processador 1 é
exatamente o mesmo para qualquer outro

— Mecanismo fortemente dependente da
interconexéo

—Nao escala muito bem no caso de
barramentos
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« Exemplo:
— Processo 60% paralelizavel
1 Proc. 2 Proc. 4 Proc.
Usuario 20s
Sistema 2s
Real 22s
LSCEE. e 51
Endere¢gamento

« Multiprocessamento simétrico

— Capacidade de qualquer processador
executar qualquer tarefa, acessando os
mesmos dados

« Arquiteturas NUMA

— Cada processador tem seu espago de
enderegamento

— S&o0 necessarias operagdes especiais para
transferir dados entre os processadores
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Barramentos

« Fonte de contencéo de sistemas
grandes

« Experimentos com simulagao
— Varios mestres (processadores)
— Mestres com prioridades diferentes
— Diferentes quantidades de escravos

(memdarias)

— Variagao na quantidade de memarias
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Esquema do Experimento
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How to program?
« Operating systems support
— Linux, peLinux, VxWorks, WInCE, etc.
— Every process/thread in a different core
— Several programs can execute at the same
time — real parallel execution
+ Thread libraries
— pthreads, Windows Threads, OpenMP
— Take advantage of multiprocessing inside
the same program
0 Multicore curiculum
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Programming
« Operating systems concepts
—Process
* Basic code execution unit
« Memory protection between two different process
— Threads
+ Process sub-unit
+ One process can have more than one thread
+ No memory protection between two threads of the same
process
» No overhead to share memory between two threads
—_ Multicore curicalum
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New Programming Issues

« |dentify the concurrency
— Break the program into several parts that
can be runin parallel
« Algorithm design
— Describe, efficiently, the program parts to
run in parallel
« Communication
— Efficiently share data between every
program part
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Exemplo: Como paralelizar?

Data Reconstruction

Frame Unpacking

=
E
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Quebrar em fases
&

Audio Synthesis
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- Data Flow
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Program Classification

« Trivially parallelizable (10%~20%)
— Just replicate the code for each core and
execute the same algorithm
— Ex.: Web server, some multimedia
algorithm
« Parallelizable (~60%)
— Requires some program, or data structure,
adaptation to work in parallel
Difficult to parallelize (20%~30%)
— The algorithm needs to be redesigned

.
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Using threads

« Two usual thread libraries
—pthreads
— Windows Threads

« Advantages
— Control of the parallelism
— Explicit code division
— Explicit API available

Multicore curiculum




OpenMP

« Library for code parallelization

« Uses #pragma to define parallel
regions

— The programs can still be executed serially
Automatically detects the number of
processors

— The programmer is not required to know
the number of processors available

» Needs compiler support

.
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Example: (primo.c)

#include <stdioc.h» int main()
#include <math.h> {
#define LIMIT 5000000 int quant = 0, n;

int prime(int n)
{

n)

i

for(n = 2; n < LIMITE; n ++) {
quant += prime (n);

printf (*Number of primes lower
than %d: %din", LIMIT, quant);
root = (int) sqrt ((double) )

int root, f;

for(f = 2; £ <= root; f ++)
if (n % £ == 0)
return 0;

return 1;
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Results
« Both code executed dual Xeon with
hyperthread (4 logic processors)
+ Without OpenMP
—16,49s
« With OpenMP
—6,84s
Multicore curiculum 55

Example
#include <stdio.h>
main () + 1 processor
{ Hello World
#ipragma omp parallel
{
puts ("Hello
wo}rld )e + 4 processors
1 Hello World
Hello World
Hello World
Hello World
— Multicore cariculum
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Com OpenMP
int main ()
{
int quant = 0, n;
#pragma omp parallel for
for(n = 2; n < LIMITE; n ++) {
int p = prime (n);
#pragma omp critical (quant)
quant += p;
}
printf ("™ Number of primes lower than
d: %d\n", LIMIT, quant)r
}
— Multicore cariculum
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Outras técnicas
« Outras técnicas de aumentar o
desempenho tirando proveito do
paralelismo:
— Biliotecas especiais SIMD
* Intel IPP
* Intel MKL
— Helper threads
— Multicore cariculum
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De onde tirar desempenho?

« Sistemas convencionais estao
chegando no limite de freqléncia
— Consumo de energia estd aumentando

» Muitos transistores disponiveis por chip

— Maior capacidade de produgao de
hardware?

* Uma possivel solugao
— Sistemas multicores

Multicore curiculum

Eficiéncia no uso de energia

Power-Efficient Processor Design

HArchitecture Trend

Intel486 (0.8u) Pentium® 4 (0.18u) Factor
Transistors: 1.2M 42M 35x
Frequency: 5 2000MHz 40x
Voltage 1.65V S
Max Peak Power: 100W 20x
Power/Transistor: .2y 2.4uW 6
Die Size 0.73cm? 2.17cm?
Power Density: 6.8W/cm? 48W/cm?
Task (example) 10 sec 0.125 sec

Max switches/Sec: 60x102 84,000x10'2
Max Switches/Task: 600x10'2

Energy/Transistor
Energy/Task:
* Act

intel Microprocessor
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Consumo de energia
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Por que reduzir o consumo?

« Prolongar a duracao de bateria
Evitar problemas de aquecimento
+ Minimizar tamanho de dissipador
— Redugéo de area
—Redugéo de peso
« Garantir usabilidade
—Ex.: Sensagao de teclado quente

.

Multicore curiculum

60




Paralelismo: Visao da Intel

Many-core Era
Massively paraliel
applications
1004
Increasing HW
Threads

Per Socket Multi-core Era

ne
parallel applications

+

" T + T
2007 2009 2011 2013

Multicore curiculum

Motivagao

- Dificuldade em aumentar a freqliéncia
de operagdo sem aumentar o consumo
de energia

+ A quantidade de transistores continua
aumentando

+ O que fazer com eles?

—Novos processadores no mesmo circuito
integrado

Multicore curiculum $
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Novos problemas

« |dentificar a concorréncia

— Quebrar o problema em vérias partes que
podem ser atacadas em paralelo

« Projeto do algoritmo
— Descrever, de forma eficiente, em varias
partes paralelas, a solugéo para o
problema
« Comunicagéao
— Usar meios eficientes para compartilhar
dados entre as varias partes do programa

Multicore curiculum
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Paralelismo em software

.

Sistemas operacionais

— Linux, peLinux, VxWorks, WInCE, etc.
Bibliotecas de threads

— pthreads, Windows Threads, OpenMP
« Funcionalidade minima

.

+ Detalhes mais adiante
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Tipos de multiprocessamento

« Homogéneo
— Vérios processadores idénticos
— Exemplo:
+ Dual ARM, Pentium 4 Duo, etc.
+ Heterogéneos
— Processadores diferentes

— Exemplo:
* RISC + DSP dentro de um celular ou tocador de MP3
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Abordagens

« Com sistema operacional

— Dois conceitos ja existentes: Processos e
Threads

— Processos
« Unidade de execucéo de codigo
» Protecdo de memoaria entre processos

—Threads
+ Sub-unidade de execugdo
« Um processo pode possuir varias threads

« Sem prote¢do de memoria entre threads de um mesmo
processo

Multicore curiculum




Usando threads

» Duas bibliotecas usuais
— pthreads para Unix
—Windows Threads
+ Vantagens
— Controle do paralelismo
— Divisao explicita do codigo
— APls disponiveis na forma de chamadas
de fungdes

+ S40 mesmo vantagens?

— Multicore caricalum
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OpenMP

+ Biblioteca para paralelizagédo de cédigo
< Utiliza #pragma para definir regides
paralelas

— Os programas devem continuar
funcionando na forma serial

+ Detecta o numero de processadores

— O programador n&o precisa definir o
numero de threads

+ Suporte de apenas alguns
compiladores

— Multicore caricalum
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Exemplo de uso

#include <stdio.h>

main () + Saida com 1 processador
{ Hello World
#ipragma omp parallel
{
puts ("Hello

wo}rld )e + Saida com 4 processadores
1 Hello World

Hello World

Hello World

Hello World

— Multicore caricalum
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Com OpenMP

int main()

{

int quantidade = 0, numero;

#ipragma omp parallel for schedule(static, 8)
for{numero = 2; numero < LIMITE; numero ++) {
int p = primo{numero);
#pragma omp critical (quantidade)
cquantidade += p;
1

printf ("Total de numeros primos ate %d: %din",
LIMITE, quantidade):
}

— Multicore caricalum
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Exemplo: (primo.c)
#include <stdioc.h> int main ()
#include <math.h> i
#define LIMITE 5000000 int quantidade = 0, numero:
for (numero = 2;
Tnt primo (int numerc) numero < LIMITE;
int raiz, fator; g T ——
raiz = (int) sqrt ((double) printf ("Total de numeros primos
numero) ; ate %d: %d\n", LIMITE,quantidade);
for (fater = 2; fator <= raiz; )
fater++)
if (numero % fator == 0)
return 0
return 1;
—— Multicore curiculum
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Resultados
« Executado num dual Xeon com
hyperthread (4 processadores ldgicos)
+ Sem OpenMP
—16,49s
« Com OpenMP
—6,02s
« Sem schedule(static, 8)
—6,84s
—— Multicore curiculum
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Tipos de programas

» Facilmente paralelizaveis (10%~20%)

— Basta replicar o codigo entre varios
processadores e/ou fragmentar os dados
— Ex.: Servidores web, alguns algoritmos
multimidia
« Paralelizaveis (~60%)

— Exigem modificagao no algoritmo para
funcionarem em paralelo

« Dificeis (20%~30%)
— O algoritmo tem que ser repensado,
reprojetado ou mesmo substituido

LSC COMPUTER Multicore curiculum
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