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Material do curso:

www.cenapad-rj.lncc.br/
tutoriais/materiais-hpc/
semana-sdumont
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nstalacao do material na sua conta to
SDUMONT:

$ sttp
$ put testes.tar

$ exit

ssh user@login.sdumont.Incc.br
cp testes.tar $SCRATCH
cd $SCRATCH

Tar xvf testes.tar
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mailto:user@login.sdumont.lncc.br

nstalacao do material na maquina que

voce tem acesso:

$ sttp user@intelknl.Incc.br
$ put testes.tar

$ exit

ssh user@intelknl.Incc.br

tar xvf testes.tar



Message Passing Interface

B An Interface Specification:
« M P |=Message Passing Interface
« MPI is a specification for the developers and users of

message passing libraries. By itself, it is NOT a library
- but rather the specification of what such a library should be.

« MPI primarily addresses the message-passing parallel programming model: data is moved from
the address space of one process to that of another process through cooperative operations on each
process.

« Simply stated, the goal of the Message Passing Interface is to provide a widely used standard for
writing message passing programs. The interface attempts to be:
o Practical
o Portable
o Efficient
o Flexible
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www.mpi-forum.org

MPI Forum DOCS  MPISTANDARD EFFORTS ¥  MEETINGS Y  RESOURCES ¥

MPI Forum

This website contains information about the activities of the MPI Forum, which is the standardization forum for the
Message Passing Interface (MPI). You may find standard documents, information about the activities of the MPI
forum, and links to comment on the MPI Document using the navigation at the top of the page.

Link to the central MPI-Forum GitHub Presence

2020 MPI Standard Draft / MPI 4.0 Release
Candidate

The MPI Forum has published a draft version of the MPI 4.0 Standard to give users and implementors a chance to
see the current status of all proposals that have been merged into the next version of the MPI Standard. This draft
is the release candidate for the MPI 4.0 Specification and will be considered for ratification at the December 2020

and February 2021 meetings. The draft is available here:
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http://mpi-forum.org/docs/
MPI Documents

The official version of the MPI documents are the English Postscript versions (for MPI 1.0 and 1.1) and PDF (for the
other versions). In several cases, a translation or HTML version is also available for convenience. The HTML
version was made with automated tools. In case of a difference between these two sources, the Postscript or PDF
version of MPI standard documents are always considered the official version. In the case of multiple PDF versions,
only the one described as the “MPI x.y document as PDF” is the official version; the versions provided with
alternate formatting are provided as a convenience and are not official (every effort has been taken to make them
“the same”, but no guarantee is made).

Those who prefer to get the documents via anonymous ftp may do so at ftp.mpi-forum.org in pub/docs/.

Some translations of MP| documents are available.

Draft Specification

Starting in 2018, the MPI Forum has decided to release draft specifications to allow users and implementors an
aarlv onnartiinitv to cee chanaeae in 1incomina vercinne of the MPI1 Standard Theece draft enecificatione are not



http://mpi-forum.org/mpi-40/

MPI 4.0

Scope

The MPI 4.0 standardization efforts aim at adding new techniques, approaches, or concepts to the MPI standard

that will help MPI address the need of current and next generation applications and architectures. In particular,
the following additions are currently being proposed and worked on:

Extensions to better support hybrid programming models
Support for fault tolerance in MPI applications

Persistent collectives

Performance Assertions and Hints

RMA/One-sided communication

Additionally, several working groups are working on new ideas and concepts, incl.

Active messages

Stream messaging

Rework of the MPI profiling interface
Extensions to MPI_T

Generalized requests

Hybrid MPI+X concerns (esp. MPI+CAF)
Send cancelation

Attribute callback

Large count

Further, the tools WG is discussing additional 3rd party tool interfaces, which are generally published as side
documents:

« Handle introspection from debuggers
« Debug DLL detection and identification

Note, though, that all of these efforts or new concepts are currently only being discussed or proposed and there is

no guarantee that any particular one will be included in any upcoming MPI version.
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ao MPICH:

~—Site da Implementa
http://www.mpich.org/

MPICH

Home About Downloads Documentation Support ABI Compatibility Initiative

High-Performance Portable MPI

Supported Compilers

MPICH is a high performance and widely

portable implementation of the Message Passing l

Interface (MPI) standard.

MPICH and its derivatives form the most widely used implementations of MPI in the
world. They are used exclusively on nine of the top 10 supercomputers (June 2016

ranking), including the world’s fastest supercomputer: Taihu Light.

Download MPICH

NEWS & EVENTS LEARN ABOUT MPICH
MPICH 3.4 released The documentation page provides
A new stable release of MPICH, 3.4, documents for installing MPICH, how

is now available for download. This is to get started with MPI, and how to

SUPPORT

The support page provides help for
MPICH users and developers. There
are links to frequently asked




http://www.mpich.org/static/docs/latest/

Web pages for MPI
MPI Commands

mpicc mpiexec mpifort
mpicxx mpif77

MPI Routines and Constants

Constants MPI_File_iread_all MPI_SHORT_INT
MPIX Comm_agree MPI_File_iread_at MPI_SIGNED_CHAR
MPIX_Comm _failure ack MPI_File_iread_at_all MPI_SIMILAR

MPIX_ Comm failure get acked MPI _File_iread_shared MPI_SOURCE

MPIX Comm_revoke MPI_File_ iwrite MPI_STATUSES_IGNORE
MPIX_ Comm_shrink MPI File iwrite all MPI_STATUS_IGNORE
MPIX_GPU_guery_support MPI_File_iwrite_at MPI_SUBVERSION
MPI_2DOUBLE_PRECISION MPI_File_iwrite at_all MPI_SUCCESS

MPI 2INT MPI File iwrite shared MPI_SUM

MPI 2INTEGER MPI File open MPI_Scan
MPI_2REAL MPI_File_preallocate MPI_Scatter

MPI_AINT MPI_File_read MPI_Scatterv




Implementacoes “OpenSource”

Mpich: MPICH is a high performance and widely
portable implementation of the Message Passing
Interface (MPI) standard to provide feedback to MPI
FORUM.

—

OpenMPI: The Open MPI Project is an open source
implementation that is

developed and maintained by a consortium of

academic, research, and industry partners


http://www.mpi-forum.org/
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ite da Implementacao OpenMPI:
https://www.open-mpi.org/

Open MPI:

g’ Open Source High Performance Computing
[About

| Home Support | FAQ |

Search

Presentations Open MPI v4.1.0

Open MPI Team A High Performance Message Passing Library released
FAQ
Videos The Open MPI Project is an open source Message Passing Interface implementation that is Bug fix release
Performance developed and maintained by a consortium of academic, research, and industry partners. Open

MPI is therefore able to combine the expertise, technologies, and resources from all across the > Read more
Download High Performance Computing community in order to build the best MPI library available. Open
Documentation MPI offers advantages for system and software vendors, application developers and computer
Source Code Access science researchers. Open MPI v4.0.5
Bug Tracking released

Features implemented or in short-term development for Open MPI include:
Regression Testing

Version Information

« Full MPI-3.1 standards

Bug fix release

e Many OS's supported (32 and 64 bit) > Read more
Hardware Locality conformance ¢ Production quality software
Network Locality ¢ Thread safety and concurrency ¢ High performance on all platforms
MPI Testing Tool * Dynamic process spawning * Portable and maintainable hwloc 2.3.0
Open MPI User Docs e Network and process fault * Tunable by installers and end-users
Open Tool for Parameter tolerance ¢ Component-based design, documented Major release
Optimization e Support network heterogeneity APIs

> Read more

* Single library supports all

Active, responsive mailing list

Mailing Lists networks * Open source license based on the BSD
Getting Help/Support * Run-time instrumentation license
Contribute e Many job schedulers supported

Contact



Existem diversas implementacoes do
padrao MPI desenvolvida por fabricantes:

e Intel MPI
e Bullx MPI
* Cray MPI ...



https://mpitutorial.com/recommended-books/

Déumaolhadal

Programacao
Paralela com
MPI

Um Curso Introdutério

Gabriel P. Silva

Programacao Paralela com MPI: Um Curso
Introdutério [Print Replica] eBook
Kindle

por Gabriel P. Silva (Autor) Formato: eBook Kindle

classificacao

* Ver todos os formatos e edicoes

Kindle
R$0,00 unlimited

Este titulo e mais 1 milhao
disponiveis com Kindle
Unlimited

R$24,99 para comprar
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——EXxistem diversos sites sobe Tutoriais de MPI:
http://mpitutorial.com/tutorials/

MPI Tutorial Tutorials Recommended Books  About

Tutorials

Welcome to the MPI tutorials! In these tutorials, you will learn a wide array of
concepts about MPI. Below are the available lessons, each of which contain
example code.

The tutorials assume that the reader has a basic knowledge of C, some C++,
and Linux.

Introduction and MPI installation

e MPI tutorial introduction (A 3ZkR)

Installing MPICH2 on a single machine (13ZhfR)
Launching an Amazon EC2 MPI cluster
Running an MPI cluster within a LAN

Running an MPI hello world application (A 3Zkf)
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~——0Os exercicios deste tutorialséo baseadas no Tutorial
do LLNL: https://computing.linl.gov/tutorials/mpi/

1__

Message Passing Interfa

Author: Blaise Barney, Lawrence Livermore National Laboratory
Table of Contents

Abstract
What is MPI?
LLNL MPI Implementations and Compilers
Getting Started
Environment Management Routines
Exercise 1
Point to Point Communication Routines
1. General Concepts
2. MPI Message Passing Routine Arguments
3. Blocking Message Passing Routines
4. Non-blocking Message Passing Routines
8. Exercise 2
9. Collective Communication Routines
10. Derived Data Types
11. Group and Communicator Management Routines
12. Virtual Topologies
13. A Brief Word on MPI-2 and MPI-3
14. Exercise 3
15. References and More Information
16. Appendix A: MPI-1 Routine Index
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Historico do padrao MPI:

« 1980s - early 1990s: Distributed memory, parallel computing develops, as do a number of incompatible software tools for writing such
programs - usually with tradeoffs between portability, performance, functionality and price. Recognition of the need for a standard

arose.
« Apr 1992: Workshop on Standards for Message Passing in a m
Distributed Memory Environment, sponsored by the Center for NVt EUI
Research on Parallel Computing, Williamsburg, Virginia. The basic i Express
features essential to a standard message passing interface were Chameleon /
discussed, and a working group established to continue the \ / PARMACS

standardization process. Preliminary draft proposal developed

subsequently. - . / MP' \ -

* Nov 1992: Working group meets in Minneapolis. MPI draft proposal
(MPI11) from ORNL presented. Group adopts procedures and
organization to form the MPI Forum. It eventually comprised of about MP' 2
175 individuals from 40 organizations including parallel computer -
vendors, software writers, academia and application scientists.

« Nov 1993: Supercomputing 93 conference - draft MPI standard

presented. MP' ‘3

« May 1994: Final version of MPI-1.0 released
o MPI-1.1 (Jun 1995)
o MPI-1.2 (Jul 1997)
o MPI-1.3 (May 2008).

« 1998: MPI-2 picked up where the first MP| specification left off, and addressed topics which went far beyond the MPI-1 specification.
o MPI-2.1 (Sep 2008)
o MPI-2.2 (Sep 2009)

« Sep 2012: The MPI-3.0 standard was approved.
o MPI-3.1 (Jun 2015)

e Current: The MPI-4.0 standard is under development.



egundo a classificacao de sistemas computacionais baseada
no modelo de memoaria, o MPl € um modelo desenvolvido
para sistemas computacionais de memaria distribuida:

» Shared memory computer Memoire
Several processors sharing the same ‘
global memory space via a fast G L —

interconnect N e

k
» Distributed memory ‘computer o ) o] i ) [
— Each node with its own memory

Each node reaches other nodes memory
via the network (call to communications l

routines) 1 = I

» Hybrid computer

— Most common case: a set of shared memory computers (eventually
equipped with coprocessors or accelarators) linked by a network




MPI segue o modelo de programacao por
troca de mensagens:

Um programa € dividido em diversos sub programas para serem executados
pOr processos.

Os processos se comunicam através da rede de comunica¢do utilizando
mensagens.

L=
procEssus processus processus processus

Sub- Sub- Sub- Sub-
- Data Data Data Data

Sub- Sub- Sub- Sub-
Program Program Program Program

Network




MPtsegue o modelo de Programacﬁo/

SPMD:

« SPMD
(Single programa Multiple data)

* O processador gerente envia e
gerencia um “mesmo programa’
em todas as maquinas do
sistema distribuido.
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Como Funciona o MPI?
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Estrutura de um Programa MPI

# include mpi.h

Inicio do Programa

Inicio do cédigo sequencial

Inicializacao do ambiente MPI | |hicio do cédigo paralelo

l

Chamadas MPI

v
Finalizacao do ambiente MP| | Fim do codigo
paralelo

Fim do cédigo sequencial

Fim do Programa
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Gerencilamento do\Ambiente da
biblioteca MPI:

Todo programa MPI escrito em C tem que inicializar
com a chamada a biblioteca : #include "mpi.h"

Um programa MPI apresenta quatro fungdes basicas:
e MPI_Init,
e MPI Finalize
e MPI Comm_size
e MPI Comm_rank
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Variaveis utilizadas pela biblioteca MPI:

Processo : Cada parte do programa quebrado é chamada de
processo. Os processos podem ser executados em uma tinica
maquina ou em varias maquinas.

RANK: Todo processo tem uma identificacdo tinica atribuida
pelo sistema quando o processo € inicializado.

Comunicador: é um objeto local que representa o dominio de
uma comunica¢dao.O MPI_COMM_WORLD é o comunicador
predetinido que inclui todos os processos definidos pelo
usudrio numa aplicagdo MPI
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Primeiro exemplo: Hello World

C Language - Environment Management Routines

1 // required MPI include file

2 #include "mpi.h"

3 #include <stdio.h>

4

5 int main(int argc, char *argv[]) {

6 int numtasks, rank, len, rc;

7 char hostname [MPI MAX PROCESSOR NAME] ;

8

9 // initialize MPI

10 MPI Init(&argc,&argv);

11

12 // get number of tasks

13 MPTI Comm size (MPI COMM WORLD, &numtasks) ;
14 a - - -
15 // get my rank
16 MPI Comm rank (MPI COMM WORLD, &rank) ;
17
18 // this one is obvious
19 MPI Get processor name (hostname, &len);
20 printf ("Number of tasks= %d My rank= %d Running on %s\n", numtasks,rank,hostname) ;
21
22
23 // do some work with message passing
24
25
26 // done with MPI
27 MPI Finalize();
28 }




Execucao do testeO1.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(1

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out
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Execucao do testeOl.c na sua maquina:
MPI “build script” para compilar:

* mpicc teste0l.c —o teste01

MPI “build script” para executar:
e mpirun —np 4 ./teste01



Rotinas basicas de comunicacao:
Ponto a Ponto

Enquanto um processo realiza uma operacao de envio o outro
processo realiza uma operacao de recebimento da mensagem

Existem duas rotinas bdasicas para fazer a troca de mensagens
entre dois processadores, MPI_SEND e MPI_RECV:
e Estas rotinas permitem a troca de mensagem de forma bloqueante

e Nao deixam o programa seguir em frente enquanto ndo obtiverem
confirmacgdo do recebimento da mensagem.

e Apoés o retorno, libera o "system buffer” e permite o acesso ao
"application buffer
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As rotinas de troca de mensagens utilizam o
conceito de :System Buffer e Application Buffer

/

Buffering

REDE




MPI SEND

MPI_Send(&outmsg, 1,
MPI_CHAR, dest, tag,
MPI_COMM_WORLD);

* 1°: Endereco do dado a ser
transmitido

« 2°: Numero de itens a ser enviado
« 3°% Tipo de Dados

» 4°: Destino

« 5% Comunicador
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MPI RCV

MPI_Recv(&inmsg, 1, MPI_CHAR,
source, tag, MPI_COMM_WORLD,
&Stat);

1°. Endereco do dado a ser
transmitido

2% Numero de itens a ser enviado
3°: Tipo de Dados

4°: Destino

5°: Comunicador

6°: Status da mensagem
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C Language - Blocking Message Passing Example

#include "mpi.h"
#include <stdio.h>

main(int argc, char *argv/[]) {

int numtasks, rank, dest, source, rc, count, tag=1l;
char inmsg, outmsg='x"';

MPT Status sStat;

MPT Init(&argc, &argv) ;

MPI Comm size (MPI COMM WORLD, &numtasks) ;
MPI_Comm;;ank(MPI_COMM_WORLD, S&rank) ;

if (rank =— 0) {

dest = 1;
source = 1;

MPT Send(&outmsg, 1, MPI CHAR, dest, tag, MPI COMM WORLD) ;

MPT Recv (&inmsg, 1, MPI CHAR, source, tag, MPI COMM WORLD, &Stat):;
}

else if (rank =— 1) {

dest = 0;
source = 0;

MPT Recv(&inmsg, 1, MPI CHAR, source, tag, MPI COMM WORLD, &Stat) ;
MPT Send(&outmsg, 1, MPI CHAR, dest, tag, MPI COMM WORLD) ;
}

MPT Get count(&Stat, MPI CHAR, &count) ;

pri;tf(wTask 2d: Received %d char(s) from task %d with tag %d \n",
rank, count, Stat.MPTI SOURCE, Stat.MPI TAG) ;

MPTI Finalize() ;
}
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Execucao do teste02.c na sua maquina:
MPI “build script” para compilar:

* mpicc teste02.c —o teste02

MPI “build script” para executar:
e mpirun —np 4 ./teste02



Execucao do teste02.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(2

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



teste(02.c:

EXEMPLO COM SEND E RECEIVE BLOQUEANTES

Processo 0 envia mensagem para o processo 1 e espera pela mensagem de
recebimento.

Experimente trocar a ordem das opera¢des de mensagens do ranck=0. Quando ambos
0s nos executam primeiro RCV ocorre um “deadlock”, porque ambos processos ficam
parados na operacao de RCV esperando a operacao de recebimento do buftfer ser
executada.

Experimente trocar a ordem das operacdes de mensagens do ranck=1. O que acontece
quando ambos 0s nés executam primeiro SEND? Nao ocorre bloqueio porque o
buffer do sistema recebe a mensagem e responde ok.

Experimente executar para mais de 2 processos. Observe que do processo 3 para cima
ndo tem envio de dados e eles imprimem “lixo" relativo ao buffer de recebimento.



_» 4 modes of send for point to point communications: N

o

Standard (MPI implementation dependant)

Buffered (copy in a buffer ; the send is done later, asynchroneously ; no need
to wait receiving) => should probably give better results, but requires copy in

memory

Synchronous (with receiving ; the program takes back the hand when the
send is complete)

Ready (started only if the matching receiveis already posted)

» Each mode has blocking and non-blocking implementation:

“ Blocking Non-blocking

Standard MPI_Send MPI_Isend

Buffered MPI_Bsend MPI_Ibsend
Synchronous MPI_Ssend MPI_Issend

Ready MPI_Rsend MPI_Irsend

Receive MPI_Recv MPI_Irecv




Rotinas nao Bloqu\eante:
MPI| Isend e MPI Irecv

Identifica uma drea na memoria para ser utilizada como
buffer para o envio das mensagens.

A execucdo do programa continua sem esperar que a
mensagem seja copiada do buffer da aplicacdo para o
sistema

A instrucdo de comunicagdo devolve uma mensagem com
um status pendente.

O programa nao deve alterar o buffer até que as rotinas de
teste de recebimento tais como a rotina MPI Wait ou a
rotina MPI_Test indiquem o término do envio
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Mensagens nao Blogueantes:

Nao é seguro modificar o buffer da aplicacdao até que se
tenha a confirmacdo de que a operacao foi efetivamente
realizado pela biblioteca.

Para isto a biblioteca MPI fornece operacdes de espera,
chamadas de wait

As comunicagdes ndo-bloqueantes sdo importantes para
sobrepor comunica¢ao com computacao e explorar
possiveis ganhos de desempenho



MPI Wait

Fica em estado de espera bloqueante até que a
operacao seja concluida.

Para o caso de vdrias operacgOes bloqueantes, o
programador pode especificar os parametros
“nenhum, alguns ou todos”.
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C Language - Non-blocking Message Passing Example
1 #include "mpi.h"
2 #include <stdio.h>
3
4 main(int argc, char *argv([]) {
5 int numtasks, rank, next, prewv, buf[2], tagl=l1l, tag2=2;
6 MPT Request regs[4]; // required wvariable for non-blocking calls
7 MPI:Status stats[4]; // required wvariable for Waitall routine
8
9 MPT Init(&argc, &argv) ;
10 MPT Comm size (MPI COMM WORLD, &numtasks) ;
11 MPT Comm rank (MPI COMM WORLD, &rank) ;
12 o o o o
13 // determine left and right neighbors
14 prev = rank-1;
15 next = rank+1l;
16 if (rank =— 0) prev = numtasks - 1;
17 if (rank =— (numtasks - 1)) next = 0;
18
19 // post non-blocking receives and sends for neighbors
20 MPT Irecv(&buf[0], 1, MPI INT, prev, tagl, MPTI COMM WORLD, &regs[O0]);
21 MPI:irecv(&buf[l], 1, MPI INT, next, tag2, MPI COMM WORLD, &regs([1l]):;
22
23 MPT Tsend(&rank, 1, MPI TINT, prev, tag2, MPI COMM WORLD, &regs[2]);
24 MPT TIsend(&rank, 1, MPI TINT, next, tagl, MPI COMM WORLD, &regs[3]);
25
26 // do some work while sends/receives progress in background
27
28 // wait for all non-blocking operations to complete
29 MPT Waitall (4, regs, stats);
30
31 // continue - do more work
32
33 MPTI Finalize () ;
34 }
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Execucao do teste03.c na sua maquina:
MPI “build script” para compilar:

* mpicc teste03.c —o teste03

MPI “build script” para executar:
* mpirun -np 4 ./teste03



Execucao do teste03.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(3

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



Exemplo nao bloqueante: teste03.c

—

Observe que se a operacao MPI_SEND for colocada
antes das operacdes MPI_IRCV, existe a possibilidade
de uma mdquina receber os dados antes de ter
alocado um espaco no seu buffer de recebimento,
causando a perda dos dados de recebimento.

As operagOes ndo bloqueastes sdo utilizadas para
possibilitar a execuc¢ao de operagdes de computacao
enquanto ocorre uma transferéncia de dados.
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Desempenho

» What are decisive factors?
— System architecture and network between cores and nodes.
— MPI implementation.

— The code: choice of algorithms, memory management,
communication/computing ratio in the code, load balancing...

» Time sharing during the execution of a MPI program

— Latency: time to begin an exchange = time needed to send an empty
message

— Communications
— Computations

Example:




Alt%lﬁéei a0 com

Comunicacao:

» How to improve the implementation?
— Use the good algorithms...
— Use specialized libraries (fftw, scalapack...).
— Overlap communications with computations.
[*@Change communication mode.
— Balance load between different processes.

Envoi standard
Example: MPLSEND
Calcule
Latence Communication

e
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Rotinas de Comunicacao Coletivas

* Envolve todos os processos no ambito de um
comunicador MPI_COMM_WORLD .

QOO Yuvuv




Tipos de Operacoes Coletivas:

Sincronizagao - processos de esperar até que todos os
membros do grupo tenham chegado ao ponto
sincronizacao.

Movimento de Dados - broadcast, scatter, gather, tudo
para todos.

Computagao Coletivas (reducées) - um membro do
grupo executa a coleta dos dados dos outros membros e
exerce uma operac¢ao (min, max, adicionar, multiplicar,
etc) sobre esses dados



~~Consideracdes e Restricoes sobre a
Programacao:

As mensagens de comunicagado coletivas ndo
possuem tag.

A partir de MPI-3 elas pode ser bloquantes e ndao
bloqueantes

S6 podem ser utilizadas para MPI dataypes
predefinidos



incronizacao atraveés de operacao de
barreira:

int MPI_Barrier(MPI_Comm comm)

» Barrier synchronization across all members of a comm.
» Blocks the caller until all group members have called it
» Returns at any process only after all processes in comm have entered the call.

@

PO PL P2 P3

. active process

time

waiting process

- barrier
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Operacao de Broadcast:

root

.



MP| BCAST

Broadcasts a message from one task to all other tasks in communicator

t=1; )
:zice - 1; task1 contains the message to be broadcast

MPTI Bcast(&msg, count, MPI INT, source, MPI COMM WORLD) ;

task0 task1 task2 task3

7 <+—— msg (before)

7 7 7 7 | <«—— msg (after)




Operacao de Reduction:

» Performs a global reduce operation (for example sum, maximum, and logical
and) across all members of a group

» Example with SUM operation




s

MPI| Reduce

Perform reduction across all tasks in communicator and store result in 1 task

count = 1;
dest = 1; task1 will contain result

MPI Reduce (sendbuf, recvbuf, count, MPI INT,
MPI SUM, dest, MPI COMM WORLD) ;

task0 task1 task2 task3

1 2 3 4 | +— sendbuf (before)

10 <«—— recvbuf (after)




Operacoes pre-definidas:

MPI_MAX
MPI_MIN
MPI_SUM
MPI_PROD
MPI_LAND
MPI_BAND
MPI_LOR
MPI_BOR
MPI_LXOR
MPI_BXOR
MPI_MAXLOC
MPI_MINLOC

Maximum

Minimum

Sum

Product

logical and

bit-wise and

logical or

bit-wise or

logical exclusive or (xor)
bit-wise exclusive or (xor)
max value and location

Min value and location



Exemplo teste04.c

osthoff:1ab5-03S$ cat testeO4.c
# dinclude "mpi.-h™
# dinclude <math.h>
# dinclude <stdio.h>
int main(argc, argwv)
int argc:r
char *argwvl[]:-

int n, myid, numprocs, iz
double mypi, pi, h, X, sum = O0.0;

MPI Init(sargc, &argv) -
MPI Comm size (MPI COMM WORLD, &numprocs) 7
MPI Comm rank (MPI_ COMM WORLD, &myid)

/* Calculo de Pi */

if ( myid == 0 ) {
printf("Entre com o© numero de intervalos: ") 7
scanf ("sAd”v, &n) -

}
MPI Bcast(s&n, 1, MPI INT, O, MPI COMM WORLD) >

if ( n ! {
-0/ (double)n:;
i = myid + 1; i <= mn; i -+
x = h * ( (double) i —

numprocs ) {
O. ) 7
sum += (4.0/(L.0 + x*x)

5
)

}
/* Fim calculo Pi */
mypi = h * sumr-s
MPTI Reduce (samypi, &pi, 1, MPI DOUBLE, MPI SUM, O, MPI COMM WORLD) ;
if ( myid == 0 ) {
printf("valor aproximado de Pi: $.l1lef\n", pi):-
¥

MPI Finalize () 7

}




Execucao do teste04.c na sua maquina:

MPI “build script” para compilar:
e mpicc teste04.c —o teste04

MPI “build script” para executar:
e mpirun —np 16 ./teste04 10000000000

* OBS: O numero de cores fisicos do seu processor
pode ser obtido pelo comando: $cat /proc/spuinfo



Execucao do testeO4.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub_cal_pi.sh teste04 10000000000

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



Exemplo de Reduce:

MPI_Reduce(&sendbuf, &recvbuf, 3, MPI_INT, MPI_SUM, 0, comm)




Operacao MPI AlLreduce:

int MPI__Allreduce(const void* sendbuf, void* recvbuf, int count,

MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)

» A variant of the reduce operations where the result is returned to all processes
in a group.

ks Example with SUM operation

Send

Reception




Operacao SCAN:

int MPI__Scan(const void* sendbuf, void* recvbuf, int count,

MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)

The operation returns, in the receive buffer of the process with rank i, the
reduction of the values in the send buffers of processes with ranks 0,. . .,i

ke Example with SUM operation

Send

Receptions




peracao de Reduce definida pelo
usuario:

int MPI_Op_create(MPI_User_function* user_fct, int commute, MPI_Op* op)

int MPI_Op_free(MPI_Op*op)

;l.gid MPI_User_function(void* invec, void* inoutvec, int *len, MPI_Datatype *datatype)



Operacao Scatter:

int MPI_Scatter(&sendbuf, sendcnt, sendtype,

&recvbuf, recvent, recvtype, root, comm)

root




' = —
Operacao SCATTER

Muito utilizada para aumentar a eficiéncia da
transferéncia dos dados do disco para os noés
computacionais. O n6 master executa a operacao de
leitura do disco de forma “seqiiencial e contigua” e a
seguir envia os dados para demais através da rede de
alto desempenho.



MPI| Scatter

Sends data from one task to all other tasks in communicator

sendcnt = 1;
recvent = 1;
src = 1; task1 contains the data to be scattered

MPTI Scatter(sendbuf, sendcnt, MPI INT
recvbuf, recvcent, MPI INT
src, MPI_COMM WORLD) ;

task0 task1 task2 task3

1

< sendbuf (before)

1 2 3 4 <«—— recvbuf (after)
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Exemplo MPI Scatter: teste05.c

C Language - Collective Communications Example

(i)

1 #include "mpi.h"

2 #include <stdio.h>

3 #define SIZE 4

4

5 main(int argc, char *argv[]) {

6 int numtasks, rank, sendcount, recvcount, source;

7 float sendbuf[SIZE] [SIZE] = {

8 {1.0, 2.0, 3.0, 4.0},

9 {5.0, 6.0, 7.0, 8.0},

10 {9.0, 10.0, 11.0, 12.0},

11 {13.0, 14.0, 15.0, 16.0} };

12 float recvbuf[SIZE];

13

14 MPI Init(&argc,&argv);

15 MPI Comm rank (MPI_COMM WORLD, &rank) ;

16 MPI Comm size (MPI_COMM WORLD, &numtasks);

17

18 if (numtasks == SIZE) {

19 // define source task and elements to send/receive, then perform collective scatter
20 source = 1;

21 sendcount = SIZE;

22 recvcount = SIZE;

23 MPI Scatter (sendbuf,sendcount, MPI_FLOAT, recvbuf, recvcount,
24 MPI_FLOAI,source,MDI_COMq_HORLD);

25

26 printf ("rank= %d Results: %f %f %f %f\n",rank,recvbuf[0],
27 recvbuf[1],recvbuf[2],recvbuf[3]) ;

28 }

29 else

30 printf ("Must specify %d processors. Terminating.\n",SIZE);
31

32 MPI Finalize();

33 }



Execucao do teste05.c na sua maquina:
MPI “build script” para compilar:

—

* mpicc teste05.c —o teste05

MPI “build script” para executar:
e mpirun -np 4 ./teste05

* (observe que tenho que se executar com 5 processadores
o quinta processador nao recebera nenhum dado. Isto
faz a operacao scatter ser pouco flexivel)



Execucao do teste05.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(05

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



Operacao Gather:

int MPI_Gather(&sendbuf, sendcnt, sendtype,
&recvbuf, recvcount, recvtype, root, comm)

root



Operacao Allgather:

int MPI_Allgather(&sendbuf, sendcount, sendtype,
&recvbuf, recvcount, recvtype, comm)
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Tipos de dados Derivados

MPI fornece ferramentas para que o programador
possa definir as suas proprias estruturas de dados

baseadas em sequencias de tipos de dados primitivos
de MPIL.



\
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= = = = = = =

D
D
D
D
D
D
D

T

LONG

G
G
G

e —

ipos de dados do C
CHAR
SHORT

D_CHAR
D_SHORT

D_LONG

MP
MP
MP
MP
MP
MP

/ }

_UNSIGNED
"FLOAT
DOUBLE
LONG_DOUBLE
"BYTE
_PACKED
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~“Rotinas para a construcdo de tipos de
dados derivados

Continua (MPI_Type_contiguous)
e Vetor (MPI_Type_vector)

e Indexado (MPI_Type_indexed)
e Estruturado (MPI_Type_struct)



TIPO: MPI Type contiguous

* E o construtor mais simples.

® Produz um novo tipo de dado continuo, fazendo
copias de um tipo de dado existente



RN /
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 MPI Type commit

Informa o novo datatype aos processadores da
comunicacao coletiva.

Necessita ser executado antes da execucao de um
construtor de tipos de dados derivado.
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MPI Type free

Libera o objeto especificado pelo tipo de dado.

O uso desta rotina é importante para evitar o gasto
de memoria quando muitos objetos de tipos de dados
sdo criados como por exemplo em um loop.
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Exemplo: teste06.c

Cria um tipo de dado representando a linha de um
array e distribui linhas diferentes do array para os
Processos.

Observe que ao utilizar uma operacdo MPI_Send,
temos mais flexibilidade para o envio dos dados.



C Language - Contiguous Derived Data Type Example

#include "mpi.h"
#include <stdio.h>
##define SIZE 4

main(int argc, char *argwv[])

int numtasks, rank, source=0,

float al[SIZE] [SIZE] =
{1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0,
.0, 10.0, 11.0, 12.0,
13.0, 14.0, 15.0, 16.0};
float bI[SIZE] ;

MPT Status stat;
MPT Datatype rowtype;

MPT Init(&argc, &argv) ;

MPT Comm T ank (MP I COMM WORLD,
MPT Comm s ize (MP I COMM WORLD,

tag=1, i;

SErank) ;
Enumtasks) ;

MPT Type contiguous (SIZE, MPI FLOAT, &rowtype) ;

L&PI:Type_com_mi t (&rowtype) ;
if (mnumtasks — SIZE) {

if (rank =— 0) {
for (i=0; i<numtasks;

MPT Send(&al[il [01, 1,

}

rowtype, i, tag, MPI COMM WORLD) ;

MPT Recv(b, SIZE, MPI FLOAT, source, tag, MPI COMM WORLD, &stat);
printf("rank= %d b= %3.1f 3.1f %3.1f 3.1f\n",

rank,b[0],b[1],b[2] ,b[3]1)

}

else

printf ("Must specify %d processors. Terminating.\n",SIZE) ;

MPT Type free (&rowtype) ;
MPT Finalize () ;
}
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Execucao do teste06.c na sua maquina:
MPI “build script” para compilar:

* mpicc teste06.c —o teste06

MPI “build script” para executar:
e mpirun —np 4 ./teste06



Execucao do teste06.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(06

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



TIPO: MPI_Type vector

count = 4; blocklength = 1;

stride = 4;

MPI_Type_vector(count, blocklength, stride, MPI FLOAT,

&columntype);
1.0 3.0 4.0
5.0 7.0 8.0
9.0 110 12.0
130 150 16.0

a[4][4]

MPI_Send(&a[0][1], 1, columntype, dest, tag, comm);

1element of
columntype
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Exemplo: testeO7.c

Permite uma transferencia eficiente e mais amigavel
de colunas de uma matriz.

Permite regular as lacunas (strides) nos
deslocamentos.



C Language - Vector Derived Data Type Example

#include "mpi_h"
#include <stdio.h>
#define STIZE 4

main(int argc, char *argvl[]) {
int numtasks, rank, source=0, dest, tag=1, i;
float al[SIZE] [STZE] =
{1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0,
.0, 10.0, 11.0, 12.0,
13.0, 14.0, 15.0, 16.0};
float bI[SIZE] ;

MPT Status stat;
MPT Datatype columntype;

MPT TITnit(&argc, &argv) ;
MPI_Comm;rank(MPI_COMM;WORLD, S&Srank) ;
MPI_Comm;size(MPI_COMM;WORLD, Enumtasks) ;

MPT Type vector(SIzZeE, 1, SIZE, HPI_FLOAT, S&columntype) ;
MPT Type commit (&columntype) ;

if (mnumtasks — SIZE) {
if (rank =— 0) {
for (i=0; i<numtasks; i++)
MPT Send(&al[0]1[il, 1, columntype, i, tag, MPI COMM WORILD) ;
3}

MPT Recv(b, SIZE, MPI FLOAT, source, tag, MPI COMM WORLD, &stat) ;
printf ("rank= 34 b= %3.1f 3.1f 3.1f 3.1f\n",
rank b[0] ,bl[1],b[2],b[31)
}
else
printf ("Must specify %d processors. Terminating.\n", SIZE) ;

MPT Type free (&columntype) ;
MPT Finalize () ;
}
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Execucao do teste07.c na sua maquina:
MPI “build script” para compilar:

* mpicc teste06.c —o testeQ7

MPI “build script” para executar:
e mpirun -np 4 ./teste07



Execucao do testeO7.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(7

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



A A ANAAN AN AN AN AN
Le

TIPO: MPI Type indexed

MPI_ Type_indexed

count = 2;  blocklengths[0] = 4; blocklengths[1] = 2;
displacements[0] = 5; displacements[1] = 12;

10 10.011.0 12.0 15.0/16.0

a[16]

MPI_Type_indexed(count, blocklengths, displacements, MPI_FLOAT, &indextype);

MPI_Send{&a, 1, indextype, dest, tag, comm);

1 element of
indextype
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Exemplo com Indexed Derived Data
Type: Teste08.c

Cria um tipo de dado extraindo porg¢des varidveis de
um array e distribui para todas as processos

Permite uma transferéncia eficiente para dados que
nao estao armazenados de forma continua na
memoria.

Permite uma transferéncia eficiente para
processamento de dados de uma matriz esparsa.



C Language - Indexed Derived Data Type Example

#include "mpi.h"
#include <stdio.h>
#define NELEMENTS 6

main(int argc, char *argvl|[]) {
int numtasks, rank, source=0, dest, tag=1, i;
int blocklengths[2], displacements[2];
float a[l6] =
{1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0,
.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0};
float b[NELEMENTS] ;

MPT Status stat;
MPT Datatype indextype’;

MPT ITnit(&argc, &argv) ;
MPI Comm rank (MPI COMM WORLD, &rank) ;
MPT Comm size (MPI COMM WORLD, &numtasks) ;

blocklengths[0] = 4;
blocklengths[1] =
displacements[0]
displacements[1]

|
Moo
N~

MPT Type indexed(2, blocklengths, displacements, MPTI FLOAT, &indextype) ;
MPT Type commit (&indextype) ;

if (rank =— 0) {
for (i=0; i<numtasks; i++)

MPT Send(a, 1, indextype, i, tag, MPI COMM WORLD) ;

MPI Recv (b, NELEMENTS, MPI FLOAT, source, tag, MPI COMM WORLD, &stat) ;
printf ("rank= 3%d4d b= %3.1f 3.1f 3.1f 3.1f 3.1f 3 _.1f\n",
rank,b[0] ,b[1] ,b[2] ,b[3],bl[4],b[5]1)

MPT Type free (&indextype) ;
MPI_Finalize();
}




/

Execucao do teste08.c na sua maquina:
MPI “build script” para compilar:

* mpicc teste08.c —o teste08

MPI “build script” para executar:
e mpirun —np 4 ./teste08



Execucao do teste08.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
* $sbatch sub.sh teste(8

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



TIPO: MPI Type struct

* O novo tipo de dado é formado de acordo com tipos
de dado de cada componente da estrutura de dados.
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~—Exemplo com Struct Derived Data
Type — Teste09.c

Cria o tipo de dado que representa uma particula e
distribui um array de particulas para todos os
processos.

Permite uma transferéncia eficiente e mais amigavel
de dados compostos por tipos diferente de dados.



C Language - Struct Derived Data Type Example

1 #include "mpi.h"
2 #include <stdio.h>
3 #define NELEM 25
v |
5 main(int argc, char *argvl[]) {
6 int numtasks, rank, source=0, dest, tag=1, i;
-
8 typedef struct {
S float x, v, =z;
10 float velocity;
11 int n, type-;
12 } Particle;
13 Particle PINELEM], particles [NELEM] ;
14 MPT Datatype particletype, oldtypes[2]:; // reguired wvariables
15 int blockcounts[2] ;
16
17 // MPI Aint type used to be consistent with syntax of
18 Y4 L@I:Typeiextent routine
19 MPT Aint offsets[2], extent;
20 o
21 MPT Status stat;
22 o
23 MPT TITnit(&argc, &argv) ;
24 MPT Comm rank (MPT COMM WORLD, &rank) ;
25 MPT Comm size (MPI COMM WORLD, &numtasks) ;
26
27 // setup description of the 4 MPI FLOAT fields x, y, =z, velocity
28 offsets[0] = O;
29 oldtypes[0] = MPI FLOAT;
30 blockcounts[0] = 4;
31
32 // setup description of the 2 MPI INT fields n, type
33 // need to first figure offset by getting size of MPI FLOAT
34 MPT Type extent (MPI FLOAT, &extent) ; o
35 offsets[1] = 4 * extent;
36 oldtypes[1] = MPI INT;
37 blockcounts[1] = 2;
38
39 // define structured type and commit it
40 MPT Type struct(2, blockcounts, offsets, oldtypes, &particletype) ;
41 MPT Type commit (&particletype) ;
F Ly



// task 0 initializes the particle array and then sends it to each task
if (rank = 0) {
for (i=0; i<NELEM; i++) {
particles[i].x =1 * 1.0;
particles[i].y =1 * -1.0;
particles[i].z =1 * 1.0;
particles[i] .velocity = 0.25;
particles[i].n = i;
particles[i] .type = 1 % 2;
}
for (i=0; i<numtasks; i++)
MPI Send(particles, NELEM, particletype, i, tag, MPI COMM WORLD) ;
}

// all tasks receive particletype data
MPI Recv(p, NELEM, particletype, source, tag, MPI COMM WORLD, &stat);

printf("rank= %d %3.2f %3.2f %3.2f %3.2f %d %d\n", rank,p[3].x,
pl3].y,pl[3].z,p[3].velocity,p[3].n,p[3].type);

// free datatype when done using it
MPI Type free (&particletype);

MPI Finalize();

}
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MPI_Type extent

Retorna o tamanho em bytes do tipo de dado
especificado.

E 1til para sub-rotinas MPI que necessitam
especificar os deslocamentos em bytes
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Execucao do teste09.c na sua maquina:
MP1 “build script” para compilar:

* mpicc teste09.c —o teste(9

MPI “build script” para executar:
e mpirun -np 4 ./teste09



Execucao do teste09.c no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub.sh teste(9

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



Grupos e Comunicadores

MPI_COMM_WORLD

© ©
©
Q@ C ©
C
C @
C
ooe group1 group2 eeoe
e © o



Comunicadores

—

Engloba um grupo de processos que podem se
comunicar.

Todas as mensagens MPI devem especificar um
comunicador.

Implementam operagdes de comunicagOes coletivas
través de um subconjunto de processos relacionados.



Grupo

Um grupo é um conjunto ordenado de processos,
onde cada processo é associado a um rank.

As rotinas do grupo rotinas sao utilizadas
principalmente para especificar quais processos
devem ser usados para construir um comunicador

Do ponto de vista do programador, um
comunicador e um grupo sao iguais.
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Consideracoes e Restricoes

Os Grupos e os comunicadores sdao dinamicos; eles podem
ser criados e destruidos durante a execuc¢ao do programa.

Os Processos podem pertencer a mais de um grupo e de
um comunicador.

Eles possuirdo um tnico rank dentro de cada grupo e
comunicador.

O padrao MPI fornece mais de 40 rotinas relacionadas aos
grupos, comunicadores, e topologias virtuais.
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C Language - Group and Communicator Example

#include "mpi.h"
#include <stdio.h>
#define NPROCS 8

main(int argc, char *argv|[]) {

int rank, new rank, sendbuf, recvbuf, numtasks,
ranksl[4]={0,1,2,3}, ranks2[4]—{4 5,6 7},

MPT Group orig_group, new group, I X v I 2 S

MPT Comm new comm; > >d vari

MPT Inlt(&argc S&argv) ;
MPT Comm rank(MPI COMM WORLD, SErank) ;
MPT Comm 51ze(MPI COMM WORLD, &numtasks) ;

if (nmnumtasks !'= NPROCS) {
printf ("Must specify MP PROCS= %d. Terminating.\n" , NPROCS) ;
MPI_Finalize();
exit (0) ;
}

sendbuf = rank;
MPT Comm group (MPI_COMM WORLD, &orig group) ;

if (rank < NPROCS/2) {
MPT Group incl (orig group, NPROCS/2, ranksl, &new group) ;
}

else {
MPTI Group incl (orig group, NPROCS/2, ranks2, &new group) ;

}

MPT Comm create(MPI COMM WORLD, new group, &new_qomm);

MPT Allreduce(&sendbuf &recvbuf, i, MPT TNT, MPI SUM, new_oomm);

MPT Group rank (new group, &new rank) ;
printf ("rank= %d newrank= %d recvbuf= $d\n" ,rank,new rank, recvbuf) ;

MPT Finalize() ;
}



xemplo de Grupo e de Comunicador-
TestelO.c

* Cria dois grupos de processos distintos para troca de
comunicacao coletiva. Necessita da criacao de novos
grupos de comunicacao.

e Saida:

rank= 7 newrank= 3 recvbuf= 22
rank= 0 newrank= 0 recvbuf= 6
rank= 1 newrank= 1 recvbuf= 6
rank= 2 newrank= 2 recvbuf= 6
rank= 6 newrank= 2 recvbuf= 22
rank= 3 newrank= 3 recvbuf= 6
rank= 4 newrank= 0 recvbuf= 22

rank= 5 newrank= 1 recvbuf= 22
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Execucao do testel0 na sua maquina:
MPI “build script” para compilar:

* mpicc testelO.c —o testel0

MPI “build script” para executar:
e mpirun —np 8 ./testel0



Execucao do testel0 no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub_ testel0.sh testel0

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



Topologias Virtuais

Em termos de MPI, uma topologia virtual descreve a
ordenacdo de um mapeamento de processos MPI em
uma forma geométrica.

Os principais tipos de topologias MPI sdo o
cartesiano (malha) e o grafico.

As topologias MPI sdo virtuais - pode ndo haver
relacdo entre a estrutura fisica da maquina, e os
processos paralelos da topologia
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Exemplo para Topologia Cartesiana:
envio dados para 4 vizinhos

00) | ©O1) | ©2) | (03)

(10) | (11 | (1L2) | (1,3)

(20) | (1) | (22) | (23)

12 13 14 135
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#include "mpi.h"
#include <stdio.h>
#fidefine SITIZE 16
#define UP o
#define DOWN 1
#define LEFT 2
#define RIGHT 3

main(int argc, char *argvl[]) {

int numtasks, rank, source, dest, outbuf, i, tag=1,
inbuf[4]—{MPI PROC NULL MPI PROC NULL, MPI PROC NULL MPI PROC NULL, },
nbrs[4], dAims[2]={4,4},
preriods[2]={0,0}, reorder=0, cooxrds[2] ;

MPT Request regs|[8]1:;
MPT Status stats[81:;
MPI_Comm cartcomm;;

MPT ITnit(&argcec,&argv) ;
MPTI Comm size (MPI COMM WORLD, &numtasks) ;

if (nmumtasks —— SIZE) {

MPT Cart create (MPI_ _COMM WORLD, 2, d4dims, periods, reorder, &cartcomm) ;
MPTI Comm rank (cartcomm, &rank) ;

MPT Cart coords (cartcomm, rank, 2, coords) ;

MPT Cart shift(cartcomm, 0, 1, &nbrs[UP], &nbrs[DOWN]) ;

MPI Cart shift(cartcomm, 1, 1, &Snbrs[LEFT], &nbrs[RIGHT]) ;

printf("rank= d coords= Zd 3d neighbors(u,d,1,r)=— 3d4d 34 %4 %Ad\n",
rank ,coords[0] ,coords[1] ,nbrs[UP] , nbrs[DOWN]  nbrs[LEFT],
nbrs [RTGHT]) ;

outbuf = rank:;

for (i=0; i<4; i++) {

dest = nbrs[i] ;

source = nbrs[i] ;

MPT Isend(&outbuf, 1, MPI INT, dest, tag,
o MPI COMM WORLD, &regsl[il) ;

MPT ITrecv(&inbuf[i], 1, MPI TINT, source, tag,
o MPI COMM WORLD, &regs[i+4]) ;

3

MPT Waitall (8, regs, stats) ;

printf("rank= 34 inbuf(u,d,1,r)= 24 24 34 sd4d\n",
rank,inbuf [UP] ,inbuf [DOWN] ,inbuf [LEFT] , inbuf[RTGHT]) ; }
else
printf("Must specify 3d processors. Terminating.\n",SIZE) ;

MPT Finalize () ;
3
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Exemplo com Topologia Virtual:
tetell.c

Exemplo de rotina que gera uma topologia
Cartesiana de 4 x 4 para 16 processadores onde cada
processo envia o namero do seu rank para os seus
vizinhos.
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Execucao do testell na sua maquina:
MPI “build script” para compilar:

* mpicc testell.c—o testell

MPI “build script” para executar:
e mpirun —-np 16 ./testell



Execucao do testell no SDumont
MPI “build script” para compilar

—

e Scompilar.sh
MPI “build script” para submeter na fila de execucao:
e $sbatch sub_testell.sh testell

e $squeue -u SUSER ( para visualizar o job na fila
de execucao

e $scancel JOB_ID ( para cancelar o job da fila de
execu¢ao, caso seja necessario)

e $more slurm_JOB_ID.out



-

* Intentionally, the MPI-1 specification did not address several "difficult" issues. For reasons of expediency, these issues were deferred to a second specification, called MPI-2 in 1998.

b MPI-2:

* MPI-2 was a major revision to MPI-1 adding new functionality and corrections.
+ Key areas of new functionality in MPI-2:
= Dynamic Processes - extensions that remove the static process model of MPI. Provides routines to create new processes after job startup.
- One-Sided Communications - provides routines for one directional communications. Include shared memory operations (put/get) and remote accumulate operations.
- Extended Collective Operations - allows for the application of collective operations to inter-communicators
- External Interfaces - defines routines that allow developers to layer on top of MPI, such as for debuggers and profilers.
- Additional Language Bindings - describes C++ bindings and discusses Fortran-90 issues.
= Parallel 1/0 - describes MPI support for parallel I/0.
b MPI-3:
* The MPI-3 standard was adopted in 2012, and contains significant extensions to MPI-1 and MPI-2 functionality including:
= Nonblocking Collective Operations - permits tasks in a collective to perform operations without blocking, possibly offering performance improvements.
= New One-sided Communication Operations - to better handle different memory models.
- Neighborhood Collectives - extends the distributed graph and Cartesian process topologies with additional communication power.
= Fortran 2008 Bindings - expanded from Fortran90 bindings
= MPIT Tool Interface - allows the MPI implementation to expose certain internal variables, counters, and other states to the user (most likely performance tools).
= Matched Probe - fixes an old bug in MPI-2 where one could not probe for messages in a multi-threaded environment.
W More Information on MPI-2 and MPI-3:

* MPI Standard documents: http://www.mpi-forum.org/docs/




