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MWHUManbHOe OCTOBHOE AepeBo

» PaccmaTtpuBaetca rpad G(V, E, W), TpebyeTtcs
NOCTPOUTbL AepeBO C MUHUMAJIbHbIM ODOLLLUM BECOM,
NOKpblBaloLLEe BCe BEPLUUHDI;

» BpeMeHHan oLeHKa CJI0XKHOCTU CamMoun bbiCTpPou
nocneposatensHon peanusaunn O(E * a(E, V));

» CywLeCcTBYIOT napaiiesibHble peain3aumnm
anroputmoB lNpuma, Kpyckana n ConnnHa;

» ANropuT™m bopBYKU, NpeanoxeHHbin B 1926 1
no3e oTKpbITbiN CONNNHBIM, OOBIYHO NCMONb3YETCH
B napa/iziesibHbIX peanmn3aumnsax.




[TpakTU4Yeckoe npumeHeHune MST

» [IpoekTnpoBaHme ceTtemn;
» [Tonck onTUManbHbIX

MapLUPYTOB;
» [NMpnMepHOe pelleHUe
3a4a4Yn KOMMUBOAXKEPAQ;

» XumMmuna n bunonorus.




AnroputMm bopyBkin

PaccMaTpuBaloTCa HeHanpas/ieHHble rpadbl C Becamu




AnroputMm bopyBkin
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Kaxzaa BeplinHa ulLeT pedbpo MMHMMANBHOIO Beca




AnroputMm bopyBkin
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BepLlmnHbl 06BbEANHAIOTCA B HEMEepeceKarLLnecs
KOMMOHEHTbI — CynepBepLUUHbI




AnroputMm bopyBkin
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CynepBepLUMHbl pacCMaTPUBAIOTCA KaK ODObIYHbIE
BEPLWNHbI U1 MPOLLECC MOBTOPAETCA ....




AnroputMm bopyBkin

.... L0 Tex nop, Noka He byaeT nosyyeHa oAHa

cynepBepLliMHa.
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Obuwas cxema anroputma bopysku
ANA HeCBA3HOro rpadga

HUYEro He HaNZEeHo OAHO AepeBo
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Homck J YpaneHue ObbveguHeHne l NepeHymepauma
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CyliecTByouLme nccnenoBaHus

» [3anue] NMoctpoeHne MST Ha MynbTURpoLeccope C
ccNUMA apxutektypou, 2014;

» [HVN] Large Graph Algorithms for Massively
Multithreaded Architectures, 2009;

[Bader and Madduri] GTgraph: A synthetic graph
generator suite, 2006;

» [Bader And Cong] A fast, parallel spanning tree
algorithm for symmetric multiprocessors (SMPs), 2005;

» [Chazelle] A minimum spanning tree algorithm with
inverseAckermann type complexity, 2000

» Johnson And Metaxas] A parallel algorithm for
computing minimum spanning trees, 1992;
[Blelloch] Scans as Primitive Parallel Operations, 1989;

3R] O Jistem Problému Minimalnim (About a
v iMMsaagl Problem), 1926.
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Mpobnembl 06paboTkun rpados

» He perynsapHbin 4,0CTYN K NAMSATHU;

» Hn3kasa nHteHcuBHOCTb BbiumcneHum (BFS, SSSP,
MST, Community detection, un 1.4.);

» Boibop popmaTa XpaHeHUa AaHHbIX;

» OnTUMM3auna anropnTMoB NO4 KOHKPETHYIO
apxutektypy (CPU, GPU, MIC, PowerPC).
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Nccnepyemblie npobnemsl
peanunsaunum MST Ha GPU

» DbdekTUBHbLIN Aoctyn K namatu GPU;
» DdbdekTMBHAA napannenbHas peannsauymnsa Ha GPU;
» MonbiTKa co3paHua rmbpmnaHonm sepcun GPU +

CPU; U

» dopMaT XpaHeHUs AaHHbIX + Npeobpa3oBaHUS;

» AganTtaumsa BbIMMCANTENIbHOW YacTn noa popmat
AAHHbIX N apXUTEKTYpY.
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dopmMmaT xpaHeHusa rpada: CSR

» CSR (Compressed Sparse Row)

BepwunHbol Cocepgu
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MMpeobpa3zoBaHua AaHHbIX CSR:
CBOWUCTBA rpada

» JIokanbHaA COpTUPOBKA CNUCKA cocenen no
BeCy B NOpAAKe BO3PACTAHUS;

» MepeHymMmepaLmnsa BeplinH — Hanbonee CBA3HbIE
BEPLINHbI UMEIT Hanbonee 6aN3kne HoMepa;

» Beca rpada nmeroT 32 BUTHbLIN pa3mep;

» CkaTme nHpopmaunm ana cnabo CBA3HbIX
rpacdoB (HanpumMep, TPAHCNOPTHbIE CETH,
couunanbHble CceTn).
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X[] X[U+1]

[Mpeobpa3oBaHMA AaHHBIX: CKaTue

6

17

1

5|8

ALXUI]

A[X[) + 1]]

be3 ckaTtua (unsigned int32):

0000 0000 0000 0000 0000 0100 1011 1000

Cxatue: base_J + 256 * k + short_endV

Sy

0000 0000 0000 0011 1011 1000
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MapannenbHbii anroput™Mm bopyeku

» Warl. Hantm MuHuMasnbHble pebpa Mexay BCeEMMU
AepeBbAMU ANAa X nocnenytou,ero
obbeAUHEeHUSA;

» lar2. BoinonHUTL 0bbeanHeHne AepeBbeB:
yAaleHue LMKNOB + 0bbeANHEHUE;

» lar3. BeINO/IHNUTL NepeHyMepaLLnMo NOJYYEHHbIX
nepesbeB (Homepa ot 0 go k);
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MapannensHbin anroputm: Warl

» BBIBOp MMHMMaNbHOro pebpa ncxoafalLero us
KQXKA0ro cermMeHTa CynepBepLUUHbI;

» Bbibop pebpa MMHMMaAILHOIO Beca CynepBepLUMHbI.

R /W“(A1 e

Low idxs

|| High idxs

HepesoO [epesol

17



MapannensHbin anroputm: LWar2
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MapannensHbin anroputm: lWar3

» MepeHyMepaumns BepLINH nocie obbeanHeHUs,
obHOBNIEHNE BCEX CTPYKTYP AaHHbIX.
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[MbpupHaa peanusauna: CPU + GPU

OOdHA UTepauna aaroputma

GPU find, stepl find, step2
time line, rﬁs
CPU find, all steps
(OpenMP) @Async D2H Async HZDi
GPU find, stepl find, step2
(CUDA) I_ P E >
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time line, ms

20



TecTupoBaHue aaropmtmMma

» NnaTpopma -
CPU 6 core Intel Xeon E5 1660v2 3.7 I'Tu,
GPU GTX Titan (Kepler);

» 'padbl -
RMAT (A Recursive Model for Graph Mining) n
SSCA?2 (Scalable Synthetic Compact Applications);

» [ponseoanTenbHOCTb anroputMma B TEPS
(Traversed Edges Per Second).
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Pe3ynbTaThl
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PesynbTaThl: pasMepsl rpadoB
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Pe3ynbTaThl:

perf, MTEPS
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Pe3ynbTaThl:
+15% npun ucnonszosaHnn CPU+GPU
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Pe3ynbTaThl:
rpadbl SSCA2 po 25 I'b (CUDA UMA)
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CywecTywouwmne peweHua Ha GPU

» [lonly4eHHble pe3ynbTaThl: ~2000 MTEPS;

» Konkypc GraphHPC 2015, GPU, ~1100 MTEPS;

» Scalable Parallel Minimum Spanning Forest
Computation, 2012, ~40 MTEPS;

» GPU-Based Fast Minimum Spanning Tree Using
Data Parallel Primitives, 2010;

» Fast Minimum Spanning Tree for Large Graphs on
the GPU, 2009, ~36 MTEPS;
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BoiBO A b

» [TonydyeHsbl BbiIcokne pe3synbtaThl: 2800 MTEPS Ha
SSCA2 n 1500 MTEPS Ha RMAT;

» TectnpoBanucb bonbline rpadbl Ao 25 Ib;

» MccnepoBaHbl noaxoabl K oNnTUMU3ALUK paboThl
c namMAaTbio GPU B rpacoBbiX 3a4a4ax;

» Pa3paboTaHo onTnuManbHOe npencTaBieHne
rpada B namatn GPU;

» OnTuMn3nposaH anroputm bopysku ana GPU;

» Peann3oBaHa rmubpmnaHas sepcms anropntMa
CPU + GPU.
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Cnacunbo 3a BHUMaHue !

AnekcaHpp KonraHos, BMK MI'Y
alexander.k.s@mail.ru
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