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OnucobiBaeTcs apasiieIbHas PeAJN3aIis aJrOpuTMAa IIOUCKA B TITH-
puny Ha rpade, paspabortannas B Kommanuum T-Ilmardopmbr. Kirro-
9eBOii OCOOEHHOCTBIO SIBJISIETCsI ONTUMU3UPOBAHHOE BHYTPEHHEE MpeJl-
craBjieHue rpada, MO3BOJIAIOIIEe YIOPSI0YUTh KOMMYHUKAIIANA MEXK Y
BBIYHMC/IATETLHBIMU [TPOIECCAMEI U PA3JIEJUTh BBITOJHEHNE Ha [TOTOKU
BHYTPH KaKJIOTO U3 mporieccoB. [IpuBoanuTcst ommcanne OnTUMU3AIAN
10 HAIIPABJIEHUIO U €€ MHOTOIOTOYHON MMIIJIEMEHTAIINN. TaK>Ke IIpuBe-
JIEHBI PE3YJILTATHI UCCJIEIOBAHIS TPOU3BOINTEIBHOCTH Pa3pabOTAHHOIM
peain3aIum.

KuroueBble cisioBa: paciipefie/ieHHbIe BBIMHUCJIEHUS, HapaJljlesib-
HBI€ BBIYUCJIEHNS, IPadbl, IOUCK B IITUPUHY.

[Tocrpoenue ocToBHOrO JepeBa rpada MeTOJOM TOMCKa B ImupuHy [1]
(Breadth-First Search — BFS) ucnonb3yercst B KadecTBe OeHIMapKa (Tecta
npoussojuTesibuoct) B peiitunre Graph500 [2]. Cnenudukarus 6enamapka,
npegocrasientas Graph500, geuT ero Ha CJIeIyoNue mar:

1) renepanus crimucka pebep;

2) KOHBepTaIlUsl CIUCKa pebep BO BHYyTPEHHeE IpeJiCTaBIeHne (u3MepsieT-
Csl BpeMsl, HO Ha PEHTHHI HEe BJIHUsIET);

3) renepaius crnucka u3 64 YHUKAJILHBIX BEPIIMH ¢ MUHUMAJIBHON cTerne-
Hbio 1 (6e3 yuera merenn);

4) st KayKI0ii BepIINHBI U3 TPEJBIIYIIEro CIuCcKa:

a) MOCTPOEHMEe OCTOBHOIO JiepeBa ajropurmoM BFS ¢ kopaem B nan-
HOIl BepiHe (M3MepsieTcsi BpeMsi, BJIUsIET HA PEATHHT);

*UcciegoBanue BBIIOJIHEHO BO BpeMsi paborsl B kKommnanuu T-ITnardopmbr
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6) BasmJAIMs IOCTPOEHHOTO OCTOBHOTO JIEPEBA;

5) pacdeT 1 BbIBOJ JAaHHBIX 110 IIPOU3BOJUTE/IBHOCTHU.

Pacnpenenennas Bepcust anropurma BES e npeamosiaraer BbICOKOI Bbl-
YUCJIUTEJIBHON HArpy3KU Ha mporeccop. OCHOBHBIMU (paKTOPaMU, BJIUSTFOIIM-
MM Ha IPOU3BOANTEIBHOCTD, SIBJIAIOTCS 3aJ€PXKKa IIPU JOCTYIE K OIEPATHB-
HOM IIaMATH, a TaK>Ke 3alla3/IbIBaHNe 1 HpOHchHaH CHOCO6HOCTB KOI\JMyHI/IKa—
nIMOHHON ceTu. PedepencHast peaju3alifsa He yIUTHIBAET 3TUX 0COOEHHOCTEI
1, COOTBETCTBEHHO, paboTaeT BecbMa MejieHHo. Orpanndenust pedepeHcHOI
peaIn3alii BBI3BAHbBI IIPEXKE BCEr0 BHIDOPOM BHYTPEHHEIO IPEICTABJICHUS
rpacda — CSR (Compressed Sparse-Row Graph).

CSR mpeanasHadeH i1 KOMIAKTHOTO XPaHEHUsI PACIPEIEIEHHOINO I'Pa-
da. Pacmnpemenenne rpada mo mporeccaMm OIpeesseTcss HOMEpaMHu Bep-
IIHH — HECKOJILKO CTAPINNX OMTOB HOMEPA BEPIIUHBI OIPEIE/ISIOT PAHT IIPO-
11ecca, KOTOPBIi CTaHOBUTCS BJIaIE/IbIIEM BeeX pebep ¢ JiaHHoi BepimnHoii. Ha
JIAHHOM IIPOIIECCE €ro JIOKAJIbHDBIE BEPITUHBI XPAHATCS B COKPAIEHHOM (hop-
mare (local_id) — 6uTHI, OTBEYAIOIINE 38 PAHD MPOLECCA BBIKUIBIBAIOTCS.
Bce uy»xue Bepmunbl xpausrcs B dopmare global_id.

Ha xkaxmom yszme CSR mpeacraBiieH AByMsI CTPYKTYPAMU: CIIHCKOM
yKasareyieil rowstarts um crnmckoM BepmnH columns. /Jljgs BeprmmHbI C
local_id = i B jgmamasone rowstarts([i] ...rowstarts[i+1] wmaccusa
columns xpaHarcsa global_id BepinuH, CBA3aHHBIX C 1.

Pedepencnas peasmzanus BES Ha 1ceBI0OKOIE BBITISIUT CJIELYOIIIM
obpazoM:

Algorithm 1 Pedepencuas peanuszanus BES
1: function PROCESSQUEUE(R, C, Q)
2: for all v € Q do
3: for e <+~ R[v], Rlv + 1] do
4: send v, local(Cle]) to owner(Cle]))

rae R — maccus rowstarts, C — maccuB columns, a  — Tekyias odepeib
BEPIINH, HMOCEIEHHBIX Ha TPEeABIAYIIEM Inare (Ha cTapTe ajJropuTMa B Heil
HAXOJUTCS KOPEHb OCTOBHOIO JIEPEBA).

JlaHHBIN BAPUAHT aJICOPUTMa UMeeT HECKOJIHLKO [IPOOJIEM: BO-IIEPBBIX, Ma-
JIBI pa3Mep coobIIeHusl IPU TIOChLIKe (0JHO pPebpo), BO-BTOPBIX, CJLydaii-
HBIN 1M1abJIOH KOMMYHUKAIIUNA, B-TPETbUX HEBO3MOXKHOCTH 9((DEKTUBHO pa3-
JIEJINTH BBIOJIHEHUE aJITOPUTMAa Ha TOTOKHU. Pasmep cooOIeHns MOYKHO yBe-
JIMIUTh, UCIOJIB3YS IPOMEXKYTOIHbIe arperannonnbie 0ydepnl. Ho n3-3a To-



222 A.B. Ocunos, A.H. Japoun, A. A. Haymos

ro, 9TO MaTTEePH KOMMYHUKAITUU CJIy9Ia€H, KOJHIECTBO ArperaruoHHbIX Oy-
depoB MOKHO OBITh HE MEHBIINE KOJUYIECTBA IIPOIECCOB, UYTO 3HAYUTEHHO
YBEJIMYUT HAKJIQHBIE PACXO/IbI.

Jlist peryngpuzanyuu mabjI0Ha KOMMYHUKAIIUN IIPEJIAraeTcsa PaJIe/IuTh
BHYTpEHHee IpeJCTaB/IeHNe Ha HECKOJIbKO JacTell — 3aBeCTH MO Iape Mac-
CHBOB rowstarts, columns Ha KaXXJIyIo mapy mporieccoB. Takoil moaxos mo3-
BoJisieT 0OpabaThIBATh pazjesibl HE3aBUCUMO Jpyr or jpyra. Ho s sTo-
ro HeOOXOIUMO MOMUMPUIINPOBATH (hOpPMAT XpaHEHHUS PA3JIEI0B: HCIIOIb30-
Baunne CSR BbI3bIBaeT HelpueMJieMble HAKJ/A/IHbIE PACXOJIbl HA XPAHEHUE
MaCCHUBOB rowstarts, CyMMapHBIIl pa3Mep KOTOPBIX CTAHOBUTCS PaBEH KO-
JIMYecTBY BepimuH B rpade. B mMomudwurmpoBanHoM BapumaHTe rowstarts
(packed_rowstarts) B KayKJIOM 3JIeMEHTe XpaHSTCsI Kak local_id Bepuiu-
HBI TAK U CMEIeHNe BHYTPU COOTBETCTBYIONIETO MaccuBa columns. A 3a cueT
TOr'0, YTO IIPU TAKOM II0JIXO/€e B columns JIOCTATOYHO XpaHuTh local_id Bep-
IIMHLI BMeCcTO global_id, pacxon IaMdaTh B CpeJHEM He YBeJIUINBaeTCs.

3armmch Ha TICEeBIOKOIE MOAMMUIMPOBAHHON PEATU3AINHN BBITJISIUT CJTe-
JLYIOIITIM 00Pa30M:

Algorithm 2 Peamuszamnus BFS ¢ «ynakosanabsimy CSR

1: function PROCESSQUEUE(R, C, Q)

2 for p < 0, NP do

3: for i <— 0, |V[p]| do
4: if V[pl[i] € Q then
5
6

for e < DIp][i], D[p][i + 1] do
send Vp|[i], Cle] to p

rae V. — local_id BepmuH, D — rowstarts, C — columns, Q — Tekymad
ouepesib BepruH (6uroBasi Macka), NP — uuciio nporecco. Kak BujHO u3
[ICEBIOKO/1A, MA0JTOH KOMMYHUKAIIMH CTAHOBUTCS PETYJISIPHBIM, YTO, B CBOIO
odepeb, MO3BOJISIET UCIOJIL30BATh OIPAHMYEHHOE KOJIMYecTBO OydepoB ar-
peraimu mpu oTIpaBke coodbimennii. Kpome Toro, pasmensl 00padbaTbIBatoTCsT
HE3aBHUCHUMO JIPYT OT Jpyra, 9TO IO3BOJISIET CAeIaTh 00paboTKy MHOIOIOTOY-
HOWA.

Pasbuenne na oToku 1npoussoauiocsk ¢ nomoinbio OpenMP. Ilpu paspa-
60TKe MHOI'OIIOTOYHOI BEPCUU aJIrOPUTMa MbI IPUACPXKUBAJINCH CJIEIYIOMINX
IIPUHITUIIOB!

e Bcemu MPI KOMMYHUKaIIUAMA 3aHUMAETCA TOJIbBKO TJIaBHBIMI IIOTOK]

® BCe IOJIyYeHHbIE JaHHbIe 00pabaThIBAET OTHEIbHBIN TOTOK;
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® BCE€ OCTaJIbHBIC IIOTOKH I'OTOBAT JaHHBIC IJIgd OTIIPDABKU]

® BCe KOMMYHUKAIINU MEXK/Iy HOTOKAMHU IIPOU3BOJIATCS YePe3 MapaslIesib-
Hble ouepesan (it STOro mcmosb3obajack oubiamoreka Intel Thread

Building Blocks);

Takke 3HATUMBINA BKJIAJ B IIPOU3BOANTEHHOCTh TECTa BHOCUT OITHUMU-
zarusi o Hanpasjenuto [3]. CyTb craHIapTHOrO aJropuTMa 3aKII09IaeTCs B
CJIJIYIOIEM — BBIOMPAETCsI BepIUHA, IOCEIeHHAsT Ha IIPeIbIILYIIEM Iare u
IO KaXKIOMy peOpy, CBI3aHHOMY C Hell IPOBEpSeTCs, IOCEIIeH JII BTOPOM
koHerl. Yepe3 HeKOTOpOe KOJm4ecTBO urepaiuii (3—4) Gosibluasi 4acTh Bep-
muH rpada OKa3bIBAeTCs IOCEIleHa U OOJIbIIMHCTBO TAKUX IIPOBEPOK IIPO-
XoauT BiycTyio. OnTUMHU3alns 110 HAIIPABJIECHUIO IIPEJIaraeT B OIPeIesIeH-
HBIII MOMEHT IIPOCTO MEHSITH HAIIPABJIEHUE IIPOBEPKH, TO €CTh BLIOUPATD €Ille
HEITOCEIeHHbIe BEPIINHBI U JIeJIaTh IMPOBEPKY 110 uX pebpam. Kpome Toro,
HeobsI3aTeIbHO TOChLIATEL CPa3y BeCh CIHUCOK pebep, CBA3aHHBIX C BBIOpAH-
HOIl BEpIINHOI — 4YacTo OLIBAET JOCTATOYHO IPOBEPUTDH TOJBKO OIHO pedpo.
CopTupoBKa MacCHBOB columns IO CTEIIEHsIM BEPIIUH JTOIOJHATEIHHO ITOBbI-
[IA€T BEPOSATHOCTDL «YralaTby C IIEPBOM IOIBITKH.

QuraabHAs BEPCHUS AJITOPUTMa TECTHPOBAJIach Ha Kiiacrepe Anrapa-K1 ¢
BBICOKOCKOPOCTHO# KOMMYHUKAIMOHHOM ceTbio Anrapa [4]. CpaBaenue mpo-
Boitoch Mexk 1y ancto MPI u MPI+OpenMP (muOromorouHoii) Bepcusivmu
ajropurMma. Pe3ynbTarsl mpeiacTaBieHbl Ha rpaduKax:

16 Nodes

22 23 24 25 26 27 28 29 30
== 16x2 4 OMP ==¢==16x2 6 OMP

= 16X2 10 OMP === 16x8
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32 Nodes

22 23 24 25 26 27 28 29 30
== 32x1 6 OMP ==¢==32x4 32x8
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