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KONNEKTUBHbIE OBMEHbI UHGOPMALUEU B BC

B KonnekTuBHOU onepaunmn obmeHa yyacTByloT Bce BETBU NPOrpammbl MPI 3.1

— TPaHCAAUMOHHDIN 06MeH (TO, «oamH-Bcem», one-to-all broadcast) 34 onepaunm

— KONNeKTopHbI obmeH (KO, «Bce-ogHoMy», all-to-one broadcast) MPICH/MVAPICH,

Open MPI, Intel MPI
— TPAHCAAUMOHHO-UMKAMYecKknin obmer (TUO, «kaxabin-scemy, all-to-all broadcast) > 70 anropuTMOB
TpaHchAUMOHHDBIN 06meH (One-to-all) KonneKktopHbii 06meH TPaHCNAALMOHHO-LUUKANYECKNA
MPI_Bcast/ MPI_Scatter (All-to-one) obmeH (All-to-all)

MPI_Reduce/MPI_Gather MPI_Allgather, MPI_Allreduce,

=  Anroputm 6GMHOMMANbHOIO
aepesa (binomial tree)

=  Anroputm 6MHapHoOro aepesa oX0)0,

= Scatter + allgather

=  AAropuTM NNOCKOrO AepeBsa

MPI1_Alltoall

" ANroputm GUHOMMANBHOTO AepeBa

(binomial tree) ANFOpPUTM PEKYPCUBHOTO YABaUBaHUA
= ANropuTM 6GMHAPHOTO AepeBa (recursive doubling)
(binary tree)

. Anroputm K. bpyka (J. Bruck)
Anroputm k-uenodek (k-chain tree) KonbLesoit anroputm (ring)

KoHBenepHbI anroputm (pipeline) ANrOpUTM NoNapHbIX 06MEHOB
Anroputmbl P. PabeHceindHepa (pairwise exchange)

Mnockoe aepeso (flat/linear tree)

PaccenBatoLLnii anroputm
(dissemination)

[*] R. Thakur, R. Rabenseifner, W. Gropp. Optimization of collective communication operations in MPICH // Int. Journal of High Performance Computing
Applications. — 2005. — Vol. 19 (1). — P. 49-66.



HAMPAB/EHMA PA3BUTUA KOMMYHUKALMUOHHbBIX CETEN BC

" YBeanueHue NpousBoA4UTENbHOCTU CETU: COKPALLLEHUE NAaTEHTHOCTU U NOBbILWWEHNE
NPonycKHOM cnocobHOCTM nepepaumn coobLieHnmn

 enybokas uHmezpayus cemesbix KOHMPOsAEPo8 8 NMPOYECccopHsie A0pa
N UX nepapxmio namatn (6es ncnonb3oBaHMA ABOWMHONO annapaTHOro
npeobpa3oBaHmna coobuweHnn n3 BHyTpucnctemHoro npotokona PCl Express
B MPOTOKON BHellHero ceteBoro agantepa InfiniBand, network offload)

J noctpoeHune cemeli c manwvim duamempom (low-diameter network),
obecneumBaroOLWMX HEBbICOKYIO MAaKCMMAJIbHYIO NAaTEHTHOCTb U He Tpebyowme
MOLLIHbIX CETEBbIX KOHTPO/1IJIEPOB, NOTPEONAOLWMNX OTHOCUTENBHO HOoNbLLOE
KOJINYECTBO SHEPTUM

Cray Gemini, Cray Aries, IBM PERCS, Fujitsu Tofu, Bull/Atos BXI,
SKIF 3D-torus, CMI1O, AHrapa, TH Express-2, MBC-2kcnpecc,
ceTn Ha 6a3e oTkpbIToro ctaHaapta InfiniBand (Mellanox, Intel True Scale Fabric)



APXUTEKTYPHbIE CBOMCTBA BbICOKONMPOWU3BOAUTE/IbHbIX BC
NepapxuuecKana CTPyKTypa KOMMYHUKALMOHHOMN cpeabl Top500 (#49, utoks 2017)

Rmax, Rpeak /

Cucrema PFLOPS | HPCG, %

NepapxuuecKkme ypoBHU KOMMYHUKaLMOHHOMN cpeabl BC

. ) Switch network S:z:‘:‘vr:)c:ie Sunway Network O6wan namatb
Sunway TaihuLight . Mellanox Network on Chip 8 GiB DDR3
5 ypoBHe# 0.38 fully connected
10 649 600 saep 40 cToeK 256 PCle 3.0 4 core groups 1 MPE + 64 CPE
(40 960 y3nos) SO - 40 960 y3nos 260 sapep (mesh 8x8, RISC)
Tianhe-2 TH fi)ﬁzzs-z Intel QPI 06wWwan namaTb
MilkWay-2 3 YpoBHA 1.06 16 000 y3n108 2 x Intel Xeon 12 apep Intel Xeon
3120 000 sanep (384 000 agep Intel Xeon IVB + 2 736 000 Xeon Phi) 3 Xeon Phi >7 AAep Intel Phi
Piz Daint Dit:yoﬁ;;es(;etv;::;) Aries router O6uwan namaTb
Cray XC50 3 ypoBHA 1.86 g5 325 ysng PCle 3.0 12 anep Intel Xeon
361 760 apep (63 840 azep Intel Xeon + 297 920 SM Tesla P100) 4 ysna DS AR IEEE) [P
. - .k;:! -
Titan :""“ ’g’f: Crgyll)-G,:‘r)nml Gemini router O61wasn namaATb
Cray XK7 3 ypoBHA 1.19 18 638 y3lzos HT 3.0 16 apep AMD Opteron
>60 640 apep (299 008 sigep Intel Xeon + 261 632 SM Tesla X20X) 2y3na 5 8 AP R (KA
Sequoia O6wan namaTb

5D-mop 16 GiB DDR3

98 304 y3nos 16 + 2 apep
IBM PowerPC A2

IBM BlueGene/Q 2 ypoBHA 1.64
1572 864 apep




WHCTPYMEHTAPUI OPTAHU3AL NN GYHKLUMOHUPOBAHUA BC

Pa3paboTKka napannenbHbIX Nporpamm

MPI: MPICH, MVAPICH, Intel MPI, Open MPI; SHMEM: OpenSHMEM PGAS

Unified Parallel C, Co-array Fortran,

Multihreading: OpenMP, Transactional Memory Cray Chapel, IBM X10

Lightweight threading: Qthreads, MassiveThreads, Argobots
Accelerators: OpenACC, OpenCL, NVIDIA CUDA,

AHanus n othagkKa

OnTuMmusmnpyowaa Komnunaumua PMPI/MPIT Intf., Vampir,
(Mony)aBTOMaTUYecKas BekTopu3auma koga (AVX, AltiVec, NEON) Intel Tools, mpiP

OTKa30yCTOMUYNBOCTb U XKUBYUYECTb NPOrpamm
ULFM, DMTCP, BLCR, CRIU

I'Iop,p,ep)KKa MYNbTUNPOrpaMmHbIX pexxmmos pa60TbI KOHTpOI’Ib M AUArHOCTUKA
TORQUE, SLURM, PBS Pro, LoadLeveler, LSF, SGE Ganglia, Nagios (SNMP)

OnepauyunoHHaa cuctema
GNU/Linux, LWK: IBM CNK, Cray CNL, Kitten, ZeptoOS



AHAIU3 KONNEKTUBHbIX ONEPALIMIA B PEAJIbHbIX MPUNOMEHUAX

" BbINO/IHEH aHaNMU3 NPOMEXKYTOUHbIX OTYETOB MEXKAYHAaPOAHOro NPOEKTa
HPC Advisory Council // http://hpcadvisorycouncil.com/best practices.php

" [laKkeTbl MOAENNPOBAHNA PUINKO-TEXHNYECKMX NPOLLECCOB U NPUPOAHbIX ABNEHUMN:
CP2K, Quantum Espresso, VASP, DL-POLY, Amber, AMR, ANSYS, CPMD, WREF,

GROMACGS, LAMMPS, MILC, ...


http://hpcadvisorycouncil.com/best_practices.php

KONNEKTUBHbIE ONEPALUUN B PEAJ/IbHbIX MPUNTOXKEHUAX (1)

®yHKuMu MPI

Hamnbonee yacto Pasmepbl

Maker MpegmeTHana obnactb C HanboNbLWIMM BPpeMEHEM -
Bbi3blBaemble ¢yHKuuu MPI coobweHum

BbINOJ/IHEHUSA
Abaqus NHKeHepHbIM aHanu3 MPI_Test, MPI_Test, MPI_Waitall, 64-256 6l
METOA0M KOHEYHbIX MPI Torobe MPI_Bcast, MPI_Gatbher,
3/1eMEHTOB —'P MPI_Allreduce, MPI_Scatterv
ABYySS BLIMNCAUTENbHAS BHONOIMS MPI_Send, MPI_lIrecv, MPI_Test, | MPI_Send, MPI_Irecv, MPI_Test,
MPI_Allreduce, MPI_Barrier MPI1_Allreduce, MPI_Barrier

MPI_Recv, MPI_Isend, MPI_Allgatherv, MPI_Allgather, .

AT 33/34M MAPOAMHAMMKY MPI_Allreduce, MPI_Barrier MPI_Comm_free, LSl
Amber MOeKVAADHAS AMHAMMKS MPI_Irecv, MPI_Isend, MPI_Allgatherv, MPI_Allreduce, 0-64 6aurT,
y/IAphaA A MPI_Waitany MPI_Waitall, MPI_Waitany 16-64 K6air
AMG2013 Anrebpanyeckmi MPI _Irecv, MPI_Isend, MPI_Allreduce, MPI_Allgather, 0-256 6aurT,

MHOTOCETOYHbIN pellaTesb MPI_Allreduce MPI_Waitall 64-256 Kbant

MopgennpoBaHue Ha MPI_Irecv, MPI_Send, MPI_Send, MPI_Allreduce, .

AMR a4aNTUBHbIX CETKax MPI_Waitsome MPI_Reduce, MPI_Barrier L
BblumncnutenobHasn
MPI_Send, MPI_Recy,

o _ p _ A B < o

ANSYS CFX ANHAMMKA XKUAKOCTEN U MPI_Iprobe, MPI_Bcast MPI_Recv, MPI_Bcast 64 Kbant

rasoB




KONNEKTUBHbIE ONEPALUUN B PEAJ/IbHbIX MPUNTOXKEHUAX (2)

®yHKuMu MPI

Hamnbonee yacto Pasmepbl
Maker MpegmeTHana obnactb C HanboNbLWIMM BPpeMEHEM -
Bbi3blBaemble ¢yHKuuu MPI coobweHum
BbINO/IHEHUSA
BbluncnautenbHasn
. MPI_Recv, MPI_Allreduce, MPI_Recv, MPI_Allreduce, o
ANSYS FLUENT | - anramuka uaxoctedt v MPI_Bcast, MPI_Waitall MPI_Bcast, MPI_Waitall < 64 Roanr
rasos
MPI Isend, MPI Irecv, MPI Waitall, MPI Isend,
KBaHTOBaA - . ~ . - S o
BQCD OOMOAUHAMUKA MPI_Waitall, MPI_Barrier, MPI_Irecv, MPI_Barrier, < 500 Kbaut
POMOA MPI_Allreduce MPI_Allreduce
CAMLSE mﬁﬂz’lﬁzzss:x MPI_Waitall, MPI_Barrier, MPI_Waitall, MPI_Barrier, 64-81 K6aiT,
. MPI_Allreduce MPI_Allreduce 2-3 MbanTt
NOroAHbIX ABNEHUN
COSMO maﬁzjmzzs::ri MPI_Sendrecv, MPI_Allreduce, | MPI_Sendrecv, MPI_Allreduce, < 1 K6aiT
. MPI1_Allgather, MPI_Gather MPI_Wait
NOroAHbIX ABNEHUN
MPI1_Alltoallv, MPI_Waitall o
ATOMHO-MONEKYyNsipHOoe MPI_Alltoallv, MPI_Irecy, —ANtoally, —vvartat, 0-256 6aunT,
P2k MoAeNnpoBaHue MPI_Isend, MPI_Waitall MPI_Reduce, 16-256 Kbaut
A=l = FHEIEL AL MPI_Alltoall
CPMD MOTeKVAADHAS AMHAMMKS MPI_Bcast, MPI_Barrier, MPI_Alltoall, MPI_Bcast,
yaAp 4 MPI_Scatter, MPI_Sendrecv MPI_Allreduce, MPI_Barrier
MPI_All MPI t MPI_All MPI t o
DL-POLY MonekynapHaa AMHAMMKa _Allreduce, _>catter, _Allreduce, _>catter, 16-256 Kbaunt

MPI_Recv, MPI_Send

MPI_Recv, MPI_Send




KONNEKTUBHbIE ONEPALUUN B PEAJZIbHbIX MPUNTOXKEHUAX (3)

®yHKuMu MPI

Hamnbonee yacto Pasmepbl
Maker MpegmeTHana obnactb C HanboNbLWIMM BPpeMEHEM -
Bbi3blBaemble ¢yHKuuu MPI coobweHum

BbIMNOJIHEHUA

FLOW-3D Bb'”r;'C“”;T_e:*;::SBZZ Po%, MPI_Isend, MPI_Irecy, MPI_Allreduce, MPI_Waitall, 4-16 GaiiT,

A2 MPI_Waitall, MPI_Allreduce MPI_Bcast 1-4 M6Gaiit
AVHAMUKA
MPI1 Alltoallv, MPI Allreduce, MPI1 Alltoallv, MPI Allreduce, .
— - — - <
Graph300 | Mowck & wMpuHy 8 rpage MPI_Test, MPI_Alltoall MPI_Test, MPI_Alltoall 256 Roaur
e . MPI_Send, MPI_Sendrecy, MPI1_Alltoall, MPI_Recy,
GROMACS xmfllwmqeikmx DOLECCOR MPI_Isend, MPI_lIrecy, MPI_Sendrecy, 4-64 Kbant
POL, MPI_Waitall, MPI_Alltoall MPI_Send

MPI_Bcast, MPI_Allreduce, MPI_Bcast, MPI_Allreduce, .

HOOMD-blue | MoneKkynapHaa guHammKa MPI_ Waitall MPI_Waitall < 64 Kbant
PeweHune nnotHom C/NAY MPI_Iprobe, MPI_Send, MPI_lprobe, MPI_Send,
HPCC HPL metoaom LU- MPI_Recv, MPI_Wait, MPI_Recv, MPI_Wait,
AEKOMMO3NLUN MPI_Allreduce MPI_Allreduce
HPCC PTRANS TpaHcnoHMpoOBaHMe MPI_Sendrecy, MP!_AIIreduce, MPI_Sendrecy, MP!_AIIreduce, 458 K6aiiT
MaTpuLbl MPI_Barrier MPI_Barrier
o MPI_Waitany, MPl_Wait, MPI_Waitany, MPI_Wait,
HPCC Random | [Mpoun3BObHbIN AOCTYN K MPI_Isend, MPI_Irecy, < 4 K6akT

Access

NaMATHU

MPI_Isend, MPI_lIrecy,
MPI1_Alltoall, MPI_Allreduce

MPI1_Alltoall, MPI_Allreduce




KONNEKTUBHbIE ONEPALUUN B PEAJ/IbHbIX MPUNNOXKEHUAX (4)

Haubonee yacto

®yHKuMu MPI

Pasmepbl

Maker MpegmeTHana obnactb R T T C HanboNbLWIMM BPpeMEHEM T
BbINO/IHEHUSA
HPCC FET 1D 6bicTpoe MPI_Alltoall, MPI_Bcast, MPI_Alltoall, MPI_Bcast,
npeobpasoBaHue Pypbe MPI_Allreduce MPI_Allreduce
Pewenwue CNAY c MPI_Wait, MPI_Allreduce, MPI_Wait, MPI_Allreduce, .
HPCG . . < 2 Kbaunt
pa3peXeHHON MmaTpuuen MPI_Send, MPI_Bcast MPI_Send, MPI_Bcast
MPI_Send, MPI_Waitany, MPI_Send, MPI_Waitany,
LAMMPS MonekynapHaa AMHAMMKA MPI_Wait, MPI_Allreduce, MPI_Wait, MPI_Allreduce, < 256 Kbant
MPI_Bcast MPI_Bcast
A:agmz?zssz;eznu;rx MPI_Recv, MPI_Allreduce, MPI_Recv, MPI_Allreduce,
LS-DYNA POL A MPI_Bcast, MPI_Alltoallv MPI_Bcast, MPI_Alltoallv < 4 KGaiir
MeXaHUKN TBEPAO0ro U
XUAKOro Tena
KBaHTOBas MPI_Wait, MPI Isend, MPI_Wait, MPI_Allreduce, .
— — - - <
MiLc XPOMOANHAMMKA MPI_Irecv, MPI_Allreduce MPI_Isend S bieely
MSC Nastran KOHeYyHO-31eMEeHTHbIN MPI_Recv, MPI_Ssend MPI1_Recy, MPI._Ssend, < 64 Gaiit
aHanum3 MPI_Barrier
NAMD MoneKynapHaa AnHamunKa MPI_lprobe, MPI_Barrier, MU _fetreions, bl SIS, < 10 Kbant

MPI_Comm_dup

10



KONNEKTUBHbIE ONEPALUUN B PEAJ/IbHbIX MPUNTOXKEHUAX (5)

®yHKuMu MPI

Hanbonee yacto Pasmepbl
Naker MpeameTtHana obnactb C HanbonbwKMMm BpemeHem .
Bbi3blBaemble ¢yHKuumn MPI coobweHun
BbIMNO/IHEHUSA
MPI_Send, MPI_R o
NWChem BbiuncnantenbHaa xmumua —>ena, . 9 MPI_Barrier, MPIl_Recv 4-16 K6aunt
MPI_Barrier
MPI_Iprobe, MPI_Recy,
M MPI_| MPI_R - =
OpenAtom | * O CRY/IAPHAA AMHANMUKY —Iprobe, MPI_Recy, MPI_Test, and MPI_Isend 1-16 KGaiit
Ha KBAHTOBOM YPOBHeE MPI_Test, MPI _Isend .
MPI_Barrier
Open 3a7134M TMADOANHAMUKM MPI_Irecv, MPI_lsend, MPI_Allreduce, MPI_Waitall, < 64 K6aiir
FOAM A Al MPI_Waitall, MPI_Allreduce MPI_Alltoallv
M
Quantum 3neKT°§E:2;‘liaHETe N MPI_Barrier, MPI_Alltoall, MPI_Barrier, MPI_Alltoall, < 1 MBatie
Espresso P PYRTYP MPI_Allreduce MPI_Allreduce
MaTepuanos
KBaHTOBO-mexaHM4ecKoe MPI_Bcast, MPI_Allreduce MPI1_Alltoallv, MPI_Alltoall
VASP - ’ " ’ - ’ = ’ < 256 Kb6at
MOAEeNnnpoBaHme MPI_Recv, MPI_Alltoall MPI_Bcast ant
MoaennpoBaHua
WRE CTAMATAYECKIX U MPI_Bcast, MPI_Scattery, MPI_Bcast, MPI_Scattery, < 16 K6aiit

NOroAHbIX ABNEHUNN

MPI_Wait

MPI_Wait

11



EA3UCHbIN HABOP KONNTIEKTUBHbIX ONEPALIUM

[MpoBeAeHHbIN aHAIN3 UCNONb30BaHMA GYHKUMKA MPI B NpoMblLLAEHHbIX NAKeTax
MOJeNnPOoBaHUA NO3BOAET BblAeNUTb 6A3UCHbIU HAbOP KonneKmuesHbix onepayul,
OKa3bIBaOLMX 3HAYUTE/IbHOE BAMAHNE HA MaclwiTabupyemoctb MPI-nporpamm:

" TPAHCAALMOHHO-UUKANYecKne obmeHnl (all-to-all):
MPI_Allreduce, MPI_Alltoallv, MP1_Alltoall, MPI_Barrier, MPI_Allgather,

MPI_Allgatherv

" TpPaHCAALMOHHbIe 06meHbl (one-to-all, all-to-one):
MPI_Bcast, MPI_Gather, MPI_Scatter

= aunddepeHuymnpoBaHHblie o0bmeHbl: MPI_Isend, MPI_Irecv

12



LLUABNNIOHbI PEANTN3ALUU KONNEKTUBHbIX ONEPALIUM

PaccbiniKa AaHHbIX MO KoAabuy (ring)

PekypcmnsHoe yasamBaHue (recursive doubling)

Anropmntm bpyka (J. Bruck)

[MonapHble obmeHbl (pairwise exchange)

Jlornyeckoe BbICTPaMBaHME NPOLECCOB B AePEBbA PA3/INYHbIX BUAOB:

J 6uHoMmManbHbie gepesba (k-HOMMaNbHble AepeBba)
J cbanaHcmpoBaHHble k-apHble AepeBbA

J nnockue pgepesbs

(] KoHBelepbl/Lenoykm

13



PEAJTIUSALUNA KONIJTIEKTUBHbBIX OMEPALUN

MVAPICH, Open MPI, Intel MPI

. Topology aware SHM-based flat
. Topology aware SHM-based Knomial

. BASIC: Allreduce
. HCOLL: Barrier

Onepauusa MVAPICH2 2.3a Intel MPI 2017 Update 2 Open MPI 2.1.0
MPI_BARRIER 1. Dissemination algorithm [1] 1. Dissemination 1. BASE: Double ring

2. Dissemination SMP 2L 2. Recursive doubling 2. BASE: Recursive doubling

3. Pairwise exchange with recursive doubling [2] | 3. Topology aware dissemination 3. BASE: Recursive doubling up & down

4. Pairwise exchange with RDBL SMP (2L) 4. Topology aware recursive doubling 4. BASE: Bruck
5. Binominal gather + scatter 5. BASE: Linear

MPI 3.1 -- 34 onepauun 6. Topology aware binominal gather + scatter 6. BASIC: Tree

7 7
8 8
9 9

> 70 anropmtmos

. Topology aware SHM-based Knary

. Portals4: h-cube top & bottom
10. SM: Tree

MPI_IBARRIER Dissemination algorithm Dissemination algorithm 1. HCOLL: Ibarrier
2. Portals4: Ibarrier
3. LIBNBC: Dissemination algorithm
MPI_BCAST 1. SMP 2L Binomial tree (inter, intra) 1. Binomial 1. base: Binary tree
2. Binomial tree 2. Recursive doubling 2. base: Pipeline
3. Scatter (bmtree) + allgather (rdbl) 3. Ring 3. base: k-chain
4. Scatter (bmtree) + allgather (ring) 4. Topology aware binomial 4. base: Binomial tree
5. Allgather (ring) + overlap with Shmem bcast 5. Topology aware recursive doubling 5. base: Split binary tree
6. Bcast knomial 6. Topology aware ring 6. base: Linear
7. 1B mcast 7. Shumilin's 7. basic: bmtree
8. Pipelined bcast 8. Knomial 8. FCA
9. Topology aware SHM-based flat 9. HCOLL
10. Topology aware SHM-based Knomial 10. Portals4
11. Topology aware SHM-based Knary 11. sm: mcb tree
MPI_IBCAST 1. Binomial tree 1. Binomial 1. Libnbc: binomial
2. Scatter (bmtree) + allgather (rdbl) 2. Recursive doubling 2. Libnbc: linear
3. Scatter (bmtree) + allgather (ring) 3. Ring 3. Libnbc: chain
4. SMP 2L Binomial tree (inter, intra) 4. Knomial

14



PEAJTIUSALUNA KONIJTIEKTUBHbBIX OMEPALUN

# Onepauusn MVAPICH2 2.3a Intel MPI 2017 Update 2 Open MPI 2.1.0
5 MPI_GATHER 1. Binomial tree 1. Binomial 1. base: binomial tree
2. Linear 2. Topology aware binomial 2. basic: linear
3.SMP 2L 3. Shumilin's
4. Binomial with segmentation
6 MPI_IGATHER 1. Binomial tree 1. Binomial 1. libnbc: linear
2. Knomial
7 MPI_GATHERV 1. Linear 1. Linear 1. basic: linear
2. Topology aware linear 2. hcol
3. Knomial
8 MPI_IGATHERV 1. Linear 1. Linear 1. libnbc: linear
9 MPI_SCATTER 1. Binomial tree 1. Binomial 1. base: binomial
2. Mcast 2. Topology aware binomial 2. basic: linear
3. Linear 3. Shumilin's 3. Portals4: linear
4.SMP 2L Bmtree
5. SMP 2L Linear
10 MPI_ISCATTER 1. Binomial tree 1. Binomial 1. libnbc: linear
2. Knomial
11 MPI_SCATTERV 1. Linear 1. Linear 1. basic: linear
2. Topology aware linear
12 MPI_ISCATTERV 1. Linear 1. Linear 1. libnbc: linear
13 MPI_ALLGATHER 1. Bruck 1. Recursive doubling 1. base: bruck

15



PEAJIUSALUUNA KONIJTIEKTUBHbBIX ONEPALUN

# Onepauusn MVAPICH2 2.3a Intel MPI 2017 Update 2 Open MPI 2.1.0
13 MPI_ALLGATHER 1. Bruck 1. Recursive doubling 1. base: bruck
2. Ring 2. Bruck's 2. base: rdbl
3. Recursive doubling 3. Ring 3. base: ring
4. Topology aware Gatherv + Bcast 4. base: neighbor exchange
5. Knomial 5. base: linear
6. fca:
7. heoll:
8. Portals4:
14 MPI_IALLGATHER 1. Bruck 1. Bruck’s 1. libnbc:
2. Ring 2. Ring
3. Recursive doubling 3. Recursive doubling
15 MPI_ALLGATHERV 1. Bruck 1. Recursive doubling 1. base: bruck
2. Recursive doubling 2. Bruck's 2. base: ring
3. Ring 3. Ring 3. base: neib. exch
4. Topology aware Gatherv + Bcast 4. base: gatherv + bcast
5. basic: alltoallv
6. hcol:
16 MPI_IALLGATHERV | 1. Bruck 1. Recursive doubling 1. libnbc: linear
2. Recursive doubling 2. Bruck’s 2. hcol:
3. Ring 3. Ring
17 MPI_ALLTOALL 1. Bruck 1. Bruck's 1. base: linear
2. Linear isend+irecv 2. Isend/Irecv + waitall 2. base: pairwise exch.
3. Pairwise exch. 3. Pair wise exchange 3. base: bruck
4. Plum's 4. base: linear block
5. basic: linear
6. hcol:

16



PEAJTIUSALUUNA KONNIJTIEKTUBHbBIX ONEPALUN

# Onepauusn MVAPICH2 2.3a Intel MPI 2017 Update 2 Open MPI 2.1.0
18 MPI_IALLTOALL 1. Linear isend+irecv 1. Bruck’s 1. libnbc: linear
2. Isend/Irecv + Waitall
3. Pairwise exchange
19 MPI_ALLTOALLV 1. Linear isend+irecv 1. Isend/Irecv + waitall 1. base: linear
2. Plum's 2. base: pairwise exch.
3. base: linear block
4. basic: linear
6. hcol:
20 MPI_IALLTOALLV 1. Linear isend+irecv 1. Isend/Irecv + Waitall 1. libnbc: linear
2. libnbc: pairwise exch.
3. hcol:
21 MPI_ALLTOALLW 1. Linear isend+irecv 1. Isend/Irecv + waitall 1. basic: linear
22 MPI_IALLTOALLW 1. Linear isend+irecv 1. Isend/Irecv + Waitall 1. libnbc: linear
2. libnbc: pairwise exch.
23 MPI_ALLREDUCE 1. Recursive doubling 1. Recursive doubling 1. BASE: recursive doubling
2. Rabenseifner’s algorithm 2. Rabenseifner's 2. BASE: ring
3. SMP 2L (reduce, allreduce, bcast) 3. Reduce + Bcast 3. BASE: ring segmented
4. Mellanox SHARP (contig) 4. Topology aware Reduce + Bcast 4. BASE: linear
5. SMP 2L (reduce, allreduce, bcast) 5. Binomial gather + scatter 5. BASE: reduce + bcast
6. HW Mulitcast: reduce + mcast 6. Topology aware binominal gather + scatter 6. HCOLL: allreduce
7. Shumilin's ring 7. Portals4: kary tree top & bottom
8. Ring 8. SM: reduce + bcast
9. Knomial

10. Topology aware SHM-based flat
11. Topology aware SHM-based Knomial
12. Topology aware SHM-based Knary

17



PEAJIUSALUUNA KONIJTIEKTUBHbBIX ONEPALUN

# Onepauusn MVAPICH2 2.3a Intel MPI 2017 Update 2 Open MPI 2.1.0
24 MPI_IALLREDUCE 1. Recursive doubling 1. Recursive doubling 1. HCOLL: allreduce
2. Rabenseifner’s algorithm 2. Rabenseifner’s 2. libnbc: binomial tree
3. SMP 2L (reduce, allreduce, bcast) 3. Reduce + Bcast 3. libnbc: ring
4. Ring (patarasuk) 4. libnbc: linear
5. Knomial 5. Portals4: kary tree top
6. Binomial
25 MPI_REDUCE 1. Binomial 1. Shumilin's 1. BASE: kchain
2. Rabensifner’s 2. Binomial 2. BASE: pipeline
3. SMP 2L: intra, inter 3. Topology aware Shumilin's 3. BASE: binary tree
4. Knomial 4. Topology aware binomial 4. BASE: binomial tree
5. Shmem 5. Rabenseifner's 5. BASE: in order binary
6. Zcpy 6. Topology aware Rabenseifner's 6. BASE: linear
7. Knomial 7. SM: reduce
8. Topology aware SHM-based flat 8. FCA:
9. Topology aware SHM-based Knomial 9. HCOLL:
10. Topology aware SHM-based Knary 10. Portals4:
11. Topology aware SHM-based binomial 11. SM: reduce
26 MPI_IREDUCE 1. Binomial 1. Rabenseifner’s 1. libnbc: binomial
2. Rabensifner’s 2. Binomial 2. libnbc: kchain
3. Knomial 3. libnbc: linear
27| MPI_REDUCE_SCATTER| 1. Traff’s butterfly -- 1. base: reduce + scatter
_BLOCK 2. Rec. halving + rec. doubling
3. Recursive doubling
4. Pairwise exch.
28 | MPI_IREDUCE_SCATTER| 1. Traff’s butterfly -- 1. libnbc: pairwise exch
2
3

_BLOCK

. Rec. halving + rec. doubling
. Recursive doubling

18



PEAZIUSALUNA KONITEKTUBHbBIX ONMNEPALUN

# Onepauusn MVAPICH2 2.3a Intel MPI 2017 Update 2 Open MPI 2.1.0
28 | MPI_IREDUCE_SCATTER| 1. Traff’s butterfly -- 1. libnbc: pairwise exch
_BLOCK 2. Rec. halving + rec. doubling
3. Recursive doubling
4. Pairwise exch.
29| MPI_REDUCE_SCATTER| 1. Traff’s butterfly 1. Recursive halving 1. base: reduce + scatterv
2. Rec. halving + rec. doubling 2. Pairwise exchange 2. base: rec. halving
3. Recursive doubling 3. Recursive doubling 3. base: ring
4. Pairwise exch. 4. Reduce + Scatterv 4. basic: rec. halving
5. Topology aware Reduce + Scatterv
30| MPI_IREDUCE_SCATTER| 1. Traff’s butterfly 1. Recursive halving 1. libnbc: pairwise exch
2. Rec. halving + rec. doubling 2. Pairwise
3. Recursive doubling 3. Recursive doubling
4. Pairwise exch.
31 MPI_SCAN 1. Recursive doubling 1. Partial results gathering 1. basic: pipeline (linear)
2. Topology aware partial results gathering
32 MPI|_ISCAN 1. Recursive doubling 1. Recursive doubling 1. libnbc: pipeline (linear)
33 MPI_EXSCAN 1. Recursive doubling 1. Partial results gathering 1. basic: pipeline (linear)
2.SMP 2L 2. Partial results gathering regarding layout of
processes
34 MPI_IEXSCAN 1. Recursive doubling 1. Recursive doubling 1. libnbc: pipeline (linear)
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KO/IbLLEBOI AJIFOPUTM (RING)

Kaxpan BeTBb BbINo/IHAET 2(n — 1) obmeHOB
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AJITOPUTM PEKYPCUBHOTIO YABAUBAHUA (RECURSIVE DOUBLING)

Konunuectso obmeHos: 2log,n

TonbKo AN N paBHOIO CTENEHU ABONKMU

Ha Ka»kaom Lware pasmep nepegasaemoro 610Ka yasamsaetca: m, 2m, 4m
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AJITOPUTM AX. BPYKA (J. BRUCK ET AL., 1997)

Konnyectso obmeHoB: 2 Iogzn—|

Ha ware k BeTBb i B3aumogeuncrayeT c seTsamu (i — 25X+ n) mod n
n (i +2K) modn
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AITOPUTM BUHOMWAJIbHOIO AEPEBA (BINOMIAL TREE)

= [lepeBo 06MEHOB — COBOKYMNMHOCTb OBUHOMUG/TbHbLIX 0epesbes, CTENEHM KOTOPbIX onpeaenatoTca
HOMepamMu 3Ha4almx 6utos B P

Aepeso o6meHoB P = 22 = 10110,
Aepesba B,, B, n B,

00001,

®

00010,

00011, 00101, 00110, 01001, 01010, 01100, 10001, 10010, 10100,
0 ol I\ ’
00111, 01011, 01101, 01110, 10011, 10101,

®

@ @@



AJITOPUTM K NAPANNENDBbHbIX LLEMOYEK (K-CHAIN TREE)

= [Ipouecchbl BbICTpanBakTCA B k Leno4vek (KoHBenepos, pipeline) n nepeaatoT pe3ynbraTbl HaCTUYHbIX
peayKkunm KopHio — npoueccy 0

= QOcTtaTtoK (P—1) % k npoueccos pacnpeaenaetca no nepsbiMm (P — 1) % k uenoykam — B KaxKayto
nobasnaeTca no ogHomy npoueccy [*]

Ymcno npoueccos B ANIMHHbBIX LenoYyKax:

0, ® (a, ® a,) } Yncno dauHHbIX uenoyek: (P—1) % k
|((P-1)/k]+1

a,® (a; ® ag)

a;® g } Yncno kopomkux uenovek: k—(P—-1) % k

a, ® ay, Yncno npoueccos B KOPOTKMX Lenoykax: |(P - 1) / k|

[*] Fagg G., Pjesivac-Grbovic J., Bosilca G., Dongarra J., Jeannot E. Flexible collective communication tuning architecture applied to Open MPI //
Proc. of Euro PVM/MPI, 2006. — P. 1-10.
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ANTOPUTM P. PABEHCEU®HEPA (MPI_REDUCE)

1) p = 2logz p|

[0.-5]o4

[6.12]p., —
[0..5],.5

[6..12],5 —
[0.-5]45
[6..12],5 —
[0..5]¢-7

> [0..12],,

>[0..12],.5

>[0..12],.5

> [0..12].

> [0..12]5.

[6..12]5. —

[0..12],,
[0..12],,
[0..12],,

(1) Nepexopa K uncny npoueccos, paBHOMY CTeNeHU 2

25



ANTOPUTM P. PABEHCEU®HEPA (MPI_REDUCE)

(1) p' = 2llogz 7l (2) Reduce-scatter: recursive doubling
[ 1 ]

.............

0 [0..12], <7 [0.5],, p[0.12],, [0..5]p5 < [0.2],; < [0].1,
| 1[0.12]; < [6.12]p, :|

1 [0.12], < [0.5],; p[0.12],4 [6.12]p5 «f7 [6.8]lo7 < [6]o-1
[0..12], < [6..12],5 —

1121 [0.12], < [0.5],5 "[0--12]4-5] [0.5],; < [3-5lp7 < [31o-12
130 [0.12],«q [0.5); P [0.120er < [6.12)7 < [9.12)p; <ffy [9.20);.s,

22« 6120, -
4 [012]8 [05]89 ')[012]89(_ [O"5]8-10 <« [0"2]8-12 « [1“2]0_12
i [0.12], < [6.12],,

........
........

0

1

2

3
4
51 [0.12]y < [6.12],5 —
6

;

8

9

1015} [0..12]y [0.12]p < [6.12]g1 <ty [6-8lg.00 < || [7-8lo.i2
p-—2r 116 [0..12], [0.12]y; < [0..5]142 ‘T;| [3.5]g.0, <—| [4.5]o12
121171 [0..12],, [0.12], < [6.12]11.1 [9.12]5 1, «— [11.12],4,

............

(2) PekypcuBHOe yaBanBaHue mexxay aKTUBHbIMU NpoLeccamum,
YMC/I0 KOTOPbIX PaBHO CTENEeHM 2



ANTOPUTM P. PABEHCEU®HEPA (MPI_REDUCE)

(1) p’ = 2logzp) (2) Reduce-scatter: recursive doubling (3) Gather: binomial tree
[ ] 1 [ 1

.............

0 [0.12] <) [0.5]p, p[0.12]os<q [0.5]o5 <7 [0-2]o7 <3 [Oloa q [0.2lb, 9 [0.5]p.10 [0..12] .1
| [0.12], < [6.12]5, — ]
1] [0.12], < [0.5],5 > [0-12],4

0

1

2 | [6.12]¢5 <7 [6.8]p7 < [6]o-12 T [6-8lorz <y [6-12]p12 [6..12]¢.,

31l | [0.12]; < [6.12],5 —

42 [0.12, < [0.5]5 pl0-12s< [0.5L; <| [3.5l; <y Blz <l [35s —| Bl [3.5]0.12

51 [0.12]y < [6.12],5 — ]

6 3 [0.12]g<«y [0.5]e; p[0.12]g, < [6.12],; «<— [9.12]y; < [9.10]p.1, < [9..12]p.4, — [9-12]4 [9.12]0.1,

70 100.12], < [6.12], —

8 4 [0..12], [0.5]g9 pP[0.12]go« [0.5]g40 < [0.2]gq, < [1.2]. ||| [1-2]p-12 [1..2].12 [1..2].12

9 [0.12]g¢ [6.12]g -

105 [0..12];4 [0.12];, < [6.12]g;0 <77 [6.8lg12 < || [7-8lorz  — || [7--8lor2 [7.-8l0-12 [7..8]o.12
p—2r116 [0..12];, [0.12];; « [0--5]11-12‘j;| [3.5]g1, <—| [4.5]p.0 —| [4.5]p12 [4..5]-1 [4..5]o.12

121171 [0..12],, [0.12], < [6.12]11.1 [9.12]g,«<— [11.12]p,, — [11.12],,, [11.12],,,  [11.12],,

............

(3) Npuem pesynbratos B npouecce 0 (buHommnanbHoe aepeso)
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