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1?

0 La viét tit cua Message Passing Interface, chi mot dang giao
thire két ndi ciia may tinh. N6 nam trong chudn “de facto” cho
két ndi gitra cac nut chay mot chuong trinh song song trén bo
nhé phan tan.

0 Tap MPI thi hanh bao gdm mat thu vién cac thi tuc sao cho ¢6
thé goi dugc tur cac chuong trinh Fortran, C, C++ hay Ada.
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M6 hinh 1ap trinh

- MPI ra doi muc dich danh cho cac hé thdng may tinh c6 bd
nhd phan tan. Tuy nhién MPI ciling c6 thé trién khai duoc trén
hé thong may tinh c6 bg nhd chia sé.

Zgeode  EUI

MPI-3

“Lap trinh MPI

0 Header file:
LYéu cau cho moi chuong trinh dugc 1ap trinh boi MPI

0 DPinh dang cac ham trong MPI

#include “mpi.h”

rc = MPI_Xxxxx(parameter)
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“Lap trinh MPI

2 Cau tric cta chuong | aptinctude e
trinh MPI Declarations, prototypes, etc.

Program Begins

Serial code

Parallel code ends
. Serial code

Program Ends
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~ Communicators and Groups

0 Communicators va Group 1a tip hop tit ca cac processes co
thé giao ti€ép dugc véi nhau.

0 Phan 16n cac ham trong thu vién MPI yéu cau tham s6
Communicator.

0 MPI_COMM_WORLD duoc dinh nghia san.

MPI_COMM_WORLD
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“Rank

0 V6i mdi Communicator, mdi processes ¢6 mot ID nhét dinh.
0 Rank duoc bét dau tir 0

0 Str dung rank trong cac message dé chi ra ngudn (source) va
dich (destination)
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~ Céac ham quan ly moi truorng

0 MPI Init
LKhoi tao moi truong thye thi MPI. Ham nay dugc goi trong moi chuong
trinh MPI, dugc goi trude cac ham MPI khac, va chi dugce goi mot lan duy
nhét.

int MPI_Init(int *argc,char ***argv)
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~ Céac ham quan ly moi truorng

0 MPI_Comm_size

UXéc dinh s6 lugng process trong nhom tig véi mot Communicator
(thuwong 1a MPI COMM_WORLD)

U MPI_Comm_rank

[OTra vé id cia Communicator hién tai

int MPI_Comm_size(MPI_Comm comm,int *size )
int MPI_ Comm_rank (comm,&rank)
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~ Céac ham quan ly moi truorng

0 MPI_Abort

UHuy bo tat ca cac MPI processes gian véi mot Communicator

int MPI_Abort(MPI_Comm comm,int errorcode)
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Cac ham quan ly méi trwdng

U MPI Finalize
LKét thic moi truong thyc thi MPI

int MPI_Finalize()
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Vidu

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

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

int numtasks, rank, rc;

rc = MPI_Init(&arge,&argv);

if (re !I= MPI_SUCCESS) {
printf ("Error starting MPI program. Terminating.\n");
MPI_Abort(MPI_COMM_WORLD, rc);
}

MPI_Comm_size(MPI_COMM_WORLD,&numtasks);
MPI_Comm_rank(MPI_COMM_WORLD,&rank);
printf (""Number of tasks= %d My rank= %d\n", numtasks,rank);

/******* do some work *******/

MPI_Finalize();
}
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* Giao tiép Point to Point

- MPI Point to Point 13 giao tiép giita hai va chi hai processes
vO1 nhau.

0 Khi mot Process thuc hién giao thirc truyén tin (send) thi
nhiém vu khac phai c¢6 giao thirc nhan tin (receive) tuong tng.
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* Giao tiép Point to Point

0 Céc kiéu truyén va nhén trong MPI
USynchronous send
OBlocking send/blocking receive
UNon-Blocking send/ non-blocking receive
U Buffered send
UCombined send/receive
[Ready send
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“B6 nhé dém (Buffer)

process A process B

application SEND application RECV

system buffer system buffer

Path of a message buffered at the receiving process
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wABIocking

0 Phuong thirc send sé& két thiic khi application buffer dugc truyén
di.

0 Phuong thirc send dong bo (synchronous) khi bén nhan
(receive) xac nhan thanh cong.

a Ppuong thirc send khong dong bo néu system buffer duoc ding
de luu dir ligu.

0 Phuong thure receive sé& két thuc sau khi nhan duoc dit liéu.
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"";Non-blocking
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0 Hai phuong thirc send va receive c6 hoat dong gidng nhau,
chung s€ két thuc ngay sau 101 goi ma khong quan tam dir li¢u
da guri hoac nhan xong hay chura.

0 Can st dung phuong thie “wait”

'Cac ham trong Point-to-Point

Blocking sends

MPI_Send(buffer, count, type, dest, tag,
comm)

Non-Blocking
sends

MPI_Isend(buffer, count, type, dest, tag,
comm, request)

Blocking receive

MPI_Recv(buffer, count, type, source, tag,
comm, status)

Non-blocking
receive

MPI_Irecv(buffer, count, type, source, tag,
comm, request)
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~ Tham sb trong cac ham

0 Buffer:

0La Application Buffer, 1a dia chi con tré duoc st dung dé giri hodc nhan
0 Count

0sé luong dir liéu duoc truyén di.
0 Dest

ULa tham s trong phuong thire send, chi ra processes s& dugc nhan dit
li¢u(rank of process)
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~ Tham sb trong cac ham

O Source

OTham s6 trong phuong thirc nhan, chi ra process truyén
dir li¢u. Néu tham so nay 1a MPI_ANY_ SOURCE thi sé
nhan tir moi process.

JTag
CLa dinh danh ctia mot ban tin. Hai phuong thirc truyén
va nhan phai c6 tag trung nhau.
St dung MPI ANY TAG néu khong quan tim t6i dinh
danh cta ban tin
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“Tham s6 trong cac ham

0 Communicator
LChi ra communicator ma cac processes s& giao tiép v4i nhau.

0 Status
St dung trong phuong thitc nhan, chi ra source va tag cua ban tin.

UPugc dinh nghia trong cau traic MPI_Status ( stat. MPI_SOURCE,
stat. MPI TAG)

Lap trinh thu vién MPI

"Tham sb trong cac ham

0 Request:
Ubuogce st dung trong phuong thire send va receive non-blocking.
LIH& thdng s& gan cho mdi phuong thirc mot “sé request” duy nhit dé
nguoi lap trinh st dung.
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MPI_CHAR signed char
MPI_SHORT signed short in
MPLINT signed int
MPI_LONG signed long int
MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short
MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long
MPI_FLOAT float
MPI_DOUBLE double
MPI_BYTE

MPI_PACKED
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“MPI_Send

- La phuong thire blocking send. Ham nay s& két thic khi
application buffer gui hét dir lidu.

MPI_Send(&buf,count,datatype,dest,tag,comm)
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“MPI_Recv

0 La phuong thire blocking Receive, két thuc khi dit liéu trong
application buffer dugc nhan.

MPI_Recv(&buf,count,datatype,source,tag,comm,&status)
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“MPI_Ssend

-1 La phuong thire blocking send déng bo. N6 s& két thic khi
application buffer dugc truyén di hét va bén nhan bat dau nhan
di lidu.

MPI_Ssend(&buf,count,datatype,dest,tag,comm)
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“MPI_Isend

0 Ham s€ két,thﬁc ma khong quan tam t6i application buffer da
duoc gui hét hay chua. Do do, chuong trinh khong nén thay
doi gia tri cua application buffer.

0 Str dung ham MPI_ Wait hoic MPI_Test dé d¢am bao viéc
truyen dir liéu thanh cong

MPI_Isend(&buf,count,datatype,dest,tag,comm,&request)

Lap trinh thu vién MPI

“MPI_lIrecv

- Ham s& két thuc ma khong quan tdm tdi viée applicaton buffer
da nhan hét hay chua.

0 Str dung MPI_Wait hodc MPI_Test dé kiém tra viéc nhan dit
li¢u thanh cong.

MPI_Irecv(&buf,count,datatype,source,tag,comm,&request)
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“MPI_Wait

0 Pugc su dung dé cho non-blocking send va receive, nd sé
dung lai cho dén khi viéc nhan va gui thanh cong.

MPI_Wait (&request,&status)

MPI_Waitall(count,&array of requests,&array of statuses)
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“”?Truy‘én théng tap hop

0 Céc processes ¢ cung mdt communicator thi madi giao tiép
duoc voi nhau

0 Mac dinh, cac processes déu c6 communicator la
MPI_COMM_WORLD

0 Tuy vao muc dich l4p trinh dé chia cac processes theo timg
nhom riéng biét.
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= Cac kidu giao tiép tap hop

0 Pdng bo:
LCac processes trong nhom s€ cho nhau.
0 Di chuyén dir liéu
UBroadcast, scatter/gather, all to all
0 Tinh toan tap hop (reduction)
LMot process trong nhom s€ tap hop dit licu va tinh toan trén dir liéu do
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Di chuyén dit lidu
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gather reduction
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"”AMPI_Barrier

0 Dé dong bo tat cac cac process trong nhom
0 Khi mdi process t6i 101 goi MPI Barrier sé& dung lai khi tit ca
cac process khac déu to1 101 goi MPI_Barrier.

MPI Barrier (comm)
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“MPI_Bcast

0 Gui mot ban tin tir mdt processes c6 rank 1a “root” tdi tat ca
cac process khac

MPI_Bcast(&buftfer,count,datatype,root,comm)
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MPI Bcast

Broadcasts a message to all other processes of that group

count = 1;
source = 1; broadcast originates in task 1
MPI_Bcast(&msg, count, MPI INT, source, MPI COMM_ WORLDY);

task 0 task 1 task 2 task 3

7 ~«—— msg (before)

7 7 7 7 -«—— msg (after)
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“MPI_Scatter

0 Gui dir liéu tr mot process td1 cac process khac trong nhom.

MPI_Scatter(&sendbuf,sendcnt,sendtype,&recvbuf,recv
cnt,recvtype,root,comm)
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MPI_Scatter

Sends data from one task to all other tasks in a group

sendcnt = 1;
recvcnt = 1;
src = 1; task 1 contains the message to be scattered
MPI_Scatter(sendbuf, sendcnt, MPI_INT,
recvbuf, recvent, MPI_INT,
src, MPI_COMM_WORLD);

task O task 1 task 2 task 3

~+—— sendbuf (before)

1 2 3 4 ~=—— recvbuf (after)

Lap trinh thu vién MPI

MPI Gather

Gathers together values from a group of processes

sendcnt = 1;
recvcnt = 1;
src = 1; messages will be gathered in task 1
MPI_Gather(sendbuf, sendent, MPI_INT,
recvbuf, recvent, MPI_INT,
src, MPI_ COMM_WORLDY);

task O task 1 task 2 task 3

1 2 3 4 sendbuf (before)

~-—— recvhuf (after)
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MPI_Allgather

Gathers together values from a group of processes and distributes to all

sendcnt = 1;
recvcnt = 1;
MPI_Allgather(sendbuf, sendcnt, MPI_INT,

recvbuf, recvent, MPI_INT,
MPI_COMM_WORLD);

task O task 1 task 2 task 3
1 2 3 4 sendbuf (before)
1 1 1 1
2 2 2 2
~s—— recvhbuf (after)
3 3 3 3
4 4 4 4

MPI_Reduce

Perform and associate reduction operation across all
tasks in the group and place the resultin one task

count = 1;
dest = 1; result will be placed in task 1

MPI_Reduce(sendbuf, recvbuf, count, MPI INT, MPI SUM,
dest, MPI COMM_WORLD);

task 0 task 1 task 2 task 3
1 2 3 4 -«—— sendbuf (before)
10 -—— recvhuf (after)
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MPI Reduction Operation C Data types

MPI_MAX Maximum Integer,float

MPI_MIN Minimum Integer, float

MPI_SUM Sum Integer,float

MPI_PROD Product Integer,float

MPI_LAND Logical AND Integer

MPI_BAND Bit-wise AND Integer, MPI BYTE
MPI_LOR Logical OR Integer

MPI_BOR Bit-wise OR Integer, MPI BYTE
MPI_LXOR Logical XOR Integer

MPI_BXOR Bit-wise XOR Integer, MPI BYTE
MPI_MAXLOC Max value and location  Float, double and long double
MPI_MINLOC Min value and location ~ Float, double and long double
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MPI_Allreduce

Perform and associate reduction operation across all
tasksin the group and place the resultin all tasks

count = 1;
MPI_Allreduce(sendbuf, recvbuf, count, MPI_INT, MPI _SUM,
MPI_ COMM_WORLD);

task 0 task 1 task 2 task 3
1 2 3 4 -«—— sendbuf (before)
10 10 10 10 | -=——— recvhuf (after)

Lap trinh thu vién MPI

21



MPI_Reduce_ scatter

Perform reduction operation on vector elements across all
tasks in the group, then distribute segments of result vector to tasks

recvcount = 1;
MPI_Reduce_scatter(sendbuf, recvbuf, recvocount, MPI_INT, MPI_SUM,
MPI_COMM_WORLD);

task O task 1 task 2 task 3
0 0 0 0 ~=—— sendbuf (before)
1 1 1 1
2 2 2 2
3 3 3 3
0 4 8 12 ~=—— recvhbuf (after)
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MPI_Scan

Computes the scan (partial reductions) of data
on a collection of processes

count = 1;
MPI_Scan(sendbuf, recvbuf, count, MPI_INT, MPI_SUM,
MPI_COMM_WORLDY);

task 0 task 1 task 2 task 3
1 2 3 4 -«—— sendbuf (before)
1 3 6 10 | -=—— recvhuf (after)
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