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T4AR MPI?

MP| = Message Passing Interface
E—EmERRMTUREBA SR . ERERATHENN. FEL
AR H R R R O AR A

o EXTHT I ERHANEEFEN

o M THIEIET, X#F C/C++. Fortran IEFMHTE;

o MY FFE, FARN BRRTETESR. FTEAISEIAR

o TR T BRI EREHESHNARE.

A4 MPL?
o HEILFBEERATITEN LERMET MPI B93%5;
o MPI R HRIEFREARAELAR, EEREMAEL LM T IRE;
o [T MPI, RBEHMEFAIERE!
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MPI I ZRRIH &

1991 £EZF: BXRiITiE MPI BO#EE:
1992 £ 4 H: BE MPI #lit%, MPI fRAETIEAML
1992 £ 11 A: MPI 1.0 #IF5H R, MPIiRIRRAL;

1993 £4£ 1-9 A: MPI fRETEAS
1993 £4£ 11 B: MPI 1.0 #F57E SC93 k& FN %, FEAKER;
1994 £ 6 H: MPI 1.0 £%.

WEREAFR—R

A &R HEnEEINRE HEINES HE
MPI-1  MPI 1.3 HEfiE. #DiEfTEE  C/F77
MPI-2  MPI22 34710, shisiftiss C++/F90
MPI-3  MPI3.1 2. RMA Z (E£7ikRA) F2008
MPI-4  MPI 40 RAHEE (#1TH) -
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MPI By EZ LI RRA

e MPICH
> H Argonne EIKEKES Mississippi ML KFBREF L
» EREHN, LR BAIRRITAH MPI K.
o MVAPICH
» Ohio ML KFEFA:
» BEF MPICH £, SRIEXT&EBEFMERMEL -
@ OpenMPI
» Stuttgart KEFEHF%
» 2% MPI FiRESSIME & IR -
o AR
» Intel MPI, IBM MPI, Cray MPI. HP-MPI, MS-MPI, - ---

o ABI (application binary interface) #%: H MPICH %i&, RIEEZT
MP| SLERZER BB E FFRE .
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M PI EIJEKEEIL.\

o HEFHETALAEEREHERFHEE (process) 145K ;

o GNHIZMANENEMTE, HIZELXHLETFME

o HIEEAYIHEKER AR L E/1ZUL (send/receive) HLHITERK
o BFHNEITEX T EGTNHEISINTLRLT A,

o IEFFERHE SPMD (single program multiple data) ARXRE -

LTTT] (Ll 1] [TT1T1]
[s:12 | |s: 14 | s: 11
receive Pn,s
y=.s.| [i2 i:3//' N N
send P1,s
[ Network ]
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MPI 2 FEIITRIE

Declarations, prototypes, etc.
Program Begins
) Serial code

Serial code

Program Ends
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MPI 32 PRI

o 3L3714% (header file):

\o

B8 7T MPI EERHRRHEOEX

C include file

Fortran include file

#include "mpi.h" |include 'mpif.h'

'ﬂ%ﬂ%ﬁ%%f

» MPI RiR#. T2, S MPI_ {EAETE

C Binding

Format:

rc = MPI_Xxxxx(parameter, ... )

Example:

rc = MPI_Bsend(&buf, count,type,dest,tag,comm)

Error code:

Returned as "rc". MPI_SUCCESS if successful

Fortran Binding

Format:

CALL MPI_XXXXX(parameter,..., ierr)
call mpi_xxxxx(parameter,..., ierr)

Example:

CALL MPI_BSEND(buf,count,type,dest,tag,comm,ierr)

Error code:

Returned as "ierr" parameter. MPI_SUCCESS if successful

###8 chao_yang@pku.edu.cn

2023 #

9/03


mailto:chao_yang@pku.edu.cn

R ERN

© —MEEEHITF

##8 chao_yang®@pku.edu.cn HIT5S5HITEEM II: MPI HiESSTH


mailto:chao_yang@pku.edu.cn

3

MPI € X B R &1

o MPI-3 F8it 430 NE# (& MPI-1, MPI-2 XE34r B E);
o NNHRE (BfEIheefitse) L&, RE 20 S RHEE A

0=

° qi@ﬁbklbﬁﬁJ:ﬁéy /\NTo

The minimal set of MPI routines.

MPI_Init
MPI_Finalize
MPI_Comm_size
MPI_Comm_rank
MPI_Send
MPI_Recv

Initializes MPI.

Terminates MPI.

Determines the number of processes.
Determines the label of the calling process.
Sends a message.

Receives a message.
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MPI EER) BB FNEE R

o MPI_Init —EFEFHFL, TERTHEE MPI KR,
o MPI Finalize —fRZEFTIEFAKE, FTEHTFLIE MPI IR,
o XN ERHHIBEWT:

int MPI_Init(int *argc, char ***argv)
int MPI_Finalize()

o MRIZITIEE, FTA MPI HHR)RE{EHRZE MPI_SUCCESS B&.
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W —@{S2& (communicator)

o EXTHESSBENHENES:

o JLEFTER) MPI mEMEEIEEZRHFTEARBIESS
o BIERT=AEHEAEE MPI_Comn;

o ZABISSEE MPI_COMM_WORLD (FRrBBIE).

MPI_COMM_WORLD

#5#8 chao_yang@pku.edu.cn TS AT EER I MP| FEE%E 2023 B
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KR —REUHERR

e MPI_Comm_size iR FkIX1FEIMBEHRIDHIEE
o MPI_Comm_rank iK% FRIKFLAIFEEBIMRERNHIES,
o XN EBANEENT:

int MPI_Comm_size(MPI_Comm comm, int *size)
int MPI_Comm_rank(MPI_Comm comm, int *rank)

e rank HYSEE: 0,1, - ,size — 1.
o F—NMHIEVIUETFARMEERE, Eit rank HATEEAE!
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#E—A MPI 32K hello world!

mpi__hello.c

#include <mpi.h> // mpi header file
#include <stdio.h> // standard I/0

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

MPI_Init(&argc, &argv); // initialize MPI
MPI_Comm_size(MPI_COMM_WORLD, &size); // get num of procs

9 MPI_Comm_rank(MPI_COMM_WORLD, &rank); // get my rank

10 printf ("From process %d of Jd: Hello World!\n", rank, size);
11 if (rank == 0) printf("That's all, folks!\n");

12 MPI_Finalize(); // done with MPI

13 return O;

O~NO O W=
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o N MPI EEIRIR:

$ module add mpich

o YiFE:

$ mpicc mpi_hello.c -o hello

e i&1T ((BFIER{E A sbatch T salloc):

$ mpiexec -n 4 ./hello
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IBITER

o E—IRIETT

From process 3 of 4: Hello World!
From process 1 of 4: Hello World!
From process 2 of 4: Hello World!
From process O of 4: Hello World!
That's all, folks!
o HRIELT:

From process 2 of 4: Hello World!
From process 1 of 4: Hello World!
From process O of 4: Hello World!
That's all, folks!

From process 3 of 4: Hello World!

o AftA?
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EXRRRRE—RESEK

o MPI_Send RHARLEHER:
e MPI_Recv BG#FISRIZUGER
o XA RBIBEMT:
int MPI_Send(void *buf, int count, MPI_Datatype datatype, int
dest, int tag, MPI_Comm comm)

int MPI_Recv(void *buf, int count, MPI_Datatype datatype, int
source, int tag, MPI_Comm comm, MPI_Status *status)

tag RNHERE (EHREY), FEXTEIESE MPI_TAG_UB;
buf FRKIZEFHEWAIE BRI R AR TEGLE

count RIRAEFZWAIHERKE:

datatype RRAZIXFZEWATEHERIEHEZEE;

dest 1 source & FIRFIFWIHINE XM HIZS .

BE: BUURTNA X RATZERERKERIAR—# ?
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MPI &z R

e MPI Datatype EX T & T &% FAEIEZE:

MPI Datatype C Datatype
MPI_CHAR signed char
MPI_SHORT signed short int
MPI_INT signed int
MPI_LONG signed long int

MPI_UNSIGNED_CHAR unsigned char
MPI_UNSIGNED_SHORT unsigned short int

MPI_UNSIGNED unsigned int
MPI_UNSIGNED_LONG unsigned long int
MPI_FLOAT float

MPI_DOUBLE double
MPI_LONG_DOUBLE long double
MPI_BYTE

MPI_PACKED

e MPI_BYTE 2FHZH! (8 bits);
o MPI_PACKED @ ZNMHHRHIESXE, ATAELEHENITE.
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MPI BERKZS

o HEUTRELE &% ><§5{§—/\7’%§5{: status;
o EREFETHEHREINB{EIAE, FTE A MPI_STATUS_IGNORE;
o HA MPI_Status E— MPI fiiE X Ik

typedef struct MPI_Status {
int MPI_SOURCE;
int MPI_TAG;
int MPI_ERROR;

I8

o FILAMER MPI_Get_count FHEFEIFEWHERIKN:

int MPI_Get_count(MPI_Status *status, MPI_Datatype datatype,
int *count)
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THIRERF: ERBE

PROCESS 1 PROCESS 2
| MP1_Send
time=At/2 w
e | MPI_Recv
MPI_Send

MPI_Recv~" X bytes
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mpi__pingpong.c

1 | #include <mpi.h>
2 |#include <stdio.h>
3
4 | int main(int argc, char *argv[]){
5 int token, size, rank;
6
7 MPI_Init(&argc, &argv);
8 MPI_Comm_size(MPI_COMM_WORLD, &size);
9 MPI_Comm_rank (MPI_COMM_WORLD, &rank);
10
11 if (rank == 0) {
12 token = -1;
13 MPI_Send(&token, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD) ;
14 printf ("Process %d pinged token %d to process %d\n", rank,
token, l-rank);
15 MPI_Recv(&token, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD,
MPI_STATUS_IGNORE);
16 printf ("Process %d ponged token %d from process %d\n", rank
, token, 1-rank);
17 } else if (rank == 1) {
ST

23 /03


mailto:chao_yang@pku.edu.cn

18 MPI_Recv(&token, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD,
MPI_STATUS_IGNORE) ;

19 MPI_Send(&token, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD);
20 }

21
22 MPI_Finalize();
23 return 0;

24 |}
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e i&1T (FFIEM{E R sbatch B salloc):

$ mpiexec -n 2 ./pingpong

S—4= .
o IBITHR:
Process 0 pinged token -1 to process 1
Process O ponged token -1 from process 1
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INEKS]

o ZXFIA MPI_Status EBFKE

1 MPI_Status sta;

2 R

3 if (rank == 0) {

4 token = -1;

5 MPI_Send(&token, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD) ;

6 printf ("Process %d pinged token %d to  process %d\n", rank
, token, 1-rank);

7 MPI_Recv(&token, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD, &
sta);

8 printf ("Process %d ponged token %d from process 7%d\n", rank
, token, sta.MPI_SOURCE);

9 } else if (rank == 1) {

10
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TBIRER: ZHBE

mpi_exchange.c

1 | #include <mpi.h>

2 | #include <stdio.h>

3

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

5 int a, b, size, rank;

6

7 MPI_Init(&argc, &argv);

8 MPI_Comm_size(MPI_COMM_WORLD, &size);

9 MPI_Comm_rank (MPI_COMM_WORLD, &rank);

10

11 if (rank == 0) {

12 a=-1;

13 MPI_Send(&a, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD) ;

14 printf ("Process %d sent token %d to process %d\n", rank, a,

1-rank) ;

15 MPI_Recv(&b, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD,

MPI_STATUS_IGNORE);
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16

17
18
19

20
21
22
23
24
25

printf ("Process %d received token %d from process %d\n",
rank, b, l-rank);

} else if (rank == 1) {
a=1;
MPI_Recv(&b, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD,
MPI_STATUS_IGNORE);
MPI_Send(&a, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD);

}

MPI_Finalize();
return O;
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e i&1T (FFIEM{E R sbatch B salloc):

$ mpiexec -n 2 ./exchange

sS—/= .

o IBITHR:

Process 0 sent token -1 to process 1
Process O received token 1 from process 1
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INEKS]

o X#EBSTHED:

1 } else if (rank == 1) {

2 a=1;

3 MPI_Recv(&b, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD,
MPI_STATUS_IGNORE);

4 MPI_Send(&a, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD);

5 }

o BEFLMEM A:

1 } else if (rank == 1) {

2 b=1;

3 MPI_Recv(&a, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD,
MPI_STATUS_IGNORE) ;

4 MPI_Send(&b, 1, MPI_INT, 1-rank, O, MPI_COMM_WORLD);

5 }
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MP1 &5 35 #

o MRMANHIEFEHITHIRL IR, TUMERLZZRWAERE:

int MPI_Sendrecv(void *sendbuf, int sendcount, MPI_Datatype
senddatatype, int dest, int sendtag, void *recvbuf, int
recvcount, MPI_Datatype recvdatatype, int source, int recvtag,
MPI_Comm comm, MPI_Status *status)

o WRITHRHVEIEIL F—> buffer, MIFTEENTFIITRIE:

int MPI_Sendrecv_replace(void *buf, int count, MPI_Datatype
datatype, int dest, int sendtag, int source, int recvtag,
MPI_Comm comm, MPI_Status *status)
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MP1 &3 32 #5751

o ZETHRBIEITA:

Process: 0 Process: 1
send(a, 10, 1, tagl) recv(a, 10, 0, tagl)
recv(b, 10, 1, tag2) send(b, 10, 0, tag2)

o FILAfE MEE A — IR ETER

Process: @ Process: 1

\

sendrecv(a, 10, 1, tagl, St sendrecv(b, 10, 0, tag2,
b, 10, 1, tag2) 4 a, 10, 0, tagl)
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INEKS]

o =X FIF MPI_Sendrecv SEREIIEATHE:

mpi_exchange2.c

if (rank == 0) {
a = -1;
MPI_Sendrecv(&a, 1, MPI_INT, 1-rank, O, &b, 1, MPI_INT
, l-rank, O, MPI_COMM_WORLD, MPI_STATUS_IGNORE);
5 printf ("Process %d exchanged token %d to token %d with
process /%d\n", rank, a, b, l-rank);
6 } else if (ramnk == 1) {

AW N

7 a=1;

8 MPI_Sendrecv(&a, 1, MPI_INT, i-rank, O, &b, 1, MPI_INT
, l-rank, 0, MPI_COMM_WORLD, MPI_STATUS_IGNORE) ;

9 }

10

o ZXF|H MPI_Sendrecv_replace FEREIIEAZHE.
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FE$hi (deadlock)

o ZETHRBIEITA:

Process: 0 Process: 1
send(a, 10, 1, tagl) ---t----» recv(a, 10, 0, tagl)
send(b, 10, 1, tag2) ------—-» recv(b, 10, @0, tag2)

o MRUTHBEMERBIAF SEH7

Process: 0 Process: 1

send(a, 10, 1, tagl) ..| _, recv(b, 10, @0, tag2)
send(b, 10, 1, tag2) [ ™4 recv(a, 10, 0, tagl)

o AT S (deadlock)!
o B4t ? (1) BAFRILE: (2) JEMEZE (non-blocking) Bf.
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BEZE (blocking) vs JEFHZE (non-blocking) &

o FHEE (blocking) BfF: AMINFIEE (BEIRFZHZEE).

int MPI_Send(void *buf, int count, MPI_Datatype datatype, int dest,
int tag, MPI_Comm comm)

int MPI_Recv(void *buf, int count, MPI_Datatype datatype, int source
, int tag, MPI_Comm comm, MPI_Status *status)

o JEFAZE (non-blocking) Bf5: X LEEXAET (FEHMITEE).

int MPI_Isend(void *buf, int count, MPI_Datatype datatype, int dest,
int tag, MPI_Comm comm, MPI_Request *request)

int MPI_Irecv(void *buf, int count, MPI_Datatype datatype, int
source, int tag, MPI_Comm comm, MPI_Request *request)

request T8 ANRMRICBEES.
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JERR & SRR R T S 2
o BUBIFAZEELR:

[int MPI_Cancel (MPI_Request *request) J

o WNAFFAERERERCEL R (ILANREE, flag {E 0 RRRE
®):

[int MPI_Test(MPI_Request *request, int *flag, MPI_Status *status) J

o EFHFMHERELER (BEHREHEMIEM):

(ént MPI_Wait(MPI_Request *request, MPI_Status *status) J

NRIFPAEBRERBER, ZE/MER buf FREVEHRE!
o NEMER buf PEILEHHE: o AE(EA buf PRYEIHIE.
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o KM/ EFSNIFHEBIE:

int MPI_Testall(int count, MPI_Request requests[],

MPI_Status statuses[])

int MPI_Waitall(int count, MPI_Request requests[],

statuses[])

int *flag,

MPI_Status

o tuill/FEFHE—TIEFEBIE:

int MPI_Testany(int count, MPI_Request requestsl[],

flag, MPI_Status *status)

int MPI_Waitany(int count, MPI_Request requests[],

MPI_Status *status)

int *index, int *

int *index,

il / S E—LEEPR (S MPI_Testsome, MPI_Waitsome (F§).
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1% FHERE ZEB (58 T FE £

o {ERIFFAERE:

Process: @

wait(&reql, &stal)
wait(&req2, &sta2)

Process: 1

isend(a, 10, 1, tagl, &reql)| . recv(b, 10, 0, tag2)
isend(b, 10, 1, tag2, &req2)}{ » recv(a, 10, @0, tagl)

o HFE, {EFHIAFFEEREIL:

Process: 0

send(a, 10, 1, tagl) -._
send(b, 10, 1, tag2) -~

v

><]
~al

Process: 1
irecv(b, 10, 0, tag2, &reql)
irecv(a, 10, 0, tagl, &req2)

wait(&reql, &stal)
wait(&req2, &sta2)

o BE: wait HIRFERMNG ? tag ATLALENG 7
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MP! s R (8]

o IR [m L B FEAZ AR ShA (E) -

( double MPI_Wtime() J
o Aik:

1 .

2 t0 = MPI_Wtime();

3 ... // do some works

4 t1 = MPI_Wtime();

5

o BR[O MPI_Wtime HIRTSPZIE:

( double MPI_Wtick() J
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MPI| & %28 M (system buffer)

e MPI Send/Recv RJ$EO:

Process: @ Process: 1
(Send) (Recv)

Network

_________

o f&E) MPI RZEZ& i, Send/Recv HIRELIA/LFHAR 7

Process: © Process: 1
(Send) (Recv)

Network

.

R S

13 Sys Buffer Sys Buffer gg

18 chao_yang@pku.edu.cn HIT55HITEEM II: MPI HiESSTH 2023

42 /93


mailto:chao_yang@pku.edu.cn

T MPI &% HHJ Send/Recv BYJEESEI

o f&E) MPI R%t4& M, Send/Recv HRESLILELE:

Process: @ Process: 1
(Send) (Recv)

Network

-
[+ Sys Buffer <=Z-"-gy--b Sys Buffer @

o MPI EESIRIEEAIH. HEXNEEESENAK.
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PHEBENHEEREXE
o PHEEL IX/HEUW R

> ZIERH: FHERENERL

., WARTRETIR @

Process: @

send(a, 10,

1, tagl)

Process: 1

recv(a, 10, @, tagl)

> FEIERE: WEER.
o ITit: MTMRLEAER —E =AEILs ? WPLL AT e =4 7 P —EAR
27

R (AT AL )

Process: @ Process: 1 Process: @ Process: 1

send(a, 10, 1, tagl) recv(a, 10, 0, tagl) send(a, 10, 1, tagl) recv(a, 10, 0, tagl)
recv(b, 10, 1, tag2) <t send(b, 10, 0, tag2) send(b, 10, 1, tag2) recv(b, 10, 0, tag2)
Process: 0 Process: 1 Process: 0 Process: 1

send(a, 10, 1, tagl) -.| | send(b, 10, @, tag2) send(b, 10, 1, tag2) -.| . recv(a, 10, @, tagl)
recv(b, 10, 1, tag2) «| " recv(a, 10, 0, tagl) send(a, 10, 1, tagl) - ~ recv(b, 10, @, tag2)
Process: @ Process: 1 Process: 0 Process: 1

recv(b, 10, 1, tag2) «| _. recv(a, 10, @, tagl) send(a, 10, 1, tagl) -.| . recv(b, 10, @, tag2)
send(a, 10, 1, tagl) -7 send(b, 10, @, tag2) send(b, 10, 1, tag2) -7[ ~ recv(a, 10, 0, tagl)
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e [ (synchronous) #&x;: MPI_Ssend
» TRBWIHE T BEN, ZXimrEEERERhEE,
» AFERLuREERE,. ZXwmAIRE
» BEWHRE AR TERXAUER, ERTERIREELEIE
TENEFR HTTEFEY).
o Fh#k (ready) #E=,: MPI_Rsend
» (XHXTHFRIBEBIRIERS BARRE, T REHE (TUHE)
» BEX LIRS AETE—H, BB THIMNIEPRIEERNLE
B REFRIE.
o Z i (buffered) #&3,: MPI_Bsend
» BiEmBEERE N2 A PR ENIGRE P
> WELREIR, ZEZEHPXETILA.

o HA=F#iE 5 MPI_Send iEi%%E 2R
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o FRAE (standard) #ER;: MPI_Send
» IARRSHSHE NN, BFEFEURBERENIS
* WEEHE, —MR AR
* IHCHEHE, —MERARTEN, FRETHEEHTHARE:
* KEHBERYIES, ATARE.
o JERAZEL X
» bid%EWm AR MR ZERA, BB IMER.
o —LEZFEIN
> RIEXEE: REFRAREENHE MPI_Send, BRIEFIERC#&E
:FH'/A
> ?;;l& D WRELE, RAIEPEZERAK MPI_lrecv, HRE
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A SR SR EMMYL (protocol)
R (eager) thill: REFFAEM AL ELHRE

Process 0
Process 1
Time
o SLA (rendezvous) HMYL: WA IR+ & B4R
May | Send?
Process 0-
Process 1 Yes
Time
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PRI LB

o RUBMMY: SINKEZ WA, BOESFE, EEEHSEN.
o ICEMN: FLLEREM, SINESHHE, EEKHEEN.
o MPI R B FNEE, APFAWYHRKR (30 EAGER_LIMIT %),

L&

Eager il

JH R

il
| —

Rendezvous f il
Rt
—)

TS

CTS

K

8

il
A—

K
—

###8 chao_yang@pku.edu.cn
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%3] EEtERE

o THEE MPI HIZH
o HXERAARR LR A3 RBIE
o FIIBMAERAMIXENE

o MEXLER

Process
Process
Process
Process
Process
Process
Process
Process

$ mpiexec -n 8

1

O N O WN

received
received
received
received
received
received
received
received

token
token
token
token
token
token
token
token

./mpi_ring

=
=1
-1
=i
-1
-1
=i
-1

from
from
from
from
from
from
from
from

process
process
process
process
process
process
process
process

~N o o WN e O
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R ERN

O &&=
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MPI| ££& 1815 (collective communication) i

o MPI £&BERETRIIBESRPHAEHENRE, F=%:
» [E% (synchronization): barrier Z;
» BTN broadcast, scatter/gather, all to all &;
» B4 (reduction): reduce, all reduce, reduce scatter &£,

o MPI SEATBIEN —Le4s 5
- SR T T B R IR A BRI
- REEIEE tag:
- FENESBESEEHE RS RIE.
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MPI #it#=[=] 4

o BIERTFHAEEEEERERITRAS =

[ int MPI_Barrier (MPI_Comm comm) J

J0J0J0)

T1 @ T2 @

T3 T4

o B ZMHERLKEREAZLIHE ?

18 chao_yang@pku.edu.cn HIT5S5HITEEM II: MPI HiESSTH 2023 52 /93


mailto:chao_yang@pku.edu.cn

PI“—H%5" 5 “HH—

BEHES

MPI Bcast

MPI_Reduce

— e — task0 task1 task2 task3
$ D . I:‘ I:' <+—— msg (before) [‘ \Z‘ Iz‘ E «+—— sendbuf (before)
#
=
e | [ [] [] [
MPI_Scatter MPI_Gather
task0 task1 task2 task3 task0 task1 task2 task3
n \I‘ Iz‘ E |Z| «+—— sendbuf (before)
;% E «+—— sendbuf (before) n

[1] [2] [3] [1] e

E E «+—— recvbuf (after)

#%#8 chao_yang@pku.edu.cn
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MPI -5 2
o |3 (broadcast):

int MPI_Bcast(void *buf, int count, MPI_Datatype datatype, int
source, MPI_Comm comm)

o ¥ (reduce):

int MPI_Reduce(void *sendbuf, void *recvbuf, int count,
MPI_Datatype datatype, MPI_Op op, int target, MPI_Comm comm)

55\/55 @\6\/@/@
\i/ %

broadcast reduction
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MLRIERY SR

o MPI_Op 2 MPI HENIRIE, FEH:

Operation Meaning Datatypes
MPI_MAX Maximum C integers and floating points
MPI_MIN Minimum C integers and floating points
MPI_SUM Sums the elements C integers and floating points
MPI_PROD Multiplies the elements  C integers and floating points
MPI_LAND Logical AND C integers
MPI_BAND Bit-wise AND C integers and bytes
MPI_LOR Logical OR C integers
MPI_BOR Bit-wise OR C integers and bytes
MPI_LXOR Logical XOR C integers
MPI_BXOR Bit-wise XOR C integers and bytes
MPI_MAXLOC Max value and the rank Data-pairs
MPI_MINLOC  Min value and the rank Data-pairs
2023 #
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TBIRER: RSN

mpi_bcast_reduce.c

19...

2 |#define ROOT O // Rank of the root process

3

4 | int main(int argc, char **xargv){

5 e

6 /* Set the data on root process */

7 if (rank == ROOT) {

8 data = 100;

9 printf("On root proc %d, data to be broadcast: %d\n", rank,
data) ;

10 }

11

12 /* Broadcast the data to everybody */

13 MPI_Bcast(&data, 1, MPI_INT, ROOT, MPI_COMM_WORLD) ;

14

15 /% Everybody shows the broadcast data */

16 printf("On proc %d, data after broadcasting = %d\n", rank,
data) ;
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17
18
19
20
21
22
23
24

25
26
27
28

29
30

MPI_Barrier (MPI_COMM_WORLD) ;

/* Modify the data to reduce */
data = data + rank;
printf("On proc %d, data to be reduced = %d\n", rank, data);

/* Reduce everybody's data to root */
MPI_Reduce(&data, &data_reduce, 1, MPI_INT, MPI_SUM, ROOT,
MPI_COMM_WORLD) ;

/* On root, show the reduced data */

if (rank == ROOT) {
printf("On root proc %d, data reduced: %d\n", rank,
data_reduce) ;

}

18 chao_yang@pku.edu.cn HIT55HITEEM II: MPI HiESSTH 2023

57 / 93


mailto:chao_yang@pku.edu.cn

(IEIEFa{E A sbatch 5 salloc):

o BT
$

On
On
On
On
On
On
On
On
On
On

mpiexec -n 4 ./bcast_reduce

root proc O,

proc
proc
proc
proc
proc
proc
proc
proc

0,

data
data
data
data
data
data
data
data

root proc O,

data to be broadcast:

after
after
after
after
to be
to be
to be
to be

broadcasting =
broadcasting
broadcasting =
broadcasting
reduced = 100
reduced = 102
reduced = 101
103

reduced

data reduced: 406

100
100
100
100
100
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MPI 3% 5 &
o 4k (scatter):

int MPI_Scatter(void *sendbuf, int sendcount, MPI_Datatype
senddatatype, void *recvbuf, int recvcount, MPI_Datatype
recvdatatype, int source, MPI_Comm comm)

o £ (gather):

int MPI_Gather(void *sendbuf, int sendcount, MPI_Datatype
senddatatype, void *recvbuf, int recvcount, MPI_Datatype
recvdatatype, int target, MPI_Comm comm)

YUUV WUV
\\// \\ //

scatter gather
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TBIRERF: SASER

mpi_scatter_gather.c

19...

2 | #define N 2 // Number of data per process

3 | #define ROOT O // Rank of the root process

4

5 | int main(int argc, char **argv){

6 .

7 /* Set the data on root process */

8 if (rank == ROOT) {

9 printf("On root proc %d, data to be scattered:\n", rank);
10 for ( j=0; j<size; j++) {
11 for ( i=0; i<N; i++ ) {
12 data_root[j][i] = j+i;
13 printf("(%d, %d) = %d ", j, i, data_root[jl[il);
14 }
15 printf("\n");
16 }
17 }
18
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19
20

21
22
23
24

25
26
27
28
29

30
31
32
33
34
35
36
37

/* Scatter the data to everybody */
MPI_Scatter(&data_root[0] [0], N, MPI_INT, &datal[O], N,
MPI_INT, ROOT, MPI_COMM_WORLD);

/* Everybody shows the scatterd data */

for (i=0; i<N; i++) {
printf("On proc %d, scattered datal’%d] = %d\n", rank, i,
datalil);

¥

MPI_Barrier (MPI_COMM_WORLD) ;

/* Gather everybody's data to root */
MPI_Gather(&data[0], N, MPI_INT, &data_root[0][0], N, MPI_INT
, ROOT, MPI_COMM_WORLD) ;

/* On rToot, show the gathered data */
if (rank == ROOT) {
printf("On root proc %d, data gathered:\n", rank);
for ( j=0; j<size; j++) {
for ( i=0; i<N; i++ ) {
printf("(%d, %d) = % ", j, i, data_root[jI1[il);
}
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38
39
40
41

}

printf("\n");

}

o i&1T (FFIEM{EH sbatch T salloc):

18 chao_yang@pku.edu.cn FITE5HHRITEREM 1I: MPI HiES5LE

$ mpiexec

Data to be
=0
=1

(o,
(1,
(2,
(3,
On
On
On
On
On
On
On
On

0)
0)
0)
0)
proc
proc
proc
proc
proc
proc
proc
proc

= W W~k NDNDOO

N R S )

-n 4 ./scatter_gather

scattered on root proc O:
(0, 1) =1

(1, 1) =2
(2, 1) =3
(3, 1) = 4

scattered datal[0] =
scattered datal[1] =
scattered datal[0] =
scattered datal[l] =
scattered datal[0] =
scattered datal[0] =
scattered datal[l] =
scattered datal[1] =

NP W WN = O
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Data gathered on root proc O:

(0, 0) =0 (0, 1) =1
(1, 00 =1 (1, 1) =2
(2, 00 =2 (2, 1) =3
(3, 0) =3 (3, 1) =4
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MPI “&34%" &5 (1)

o &4 (allreduce):

int MPI_Allreduce(void *sendbuf, void *recvbuf, int count,
MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)

MPI_Allreduce
Perform reduction and store result across all tasks in communicator

count = 1;
MPT_Allreduce (sendbuf, recvbuf, count, MPT_INT,
MPT_SUM, MPT_COMM_WORLD) ;

task0 task1 task2 task3

«+—— sendbuf (before)
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MPI “E 315" B (2)

e BTN (scan, prefix-sum):

int MPI_Scan(void *sendbuf, void *recvbuf, int count, MPI_Datatype
datatype, MPI_Op op, MPI_Comm comm)

MPI_Scan
‘Computes the scan (partial reductions) across all tasks in communicator

count = 1;
MPI_Scan(sendbuf, recvbuf, count, MPI_INT,
MPT_SUM, MPT_COMM_WORLD) ;

task0 task1 task2 task3

E E| Iz‘ E «+—— sendbuf (before)
(][] [o] [o]) e
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MPI “&3t%" &1= (3)
o £&rh (allgather):

int MPI_Allgather(void *sendbuf, int sendcount, MPI_Datatype
senddatatype, void *recvbuf, int recvcount, MPI_Datatype
recvdatatype, MPI_Comm comm)

MPI_Allgather

Gathers data from all tasks and then to all tasks in

recvent = 1;

MPT_Allgather (sendbuf, sendcnt, MPI_INT
recvbuf, recvent, MPI_INT
MPI_COMM WORLD) ;

task0 task1 task2 task3

E‘ E‘ E E +—— sendbuf (before)

-
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MPI “&34&" &5 (4)

o MY % (reduce_scatter):

int MPI_Reduce_scatter(void *sendbuf, void *recvbuf, const int
recvcount[], MPI_Datatype datatype, MPI_Op op, MPI_Comm comm)

MPI_Reduce_scatter
Perform reduction on vector elements and distribute segments
of result vector across all tasks in communicator

recvent = 1;
MPI_Reduce_scatter(sendbuf, recvbuf, recveount,
MPI_INT, MPI_SUM, MPI_COMM_WORLD) ;

task0 taski task2 task3

I o

o ——

18 chao_yang@pku.edu.cn HIT55HITEEM II: MPI HiESSTH 2023

67 / 93



mailto:chao_yang@pku.edu.cn

MPI “Z 335" &1 (5)

o £33k (alltoall):

int MPI_Alltoall(void #*sendbuf, int sendcount, MPI_Datatype
senddatatype, void *recvbuf, int recvcount, MPI_Datatype
recvdatatype, MPI_Comm comm)

MPI_Alitoall
Scatter data from all tasks to all tasks in communicator
sendent = 1;
ovent = 1;

b2 ;
MPI_Alltoall (sendbuf, sendcnt, MPI_INT
recvbuf, recvent, MPI_INT

MPI_COMM WORLD) ;
task0 task1 task2

task3
n . <«—— sendbuf (before) <«—— recvbuf (after)
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R ERN

Q HEIEE
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MP! s R (8]

o IR [m L B FEAZ AR ShA (E) -

( double MPI_Wtime() J
o Aik:

1 .

2 t0 = MPI_Wtime();

3 ... // do some works

4 t1 = MPI_Wtime();

5

o BR[O MPI_Wtime HIRTSPZIE:

( double MPI_Wtick() J
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— b B {th 4 Bl R 45

o ¥t MPI EBELZMA1L:

{int MPI_Initialized(int *flag) J

o rhiF MPI IRiE

[int MPI_Abort(MPI_Comm comm, int errorcode) }

o FREX MPI jRZAS

[int MPI_Get_version(int *version, int *subversion) J

o FRERAMIERRH:

{int MPI_Get_processor_name(char *name, int *resultlen); J

18 chao_yang@pku.edu.cn HIT55HITEEM II: MPI HiESSTH 2023 Fk 71/93


mailto:chao_yang@pku.edu.cn

TBFE & hello world 2!

© o0 ~NOOT P~ WN -

15

mpi_hello2.c

MPI_Init(&argc, &argv); // initialize MPI
MPI_Comm_size(MPI_COMM_WORLD, &size); // get num of procs
MPI_Comm_rank(MPI_COMM_WORLD, &rank); // get my rank
MPI_Get_processor_name(name, &len); // get node name
MPI_Get_version(&ver, &sver); // get mpi version

if ( size > 16 ) {
printf ("Number of processes %d is too large. Abort MPI!\n",
size);
MPI_Abort(MPI_COMM_WORLD, 911); // abort mpi for large size
}

t0 = MPI_Wtime(); // tick

printf("On %s, from process %d of %d: Hello World!\n", name,
rank, size);

fflush(stdout); // flush standard output
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16
17
18
19

20

MPI_Barrier (MPI_COMM_WORLD); // barrier for the flush

if (rank == 0) printf("MPI version is %1d.%1d. Time ellapsed

is %f.\nThat's all, folks!\n", ver, sver, t1-t0);

t1 = MPI_Wtime(); // tock
y—s .
BITER:
On cu01, from process 2 of
On cuO0l1, from process 0 of
On cuO01, from process 3 of
On cu0l1, from process 1 of

That's all, folks!

INENNINN

4:
MPI version is 3.1. Time elapsed is

Hello
Hello
Hello
Hello

World!
World!
World!
World!
0.000086.
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THRER: HE
o TTE{KIE: BAREAM®EIR.

N 1
~Ah Y /122,
i=0
where
1 1

o H1T%RME: round-robin,

#%#8 chao_yang@pku.edu.cn FITE5HHRITERM 1I: MPI HiES5LE 2023 # 74 /93


mailto:chao_yang@pku.edu.cn

O~NOOs WN R

= e
A WODNRHR OO

15
16
17
18
19

mpi_cpi.c

if (rank == 0) n = 10000000;
MPI_Bcast(&n, 1, MPI_INT, O, MPI_COMM_WORLD);

t0 = MPI_Wtime();
for (k = 0; k < REPEAT; k++) {
h =1.0 / (double) n;
sum = 0.0;
for (i = rank + 1; i <= n; i += size) {
x = h * ((double)i - 0.5);
sum += 4.0 * sqrt(l.-x*x);
}
mypi = h * sum;
MPI_Allreduce(&mypi, &pi, 1, MPI_DOUBLE, MPI_SUM,
MPI_COMM_WORLD) ;
}
tl = MPI_Wtime();

if (rank == 0) {
printf ("Number of processes = Jd\n", size);

18 chao_yang@pku.edu.cn HIT55HITEEM II: MPI HiESSTH 2023 Fk

75/ 93


mailto:chao_yang@pku.edu.cn

20
21
22
23
24

printf(" pi is approximately %.16f\n", pi);

printf (" Error is 7%.16f\n", fabs(pi-PI25DT));

printf(" Wall clock time = %f\n", (t1-t0)/REPEAT);
}

e i&1T (FBFIERA{E A sbatch T salloc):
$ mpiexec -n 1 ./cpi
$ mpiexec -n 2 ./cpi
$ mpiexec -n 4 ./cpi
$ mpiexec -n 8 ./cpi
Number of processes = 1

pi is approximately 3.1415926536003460
Error is 0.0000000000105529

Wall clock time = 0.079847

Number of processes = 2

pi is approximately 3.1415926536009313
Error is 0.0000000000111382

Wall clock time = 0.041626
Number of processes = 4
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pi is approximately 3.1415926536006418
Error is 0.0000000000108487

Wall clock time = 0.023723

Number of processes = 8

pi is approximately 3.1415926536006591
Error is 0.0000000000108660

Wall clock time = 0.012587

o BE 1 At AMELL ARLMER 7
o B% 2: ANAIREARR?
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R ERN

O mEsEEHEA
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BiERNER

o EXTHESE5BENHIENES:

o JLFFAN MPl R EEIEEIXZREFTIERNEEDS
o BISHTENHIEARE MPI_Comm;

o ERIAIE(E252 MPI_COMM_WORLD (FREIIE).

MPI_COMM_WORLD
C (7]
C

o O© ©
N ©
C

WRENATEXBERPHUHSHBHITESER
Bad?
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BERSZ (split)

o ETEEs, SFRUFMFBESSR:

int MPI_Comm_split(MPI_Comm comm, int color, int key, MPI_Comm*
newcomm)

comn: JRIFBIERE, RAHK:

color: REIZIHIEETMNFEISaF (MPI_UNDEFINED HERR);
key: REZERRETFEERPH rank (WNEIX);

newcomm: 4} RHAIFBIER-

o BMAME MBS

[;nt MPI_Comm_free(MPI_Comm * comm) J

vV vV v Vv
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THIRER: TR

mpi_split.c

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

int main(int argc, char **argv){
int rank, size, color, sub_rank, sub_size;
MPI_Comm sub_comm;

0O ~NOOTh WN

MPI_Init(&argc, &argv);
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10
11
12
13
14
15
16
17
18
19

20
21
22
23
24

MPI_Comm_rank (MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

color = rank/4;
MPI_Comm_split(MPI_COMM_WORLD, color, rank, &sub_comm);

MPI_Comm_rank(sub_comm, &sub_rank);
MPI_Comm_size(sub_comm, &sub_size);

printf ("World rank/size: %d/%d \t Sub rank/size: %d/%d\n",
rank, size, sub_rank, sub_size);

MPI_Comm_free(&sub_comm) ;
MPI_Finalize();
return O;
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e i&1T (FFIERM{EH sbatch T salloc):

World
World
World
World
World
World
World
World
World
World
World
World
World
World
World
World

$ mpiexec -n 16 ./split

rank/size: 8/16 -- Sub rank/size:
rank/size: 9/16 -- Sub rank/size:
rank/size: 12/16 -- Sub rank/size:
rank/size: 14/16 -- Sub rank/size:
rank/size: 13/16 -- Sub rank/size:
rank/size: 2/16 -- Sub rank/size:
rank/size: 3/16 -- Sub rank/size:
rank/size: 4/16 -- Sub rank/size:
rank/size: 5/16 -- Sub rank/size:
rank/size: 10/16 -- Sub rank/size:
rank/size: 0/16 -- Sub rank/size:
rank/size: 11/16 -- Sub rank/size:
rank/size: 15/16 -- Sub rank/size:
rank/size: 1/16 -- Sub rank/size:
rank/size: 6/16 -- Sub rank/size:
rank/size: 7/16 -- Sub rank/size:

0/4
1/4
0/4
2/4
1/4
2/4
3/4
0/4
1/4
2/4
0/4
3/4
3/4
1/4
2/4
3/4

B ARSRMHT 4 MFRESRG, AtARE—

MBESETE sub_comm ?
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#A24H (group) (1)

o HNMBEREE— I HE—R ID (MPI HEPEIRE) U RITR— itz
48 (group), KATEARNKBUAEEHHIZA:

[ént MPI_Comm_group (MPI_Comm comm, MPI_Group* group) J

o HIRABE TIZRERMHIEFR, FEIULFTLAIRE rank 0 size:

int MPI_Group_rank(MPI_Group group, int* rank) ‘

int MPI_Group_size(MPI_Group group, int* size)

18 chao_yang@pku.edu.cn HITE55HITERRM 11: MPI HiI25EE 2023 Fk 84 /93


mailto:chao_yang@pku.edu.cn

A2 (group) (2)

o HIEAAMUATER, ERAAESHECIZIFTRIAIEAR
> F&. MR &, FE&:

int MPI_Group_incl(MPI_Group group, int n, const int ranks
[1, MPI_Group* newgroup)

int MPI_Group_excl(MPI_Group group, int n, const int ranks
[1, MPI_Group* newgroup)

int MPI_Group_intersection(MPI_Group groupl, MPI_Group
group2, MPI_Group* newgroup)

int MPI_Group_union(MPI_Group groupl, MPI_Group group2,
MPI_Group* newgroup)

> BHAHERETHHEL, nevgroup MEH CIERHIER,
» &N, newgroup 4 MPI_GROUP_EMPTY.

o ¥R RA—1MEHETMUBRTARMNIHEA/ BEHE
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#A24H (group) (3)

o ETi#tiZdA, WLIEIZBIER:

int MPI_Comm_create(MPI_Comm comm, MPI_Group group, MPI_Comm#

newcomm)

> comm FAFTHHATZHERE IH A ek 4L
> EHLHEIHIESE group A, newcomm FEEH CIERIBIER
» &M, newcomm 4 MPI_COMM_NULL.

o MERR, FERMARA:

[?nt MPI_Group_free(MPI_Group* group) }
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THliER: #HiEE

mpi__group.c

1 | #include <mpi.h>

2 | #include <stdio.h>

3 | int main(int argc, char *xargv){

4 int rank, size, sub_rank, sub_size;

5 MPI_Group group, sub_group;

6 MPI_Comm sub_comm;

7 const int ranks([4] = {2, 3, 5, T7};

8

9 MPI_Init(&argc, &argv);

10 MPI_Comm_rank (MPI_COMM_WORLD, &rank);

11 MPI_Comm_size(MPI_COMM_WORLD, &size);

12

13 MPI_Comm_group (MPI_COMM_WORLD, &group);

14 MPI_Group_incl(group, 4, ranks, &sub_group);
15

16 MPI_Comm_create(MPI_COMM_WORLD, sub_group, &sub_comm) ;
17

18 if (sub_comm '= MPI_COMM_NULL) {
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19
20
21
22
23
24
25
26

27
28
29
30
31
32
33
34
35
36

18 chao_yang@pku.edu.cn FITE5HHRITEREM 1I: MPI HiES5LE

MPI_Comm_rank(sub_comm, &sub_rank);
MPI_Comm_size(sub_comm, &sub_size);

} else {
sub_rank = -1;
sub_size = -1;
}
printf ("World rank/size: %d/%d --- Sub rank/size: %d/%d\n",

rank, size, sub_rank, sub_size);

MPI_Group_free(&group) ;
MPI_Group_free(&sub_group) ;

if (sub_comm '= MPI_COMM_NULL) {
MPI_Comm_free (&sub_comm) ;

¥
MPI_Finalize();
return O;
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e i&fT (FFIEMEH sbatch B salloc):

World
World
World
World
World
World
World
World

$ mpiexec -n 8
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:

./group

0/8 --
1/8 --
2/8 --
4/8 --
5/8 --
3/8 --
6/8 --
7/8 --

Sub
Sub
Sub
Sub
Sub
Sub
Sub
Sub

rank/size:
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:
rank/size:

-1/-1
-1/-1
0/4
-1/-1
2/4
1/4
-1/-1
3/4

18 chao_yang@pku.edu.cn HITE5SHXITEERM I1: MPI Hi25xE

2023 #

89 / 93


mailto:chao_yang@pku.edu.cn

R ERN

O #hE5HHHE
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MPI-1 gy — L B fth 5%

o I REIELAL:
> BT ZRHFENXHEEXE, MPI £ FBPREEXBIREE,
> BENBIFEERNEBIEENFRATILRESFEY, HATE
TELH .
o EIMFAFH:
> S ENE{ERE/ HRE PRSI R R E MR AT
> EERHFR (Cartesian) F1E (Graph) FH;
> ATARMLREMEYIRERE, WATAEA T RIZHE.
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MPI-2 gy — LB

o FNANEHIE: HBEUMFTABEHE:

o HNEE: XFIZIEATFIAE (Remote Memory Access, RMA);
o HREMERERE: ANTEBERIITESRRE

o SMEBEO: RIFAFELEX MPI mE#HITEH R

o 1T 1/0: ZHIFIATIHRIBNFAGEILH .
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MPI-3 f—LEEEHHE

o IFAEERRE: THIFEERXMITESBRERE, TIZIITE
BEEE,;

o MMBMEE WUEFHABAREIEHHTFEL;

o MEBESBE TEXEHERINIEM L, LUMEHIZEANES
BE

o WEPEN: ARIFHAAEE MPIT TRiEQ MPI AT EEA

MPI FRAER) S HTHERR

http://www.mpi-forum.org/docs/
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