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BIEEE Ring. Tree. Have-Doubling

B

SE8BEHIR BIERIE(EIE) S EEE. E8EE

BEEERE

Sk - BRS5 A8

| s - HEH

MPI/OpenMPI

W 5RE(EREE GLOO. MSCCL. HCCL, etc.

a8(E

Collective | urseEEE |
communication \ ETFNCCLIBIEE ACCL, TCCL, etc.

NCCL RS HIE PXN Ei%. DBT Bi&
NCCL/HCCL fi#ig }( HCCL B2 5451

FIBEFRENER

ERBEES ]—( AERIEEEAE(E TP/PP/EP/SP/CP/DP %4317
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| AHAZETHE MPI? MPI 25E51E(EE XCCL NEL, B8 TRESENSH

Hifl API X, 27 NV NCCL # Huawei HCCL BY&IFAIJ.
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1. MPIBEEFEE

MPI Introduction
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MPIEFEPHE

MPI (message passing interface) ESTESRUNEINNY or SETVINE, R T NMBRERFEO API,
EIEMNANBEEN. FFENXFENEREENG, SERNR. AiEfNZiEE.
MPITMERIE ¥ ETBEEEENFHTRE APIHSEBIEFIEN, AREBISCI (40 mpich / ope
nmpi) RAREARES.
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MPIEEEFHE

- MPI SMBIMNASISEEIZEXZR, MPIET OSI 2&REERE or 5, MPISCHIOILUE
J{EHI= sockets 1 TCP, XEBs> MPI SLINEISE APl B5k.

oNEER ki Y =Y:h) e

RN= SRR, EUENE
SEE N, BIEMYEPEE

Bz FEV] . BIEMYERIm R imI0ER
RIZE= IPISEHER BRFRIEHR
RN RN IGR ST
IR =
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OSl =8

- OSIHREY, RIFARELESRE AR EESETEAY(Open Systems Interconnection Reference Model),
PR BZR (1SO) IRE— MBS B A RS eE N BERI N E i EREZR, f&FR OSI,

OSIZZfEHY & B BFE
HR= HIEMREEY,. BRI

U=l
IPIZEHE R PR IEHEE
REN DR SR

RIZR=

—_—
SNEE = V. SIEM4EPSE
= - V. BIENYERRERIER
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TCP/IP 1Y

- B OSI &=AH B IRMHAIsEN TR, REMSHIA, FRMARIZEEE, B OSl =REHAZE

e, s ErNERTFrERRELSIEESR,
oSl

Transport Layer

E

Data Link Layer

l Physical Layer
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=L MR IRER TCP/IP,

TCP/IP

Transport Layer

Network
Access Layer
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Per2Per

X RIEE: mNERREEE, BTEHIRSESEE
BSHI: PIHFE Process it

Time

® ZOMI
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-+-H

Process A

Work of A -

Waiting for B -

l Request to send

E(EHI, %0 MPI_Send ] MPI_Recv,

Fia, HEZRBERRIFEEKLE, BHET F—MERITE.

Process B

Request to receive

Safe to
overwrite

<

>

—
—
—.

4

- Work of B

Message
received
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Per2Per [E):-FHZEE

RXIRIBEDARE (FEZEblocking) F1&2> (FEPEZEnon-blocking) . [EIZPEZE:
MPI_Send IR[BIEIKRHIEAEEIELER, HEERTILUERESE, (BAZE Receiver INEIEHE.
MPI_Recv IRBIEIKREHIECEEWEIHENE DX, BJLAERE.

Application MPI_Isend MPI_Wait(reql)
process 0 ® ® >
{MPI L ibrary i Start - Completed i Delivered I
reql reql reql

First packet\\ \Last packet

-

I . ~ Start  Match Completed ~ Delivered
{MPI Library + reg2 O req2 O eq2 ¢ req2 )
Application ® ® >
process 1 npy_frecy MPI_Wait(req2)

ZOMI 13 Course https://chenzomil 2.github.io/



https://chenzomi12.github.io/

Per2PerS-EPEZE

R RIBER AEZ (FHZEblocking) FIFZ> (IEFHZEnon-blocking) . FEFPEZEE:

BENXTETHIZ send / receive {FLS LIR[A], YEISEPNERRITE
SERFEXKIREREIATSARET, VERENNIREC (e.g MPI_Wait) [EEEFHEFTM

RS, BEGHTEMEEALA—EREF T, FHEERL RIS TS

Fro
Application MPI_Isend MPI_Wait(reql)
process 0 ® ®
‘ MPI Libra i Start - Completed i Delivered l
y “reql  reql ~ reql
First packet \\ \Last packet
: ~ Start  Match  Completed  Delivered
{MPI Library re2  re@2 " req 7 req2
Application ® ® >
process 1 MPI_Irecv MPI_Wait(req2)
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ERBERE T XS, SXN—NSHNENBELIN, BRT—HHEZBRISHEIE,

MPI_Bcast e SEJ R EEHETS
MPI_Gather ZN—IEZHEER
MPI_Gatherv MPI_Gather —fig{t,
MPI_Allgather 2B

MPI_Allgatherv

MPI_Allgather —fZ{Y,

MPI_Scatter

—XSEIERRIER

MPI_Scatterv

MPI_Scatter —fZ{t,

MPI_Alltoall ZENZ2FIER
MPI_Alltoallv MPI_Alltoall —fi%{k,
MPI_Reduce ZX—HLY
MPI_Allreduce MPI_Reduce —fig{t,

MPI_Reduce_scatter

MPI_Reduce —fi&{t,

MPI_Scan BUSEAN
MPI_Barrier KIERZ

16
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EeEEE%
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HiERSINAEIEINRE: Broadcast

= MPI HFEEE0E, 81 Process 20 FCME—FS Rank, EFEEHREEE—MIEIE (eg
Rank 0 Process, —fig#R/9 ROOT) , HERASKBEUREAEEFTEHIE.

LA MPI_BCAST 9f5l, BRBEUEMNMEHERXZEIFTEHEHE. FrE#EiEERVEH MPI_BCAS
T, ERTNATEEPER MPI_Bcast, {BIRHEIERES 1BEUE, HeHERWEUE.

## Broadcast 100 ints from process @ to every process in the group.

MPI_Comm comm;
int array[100];

int root=0;

MPI_Bcast(array, 100, MPI_INT, root, comm);

= ZOMI 18  Course https://chenzomil 2.github.io/
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HiERISWAZZUEINR: Broadcast

= MPIHEEENE, 81 Process 20 EMHE—/S Rank, EGBEEHEIEE—MIAE (eg
Rank 0 Process, —fg#R/9 ROOT) , HEGSRIKERAIXEEHIE,
LA#ZO MPI_BCAST 15|, BREUENEHIERXEIFTEEEHE. ATEHIZERER MPI_BCAS
T. BT HIEERER MPI_Bcast, {BIRHERSS &EUE, HuiERIEHE.
Process 0 Process | Process p -|
A . . p
Data Data Data
Action _ _ /4_
V Buffer / /
Code
MPI_Bcast() MPI_Bcast() MPI_Bcast()
\_ \_ \_ J

® ZOMI
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HiEREI S AR : Gather

MPI_Gather 1TA18F1ER, B THIZKEIEALAXEGREE, WHNUBSEI— P HEIR SR

\ =

MPI_Comm comm;
int gsize,sendarray[100];

int root, myrank, *rbuf;

MPI_Comm_rank(comm, &myrank);
if (myrank == root) {
MPI_Comm_size(comm, &gsize);

rbuf = (int x)malloc(gsizex100xsizeof(int));

MPI_Gather(sendarray, 100, MPI_INT, rbuf, 100, MPI_INT, root, comm);

@ ZOMI
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BRI S EERIERE: Gather

Process 0 Process | Process p -|
A N\ p f p
Data Data Data
Action //. —l
//
v r//
Buffer [0 ... [0
Code
MPI_Gather() MPI_Gather() MPI_Gather()
\ AN J \ J
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MPISESBEmIERI
SMERFMSIERITENE, BiACA, FRBRESBERE (Primive) THRAIBEE,
RIS HRIBARIH TR .,

SHBMRRK, E58[EEEAFEXE, AFE MPI SCHERGARCAHSE. EirTiENA
T, HERFAESSAINGIIRTHERE, eg BIZEN. A,

® ZOMI 22
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[Gl4> Barrier

REpRT HEZEIMERSHAR NI, MPHRE T RN :Ewuzzumm Barrier, Fff
EL_ELEI%MPI_Barrier, (E =R R E R EHARUTIXMED, ABIR

Barrier {EFARLEILFTEHIZEA{R MPI_Barrier ZRIN TAEERE SR, RZHANT—ER.

xcclEvents xcclEndEvents__
Host Launch block Launch block Launch
e Event Notify Wait OP2
\ »
BIEm Notify Wait xccl | Event

>
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YRTZIEEY Programming Model

MPI F2 iRV IR "t E + BE" | EFIUD AITERIEER.

FMEFATLURY Zep T ER, 1TRTERITRAE (1B(S or )

RHFEHEANT—MERITE, BE2MEESHK, EFREH

raqk

ZOMI

Process A

Process B

Process C

MPI_Init

MPI environment

0-0-0-00-0

MPI_Init

MPI_Init

o (JUU (00
o0 00 0

MPI_Finalize

MPI_Finalize

MPI_Finalize

Time

-~
r

End of

execution

25
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MPI EZER(ES D%

MPHEZRFURMEEENE — (ESAREIBETR, SiHEnE.
HHEES TS RRRNCEL, SRR, (EEMTEH R R AT,
MP| {ESR R R R A S MERFRIA S B — Rank ID, FZRABTHREVAIIRIE Rank BREIES.
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MPI iEF{ES 1%

- —NBREY MPI R RFIFTERERS (MPl User) $582 MPIEE (MPI Interface) 4Rk, 1HE{ESA
BSHNEALI. EFoEMEHSIERFERFED, SMPIEX, BAZMPIERE], SO MPIiZ
e REREE, WM THRINTE.

MPI User
(Program)

MPI API
(Interface)

MPI Developer
(MPI library: MPICH)
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MPI 25 51E(5E XCCL (&M, B 7TRSENLSH it APLENX, &7

iR NV NCCL F Huawei HCCL BISIFA|].

OpenMPI {EARHINFRESIBERE, X TP2PBE. ESBEMNNINMAYE

52
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