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BHEEEZO (Message Passing Interface, MPI) 22— 1HTIHER
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MPIE—HZOIrE, MARXELIN., FUHNMPISLINE:
® OpenMPI

® IntelMPI

® HPC-X

® MPIF1OpenMPEIX B! ?




MPIF1OpenMPRI X BI| ?

for (int 1 = 0; i < 64; ++1) {
a[i] += 1i;

}
#include <omp.h> #include <mpi.h>
#pragma omp parallel for MPI Init(&argc, &argv);
for (int 1 = 0; i < 64; ++1i) { int rank; // rank = [0, 64)
a[i] += 1i; MPI Comm_rank(MPI_COMM_WORLD, &rank);
} a[rank] += rank;
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Hello, World: MPIHZZE

® OpenMPI: Labl
® IntelMPI: —f&5oneAPI—iERE, ERMLE
® HPC-X: https://developer.nvidia.com/networking/hpc-x



https://developer.nvidia.com/networking/hpc-x


Hello, World

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

int main(int argc, char* argv[]) {
MPI_Init(&argc, &argv);
int rank, size;
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

MPI Comm_size(MPI_COMM_WORLD, &size);
printf("Hello world from process %d in %d processes\n", rank, size);

MPI Finalize();



Hello, World -- compile and launch

compile:
mpicc mpi_example.c -o a.out

® mpicCHARR— M AIRIESRS
® ElthémiEEs: mpiicc, mpicxx, ...

launch:
mpirun -n 4 --host m601:2,m603:2 ./a.out
® {EFhostfile



NIZERZDHIE?

o Hig L, REEERAZSIHE?

—R&RIR, HENMERNNOZEEZONEE

$ lscpu

CPU(s): 64 (ZHCPUER)

On-line CPU(s) 1list: 0-63

Thread(s) per core: 2 (BB L FEEL)
Core(s) per socket: 16 (BT BCPURIAZ L)
Socket(s): 2 (WHCPUNED)

® HAREMODHELUT, HEHZ WY, EFR/DEENYE ST RMEREE S
® cpuinfo(intelmpi)
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o BB
o JFIAZEE(S
o ERiERE



S5 31/ I,

® https://www.open-mpi.org/doc/v4.0/

® mpitutorial.com

® https://rookiehpc.org/mpi/docs/index.html



https://www.open-mpi.org/doc/v4.0/

mpitutorial.com
https://rookiehpc.org/mpi/docs/index.html

LS

MPI Send(void* data, int count, MPI_Datatype datatype, int destination,
int tag, MPI_Comm communicator)

data AIEEURERIHEE

count RIEBERITTE N

datatype AIEEIEZEEY(MPI_INT, MPI_CHAR, MPI_FLOAT, ...)
destination ZEWHAHEIrank

tag BAFRRER, WABNtaghi—E 7 geiz I

communicator @S (—H%AMPI _COMM WORLD)

MPI Recv(void* data, int count, MPI_Datatype datatype, int source, int
tag, MPI_Comm communicator, MPI Status* status)

tag  BJLAAMPI_ANY_TAG
status XFEEXHFBEE (BTLLAIMPI _STATUS IGNORE)
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B EE(E: FEEIRIARIR

int MPI_Sendrecv(void* buffer _send, int count _send, MPI Datatype datatype send,
int recipient, int tag send,
void* buffer_recv, int count_recv, MPI Datatype datatype recv,
int sender, int tag recv,
MPI Comm communicator, MPI Status* status);

buffer_sendflbuffer recvAgeEE—"T

int MPI Sendrecv_replace(void* buffer, int count_send, MPI Datatype
datatype send, int recipient, int tag send, int sender, int tag recv, MPI_Comm
communicator, MPI Status* status);



H18{5: ping pong (from mpitutorial)

int count = 0;
int partner = (rank + 1) % 2;
while (count < LIMIT) {
if (rank == count % 2) {
// Increment the ping pong count before you send it
count++;
MPI Send(&count, 1, MPI_INT, partner, 0, MPI_COMM WORLD);
printf("rank %d sent and incremented count %d to rank %d\n",
rank, count, partner);

}
else {
MPI Recv(&count, 1, MPI INT, partner, 0, MPI_COMM WORLD,
MPI STATUS_IGNORE);
printf("rank %d received count %d from rank %d\n",
rank, count, partner);
}
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Blocking case

Non-blocking case



JFPREEE: BXiEK

int MPI_Isend(void* buffer, int count, MPI Datatype datatype, int
recipient, int tag, MPI_Comm communicator, MPI Request* request);

int MPI Irecv(void* buffer, int count, MPI Datatype datatype, int sender,
int tag, MPI _Comm communicator, MPI Request* request);

MR BEEREETTN:

int MPI Test(MPI Request* request, int* flag, MPI Status* status);
EHBET

int MPI_Wait(MPI Request* request, MPI Status* status);

int MPI Waitall(int count, MPI Request requests[], MPI_Status statuses[]);
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ESEE: &

int MPI_Barrier(MPI_Comm communicator);
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E5BE: &

int MPI_Bcast(void* buffer, int count, MPI Datatype datatype,
int emitter_rank, MPI_Comm communicator);

P P P
buf -0 buf —— buf =2 buf T3
MPI_Bcast(biif, ..., 0, ... )s

buf buf buf buf




E5BE: &

int MPI_Scatter(...);

wf T g B B g

MPI_Scatter(sendbuf, .}, recvbuf, .., 0, ... );

recy P0 Pl P2 Ps

z 7 Frecy
buf buf buf uf




E5BE: &

int MPI_Gather(...);

P Py d T2 i P3
(YA S M,

MPI_Gather(sendbuf, .}., recvbuf, .., 0, ... );
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E5BE: &

int MPI_Allgather(...);
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AllGather(sendbuf, .}., recvbuf, .., 0, ... );
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E5BE: &

int MPI_Reduce(..., MPI Op operation, ...);

MPI_Opa]LAAIMPI_MAX, MPI_MIN, MPI_SUM, MPI_PROD(Z3f)

. P | Py sl L id P
yo S . § y 7 A ng 3

MPI_Reduce(sendbuf, J}., recvbui, .., MPI_OP, 0, ... );
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E5BE: &

int MPI_Allreduce(...);

P

send o spng gnd 2 ymd P

MPI_AlIReduce(sendbud, J}., recvbuf, .., MPI_OP, 0, ... );
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E5BE: &

int MPI_Alltoall(...);

Process

Time

MPI_Alltoall

il

sendbuf

recvbuf

R
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recvbuf




B B
Operation MPI| Function Synopsis
Individual
Send MPI Send One-to-one send
Receive MPI Recv One-to-one receive
Send/Receive MPI_Sendrecv  One-to-one send/receive
Collective
Barrier MPI_Barrier All wait for stragglers
Broadcast MPI Bcast Root to all, all data copied
Scatter MPI_Scatter Root to all, slices of data copied
Gather MPI Gather All to root, slices ordered on Root
Reduce MPI Reduce All to root, data reduced on Root
All-Gather MPI_Allgather All to all, data ordered
All-Reduce MPI Allreduce All to all, data reduced




Profiling (T&8E517)
BidProfiling, E{JHBEREE!:
o IEREMIRE M—MLA ? SH1E/ /B
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Profiling (T&8E517)

IntelMPI:

® Application Performance Snapshot (APS)

® Intel Trace Analyzer and Collector (ITAC)
® \/Tune

HPC-X:
® IPM Profiler
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681.496 800 s 681.497 600 s 681.498 400 s 681.499 200 s 681.500 000 s 681.500 800 s 681.501 600 s -
681.497 200 s 681.498 000 s 681.498 800 s 681.499 600 s 681.500 400 s 681.501 200 s )
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® Process Binding
o TKIERE

® HiNE(E

o ...



FRE: Labd MPINMEPCGELEL

Fab B et % (Preconditioned Conjugate Gradient method, PCG)E—FhK
REMEREAA = bRNIENEE, ERTHREEMEIKE, T ZRTRZEHERRS,

XN H, REE:
® {EFAMPI, RPCGEIAHITHH R A BENME

® {FEFProfile TAXNSEINMPIEFHTHRED
® {FEMFortranFeiX N SL4E (bonus)
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