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NOVEMBER 2022 R rowe

SITE COUNTRY CORES PFLOPYS

n Frontier HPE Cray EX235a, AMD Opt 3rd Gen EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-10 DOE/SC/ORNL UsA 8,730,112 1,102.0 211

H FIﬂhl Fujitsu A64FX (48C, 2.2GHz), Tofu Interconnect D RIKEN R-CCS Japan 7,630,848 442.0 29.9

H LUMI HPE Cray EX235a, AMD Opt 3rd Gen EPYC 64C 2GHz, AMD Instinct MI250X, 5lingshot-10 EuroHPC/CSC Finland 2,174,976 304.2 5.82

Leonardo  Atos Bullsequana intelXeon (32C, 2.6 GHz), NVIDIA A100 quad-rail NVIDIA HDR100 Infiniband EuroHPC/CINEC Italy 1,463,616 174.7 561

H Summit IBM POWERS (22C, 3.07GHz), NVIDIA Volta GV100 (80C), Dual-Rail Mellanox EDR Infiniband DOE/SC/ORNL USA 2,414,592 148.6 10.1
PERFORMANCE DEVELOPMENT 4,835
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ARCHITECTURES CHIP TECHNOLOGY
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Academic o
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1 CoBpeMeHHbIE BbIYUCTIUTESNBbHbIE CUCTEMBI
U TexHonorua Intel Cluster OpenMP
d 'mbpunanasa mogens MPI/OpenMP

6 nekabps
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- TexHonorus Intel Cluster OpenMP

it ]

O B 2006 rogy B Intel® komnunaTtopax Bepcumn 9.1 nosisunaceb nogaepkka
Cluster OpenMP.

Q TexHonorusa Cluster OpenMP nogaepxmnBaet BbinonHeHne OpenMP
nporpamMm Ha HECKOSbKUX BbIYUCITUTESBbHBLIX Y3rax, 00beaNHEHHbIX CETbIO.

0 bBasupyetca Ha nporpammHon peanusaunm DSM (Thread Marks software
by Rice University).

[Ona komnunaTtopa Intel® C++:

Q icc -cluster-openmp options source-file

Q icc -cluster-openmp-profile options source-file
Ona komnunaTtopa Intel® Fortran:

Q ifort -cluster-openmp options source-file

Q ifort -cluster-openmp-profile options source-file

kmp_cluster.ini
--hostlist=home,remote --process_threads=2

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 6 n3 83



+  Mopenb namatn B OpenMP

oowas namsr,

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 7 n3 83



+  Mopenb namatn B OpenMP

obwasn namsr,

=i 3 staticdnt i = 0~ #pragmaomp flush (i)

#pragma omp flush (i)

=i+ 2,17

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 813 83
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KoHcucteHTHOCTb namaTn B OpenMP

-
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KoppekTHasa nocnegoBaTenbHOCTb PpaboTbl HATEN C NEPEMEHHON.
O Hwutb0 3anucbiBaeT 3Ha4YyeHne nepemMeHHon - write(var)
HuT0 BbINONHAET onepaunto cuHxpoHmsauum — flush (var)
HunTb1 BeINONHAET onepaunto cuHxpoHmsauum — flush (var)
HuTb1 yntaet 3Ha4veHue nepemeHHom — read (var)

(R W N

OupekTunea flush:
#pragma omp flush [(list)] - ana Cun

I$omp flush [(list)] - ana ®opTpaH

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 913 83



. & .KoHcucreHTHOCTb namsTn B OpenMP

PRI

1. Ecnun nepecevyeHne MHOXeCTB NepeMeHHbIX, YKa3daHHbIX B onepauunsx flush,
BbIMOJSTHAEMbIX Pa3fMYHbIMU HUTAMU HE NYCTOE, TO Pe3ynbTaT BbiMNOSIHEHUS
onepauun flush byget Takmm, Kak ecrnu Obl 3TKU onepauumn BeIMOSTHANNCH B
HEKOTOPOW NMocrieqoBaTeNbHOCTM (eANHOW AN BCEX HUTEN).

2. Ecnu nepeceyeHme MHOXeECTB NepeMeHHbIX, yka3aHHbIX B onepauuax flush,
BbIMOSTHAEMbIX OQHOW HUTbIO HE NYCTOE, TO pe3ynbLTaT BbIMNOSHEHUA onepaunmn
flush, 6Byget Takum, Kak ecrnm bl 3TK onepaunmn BbIMOMHANUCL B NOPSOKE
onpenendaemMom nporpamMmMon.

3. Ecnn nepeceyeHne MHOXECTB NepeMeHHbIX, yKka3aHHbIX B onepauusx flush,
nycrtoe, To onepauuu flush moryT BbINONHATLCA HE3ABMCUMO (B NIOOOM
nopsiake).

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 10 u3s 83



&

ey

KoHcucteHTHOCTb namaTn B OpenMP

P <

PRI

#pragma omp flush [(cniucok nepemeHHbIX)]

Mo ymon4aHmio Bce nepemMeHHble NPUBOASATCA B KOHCUCTEHTHOE COCTOosiHME (#pragma

omp flush):
| npu 6apbepHON CUHXPOHM3ALNMN;
| npu BXxoge n Bbixoae 13 KOHCTpykumn parallel, critical n ordered;
| Npu BbIXO4E U3 KOHCTPYKUMKW pacnpenenerHus pabdort (for, single,
sections, workshare), ecnu He ykasaHa knaysa nowait;
| npu Bbi3oBe omp_set lock nomp_unset_lock;
| npu BbizoBe omp_test lock, omp_set nest_lock,

omp_unset_nest _lock nomp_test nest lock, ecnu nameHmnnoco
COCTOSAHME cemadpopa.

[Tpn BXo4e u BbIXxoAe M3 KOHCTPYKUMM atomic BeinosiHaeTca #pragma omp flush(x),
roe X — nepemMeHHas, uameHsieMmas B KOHCTPYKUmMm atomic.

6 nekabps
AcTtaHa, 2022

MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 11 n3 83
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NpenmywectBa Intel Cluster OpenMP
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Q YnpouwaeT pacnpegenenme nocnegosarenbHoro unu OpenMP koaa no
y3nam.

0 [lo3BondeT ncnonb3oBaTtb OAHY U Ty Xe nporpaMmmy ans
nocrnenoBaTeribHbIX, MHOrOA4EPHbIX U KNACTEPHbIX CUCTEM.

0 TpebyeT coBCeEM HE3HAYUTENBHOIO N3MEHEHMUS Koda NporpaMmmbl, YTO
YNPOLLAeT OTNaakKy.

Q [NossonseTt cnerka nameHeHHo OpenMP-nporpamme BbINONHATLCS Ha
BorbLIeM Yncrie npoueccopoB Oe3 BNOXEHU B annapaTHyto
cocTasnstowyto SMP.

Q [lNpenctaBnsiet cobon anstepHatney MPI, koTopas MoXeT ObITb BbICTpee
OCBO€EHa U NPUMEHEHa.

6 nekabps
AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 12 n3 83



. 1, .AnpektnBa SHARABLE

#pragma intel omp sharable ( variable [, variable ...] ) — ona Cn n Cn++
ldir$ omp sharable ( variable [, variable ...] ) - ona ®opTpaHa

a onpenendrT nepemMeHHble, KOToOpble OO0JTXKHbI ObITb NnomMeLleHbl B

Distributed Virtual Shared Memory

B KOMNUINATOpeE CyweCTBYHOT Oonunin, KOTopble NO3BOJTAKOT USMEHUTDL KilacCC
NnepemMeHHbIX, HE N3AMEHAA TEKCT NPOorpamMmbl.

Q [-no]-clomp-sharable-argexprs
Q [-no]-clomp-sharable-commons
Q [-no]-clomp-sharable-localsaves
Q [-no]-clomp-sharable-modvars

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 13 n3 83



Pabota ¢ SHARABLE- nepeMeHHbIMMU

Node 0 Node 1 Node 2 page A starts
read-only
Pages:
=ae A A A Page Fault
B B B allocate (TwinA)
C C C /  memcpy
) / (TwinA := A)
Write A[1] Write B[2] Write A[2]° Re-Write A[Z]
Write C[1] Write B[1]
OMP Barrier OMP Barrier OMP Earrier
notices received and pro- [f| __— WriteNotice(1B) __LL—  WrileNofice(2A, 2B)
pagaded by mash;-rthrs-add_____————__,-”'_"'-;
WriteNotice(0A, 24,28, 0C) H——w node page
WriteMotice(OA1B0C) —(4+ouo—_
B— e N
Read A[1]
by eddiions y addifion
Seyice I'rnE Fl-: .PHQ-E- Fault ‘E-E"-.'E.l::EI I'r:éasg
«———+— Diff Request(A) ——41
Calculate Diffs{A, TwinA) L - Al Eﬂf: ulate Diffs{A, TwinA)
D
Re-Read A[1]
6 nekabps

AcTaHa, 2022

MbpugHas moagenb nporpammupoBanus MPI/OpenMP

14 n3 83




Ucnonb3oBaHue Intel Cluster OpenMP

) -

LilenecoobpasHo:

O ecnu nporpamMma gaeT xopoLlee yCKopeHue nNpu UCnonb30BaHNU TEXHONOMA
OpenMP:

Speedup = Time(1lthread)/Time (n threads) = ~n
Q ecnu nporpamma TpebyeT Manon CUHXPOHM3aLNK
O [AaHHble B NporpamMme XOpoLUO JI0KanuM3oBaHbl

Haunbonee uenecoobpasHo ansa 3agad (RMS - recognition, mining, and
synthesis):

ObpaboTka 6onbLUNX MAaCcCUMBOB JaHHbIX
PeHOoepuHr B rpaduke

[Tonck

Pacno3HaBaHne obpa3oB

O 0O 0 0 O

BblaeneHne nocnegoBaTenibHOCTEN B FrEHETUKE

6 nekabps

AcTaHa, 2022 MbpuaHaa moaens nporpammupoBaHusa MPI/OpenMP 15 u3 83



WUcnonb3oBaHue Intel Cluster OpenMP

Cluster OMP % of Open MP
with speedups 16 procs
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1. a particle-simulation code 5 2 araph-processing code
2. a magneto-hydro-dynamics code 6. a Iginerz)ar :olver codi
3. a computational fluid dynamics code 7' an x-rav crvstalloaraphy code
4. a structure-simulation code ' y ey graphy
6 Aekabps M6puaHas Modenb nporpammupoBanus MPI/OpenMP 16 n3 83
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. 1.« TM6pugHas mogens MPI/OpenMP

BbluncneHus

| MPI l

BbluncneHus

N

Coref@iCore Core

BbluncneHus

Core Core

6 nekabps

AcTaHa, 2022 MbpunagHas mogensb nporpammuposaHusa MPI/OpenMP 18 ns 83



. HocTouHcTBa ncnonb3oBaHUA B y3nax
wlwtOpenMP BmecTo MP!
1 Bo3aMOXXHOCTb MHKpEeMeHTaribHOro pacnapannennBaHug.

U YnpouieHne nporpammupoBaHmsa U adpPeKTUBHOCTL Ha
HeperyrnsapHbIX BbIYNCIIEHUSAX, MPOBOAUMBIX Had 0O MMU
OAHHbLIMN.

4 JInkBngauna nnu cokpawleHne ayonnposaHns OaHHbIX B
namaTtun, ceoncteeHHoro MPIl-nporpammam.

 JononHutenbHbIM YpOBEHb Napannennama Ha OpenMP
peanun3oBaTh npoue, Yyem Ha MPI.

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 19 n3 83



. MNMpeunmywectea OpenMP ana
wlsiMHOrossAePHbIX NPOLIECCOPOB

1 Obbembl onepaTMBHOU NaMATU N KILL NAMSATH,
npuxogsiLMecs: B CpegHeM Ha ogHO a4po, oyayT
CoKpalyaTtbcsa — npucywasa OpenMP akoHOMUA namaTu
CTAaHOBUTCHA OYEHb BaXHa.

d Agpa ncnonbaytoT 00wy Kaw-namaTb, 4TO TpebyeTcs
YUYMUTbIBaTb NMPU oNTUMMU3auunum nporpaMmmei.

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 20 n3 83



National Institute for Computational

wliSciences. University of Tennessee
Cynepkomnbrotep Kraken Cray XT5-HE Opteron Six Core 2.6 GHz

http://nics.tennessee.edu

[MnkoBasi nponssoamnTensHocTb — 1173.00 TFlop/s
Yucno agep B cucteme — 112 800
[MpounsBogutensHocTb Ha Linpack — 919.1 TFlop/s (78% oT nukosown)

Updrage: 3ameHa 4-x agepHbix npoueccopos AMD Opteron Ha 6-Tn sgepHble
npoueccopbl AMD Opteron

Pe3ynbTaT: 6-0e mecto B TOP500 B utoHe 2009 - 3-be mecto B TOPS500 B
Hosi6pe 2009

https://www.youtube.com/watch?v=iTe8vbOQUNSs

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 21 un3 83


http://nics.tennessee.edu/

National Institute for Computational

6 nekabps
AcTtaHa, 2022

MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 22 n3 83




. MexBegomcTBeHHbIM CynepKkoMnbIOTEPHbLIN
iilytUeHTp Poccunckon Akagemun Hayk

Cynepkomnbrotep MVS-100K
http://www.jscc.ru/

[TnkoBasi npomnssoanTensHoOCTb — 227,94 TFlop/s
Yncno agep B cucteme — 13 004
[MpounsBoguTensHOCTb Ha Linpack — 119,93 TFlop/s (52.7% OT NMKOBOW)

Updrage: 3ameHa 2-x saepHbix npoueccopos Intel Xeon 53xx Ha 4-x aaepHble
npoueccopsbl Intel Xeon 54xx

Pe3ynbTaT: 57-0e mecto B TOPS500 B ntoHe 2008 - 36-o0e mecto B TOPS500 B
Hosi6pe 2008

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 23 13 83



_+,Oak Ridge National Laboratory

B ij

CynepkomnbiroTep Jaguar Cray XT5-HE Opteron Six Core 2.6 GHz
http://computing.ornl.gov

[TnkoBasi npomnssoanTenbLHOCTL - 2627 TFlop/s
Yucno agep B cucteme — 298 592
[MpounsBoguTensHOCTb Ha Linpack - 1941 TFlop/s (73.87% OT nnkoBon)

Updrage: 3ameHa 4-x agepHbix npoueccopos AMD Opteron Ha 6-Tn sgepHble
npoueccopbl AMD Opteron

Pes3ynbTaT: 2-0e mecto B TOP500 B ntoHe 2009 - 1-oe mecto B TOP500 B
Hosi6pe 2009

6 nekabps

AcTaHa, 2022 M'MbépunaHaa mogens nporpammuposaHus MPI/OpenMP 24 n3 83



. ,Oak Ridge National Laboratory

Jaguar Scheduling Policy

Cores WALL TIME
(HOURS)
120 000 24
40 008 119 999 24
5004 40 007 12
2004 5003 6
1 2 003 2
6 Aekabps M6puaHas Mmogens nporpammupoBaxusi MPI/OpenMP 2513 83

AcTaHa, 2022



& Cray MPI: napamMeTpbl N0 yMOJT4YaHUIO

MPI Environment Variable Name | 1,000 PEs 10,000 PEs 50,000 PEs 100,000 Pes

MPICH_MAX_SHORT_MSG_SIZE 128,000 20,480 4096 2048
(This size determines whether Bytes

the message uses the Eager or

Randervous protocol)

MPICH_UNEX_BUFFER_SIZE 60 MB 60 MB 150 MB 260 MB
(The buffer allocated to hold the
unexpected Eager data)

MPICH_PTL_UNEX_EVENTS 20,480 22,000 110,000 220,000
(Portals generates two events for events
each unexpected message

received)
MPICH_PTL_OTHER_EVENTS 2048 2500 12,500 25,000
(Portals send-side and expected events
events)
6 Aekabps M6puaHasa mogenb nporpammupoBaHus MPI/OpenMP 26 13 83

AcTtaHa, 2022



:TeCTbI NAS
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BT 3D HaBbe-CTOKC, MeToq nepeMeHHbIX HanpaBneHum

CG OueHka HanbornbLero coocTBEHHOro 3Ha4YeHUs
CUMMETPUYHON pa3peXeHHON MaTpuLbl

EP [eHepauua nap cnyyanHblX Ynucen [aycca

FT beicTpoe npeobpasoBaHne Pypbe, 3D cnekTpanbHbIN
MeToq

IS [TapannenbHaga copTupoBKa

LU 3D HaBbe-CTOKC, MeTOA BEPXHEU penakcauum

MG 3D ypaBHeHue [lyaccoHa, metog Multigrid

SP 3D Haebe-Ctokc, Beam-Warning approximate

factorization

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 27 n3 83
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Relative Memory Usage to MPI
o
o

o
|

I MPI M uUPC

OpenMP

EP LU BT SP CG IS MG FT

Analyzing the Effect of Different Programming Models Upon Performance
and Memory Usage on Cray XT5 Platforms
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf

6 nekabps
AcTaHa, 2022

MbpunagHas mogensb nporpammuposaHusa MPI/OpenMP

28 n3 83



, & .Tectbl NAS

1.2

BI-MZ
W sp-Mz7

0.8 —

0.6 ——

0.4 ——

0.2 —

Relative Memory Usage to
MPI

0.0

256%1 128%2 64%4 32%*8
MPI * OpenMP

Analyzing the Effect of Different Programming Models Upon Performance

and Memory Usage on Cray XT5 Platforms
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf

6 nekabps
AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 29 n3 83



. Tectbl NAS

Relative Performance to MPI

1.8
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1.2
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0.6 A
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0.2 ~

0.0

MPI
M OpenMP
UPC
CG EP FT IS LU MG

Analyzing the Effect of Different Programming Models Upon Performance
and Memory Usage on Cray XT5 Platforms
https://www.nersc.gov/assets/NERSC-Staff-Publications/2010/Cug2010Shan.pdf

6 nekabps
AcTaHa, 2022
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. TecTbl NAS (knacc B)
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. H B
CG EP FT

u MPI 55,91 5,27 36,84 2,1 82,27 7,81
= OpenMP 52,02 6,92 19,14 1,13 64,82 8,8

Cynepkomnbrotep MVS-100K
mvapich 1.2
Intel compiler, v. 10.1, -O3

6 nekabps

AcTaHa, 2022 MbpunagHas mogensb nporpammuposaHusa MPI/OpenMP 31 13 83
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. TecTtbl NAS (knacc B)

BpeMFl BbINOJTHEHUA, B CEK
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CG
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= MPI

47,96

5,08

31,6

1,93

63,45

5,13

= OpenMP

42,48

5,08

15,44

1,04

47,44

5,14

Cynepkomnbrotep CKUD-MI'Y «YeObiweB»
mvapich 1.2
Intel compiler, v. 11.1, -O3

6 nekabps
AcTaHa, 2022
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Anroputm Akobu. lNocnegoBatenbHas Bepcus

. -

4 1
T

[* Jacobi program */
#include <stdio.h>
#define L 1000

#define ITMAX 100

int i,j,it;

double A[L][L];

double B[L][L];

int main(int an, char **as)

{
printf("JAC STARTED\n");
for(i=0;i<=L-1;i++)
for(j=0;j<=L-1;j++)
{
Ali][j]=0.;
B[i][j]=1.+i+);
}
6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 33 13 83



Anroputm Akobu. lNocnegoBatenbHas Bepcus

& .

m
; i] L
/****** I teratl on I 00 p *************************/

for(it=1; it<ITMAX;it++)

{
for(i=1;i<=L-2;i++)
for(j=1;j<=L-2;j++)
Alil0] = B[l
for(i=1;i<=L-2;i++)
for(j=1;j<=L-2;j++)
Blil[i] = (Ali-1][j]+A[i+1][]+AL][-1]+A[i][j+1])/4.;
}
return O;
}
6 nekabps

AcTaHa, 2022 M'MbépunaHaa mogens nporpammuposaHus MPI/OpenMP 34 n3 83



- Anroputm Axoou. MPIl-Bepcusa

A()() A01 A()z A03 A()4 Aos A06 A07 Ags . Shadow edges
Aro|An|A1z| A13|Ar4|Ars|Are| A17|Ass
A2 A3 Arg|Azs|Ass Azr|Ads

Imported elememts

£60]Agi [ Agr Agal Agsl Ags Ags Agr| Adst
A70|A71|A72| A73| A74|A75| A76| A77| A8
Asgo|Asi|As2|As3|Ags| Ass| Ags| Ag7| Ass

6 nekabps
AcTaHa, 2022 MbpunagHas mogensb nporpammuposaHusa MPI/OpenMP 35 n3 83



Anroputm Akoou. MPIl-Bepcus

-

=k

I

[* Jacobi-1d program */

#include <math.h>

#include <stdlib.h>

#include <stdio.h>

#include "mpi.h"

#define m_printf if (myrank==0)printf
#define L 1000

#define ITMAX 100

int i,j,it,k;
int ll,shift;
double (* A)[L];
double (* B)[L];

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 36 3 83



Anroputm Akoou. MPIl-Bepcus

1 | I
e |] ER. =

I
int main(int argc, char **argv)

{

MPI_Request req[4];

int myrank, ranksize;

int startrow,lastrow,nrow;

MPI_Status status[4];

double t1, t2, time;

MPI_Init (&argc, &argv); /* initialize MPI system */
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);*my place in MPI system*/
MPI_Comm_size (MPI_COMM_WORLD, &ranksize); /* size of MPI system */
MPI_Barrier(MPI_COMM_WORLD);

[* rows of matrix | have to process */

startrow = (myrank *L) / ranksize;

lastrow = (((myrank + 1) * L) / ranksize)-1;

nrow = lastrow - startrow + 1;

m_printf("JAC1 STARTED\n");

6 nekabps
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[* dynamically allocate data structures */
A = malloc ((nrow+2) * L * sizeof(double));
B = malloc ((nrow) * L * sizeof(double));
for(i=1; i<=nrow; i++)
for(j=0; j<=L-1; j++)
{
All][1=0.;
B[i-1][j]=1.+startrow+i-1+j;

6 nekabps
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/****** Iteratlon |00p *************************/
t1=MPI_Wtime();

for(it=1; it<=ITMAX; it++)

{

for(i=1; i<=nrow; i++)

{
iIf (((I==1)&&(myrank==0))||((i==nrow)&&(myrank==ranksize-1)))

continue;
for(j=1; j<=L-2; j++)
{
Alill] = Bli-1][];

}

}

6 nexabps M6puaHasa mogens nporpammuposaHusa MPI/OpenMP 391383
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Anroputm Akoou. MPI-Bepcus

if(myrank!=0)
MPI1_Irecv(&A[0][0],L,MPI_DOUBLE, myrank-1, 1215,
MPI_COMM_WORLD, &req[0]);
if(myrank!=ranksize-1)
MPI_Isend(&A[nrow][0],L,MPI_DOUBLE, myrank+1, 1215,
MPI_COMM_WORLD,&req[2]);
if(myrank!=ranksize-1)

MPI_Irecv(&A[nrow+1][0],L,MPI_DOUBLE, myrank+1, 1216,
MPI_COMM_WORLD, &req[3]);

if(myrank!=0)

MPI_lIsend(&A[1][0],L,MP]_DOUBLE, myrank-1, 1216,
MPI_COMM_WORLD,&req[1]);

lI=4; shift=0;

if (myrank==0) {lI=2;shift=2;}

if (myrank==ranksize-1) {l1=2;}
MPI_Waitall(ll,&req[shift] ,&status[0]);

MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP
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for(i=1; i<=nrow; i++)
{
if (((I==1)&&(myrank==0))||((i==nrow)&&(myrank==ranksize-1))) continue;
for(j=1; j<=L-2; j++)
BLi-1][)] = (A[I-1][]+AN+1][]]+
\ AlNL-1+ANN+1D/4.
}*DO it*/
printf("%d: Time of task=%If\n" ,myrank,MPI_Wtime()-t1);
MPI1_Finalize ();
return O;

}

6 nekabps
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[*Jacobi-2d program */

#include <math.h>

#include <stdlib.h>

#include <stdio.h>

#include "mpi.h"

#define m_printf if (myrank==0)printf
#define L 1000

#define LC 2

#define ITMAX 100

int i jitk;

double (* A)[L/LC+2],
double (* B)[L/LC];

6 nekabps
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int main(int argc, char **argv)

{

MPI_Request req[8];

int myrank, ranksize;

int srow,lrow,nrow,scol,lcol,ncol;

MPI_Status status[8];

double t1;

int isper[] = {0,0};

int dim[2];

int coords[2];

MPI_Comm newcomm;

MPI_Datatype vectype;

int pleft,pright, pdown,pup;

MPI_Init (&argc, &argv); [* initialize MPI system */

MPI_Comm_size (MPI_COMM_WORLD, &ranksize); /* size of MPI system */
MPI_Comm_rank (MPI_COMM_WORLD, &myrank); /*my place in MPI system */

6 nekabps
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dim[O]=ranksize/LC;
dim[1]=LC;
if (L%dim[0])[|[(L%dim[1]))

{

m_printf("ERROR: array[%d*%d] is not distributed on %d*%d
processors\n”,L,L,dim[0],dim[1]);

MPI1_Finalize();

exit(1);
}
MPI_Cart_create(MPI_COMM_WORLD,2,dim,isper,1,&newcomm);
MPI_Cart_shift(newcomm,0,1,&pup,&pdown);
MPI_Cart_shift(newcomm,1,1,&pleft,&pright);
MPI_Comm_rank (newcomm, &myrank); /*my place in MPI system */
MPI_Cart_coords(newcomm,myrank,2,coords);

6 nekabps
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Anroputm Akoou. MPI-Bepcus

[* rows of matrix | have to process */

srow = (coords[0] * L) / dim][O];

Irow = (((coords[0] + 1) *L) / dim[0])-1;

nrow = lrow - srow + 1;

[* columns of matrix | have to process */

scol = (coords[1] *L) / dim[1];

Icol = (((coords[1] +1) *L) / dim[1])-1;

ncol =Icol - scol + 1;
MPI_Type_vector(nrow,1,ncol+2,MPI_DOUBLE,&vectype);
MPI_Type _commit(&vectype);

m_printf("JAC2 STARTED on %d*%d processors with %d*%d array,
it=%d\n",dim[0],dim[1],L,L,ITMAX);

/* dynamically allocate data structures */

A = malloc ((nrow+2) * (ncol+2) * sizeof(double));

B = malloc (nrow * ncol * sizeof(double));

MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP

46 n3 83



Anroputm Akoou. MPIl-Bepcus

¥

NN (e
1AL

for(i=0; i<=nrow-1; i++)

{
for(j=0; j<=ncol-1; j++)
{
A[i+1][j+1]=0.;
B[i][j]=1.+srow+i+scol+j;
}
}

/****** Ite r at | on | 00 p *************************/

MPI_Barrier(newcomm);
t1=MPIl_Wtime();
for(it=1; it<=ITMAX; it++)

{
for(i=0; i<=nrow-1; i++)
{
if (((1==0)&&(pup==MPI1_PROC_NULL))|[((i==nrow-1)&&(pdown==MPI_PROC_NULL))) continue,
for(j=0; j<=ncol-1; j++)
{
if (((j==0)&&(pleft==MPI_PROC_NULL))||((j==ncol-1)&&(pright==MPI_PROC_NULL)))
continue;
Ali+1][j+1] = B[i][];
Agﬁ':g%;z MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 47 n3 83
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MPI1_Irecv(&A[0O][1],ncol,MPI_DOUBLE,

pup, 1215, MPI_COMM_WORLD, &req[0]);
MPI_Isend(&A[nrow][1],ncol,MPI_DOUBLE,

pdown, 1215, MPI_COMM_WORLD,&req[1]);
MPI_Irecv(&A[nrow+1][1],ncol,MPI_DOUBLE,

pdown, 1216, MPI_COMM_WORLD, &req[2)]);
MPI1_Isend(&A[1][1],ncol,MPI_DOUBLE,

pup, 1216, MPI_COMM_WORLD,&req[3)]);
MPI_Irecv(&A[1][0],1,vectype,

pleft, 1217, MPI_COMM_WORLD, &req[4]);
MPI_Isend(&A[1][ncol],1,vectype,

pright, 1217, MPI_COMM_WORLD,&req[5]);
MPI_Irecv(&A[1][ncol+1],1,vectype,

pright, 1218, MPI_COMM_WORLD, &req[6]);
MPI_Isend(&A[1][1],1,vectype,

pleft, 1218, MPI_COMM_WORLD,&req[7]);
MPI_Waitall(8,req,status);

6 nekabps
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for(i=1; i<=nrow; i++)

{
if (I==1)&&(pup==MPI_PROC_NULL))||
((i==nrow)&&(pdown==MPI_PROC_NULL))) continue;
for(j=1; j<=ncol; j++)
{
if (j==1)&&(pleft==MPI1_PROC_NULL))||
(j==ncol)&&(pright==MPI1_PROC_NULL))) continue;
\ B[i-1]j-1] = (AD-1]UI+A[I+1]OI+ADID-1]+AL[+1])/4.;
}

}

printf("%d: Time of task=%If\n" ,myrank,MPI1_Wtime()-t1);
MPI_Finalize ();
return O;

6 nekabps
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[* Jacobi-1d program */
#include <math.h>
#include <stdlib.h>
#include <stdio.h>
#include "mpi.h"
#define m_printf if (myrank==0)printf
#define L 1000
#define ITMAX 100

int i,j,it,k;
int ll,shift;
double (* A)[L];
double (* B)[L];

6 nekabps
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int main(int argc, char **argv)
{
MPI_Request req[4];
int myrank, ranksize;
int startrow,lastrow,nrow;
MPI_Status status[4];
double t1, t2, time;
MPI_Init (&argc, &argv); /* initialize MPI system */
MPI_Comm_rank(MPI_COMM_WORLD,&myrank); *my place in MPI system */
MPI_Comm_size (MPI_COMM_WORLD, &ranksize); /* size of MPI system */
MPI_Barrier(MPI_COMM_WORLD);
[* rows of matrix | have to process */
startrow = (myrank * N) / ranksize;
lastrow = (((myrank + 1) * N) / ranksize)-1;
nrow = lastrow - startrow + 1;
m_printf("JAC1 STARTED\n");

6 nekabps
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[* dynamically allocate data structures */
A = malloc ((nrow+2) * N * sizeof(double));
B = malloc ((hrow) * N * sizeof(double));
for(i=1; i<=nrow; i++)
#pragma omp parallel for
for(j=0; j<=L-1; j++)
{
Ali][i1=0.;
B[i-1][j]=1.+startrow+i-1+j;

6 nekabps
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/****** |te r atl on | 00 p *************************/

t1=MPI_Wtime();
for(it=1; it<=ITMAX; it++)
{
for(i=1; i<=nrow; i++)
{
if (((I==1)&&(myrank==0))||((i==nrow)&&(myrank==ranksize-1)))
continue;
#pragma omp parallel for
for(j=1; j<=L-2; j++)
{
Ali][j] = Bli-1][jI;

6 nekabps
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Anroputm Akoou. MPI/OpenMP-Bepcus

if(myrank!=0)

MPI_Irecv(&A[0][0],L,MPI_DOUBLE, myrank-1, 1215,
MPI_COMM_WORLD, &req[0]):

if(myrank!=ranksize-1)

MPI_Isend(&A[nrow][0],L,MPI_DOUBLE, myrank+1, 1215,
MPI_COMM_WORLD,&req[2]);

if(myrank!=ranksize-1)

MPI_Irecv(&A[nrow+1][0],L,MPI_DOUBLE, myrank+1, 1216,
MPI_COMM_WORLD, &req[3]);

if(myrank!=0)

MPI_Isend(&A[1][0],L,MPI_DOUBLE, myrank-1, 1216,
MPI_COMM_WORLD,&req[1]);

[I=4; shift=0;

if (myrank==0) {lI=2;shift=2;}

if (myrank==ranksize-1) {l1=2;}
MPI_Waitall(ll,&req[shift],&status[0]);

MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP
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for(i=1; i<=nrow; i++)
{
if (((I==1)&&(myrank==0))||((i==nrow)&&(myrank==ranksize-1))) continue;
#pragma omp parallel for
for(j=1; j<=L-2; j++)
B[i-1][j] = (AlI-1][j]+A[iI+1][j]+
\ A[TI-1+AD+1])/4.
H*DO it*/
printf("%d: Time of task=%If\n",myrank,MPI_Wtime()-t1);
MPI1_Finalize ();
return O;

}

6 nekabps
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PROGRAM JAC_OpenMP_DVM
PARAMETER (L=1000, ITMAX=100)
REAL A(L,L), B(L,L)
CDVM$ DISTRIBUTE (BLOCK, BLOCK) :: A
CDVM$ ALIGN B(1,J) WITH A(,J)
PRINT *, "ttowsisst TEST JACORB| Hktrssin
DOIT = 1, ITMAX
CDVM$  PARALLEL (J,I) ON A(l, J)
C$OMP  PARALLEL DO COLLAPSE (2)

DO J = 2,L-1
DO | = 2,L-1
A(l, J) = B(, J)
ENDDO
ENDDO

6 nekabps
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CDVM$  PARALLEL (J,]) ON B(l, J), SHADOW_RENEW (A)
C$OMP  PARALLEL DO COLLAPSE (2)
DO J=2, L-1
DO 1=2, L-1
B(l, J) = (A(I-1, J) + A(l, 3-1) + A(I+1, J) + A(l, J+1))/ 4
ENDDO
ENDDO
ENDDO
END

6 nekabps
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penakcauumu
SP (Scalar PentadiagonalSolver) 3D Haebe-Ctokc, Beam-

Warning approximate factorization
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TecTt SP-MZ (knacc A) Ha IBM eServer pSeries 690 Regatta

2 npoueccopa 4 npoueccopa
100 45 41,74
o - 90,47 39,56
80
70 66,87
60 4
50
40 4
30 -
20 4
10 1
0 - T
1x2 2x1 1x4 2x2 4ax1

8 npoueccoB 16 npoueccopoB

25

21,64 21,63 21,76

20,87 20,44 20,87

1x8 2x4 4x2 8x1 1x16 2x8 4x4 8x2 16x1
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TecTt LU-MZ (knacc A) Ha IBM eServer pSeries 690 Regatta

2 npoueccopa 4 npoueccopa
80,00 35,00
7113 31,19 31,15 31,16 3238 31,70
70,00
60,13 60,85 30,001
60,00
25,00
50,00
20,00
40,00
15,00 -
30,00
20,00 10,00 -
10,00 4 5,00
0,00 0,00
1x2 1x4 2x2 4x1
8 npouieccopoB - 16 npoLeccopoB
35,00 16,00
31,19 31,15 14,07
30,00 14,00
12,00 4
25,00
19,23 19,22 10,00 1
20,00
8,00 4
15,00
6,00
10,00
4,00 4
5,00 1 2,00 4
000 A 000 4
1x8 - 2 8x1 1x16 28 ax4 8x2 16x1
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. Tect BT-MZ (knacc A) Ha IBM eServer pSeries 690 Regatta
_» 30HbIOT13x13x16 M a0 58 x 58 x 16

2 npoueccopa 4 npoueccopa
100,00 45,00
s 89,57 ChG (R 29,83 40,39
90,00 40,00 ’
80,00
35,00 1
70,00
30,00
60,00
25,00 A
50,00
40,00 20,00
30,00 15,00 4
20,00 10,00
10,00 5,00
0,00 - 0,00 -
1x4 2x2 ax1
8 npoueccopoB - 16 npoueccopoB
40,00 A
34,68 SHA
35,00 30,00
30,00
25,00
25,00
20,00
20,00 - 15,32
15,00
15,00
10,00
10,00 -
5,00 5,00
0,00 - 0,00 - T T T T
1x8 2x4 4x2 8x1 1x16 2x8 4x4 8x2 16x1
6 nekabps
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«_11_» PacyeT nossykoBoro o6TekaHusi netaTeNnbHOro annapaTa

3apava cpenHAasA Max
810 obnacrteun 3arpy3ka 3arpy3kKa
/5 npoueccopos 19258 19296
128 npoueccopos 11284 11648
256 npoueccopos 5642 11648
384 npoueccopos 3761 11648
512 npoueccopos 2821 11648

6 nekabps
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_J . NpeunmywectBa rudbpugHon mogenu MPI/OpenMP

NukBmnaaumsa unm cokpatleHue aybnmpoBaHnsa JaHHbIX B NaMSTY
y3na.

[JononHUTenbHbIM YypoBeHb napannenuama Ha OpenMP
peanun3oBartb npoule, Yem Ha MPI (Hanpumep, korga B
nporpamMmme ecTb ABa YPOBHA napannenuama — napanfennim
MeXay noasagavyamu v napannenn3m BHyTpU nogsanadn).

YriydweHne 6anaHCcMpoBKM HAa MHOIOOSOYHbLIX 3aga4vax rnpu

MeHbLUEen TpygoeMKOCTM peanm3auunn eLle 0gHOro YpoBHS
napannenmama.

6 nekabps
AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 65 13 83



. Anroputm Akobu. OnTMusnpoBaHHas
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/****** Iteratlon |00p *************************/
t1=MPI_Wtime();

#pragma omp parallel default(none) private(it,i,j) shared (A,B,myrank,
nrow,ranksize,ll,shift,req,status)

for(it=1; it<=ITMAX;, it++)

{

for(i=1; i<=nrow; i++)

{
if (((I==1)&&(myrank==0))||((i==nrow)&&(myrank==ranksize-1)))

continue;
#pragma omp for nowait
for(j=1; j<=L-2; j++)
{
Al][] = Bli-1][];

}

}

6 nexabps M6puaHasa mogens nporpammuposaHusa MPI/OpenMP 66 13 83
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#pragma omp barrier

I
ot W

#pragma omp single
{
if(myrank!=0)
MPI1_Irecv(&A[0][0],L,MPI_DOUBLE, myrank-1, 1215,
MPI_COMM_WORLD, &req[0]);
if(myrank!=ranksize-1)
MPI_Isend(&A[nrow][0],L,MPI_DOUBLE, myrank+1, 1215,
MPI_COMM_WORLD,&req[2]);
if(myrank!=ranksize-1)
MPI_Irecv(&A[nrow+1][0],L,MPI_DOUBLE, myrank+1, 1216,
MPI_COMM_WORLD, &req[3)]);
if(myrank!=0)
MPI1_Isend(&A[1][0],L,MPI_DOUBLE, myrank-1, 1216,
MPI_COMM_WORLD,&req[1)]);
l1=4; shift=0; if (myrank==0) {lI=2;shift=2;}
if (myrank==ranksize-1) {l1=2;}
MP1_Waitall(ll,&req[shift],&status[0]);

6 nekabps }
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for(i=1; i<=nrow; i++)
{
if (((I==1)&&(myrank==0))||((i==nrow)&&(myrank==ranksize-1))) continue;
#pragma omp for nowait
for(j=1; j<=L-2; j++)
B[i-1][j] = (AlI-1][j]+A[iI+1][j]+
\ A[TI-1+AD+1])/4.
H*DO it*/
printf("%d: Time of task=%If\n",myrank,MPI_Wtime()-t1);
MPI1_Finalize ();
return O;

}

6 nekabps

AcTaHa, 2022 MMopuaHaa mogenb nporpammupoBaHmna MPI/OpenMP 68 13 83



. .MpuBsa3ka npoLeccoB K sapam

“i

Intel MPI
export |_MPI_PIN_ DOMAIN=omp (node)
mpirun ...

nnu
mpirun —env |_MPI_PIN_DOMAIN omp ...

OpenMPI
mpirun —bind-to-none ....

MVAPICH
mpirun VIADEV_USE_AFFINITY=0 ...

6 nekabps
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#include <sched.h>
#include <omp.h>
void SetAffinity (int rank) {
int MPI_PROCESSES PER_NODE =
omp_get_num_procs()/omp_get max_threads ();
#pragma omp parallel
{
cpu_set_t mask;
CPU_ZERO(&mask);
int cpu = (rank% MPI_PROCESSES PER_NODE)*omp_get num_threads() +
omp_get_thread num ();
CPU_SET(cpu,&mask);
sched_setaffinity ((pid_t)0, sizeof(cpu_set_t),&mask);
}
}

6 nekabps
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__ UHnumnanusauma MPI ¢ nogaoepXkon HUTen

int main(int argc, char **argv) {
int required = MPI_THREAD_FUNNELED;
Int mpi_rank, mpi_size, mpi_err, provided,;
MPl_Comm comm = MPI_COMM_WORLD,;

mpi_err = MPI_Init_thread(&argc, &argv, required, &provided);

mpi_err = MPI_Comm_rank(comm, &mpi_rank);
if (mpi_rank ==0){
switch (provided) {

6 nekabps
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case MPI_THREAD_SINGLE: /**/ break;
case MPI_THREAD_ FUNNELED: /* */ break;
case MPI_THREAD_ SERIALIZED: /**/ break;
case MPI_THREAD MULTIPLE: /**/ break;
default: /* */ break;
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« i+ UHnumanusauma MPI c noanepxkon HUTen
MPI_THREAD_SINGLE
MPI-npouecc ucnonHAeT eAUHCTBEHHYIO HUTb

MPI_ THREAD_FUNNELED
MPI-npouecc MmoxeT ObITb MHOFOHUTEBbLIM, HO Aenatb MPI-BbI30BbI
pa3peLlueHo TOMIbKO TOMY npoueccy, KOTOpbIU NpoBoAUI
nHnumanusauuo MPI

MPI_THREAD_ SERIALIZED
MPI-npouecc MmoxeT ObITb HUTEBbIM, HO B NMOOOMN MOMEeHT BpemeHu MPI-
BbI30OB AenaeT fiMlb Og4HA HUTb

MPlI THREAD_ MULTIPLE
MPI-npouecc MoxeT ObITb MHOFOHUTEBbLIM, U HECKONTbKO HATEN MOTyT
Bbi3biBaTb MPI-pyHKUUM OAHOBpPEMEHHO

6 nekabps
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MHnumnanusauma n sasepwieHme MPI nporpamm

a . £

PRI
MNepBon Bbi3biBaemon chyHkumen MPI gorkHa ObITb PyHKUUSA:
int MPI_Init (int *agrc, char **argv )

Ana vHuyuanunsauumn cpeabl BbinonHeHns MPI-nporpammbl. [apameTpamu oyHKUMM ABRAIOTCA
KONIM4EeCTBO apryMeHTOB B KOMaHOHOMU CTPOKEe U TeKCT CaMOU KOMaHOHOU CTPOKMW.

NocnenHen Bbi3biBaemon hbyHkumen MPI o6a3aTenbHO AOMKHA ABNATLCA PYHKUUA:

int MP1_Finalize (void)

6 nekabps
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OnpepeneHne KonnyecTBa U paHra npoueccos

a . £

OnpepeneHne KonnyecTsa NPOLECCOB B BbIMOMIHAEMOMN NnapansefbHOM nporpaMmme
OCYLLECTBMAAETCA NpU NoMoLmn hpyHKUUMK:

int MPI_Comm_size ( MPI_Comm comm, int *size ).
Ona onpegeneHns padra npouecca Ucnornb3yeTca PyHKLUUA:

int MPI_Comm_rank ( MPI_Comm comm, int *rank ).

6 nekabps
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. HebGnokupyrowme odmMeHbl faHHbIMU MexXAay
iyl npoueccopamm

Ana nepepayn coodLweHns npouecc-oTrnpaBuTeslb AOMMKEH BbINONHUTL (PYHKLMUIO:
int MPI_Isend(void *buf, int count, MPI|_Datatype type, int dest,
int tag, MPI_Comm comm, MPI_Request *request),
rae
* buf - appec bydepa namATU, B KOTOPOM pacrnonararoTcs AaHHble OTNPaBAEMOro coooLeHuns,
* COUNt - KOIMYECTBO 3NIEMEHTOB AaHHbIX B COOOLEeHNHN,
* type - TUN 3N1eMeHTOB AaHHbIX NepechblflaeMoro coooLweHu,
» dest - paHr npouecca, KOTOpoMy OTNpaBfAEeTCA coobLeHme,
 tag - 3Ha4YeHue-Ter, ucnornb3yemMmoe AnA naeHTuduKkaumm cooodLeHnn,
* COMM - KOMMYHUKaTOP, B paMKaX KOTOPOro BbINONIHAETCA nepeaaya AaHHbIX.
Ana npuema coobLieHUs npouecc-nonyyaresib AOMMKEH BbINONHUTL PYHKLMUIO:
int MP1_Irecv(void *buf, int count, MPI_Datatype type, int source,
int tag, MPI_Comm comm, MPI_Status *status, MPl_Request *request),
rae
buf, count, type - 6ychep namaTn gna npmema cooOLEeHNA, Ha3HAa4YeHNe KaXXaoro otaeribHoro
napameTtpa cooTBeTcTBYeT onucaHuio B MPl_Send,
*SOUrCe - paHr npouecca, oT KOTOporo AofMKeH O6bITb BbINOSIHEH NPUEM COO0LLEeHUS,
stag - Ter coobLeHns, KOTopoe AOMKHO ObITb MPUHATO ANA nNpouecca,
*COMM - KOMMYHUKATOpP, B paMKaxX KOTOPOro BbIMOJIHAETCA nepeaaya AaHHbIX,
sstatus - ykasaternb Ha CTPYKTYpPY AaHHbIX ¢ UH(popMmaLMen o pesynbTaTte BbIMOSIHEHUA onepauumn

npueMa AaHHbLIX.

6 nekabps
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MPI_ Waitall

.[.
1

-1

LA

OxupaHune 3aBepLlieHunsAa Bcex onepauwﬁ obOmMeHa ocyuiecTBIideTcA npu noMmoLlmn (byHKLl,MM:

int MP1_Waitall(

int count,
MPI_Request array_of requests]],
MPI_Status array_of statuses]])

6 nekabps
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MPI_Cart_create
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Co3aaHue aekaptoBou Tononoruun (pewetkn) B MPI:

int MPI_Cart_create(MPl_Comm oldcomm, int ndims, int *dims, int *periods,
int reorder, MPI_Comm *cartcomm),

roe:
« oldcomm - ucxogHbIM KOMMYHUKaTOP,

« ndims - pa3aMepHOCTb AEKAPTOBOMU peLUeTKHU,

« dims - maccuB ANuHbI hdims, 3a4aeT KONMMYeCTBO NPOLIECCOB B KaXX4O0M U3MEPEHUN peLUueTKHN,
« periods - maccuB gnuHbl ndims, onpeaenseT, ABNAETCA NU peLlleTKa nepnoanyeckon BAoOnb
KaXgoro namepeHus,

* reorder - napamMeTp AOMNYCTUMOCTU U3MEHEHUSA HyMepaLum NpoLeccos,

e cartcomm - co3gaBaeMblil KOMMYHMUKATOP C AeKapTOBOM TOMOJSIOrMeun npoLeccos.

6 nekabps
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MPI| _Cart_shift
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PYHKLUA:

int MPI_Card_shift(MPI_Comm comm, int dir, int disp, int *source, int *dst)

ANA Nony4YyeHUs1 HOMepoB nocbinarLero(source) n npuHumarowero (dst) npoueccoB B
AeKapToOBOW TOMOSIOrMM KOMMYHUKaTopa (comm) Ansa ocywecTBIeHUA caoBUra BAOMb U3MEpPEeHUA

dir Ha BenuuunHy disp.

6 nekabps
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MP| _Card _coords
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OnpeaeneHne AekapToBbIX KOOPAUHAT MpoLecca rno ero paHry:
int MPI_Card_coords(MPI_Comm comm,int rank,int ndims,int *coords),

roe:
*COMM - KOMMYHUKaTOP C TONOJNIOrMen peLueTKy,

e rank - paHr npouecca, AN KOTOpPOoro onpenensaoTcA AeKapToOBbl KOOPAMHATDI,
* Ndims - pa3aMepHOCTb pPeLUeTKH,

« coords - Bo3BpallaemMble (pyHKUMEN AeKapTOBbl KOOpAUHATbI Npouecca.

6 nekabps
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MPI Type vector
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Ana cHuxeHnsa cnoxHoctu B MPIl npeaycMoTpeHO HeCKOSbKO pa3fMyHbIX cnocoboB
KOHCTPYMPOBaHUA NPOU3BOAHLIX TUMNOB:

» HenpepbieHbIU cnocob No3BonseT onpeanesiutb HenpepbIBHbIX HAOOP 3NeMeHTOB
CyLleCcTBYHOLEro Tuna Kak HoBbl NPOU3BOAHbIN TUN,

« BekmopHbIU cnocob obecneynBaeT co3gaHMe HOBOro NPou3BOAHONO TUNa Kak Habopa
3NeMeHTOB CyLleCTBYHOLWEero Turna, Mexay afieMeHTaMmM KOTOPOro CyLecTBYHOT perynsipHble
NPOMEeXyTKU no namatu. lNMpu aTom, pasmep NPOMeXyTKOB 3a4aeTCA B YUCIIe INIEMEHTOB
MCXOAHOro TMNa,

* UHOeKCcHbIlU cNOCOOb OTNNYaAeTCsl OT BEeKTOPHOro MeToAa TeM, YTO NPOMEXYTKU Mexay
3neMeHTaMM UCXOA4HOIro TUNa MOryT UMeTb HeperynsipHbli Xxapakrep,

« CmpyKkmypHbIU cnocob obecneynBaeT camoe odLiee onMcaHMe NPoM3BOAHONO TUNa Yepes AsBHOe
yKa3zaHue KapTbl co3jaBaeMoro Tuna gaHHbIX.

int MP1_Type_vector(int count, int blocklen, int stride, MPI_Data_type oldtype,

MPI_Datatype *newtype),

rae

ecOunNt - KONU4yecTBO ONOKOB,

*blocklen - paamep kaxxgoro 6noka,

stride - KONMMYECTBO 3NIEMEHTOB, PacCNOSIOKEHHbIX MeXAy ABYMA COCeAHMMM OroKkamu
«oldtype - ucxoaHbIU TUN AAHHbIX,

‘newtype - HOBbIX onpeaenseMbii TUN OaHHbIX.

6 nekabps
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MNMepen ncnonb3oBaHMeM NPOU3IBOAHLIN TUM AOMKEH ObITb 0OBABMEH NpU NoMoLwm PYHKLUK:
int MPI_Type_commit (MPI_Datatype *type )

MNpwv 3aBepLIeHUN UCNOSb30BaHUA NPOU3BOAHLINA TUM AOMKEH ObITb aHHYNIMPOBaH NPU NOMOLLU
yHKUUN:

int MP1_Type_free (MPI_Datatype *type ).

6 nekabps
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