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COAEPYKAHME

0630p KoHUenToB, MOPMaTOB JAaHHbIX M BO3MOXxKHocTeM nvGRAPH
Hosoe B CUDA 9.0:

O6xopa rpada B LUMPUHY

Knactepusauusa rpaga

CrarneaHue rpada
/lanbHeuLasa paboTa

Q&A
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OCHOBbI NVGRAPH



OCHOBbI NVGRAPH

CtaTu4Hble rpadbl

Single GPU

dopMmaTbl cTpyKTYpbl - Edge List, CSR, CSC
KoHBepTauma opmMartos

HecKkonbko HabopoB BeCOB A/11 BEPLUMH U pebep

Menepxep namsaTtu [1]

[1] https://github.com/NVIDIA/cnmem
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NOAAEPKUBAEMbIE MPUMUTUBDI

MaTtpuuaxBekTtopl'l c onepaumsamu nonykonbLa:
(+, %)
(min, +)
(max, min)
(OR, AND)
Widest Path

Single Source Shortest Path
Pagerank

BoiuncneHue noarpada
MoacyeT TpeyronbHMKkoB 2

[1] Merrill, D. and Garland, M. 2015. Merge-based Parallel Sparse Matrix-Vector Multiplication using the CSR Storage Format.
Tech. Rep. NVR-2015-002, NVIDIA Corp.

[2] M. Bisson and M. Fatica, "High Performance Exact Triangle Counting on GPUs," in IEEE Transactions on Parallel and Distributed Systems,
vol. 28, no. 12, pp. 3501-3510, Dec. 1 2017.
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OBX0/, TPA®A B LUMPUHY



OBX0/ MPADA

LLlar cBepxy-BHM3

for v € frontier
for n € neighbors|[v]
if parents[n] = -1
parents[n] ~ v
next — next U {n}

HayanbHbIM DPOHT
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OBX0/ MPADA

MHorpa nydie nckatb
KaHAMAATOB A1
cneaywouiero wara
Hao6opoT

for v € vertices
if parents[v] = -1
for n € neighbors|[v]
if n € frontier
parents|[v] — n
next — next U {v}
break

LLlar cHM3y-BBepX

®poHT, rnybmHa = 3

20006060
=~

®poHT, rnybumHa = 4

9 <NVIDIA.



OBX0/l TPADA

Pe3synbTaThl
NVIDIA K40 NVIDIA P100

Graph GTEPS - Gunrock GTEPS - nvGraph

rmat_n22_e64

Graph GTEPS - Gunrock GTEPS - nvGraph

rmat_n22_e64
rmat_n23 _e32
rmat_n23 _e32
rmat_n24 e16
rmat_n24 e16

hollywood-2009

roadNet-CA roadNet-CA

CPU GTEPS is <= 2

10 <ANVIDIA.



OBX0/l TPADA

CcblKH

D. Merrill, M. Garland, and A. Grimshaw, Scalable GPU graph traversal

Mauro Bisson, Massimo Bernaschi, and Enrico Mastrostefano, Parallel Distributed
Breadth First Search on the Kepler Architecture

Scott Beamer, Krste Asanovic and David Patterson, Direction-Optimizing Breadth-
First Search, Direction-Optimizing Breadth-First Search

Yangzihao Wang, Andrew Davidson, Yuechao Pan, Yuduo Wu, Andy Riffel, John D.
Owens, Gunrock : A High-Performance Graph Processing Library on the GPU

Gunrock benchmarks

11 <ANVIDIA.


http://delivery.acm.org/10.1145/2150000/2145832/p117-merrill.pdf?ip=216.228.112.22&id=2145832&acc=ACTIVE SERVICE&key=D494438A622BF6CC.D494438A622BF6CC.4D4702B0C3E38B35.4D4702B0C3E38B35&CFID=718865433&CFTOKEN=96333154&__acm__=1484957394_da44d55baa0bdb5899e772b4da0466d4
https://arxiv.org/pdf/1408.1605v2.pdf
https://arxiv.org/pdf/1408.1605v2.pdf
http://parlab.eecs.berkeley.edu/sites/all/parlab/files/main.pdf
http://parlab.eecs.berkeley.edu/sites/all/parlab/files/main.pdf
http://parlab.eecs.berkeley.edu/sites/all/parlab/files/main.pdf
http://parlab.eecs.berkeley.edu/sites/all/parlab/files/main.pdf
http://parlab.eecs.berkeley.edu/sites/all/parlab/files/main.pdf
https://arxiv.org/pdf/1501.05387v6.pdf
https://arxiv.org/pdf/1501.05387v6.pdf
https://arxiv.org/pdf/1501.05387v6.pdf
https://arxiv.org/pdf/1501.05387v6.pdf
https://arxiv.org/pdf/1501.05387v6.pdf
http://gunrock.github.io/gunrock/doc/latest/md_stats_gunrock_gpus_table_html.html
http://gunrock.github.io/gunrock/doc/latest/md_stats_gunrock_gpus_table_html.html
http://gunrock.github.io/gunrock/doc/latest/md_stats_gunrock_gpus_table_html.html

KNACTEPU3AUMUA



MOCTAHOBKA 3A4AYMA

CrpynnupoBaTb ‘6/1M3KMe’ BepLUMHbI BMECTe

&

W,

Hanpumep: onpeaenutb rpynnbl,
6a3npyscb Ha faHHbIX O nokynkax & %/
TEMATMYECKUX KHMr ¢ Amazon.com /| b s

Data: V. Krebs. 2004 o

Visualization : M. Bastian, S. Heymann, and M. Jacomy. 2009. “Gephi: An Open Source Software for exploring and manipulating networks” 13 ENVIDIA



MOCTAHOBKA 3A4AYMA

KOHTpO/IbHbIE KNacTepbl
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P0o30BbIM JI6epanbHbie A O N I A i
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HentpanbHble

3eneHbiii KoHcepBaTHBHble ¢

Data: V. Krebs. 2004 é

Visualization : M. Bastian, S. Heymann, and M. Jacomy. 2009. “Gephi: An Open Source Software for exploring and manipulating networks” 14 nviIA



AJITOPUTMbI KNTACTEPU3ALNA

CneKkTpa/ibHble . I = I

Bbipa3uTb 3aZa4y B MaTPUYHOM BMJE, PELUUTD 3ap,aL|y CO6CTBEHHBIX 3HAYEHUM U

MCMO/1b30BaTb COBCTBEHHbIE BEKTOPA o
: .. coarse
i N

MocTpouTb Mepapxuio rpados, pasaennTb yMeHbLIJeHHbIM rpacb, PacrnpoCTpaHUTb
pa3jie/IeHne Ha BEPXHUE YPOBHMU

Nepapxuieckme

MecTHble yayJlieHunA

[epeKpalumBaTb onpeaeneHHble BEPLUUHDI
B YK€ CYLLECTBYIOLEM pa3AeNeHMH
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BAJTAHCUPOBAHHbIU PA3PE3

p
. jilaEﬁ | szfoi
min min
vi L |V > xi & XX
1=1 1=1
where x; € and x; L x;

© L=D-A
(3] D - MaTpMLa cTeENEHEN BEPLUMH
®\@ o A - MaTpuua CMEXHOCTH

L - nannacuaH rpaga

https://research.nvidia.com/publication/parallel-spectral-graph-partitioning
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BATAHCUPOBAHHbIN PA3PE3

banaHCcMpoBaHHbIM paspes

A

80% coBnaaeHus

KOHTpOJ’IbeIe K/1aCTeEpPbl
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MAKCUMM3ALIMA MOAYIAPHOCTM

MoaynapHOCTb - PYHKUMA pasHMLbI MEXIY TEKYLIMM PasbrUeHMEM U ClyYarHbIM

pa3omreHuem
. 1
/1N HeABHOM MaTpULbl B=A-—vvT
2w
. _ 1 T ‘
MoaynapHocTb: Q= ™ Tr(X' BX) L
, 1
Foe Tr() - cneg Matpuupl, X = [Xy, ..., X,|, TaK1e 4To L ;
X =1lecamc(i) =k 1 1T 1
1 1 2
A Y

A. Fender, N. Emad, S. Petiton, M. Naumov. 2017. “Parallel Modularity Clustering.” ICCS 18 < NVIDIA.



MAKCUMM3ALIMA MOAYNAPHOCTM

847% coBnageHuA

—

“.‘. /
MaKCcHMMM3aLMA MOAYNAPHOCTH KOHTpO/IbHblE KNacTepbl

A. Fender, N. Emad, S. Petiton, M. Naumov. 2017. “Parallel Modularity Clustering.” ICCS 19 SANVIDIA



CPABHEHHUE MOAYJIAPHOCTHU U JTIANNNTACUAHA

B cpeaHem b6bICTpee MeTo0B nan/iacMaHa B 3 pasa

0.7 # | Matrix n=|Vl| m = |E| Application
—— Modularity clustering 1. | preferentialA... 100,000 499,985 Artificial

0.6 - Edge cut clustering 2. | caidaRouterLevel | 192,244 609,066 Internet
o 05 41— Random A 3. | coAuthorsDBLP | 299,067 977,676 Coauthorship
§ ' / 4. | citationCiteseer 268,495 1,156,647 Citation
=04 - e 5. | coPapersDBLP 540,486 15,245,729 Affiliation
= / \J 6. | coPapersCiteseer | 434,102 | 16,036,720 | Affiliation
E 0.3 7. | as-Skitter 1.696.415 | 22.100.596 | Internet
ED 0.2 7 8. | hollywood-2009 1,139,905 | 113,891,327 | Coauthorship

0.1

MoaynAapHOCTb:

JlannacuaH:

6o/1ee BbICOKMEe U CTabUibHble
noKasarte/sin MoAy1ApHOCTH

6os1ee cbanaHCUMpOBaHHbIE KNacTepbl
Nvidia Titan X (Pascal)

A. Fender, N. Emad, S. Petiton, M. Naumov. 2017. “Parallel Modularity Clustering.” ICCS

Intel Core i7-3930K @3.2 GHz
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CNEKTPAJIbHAA KNNIACTEPAU3ALUNA

O6LWMMN MHTEpPdENC
MWHMMaNbHbIM cbanaHcMpoBaHHbIK paspes [

banaHcupoBaHMe y4TEHO B DYHKLMU CTOMMOCTH

BO3MOXHO MCNONb30BaHME Pa3/IMYHOIO peLlaTenss CO6CTBEHHbIX 3HAYEHMM
Makcummsauma moaynspHocTy 2]

LUMpOKO UCIMOJIb3yeTCA B aHaJ/I3€ COLUMaAJIbHbIX ceTeun

bbicTpee BbluMcgeTCA

[1] https://research.nvidia.com/publication/parallel-spectral-graph-partitioning
[2] A. Fender, N. Emad, S. Petiton, M. Naumov. 2017. “Parallel Modularity Clustering.” ICCS

22 NVIDIA.



CTArMBAHUE N'PAOOB



CtarnBaHuMe rpacoB

25 <4 NVIDIA.



CTArMBAHUE TPA®OB

MaTpuyHaa noctaHoBKa: S*A*ST

Contract
* -
- A3 @ @
1.2 3 4 5 6 1 2 3 4 5 6
1111 1 o ® 1 ®
2 1 1 X 2@ ° X |1 = |® ®
3 1 1 3l e e e 1 ®
4 ® ® 1
sle e 1
6 ° 1

http://docs.nvidia.com/cuda/cusparse/#cusparse-lt-t-gt-csrgemm
https://github.com/NVIDIA/AMGX/blob/master/core/src/aggregation/aggregation_amg_level.cu 26 < NVIDIA



NAJIbHEULLAA PABOTA



NAJIBHEULWLAA PABOTA

MultiGPU
AnHaMmnyeckume rpadbl

[MoagaepKka NpUMHUTUBOB U METPUK
betweenness centrality
pacKkpacKa M nepekpacka rpadgos [

['pacpoBble 6a3bl AAHHbIX

MHTeraLIMH C cucteMamn aHaIMTUKU U MallMHHOI O O6y‘-IeHl/Iﬂ

[1] https://github.com/NVIDIA/AMGX/tree/master/core/src/matrix_coloring 28 <ANVIDIA.
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