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O que &€ Charm++?

» (Kale & Krishman, 1993) Linguagem orientada a objetos portavel
e paralela baseada em C++

e (Acun et. al, 2014) Sistema de programacao paralela

« Desenvolvido pelo PPL (Parallel Programming Laboratory) da
Universidade de lllinois.

* Foco no modelo MIMD (Multiple-data Multiple-Instruction)
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Objetivos

 Portabilidade Eficiente (Maquina)
e Tolerancia a Laténcia
e Balanceamento de Carga Dinamico

* Reuso e Modularidade
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Atributos

» Over Decomposition

* Chares

» Asynchronous Message-Driven Execution
 Mensagens nao blogueantes

» Migratability
* Pup Framerwork e RTS

T
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RTS — RunTime System

 Mapeamento de objetos Chares em processadores fisicos
e Balanceamento de carga

* Roteirizacao de mensagens

* Ponto de restauracao (checkpointing)

e Tolerancia a Falhas

» Realocacao dinamica de recursos fisicos
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RTS — RunTime System

Visao do Usuario

Chare D

Chare B
Chare C[0] 205 | vold entryMethod_2(MyMessage *msa) |

[Chare cl2] 7 dlete rross
. Eham cn| = Int mylnt = 4;

- float myFloat = 3,041,
A entryethod 3y ing, roy Float):

Chara A

vold entryMetheod_110) {
daSameWork]):
MyMezsage meg = mew MyMessage(l:
B.entryMethod _2msg) J returns immediately
dahoreWork]);

I

hare C[5
Ehare C[3] @-
Chare E
Ehare C[4] _

I
void entryMethod_3(int var1, float varz) [ ...]

Visao do Sistema

Processor O Processor 1 Processor M-1
[ehare ciol] o recl
[Chaea |  [Charec3) [Chare Cl4)] L s [ chare |
Charm++ RTS/Converse Charm++ RTS/Converse Charm++ RTS/Converse
[Scheduler| fismmQens Scheduler | G [ Scheduler | (s Quas

Machine Layer Machine Layer Machine Layer

Interconnect

(CHARMPLUSPLUSa, 2015)
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Compilacao

decl.h
temp. _#- Ir d B, d ;hﬁ' " i, -
e include "yxx.decl. #include oo h
Finciude otfier header files Einclvde other header files
charmc
{charmax
u .n Cor.cpp
h=ader file source file

defh
temp.
file Finclude “xxx.def. h”

(CHARMPLUSPLUSD, 2015)
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Programacao

module MatrixCellMultiplicationChare

{

array [1D] MatrixCellMultiplicationChare
{
entry MatrixCellMultiplicationChare();
entry void multiplicate(long a[n], long b[n], int n);

mainmodule main

{

readonly CProxy Main mainProxy;
extern module MatrixCellMultiplicationChare;

mainchare Main

{
entry Main(CkArgMsg *msqg);
entry void setMatrixCResult(int index, long value);
entry void done();

O

MatrixCellMultiplicationChare.decl.h

D

MatrixCellMultiplicationChare.def.h

main.decl.h
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Programacao

~ MATRIX CELL MULTIPLICATION CHARE H
MATRIX CELL MULTIPLICATION CHARE H

class MatrixCellMultiplicationChare : public CBase MatrixCellMultiplicationChare

MatrixCellMultiplicationChare();
MatrixCellMultiplicationChare(CkMigrateMessage *msg);

void multiplicate(long* a, long* b, int matrix size);

H¥

#
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Programacao

"MatrixCellMultiplicationChare
"MatrixCellMultiplicationChare
"main.decl.h"

CProxy Main mainProxy;

MatrixCellMultiplicationChare: :MatrixCellMultiplicationChare()

{}

MatrixCellMultiplicationChare::MatrixCellMultiplicationChare(CkMigrateMessage #*msg)

{}

vold MatrixCellMultiplicationChare::multiplicate(long* a, long* b, int matrix size)

{

~int i = thisIndex / matrix size;
int j = thisIndex % matrix s

Iﬂng_reault = 0;

ze
ze;

1
i

(int k = 8; k < matrix size; ++k)
result += a[i * matrix size + k] * b[k * matrix size + j];

mainProxy.setMatrixCResult(thisIndex, result});
mainProxy.done() ;|

"MatrixCellMultiplicationChare.def.h"

INSTITUTO DE MATEMATICA E ESTATISTICA
UNIVERSIDADE DE SAO PAULO




Programac;éo

doneCount =
matrix size

(msg-=argc

1)

_matrix_ﬁize = atoi(msg-=argv[1l])};

numElements = matrix size * matrix size;
matrix a = long[numElements];
matrix b ong [numElements];
matrix c long[numElements] ;

generateMatrix(matrix_a, matrix b, matrix c, matrix size);

msg;
mainProxy = thisProxy;

CProxy MatrixCellMultiplicationChare cellMultArray =
CProxy MatrixCellMultiplicationChare: :ckNew(numElements});

cellMultArray.multiplicate(matrix a, matrix b, matrix size);

}

Main::Main(CkMigrateMessage * msq)

{}
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Makefile

CHARMDIR = CHARM++ DIR PATH
CHARMC = $(CHARMDIR)/bin/charmc $(OPTS)

default: all
all: multmatrix

multmatrix: main.o MatrixCellMultiplicationChare.o
$(CHARMC) -language charm++ -0 multmatrix main.o MatrixCellMultiplicationChare.o

main.o: main.C main.h main.decl.h main.def.h MatrixCellMultiplicationChare.decl.h
$(CHARMC) -o main.o main.C

main.decl.h main.def.h: main.ci
% (CHARMC) main.ci

clean:
rm -f main.decl.h main.def.h main.o
rm - MatrixCellMultiplicationChare.decl.h MatrixCellMultiplicationChare.def.h
rm - MatrixCellMultiplicationChare.o
rm -f multmatrix charmrun
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Maleabilidade

Aplicacao LeanMD rodando em um computador Stampede de 256 cores
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Fig. 5: Adapting load distribution on shrink and expand

(ACUN, 2014)
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LeanMD

 Aplicativo que simula o comportamento de atomos baseado na
potencia de Lennard-Jones.

« Escrita em cima do aplicativo NAMD ganhador do Gordon Bell
award 2002 também escrito em Charm++

« Caracteristicas
» Over-Decomposition: 6D Chare Array
e Balanceamento de Carga Adaptivo: Uso do RTS

* In-memory Checkpoint/Restart (com simulacao de falha)
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LULESH

 Aplicativo que resolve equacoes de hidrodinamica.
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(ACUN, 2014)
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