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Distributed Algorithm for Tip Decomposition on Large Bipartite Graphs
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*(College of Computer Science and Electronic Engineering, Hunan University, Changsha 410082, China)
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Abstract: Tip decomposition has a pivotal role in mining cohesive subgraph in bipartite graphs. It is a popular research topic with wide
applications in document clustering, spam group detection, and analysis of affiliation networks. With the explosive growth of bipartite
graph data scale in these scenarios, it is necessary to use distributed method to realize its effective storage. For this reason, this work
studies the problem of tip decomposition on a bipartite graph in the distributed environment for the first time. Firstly, a new relay based
communication mode is proposed to realize effective message transmission when the given bipartite graph is decomposed in distributed
environment. Secondly, the distributed butterfly counting algorithm (DBC) and tip decomposition algorithm (DTD) are designed. In
particular, a controllable parallel vertex activation strategy is proposed to solve the problem of memory overflow when DBC decomposes
large-scale bipartite graphs. Finally, the message pruning strategy based on vertex priority and message validity pruning strategy are
introduced to further improve the efficiency of the algorithm by reducing redundant communication and computing overhead. The
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experiment is deployed on the high performance distributed computing platform of National Supercomputing Center. The effectiveness
and efficiency of the proposed algorithms are verified by experiments on several real datasets.
Key words: bipartite graph; butterfly counting; distributed system; tip decomposition
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0 AR .

AR tip 2B (distributed tip decomposition(DTD)) ) 35 AR . MR Claopnin 18, THh 58 1 30 5 T A5
H T RSy AT ARG R TEE T AT HE R B L, DUR K butterfly 4 BFTree K4k )2 424l T Al id.
BFTree i 2 ZH BB XS 2H A, JLrh, B LR AN o ff, “fH 2 — A T id I 38 Dh AP B 2 .

E % 2. Distributed Tip Decomposition.

N ZHKE G=(U,V.E), HAT A ueU ¥y dY, 1H.

B TR ue U 11 tip 4 it 3L

A

1/ AN EAIRAGE B */

2. ActiveVector<0

3. GlobalMinKey«0

4, IR Y, Jue U Wik — butterfly 4 BFTree.
5. for each uin U do

6. if BFTreefind( d;, )=BFTree.end(:) then
7. BFTree[ d!, J«-{u.id}

8. else

9. BFTree[ d., ].push_back(u.id)

10.

1.+ FrA L R tip 2l B )

12. repeat

13. Superstep 1: A T35 T A

14. GlobalMinKey«Get the minimal key in BFTree
15. ActiveVector «BFTree[ Gl obal MinKey]
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16. BFTree\BF Tree] Global MinKey]

17. for ue ActiveVector do

18. for ve N, do

19. o v RIEWE, IR R — AN s

20. u.peeled«1

21. A JRAIHAE ) 2

22. Superstep 2: 5 & H 4k

23. VAT ROk B U R, IRR BN ActiveVector
24, for ve ActiveVector do

25. for UeN, do

26. if U".peeled=0 then

27. BN THOE R TR id A% 3] o

28. 4 R IR ] 2

29. Superstep 3: T 2 BEA8E (1) butterfly %7

30. U T s ok 9V RO E, IR RN ActiveVector
31. for u’e ActiveVector do

32. preBFcnte— d,

33. HRLg B L B i N TR O T i 2 I, 14 S butterfly.
34. if d”, <GlobalMinKey then

35. d”, «GlobalMinKey

36. BF TreeUpdate(preBFcnt, d,)

37.  until fEEHLES L1 BFTree AN 24511
38.  return AN ue U A d) fH
o WISV 2 BN, B, WSS butterfly B 4: % BFTree((f 5 1728 10 17).
o TR LANED, M BFTree B 31453 2 Rk /M dwfl, HI GlobalMinKey(5 14 17). B &/ dx
fHIAT S id £7-if{E BFTree[GlobalMinKey] ', ¥ ZLMHk I e M1 884 s R 26 1 BLCGR 15 4758 19
A7), WEAk, 3 A TS 1 T00 At (1 bR A 4 15 75 4 0 05 (B8 20 4T).

o TEE 2B, VAR T BRI S, IR I e B BV id B R Gh T AR R B AR (B 23 1758
28 7).

o TEES 3N, B LANED I N IR I T Y 2 AR AR B (5 314758 3447 E
AT doa. AR 2 FE 2, AR5 1 T (9 tip (E 422D 24 GlobalMinKey. PRI, i 5 — AN SR 4 1 25 1 100 04
ESEE 2 5 34 47 2 J5 ¥ tip fH/M T GlobalMinKey, # 1% % 4 GlobalMinKey(5: 3517, % 36 17).

T B R, TS e 1 5E BT H 23 52 0 BF Tree (M 45 44).

B % BFTreeUpdate 5 76 24 T 151 oo 25035 15 55T BF Tree(3 34 47). HAR S B 77 VAL T BF Tree 44 4
MR, EEr 3MEBP A, B 1ANES N TEEE T A SN TEM1W tip {6, DTD HIEITaR 5 — kAR,
H 3 BFTree 75 (5 12 17-% 38 1T).

£% % BF TreeUpdate(preBFcnt, curBFcnt).

Hr\: T0 A u, BFTree, preBFcnt, curBFent.

i updated BF Tree.

1. M\ BFTree[preBFcnt] 1 #1% u.id

2. if BFTreg[preBFcnt] 4% then
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M BFTree # #| 2 BFTree[preBFcnt]
if BFTree[curBFcnt]!=BFTree.end(-) then

BFTree[ cur BFcnt].push_back(u.id)
else

BFTree[curBFcnt]«—{ u.id}

8. return BFTree

Bl 4o 7 1@ i E Y tip o gk R, il 4@FT7R, T u-us 1 dwfE 53 5008 2, 5, 5, 3 F1 1. A
1) BFTree HIXLETR &AM detbfl, HATHWWE 40)iin. 58 1 kR, us RSN defl, JEM
SRR B, R ug B us 257 2 5 T —A butterfly, 75 d® M 3 152> 3 2. BFTree {4544 th 5t 8 5T
TEH 2 YGEART, ug 1 us B8O ActiveVector HY, BEI4 B ATTER AT H TS /MK dofB 2. 24 ug BT ug A U P g
I, U PR BT R Uup AT ug, e TR AE SR 3 UCIE A AR . 73X Ik, TR AE B R 2 I Y duofEL R A tip
. Jris Rl We) .

Initiaization | Iteration-1 | Iteration-2 Iteration-3
Uy 2 - _

N o gk~ w

2
Uz 5 5 3 _
Uz 5 5 3 =
Ug 3 2 - _
Us 1 . — —

(8) IEARLFE P T AT duof

Initiaization Iteration 1 Iteration 2 Iteration 3

D D D

(b) AT FE ) BFTree

K4 —EE B Tip 2 il
o BRI
e A G=(UVE), HL 2 552 1 2 3x(UIN L R AG 2] U P T TSRS tip {EL. B BEAEREIEAG
AT AT AT M) deofi, RREGSEVE 2, 7 ZEHAE 3 NHID R B T u, IF BT u 9 2 B4R 1L k1 de
fH. 7EEE LD, WA ITIU u ) JEARE AN A% B R B ve Ny 78R — /N AP 5 id(R u.id)
ety we U u i) 2 BRARIE D). Z ), ABLY 2 BRAT ARSI 2 B 1 900 & B/ tip (8. Z8 LPrid, AT
L3N KIRAT tip (E, JFEHTIL 2 WRAR 4 ni i) dwfl, WL DI AR 3X|U).
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5 KRERSH/A

51 XWgE

o SEIGIREE

ARG R CH+4n'5, F=T MPIGH AR ) SBR[ V50 5 RS B A, 1 mpicxx 4%
N ATAT SCAE. ARSI SR T 4R B B U R AN B A KB E RS IR TREREREK
YWHL(TH-1) b, TH-1 AL % 160 Gb/s B T ECR 48, BAVHE Y A8 2 3t Intel(R) Xeon(R) CPU, 5 48 GB
FAF. TH-EZ MPL g B 3528, 2T Intel 4B as AT 4 138, A S0 SE M S i AU 324 R IR, AR A
10 AN UF ST SR 3 A3 A R B

o SIEWE

AR B IRAE A A IR N Y butterfly THEOR tip 23 fig il 55128 3 5Tk i) DBC &k, At Ak
SEHATRE N 1, RIEDVE 156 64T W mig &y 1, X LEss 28 m={10,30,50,100,200,500}, VP 4li 4845 A S 04T I
[ (TYFLE S E(S). STT25 5 Tk DTD 5k, Kl A 1 B AT RbE By A% skemss (SR ms 3), X b kA
14 FH S mE 3, VPR bR R S tip 43 i ) (T) AR {5 = (C).

o HUR&

S0 A 0 BT S 3 P A A K AR B LR 2, BB AR Y I AE Konnect B N 8 (BIOHE B R 4 ik
http://konect.cc/). T HdE 4R hash (1) 75 sCHEAT 43 A X A7fifs,  RITARI T0 A5 40 5 1) hash R 8 12 T0 A BT ZE AL
WG, FET hash (1R FASE — B N T A U T R 4P B vk, BRI R . Rk
AERETE SV A R TS B ST . 7R B A e R P T e H TR AU B S AR A

R 2 HEHRE

EISTE S U] M E|
Baidu 901 758 916 634 8609 972
Dblp 172072 53 400 293 673

Dblpau 1953085 5624 219 12 282 059
Frwiki 757 621 8829 774 52 950 008

Twitter 175214 530 418 1890 644

52 LGRS

MEHE 5 5.1 Y se i B E Ik, A0 butterfly THEOR tip 2 % B8 P SLVE 20 i AT I 1) BB A0 BORn i {5
SEFR R SR S ) S 5 25 BT A T
5.2.1 Butterfly v 55 VAP REVEAY

Butterfly TFH L (5 vk ) B AETHE A TS (ARS8 K% 8 U T S) AT e butterfly $&, MR¥E5HS 1
(T b 1 T A X ) T S A3 A aRER B R B T S B A (HR SR B — D [ O T A T A
JLIRAF B KK 5 350 P A7 388 1) R, R o S0 S T BT S B BV AT R (B 158 64T). A sl =
FHMWAETRAEARFATE T, 4540 butterfly T8 EE 1M R AL G 3.

o PATHIH]

B ARAT I ()2 TV BE VR R B B AR SR, ARIE S 3 AV AIEE 4 PR EVE AT AR
SIS TE T 10 AN B R B AR N LB AS (R 80s  T s (43 ) 2 1, 10, 30, 50, 100, 200 F1 500) K DBC i
PEARNFEARSE FIBATI . ki, DBC By BRIN CE FHSRNG 1 FSEnE 2, Siil &5 R4 3. g Rl ., 4T
AU 1AR 46 R 50 I8, DBC Bk MRERT B R sk /b 2 5, BEAE BEAS VRS0 s BT IO 1 T s 0 AN T 3% i, DBC
Bk Rea TR e, kR, R ST ERS T, (ZTIN T RGN, 13
A7 B T AN T .
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%3 DBC SEAEA A Hodl 5 LR AT IR [H]

. JEATEE m

Bl 1 10 30 50 100 200 500
Baidu 1130 684 535 412 411 365 384
Dblp 67 28 21 17 16 16 16

Dblpau 206 28 14 10 8 8 7
Frwiki 1128 994 911 724 787 791 719

Twitter 638 299 226 179 166 154 160

. B
AT RGE T, A T ST TRy ASCIT B RSRI BSP U SEBUE, B
S ROIFA. SV L IROE TS 6 47 24 m e, RRDFTIE T A ST S HOLR 4574
ST IAT IS0, B8 55 R FEAB A B RO B, 1 T 050 0 8 AR S A R S 5
IR A5 L 10, 5 MRS K RO TR0 R B . T DAL, (AL 5 S SERE e, K
WHEW >, 3K 0 ALY
w4 AR PR RO

N AT m

Btk 1 10 30 50 100 200 500
Baidu 361 116 40 148 13 384 7224 3612 1808 724
Dblp 68 836 7 652 2552 1380 692 348 140

Dblpau 781 236 86 804 28 936 15 628 7 816 3908 1564
Frwiki 303 052 33676 11 228 6 064 3032 1516 608

Twitter 70 420 7 900 2 636 1412 708 356 144

5.2.2 Tip /A5 REVEAY

Tip o R SEvE FH R VST T AU tip {E, R % T0 s T BE A7 AE IO AT 55K KA K-tip L1, X545 v]
R 3298 S B R A AL X AN S0 T U S U T tip (B, AE bl R0 O S R U i L kAR
Bz i1, TG RIIL TR AT B mOIR A G A7 R 25), 7 B 0 TV O T RO HEAT 0 B R [, A
BT BETT T B A RPE B R S b e P 4R T AT AR S S SR BT eV A0 v B B R S B Rk, JEM
AR A A0 2 AT RE B T B AL

o AT

DBC Sy 44 4 th AR AN 105 ue U 7T LA4S 31 butterfly B 5, A5 T S 45 0E IR0 L T AT HI 560 3 11
DTD Sk MMl ] T 5K W% 3 (1 DTD 59k (K 7n A DTD+)ZE A R AE 2 B AR AT I ). 38 5 (5286 &5 W ol LUR
Hhe TR BT RE SemE (Semg 3) A i D T RN R R, SR 4 T b 51.9%. LSS T i R ko —
J7 1R PR TIAE R, IR TR D O TS B, MR TR EICAR IV R fEARS T,
ELZE A tip {51 T JC 20 P20 BOR S0 B & tip B, WA skmg 3, W B4 tip {E I T vl B2
B2 B, TSI N KB TUAR L.

K5 Tip 4 i SN A3 HE

Bk DTD (3 DTD+ (3) Rate (%)
Baidu 960 462 51.9
Dblpau 89 77 135
Frwiki 3299 2980 9.7
Twitter 2439 2190 10.2

o R

IR SCH AT T R 3 AT AR T T AT (T T A U5, AL S i LA 5 4
SPHTSIENS 3 MO ALRE. % 6 HOMA RRGEit 45T HY: DTD#IAT LV b T DTD, Bl {5 Bt WA L 124
57.8%. {1 BSP i SLULA SN, LA kYR T MR, HETT e 654 0 B S 5, A R
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BEA AT LA A g T o3 A1 sUSE PR fE.
%6 Tip /SR ImAE BT

, Sk

Hipdk DTD (%%0) DTD+ (4 %%) Rate (%)
Baidu 285 815 206 126 092 382 55.9
Dblpau 4903 833 2069 477 57.8
Frwiki 653 528 468 534 658 219 18.2
Twitter 1297 868 458 1151 330 554 11.3

6 SES5RE

ASCEE X IAT butterfly T EUSTVEM tip 73 505 AE HHL A7 AE A7 il S 1) DA AE 20 Al SR BE T A7 42K
L AE A 8, S T FhOR (5 T P R AS B, IR AR R A BB B Al m A A U butterfly
THEE, JFIE IR T R SE 2 K R BT BCRNG, S kD JC AR AR AN DT B R 4R Tl
AT tip RS, T TAT RO RO R BT RS, R T SRR, LR ATRERY], AT EARE R
A RO A R IR tip 23 1R B A AR A A K RARE B R R, Stk AEARSR
TAE ARt — 2B WSO Bh 2 — A B A 70 A1 3 tip (e 09 a4 k.
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