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CTtpaTterna pa3paboTku KooosB Z

HUBMuMTI

* OnTUMKM3auuna paboTbl C K3Wem
» BekTopu3auus BbIYNCNEHUN

* Pacwupenne OpenMP Ha GPU

* MMHMMYM npoueccoB

= MakcMmMmyM NOTOKOB B npouecce

= Kogbl ypoBHSA “language only”
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HUBMuMTI

CUDA mMbl KaTumca?
Ectb Ny XXn3Ho BHe MPI?
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Ot CUDAK OpenMP HBMuMT

#pragma omp target parallel for reduction(+:dot) map(to: a,b)
for (inti=0;i<N; i++)
dot = dot + a[i] * b[i];

o

AstroPhi xoa ansa Intel Xeon Phi
#pragma offload target (mic) in(a:length(N), b:length(N))
{

#pragma omp parallel for reduction(+:dot)
for (inti=0;i<N; i++)
dot = dot + a[i] * b[i];
}

Kulikov .M., Chernykh I.G., Snytnikov A.V., Glinskiy B.M., Tutukov A.V.
AstroPhi: A code for complex simulation of dynamics of astrophysical
objects using hybrid supercomputers /I Computer Physics
Communications. - 2015. - V. 186. - P. 71-80. 11
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Peanu3auuna PGAS HBMNT

Coarray Fortran (ctangapt ®optpaH 2008)
Unified Parallel C (ananekT ctanpapta ISO C)
Chapel (napannenbHbin A3bIK Cray)

X10 (napannenbHbin A3bIK IBM)

Fortress (napannenbHbIN A3bIK Sun)

UPC++ (bubnuorteka wabrnoHoB)
» Remote Memory Access

> Remote Procedure Call

Global Arrays (bnbnuoteka)
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O630p ncnonb3oBaHua Coarray Fortran

> Reshetova, Cheverda & Khachkova, LNCS 2019

» CAF umeet He xyxe npoussoautenoHocts MPl n MPI+OpenMP
npuv 6ONbLLOM 4Yucrie NpoueccoB

> Reshetova, Cheverda & Khachkova, CCIS 2019

» CAF 3HaunTenbHO npoiie B UCMNOSfIb30BaHUN, YeM TEXHOJIOrus
MPI B pa3nuyHbIX BapMaHTax KOMMYHUKaL NN

> Reshetova, Cheverda & Koinov, CCIS 2022
» CAF He XyXe no npousBoAUTENbLHOCTU co4YeTaHUA (PyHKUUKN
MPI_Isend/MPI_Irecv

» Garain, Balsara & Reid, JCompPhys 2015

» CAF a3kBuBaneHTHa no npoussogutenoHoctu MPI 3.0

» Shterenlikht & Cebamanos, Parallel Computing 2019

» MacwTtabupyemoctb Ao 100 000 npoueccosB
14
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Ucnonb3oBaHue Coarray Fortran

HUBMuMTI

34

irank = this_image()
isize = num_images()

34

if(irank < isize) then
A(1)[irank+1] = A(Nlocal+1)
A(Nlocal+2) = A(2)[irank+1]
endif

sync all

16



" J
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A ywnu nu mbl ot MPI? 13

HUBMuMTI

B komnunaTtope Intel ucnonb3yroTCcAa TEXHONOrMU
MPI 3.0 ona peanun3auuun Coarray Fortran
onepauunun, Ho B 4Yactu komnunatopoB GNU Fortran
n OpenUH ncnonb3yetcsa texHonorna GASNet

TexHonorua GASNet kak anstepHaTtusa MPI

DOE Scientific Applications

Arkouda || FLeCSI ||FlexFlow || ExaBiome || ExaGraph || NWChemEx || AMReX Closely
co-developed

in other projects
Berkeley Fortran
= SHMEM
e [ B cevelcpment
in Pagoda

| One-sided Get/Put RMA |
GASNet EX Other
[ interacing

components

Chapel Legion

Memory Technologies Network Hardware
(Host memory, GPUs, ...) (InfiniBand, Cray Aries, HPE Slingshot, Ethernet, Intel Omni-Path, ...)
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Iunckyccua u 3aknrodveHue T

> PaspaboTtaHa BbluucnUTenbHass MoAenb 3BOSIOLUM
PenATUBMUCTCKUX OXKETOB.

» Pa3paboTtaHa napannenbHasa peanu3auua mMoaenu c
ucnonb3oBaHuem TexHonoruu Coarray Fortran.

» TpeboBaHue K HOBbIM Koaam «Language Only»

» Heobxooum nepexon K TexHonormam PGAS c
noanepxkou onepaumm Remote Memory Access (RMA)
n Remote Procedure Call (RPC).

PaboTa nogaepxaHa rpaHToOM
Poccuunckoro Hay4yHoro choHaa Ne 23-11-00014

Cnacunbo 3a BHUMaHue! .
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