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Distributed Approaches to Core Decomposition on Large-scale Graphs
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Abstract: With the development of Internet information technology, large-scale graphs have widely emerged in social networks, computer
networks, and biological information networks. In view of the storage and performance limitations of traditional graph data management
technology when dealing with large-scale graphs, distributed management technology has become a hotspot in industry and academia
fields. The core decomposition is adopted to get core numbers of vertices in a graph and plays a key role in many applications, including
community search, protein structure analysis, and network structure visualization. The existing distributed core decomposition algorithm
applied a broadcast message delivery mechanism based on the vertex-centric mode, which may generate a large amount of redundant
communication and computation overhead and lead to memory overflow when processing large-scale graphs. To address these issues, this
study proposes novel distributed core decomposition algorithms based on global activation and peeling calculation frameworks,

respectively. In addition, there are several strategies designed to improve algorithm performance. Based on the locality of the vertex core
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number, the study proposes a new message-pruning strategy and a new worker-centric computing mode, thereby improving the efficiency
of our algorithms. To verify those strategies, this study deploys the proposed models and algorithms on the distributed cluster of the
National Supercomputing Center in Changsha, and the effectiveness and efficiency of the proposed methods are evaluated through a large
number of experiments on real and synthetic data sets. The total time performance of the algorithm is improved by 37% to 98%.

Key words: large-scale graph; distributed algorithm; core decomposition; graph computing
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#i\: Graph G = (V, E);

#itH: Core numbers of all vertices in G.

Jrk kT I ) AR B i B ko

1. Declare ActiveVec and Corelndex

2. Initialize globalPeelFlag—0, globalMinCore«<—0

3. WIGEAG T AR AE N B, B vke—d(v)

4. GenCorelndex(Corelndex)

ok R A SR AZ AR B/ N TTURT AR B owotonk

5. FindPeelVertex(ActiveVec, globalMinCore)

6. WHILE Corelndex is not empty DO

7. IF globalPeelFlag=0 THEN // #4T T8 1 1%

8. FOR each v in ActiveVec DO
9. v.corenum«—globalMinCore // T 1% 1H.
10. send message to N, // G 4R &

11. END FOR
12.  ELSE// AT T8 2 115%

13. msg«—the number of messages received

14. vike—v.k—msg /| msg A ERATHE s 5
15. v.k—max(v.k, globalMinCore)

16. update the position of v in Corelndex

17. END IF

18.  globalPeelFlag = \globalPeelFlag // X ) 4
19. IF globalPeelFlag = 0 THEN

20. FindPeelVertex(ActiveVec, globalMinCore)

21. ELSE
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22. synchronized barrier for communication
23. END IF

24. END WHILE

25. RETURN C(v)|for ve V

B %] 1. GenCorelndex(&Corelndex).

#i\: Graph G = (V, E);
%1t : hash_map Corelndex. // TR S AZIHZ 5

1. FOR each vin V' DO
11 AT EARAE 5, id (MR 5

2. IF v.k € Corelndex.key THEN
3 put v.id into Corelndex[v.k)
4. ELSE

5 Corelndex[v.k]—{v.id}

6. ENDIF

7. END FOR

8. RETURN Corelndex

R %Y 2. FindPeelVertex(&ActiveVec, &globalMinCore).

i \: Subgraph H=(V", E";
K ActiveVec, globalMinCore.

1. & XA F globalMinCore N4 Rt /MZE

2. IRYREEAE NS Corelndex 5T FHEF I % globalMinCore
/| Bt—4 )5 globalMinCore

3. globalMinCore«—MPI Allreduce(globalMinCore)

1 B AZ A B N TR

4. ActiveVec«—Corelndex| globalMinCore]

5. remove Corelndex.[globalMinCore] from Corelndex
17 % R A R TR DA R 4 R e M AR
6. RETURN ActiveVec, globalMinCore

TEVERIR B 1 2 B 75 25 B AN B 1 R 2L, GenCorelndex() F1 FindPeelVertex(). 7 %% GenCorelndex().
R TO A AR IR AZ A & R 28— AN A% T0 AT id 1) hash_map Corelndex, B (k, < idy,idy,... >) ¥, BV EATAH G I %
{6 & BT id A AE R — b, A W B RN O(V). AR EEM TR R MIEER. s
HESCHIRE . A THETT AT R E FindPeel Vertex() WUSHAA 42 R IMZAE I T AOI K XL TH A B T ActiveVee H
FEM Corelndex .

WS 1 FR, BT 2 R 14 A0 S o VAR O SBRRAE T2 8 (B 19 a0) i Eak A B A A8 B /N 1
T A5, TR BB 4% 1 AR L AR, 2 S BRI AN S W5 N B B FERTSR AL B, 2358 S — 285 Bt 5
AR M R TRUT 5. 28 1 AT AR 2 47 8 X T S i seal b b B AR &, Horp ActiveVee 7 — B S B0G 1 TH
i, Corelndex N—> hash_map ZRTI[WAE &, 1R TGN AZAE &k AT id REEEXT; globalPeelFlag AT #Fhr &
L, YesE F 822 AT Y globalMinCore TE XA MTTHE A 2 RZ B/ ME, BR&/MNHET it E & BFER
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HIEER 624 17— MHHEEL, AR R globalPeelFlag 15 Wi 1B AL LG S By AT BE . BEAN SISk A
HNTURIGIN AZAE R 5, e R E G A TR A IS 456 B 4 88 7 in BB, 1E globalPeelFlag
90 AT TS 1 B8 AR S5, RVBUE B0 TR 2B I AR AR A AE B e & B AR (B8 8-11 1T), =1k H)
TH BT SO T — D e . DT S US ¥ globalPeelFlag BUAE (B8 18 4T), PRI B B WU 1K
T R 22 AT TP 2 P BCIATSS (BF 13-16 17), IR EIBE B IR TR In N A% A8, IS Corelndex W% 2L
. BRI, 2 5EA T AR i AN B R R HAZAE R D i 45 T v IR I AR B & 9D 2 e, R
M Corelndex[k) FMIBRFFRIME Corelndex[k—i] . tH_LATIR, FHP 2 AT AELEH BAIEEAE, 2 19-21
AT R 2 BHRFI RIS P IZE R/ TAESIFRES 5T @B TR, 58 22 4781 MPT Ph s 1825 1
PR S AT AR IR R USSR, TR R A B (BB 25 4T).

LA 5 80, 45 € — MO 10 AN, 11 56U G = (VE), HFo A SRAEAEE A5 b 500 1 b iah
T TR IR & B EEL Kot vok =1, vek =4 SRJGHRIE TS A I R AZAE M EAX (AR 5] Corelndex. W1 6
Fi7R, %2 5| 450 B 2 2 B0 AH R, L H S IME R I TR U AB A6, {8 B 40 A AR TS 1 9 5 20
B, WA AR B, TR ve BIARAE 9 2, T ve B S 6 AR fERE N 2 MBI SR 5l . 7255 1 MBI IFAAHT, T A
vo M vs BG4 R B/ MEAE, BFIIX AN T 0K B SE 0. BT IR globalPeelFlag 4 0, BRILER | AN AT
T 1 BT S, B B S TS A Coe) = L T C(vs) = 1, G RIZZEE B E ALRESE. 3B 1 MEE
455 globalPeelFlag #{E N 1, Rn F—BBHAT Tl 2 W AES, BT AL v) A1 v ISR AZ P el 2 980 1,
[ 538 Corelndex 45K, 35 2 NS EEH G globalPeelFlag #7E N 0, IKYEH L 1 55 22 47 FTid, 75 504 FH o 8% 2
P PR R TR A% R B /N T U RO it 58 i — A e R I BRE AU AR, R VR4l AR Bl 6 A,

W 5 s, TR S 25 45 I A A0 HE mURIETH R, TE 5 2 FE e T, R vy Fl vs DATESE 1 oI5
HHABER T, AR ARAR SRS 2 R T B IR EIR B vy T v B R, XK S BUSSME S AT TS, XTIk
KR, RGNS 22— PN SURAS I 1) &, FARYE AR FO RIbR 8 AL B AL 1 AT BTAL.

KHE 2 CHEBIRKREE ). € ME G R TR IR T AT HE fU IR AR. S, 4 5 T0 SR RS
WA 5 45 1 2% 15 BRI A A5 e AT 5.

BEskns 2 5, XS BT AR, %85 T B R AROE TR B R 2 R, Horbe O RoR Ml BB S
T R, BIVH R <M 3RoR A P R B ECE, RGBS . R P4 IR IR, 38088 S s A s &
HAFBIRAL, WP 3 it 4 R 2, B8 5 B S 10 N 4.

— N WAL o5 1 M
Rl I {2 3wl ]2 ]3] |y
o 12 112 |GfEEE:
, () oY (o e e e e e eI
3 4 8 ? {4tk ——gp——q Ll F—— ‘C(Vo)zl,c("s):l
T e
LLLLLLL e ‘C(VI):I’C(VG):I
° ° 92 IR 3 M 3 4
L2 | ameming | o) =2, C0y =2
SR 4 g Q=200 =2
P4k ——A b=
ERER 8 5 4 8
“ Q Q ° L;J 1Cr) =2, C(v) =2
| |
L4 |

Bl s B A A7 it s K6 JET )R RIS I o3 Ai s 70 it s 11



10 BRAP AR Hrr e B o G w Sl

R2 TR KNI A 2% 7 AV REXS EE

ik AL 1 fth) B 3 B 4 L s L6 B 7 #EL 8
cC M cC M cC M C M cC M cC M cC M cC M

Bk 2 2 2 0 2 4 4 0 4 10 10 0 2 6 6 0
BVE 1SRRG 2 2 2 2 0 2 2 2 0 4 4 4 0 2 0 / /
HE3 4 4 6 0 6 14 6 0 / / / / / / /

4.2 ET vertex-centric W2 FBIEZR N RE L

FRAE A (1), B RS 32 B2 f KT s T R A B ORE S W N R . iR B 3 HhoR B A% o i 72
FRAT R LA H R BT RSO AR R AR U 2 R R BT AR R, X R4 5 B0 Se R BT B TS 7E R — D
BOE, AR (1) FE wi B by #FFAE KR ICA. PRk, 32 BB 5 36 T 4 Rt ) o0 A 20A% RO B A BT i
B

FBE 3 CHESRIREE®D). A A fE IR A W R HOR I SAEAE L B & R AT .

A BB G = (V,E), BBAFAETI A v 2 AT HE 5w, Hovik < wk . i B TS G IS AZ A8 B 0146 16 o %%
H B BEE, RIMTE A% At o it 24 T 0 B A B R R RESE B . 7E— 5B 2D L SE U, v 1w I B % (8
Sy MISEHTN vk R k' MRS v B B4R A5 B A AR 17 B2 R A 5 T BRI B A ALK ARy w ke R vk, R THTEE v
N BT AZ AN 4 ARG B4 TR IE SR 3 25 BRI mi 1.

(D) vk <uk Huk >vhk. T u PAZAETE R B RE o] B8 5 Dy A 48482 AU I AZ A 1 R A AT AT w ke k> 22

ESR AR I wk” < vk T wk” > vk B, TG v ARAZRN w B SCHE S, TR w040 42 R B A% AR 1) v 56 T
v I FARIRSE & AEAT v BN u R SCHE 0 2 3 3t R R R D I A AR AL T AR, wk > vk M u
AIFKITAER v (R SCHE i, A2 e Ho S SEAZAE 58T, BRI TE A v K% uk'.

Q) vk <uk Buk =vk.vFTEN u K& vkl (1) PAHE. B vk <vik, IRI5E L 4, u AIKEE N v ISR
R, R v K% wk

(3) vk <uk Huk <vik.Hvk<uwk, IEE L4, uhv B S RE vk <uk , JRSEPR B u KA v
(S R, AR w B AR IR BT AZ A T A I 26 T v BIIGBT AZ AR SR vk, BT wk < vk, FTLA u TRZ W v K
1% w k. BEUCTH B AL K BSP AR ALY S AR IR KRR IR S TU A, (H Xt e 4 45 SR TE R .

(4) vk >uk . WEFPEDUT u RAAANBEAE Y v I SHE R, 10 v BN u ISCHE R, TR v A u BARE R DA ST
BRR BT v A u AR T I AN w ke A0 vk, T vk <uk, wk’ < vk, 3B5E0E 3 HUE, v Al u S HHAN TR
TG R AR, 5 T — 3

g5 b, SRNE 3 AT LRAESE RAERATE.

BT 2 RS IZ o i BAE, 455 R0 3 T SBTACSRNE, 78 DL AU O T BN, AR SO IR T4 R
TR oA A% A R S E DA AR LN 095 2 R,

&% 2. vertex-centric 3 T4 JR I 1) 0 A8 2AZ A TR S5

#i\: Graph G = (V, E);
#iHi: Core numbers of all vertices in G.

/***********@]ﬁﬁ“ﬁl@/}ﬁé%?gEﬂ***********/
L. WA TR S N H RO 0E, B vk—dg(v)
2. 5% X NeiCoreVec 1748 4% mAZAE

ook skosk ok ok skoskskoskoskosk sk sk k27 AN v FE sk sk sk skosk sk sk sk osk sk sk skosk sk
/ Z o7 AT /
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3. FOR v in ActiveVec DO
/] B AR KU AE [ i (NeiCoreVec)
FOR msg in messages DO

w &

NeiCoreVec[msg.ul«—msg.k
6. END FOR

/] 248 NeiCoreVec B H T 41T Tl i Al
7. UpdateCoreNum(&NeiCoreVec)

114 EH G FIAZE SOR S AR T B SAZ AR 8R4 R
8. Send msg(v, v.k) to N, FAZAELL B & KT 5
9. END FOR
10. clear ActiveVec
AR B RD, R B A TR e e +/
11. synchronized barrier for communication
12. IF ActiveVec is not empty DO
13.  goto Line 3
14. END IF
15. C(v)«—v.k for all vertices
16. RETURN C(v)|for ve V

R %Y 3. UpdateCoreNum(&NeiCoreVec).

%1\ NeiCoreVec;
HiH!: updated v.k.

1. Declare NeiCore // 3132 s AH R W &
/] KR YR AT B2 A% BN NeiCoreVec

2. FOR each value in NeiCoreVec DO

3. IF value > dz(v) THEN

4. value«—dg(v)

5. ENDIF

6. NeiCore [valuel«—NeiCore[value]+1
7. END FOR

1 R S R R E RO (E

. Find the maximal index kindex that satisfies

e}

9. v.k—kindex

kindex
Z NeiCoreli] > kindex
i=degree

10. RETURN v.k

T4 JR O R 701 20 23 Al SRV AZ OB AR AE T AR A8 8 sURZARL N 24 Wi TR PR IR AZ AR AT BE 3, ot B
FRUNRRHL 3 . R4 2 S 1 AE X 4, ndid A2 (3) XI5 AL A 34T SR

C(v) = max(key), s.t. [{u € NW)|C(u) > key}| > key 3)

SEE R 3, W EE 2 g D DU AT, FERDERALI B (56 1, 2 47), & TSR AR AE A L BTG, 7N # 22
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& NeiCoreVec AFAt A8 e rAIIG I AZAE. TETHEIY B, S B0E T s iRAB 2 BT B B #1 % 1 NeiCoreVec H%F .
ABHE RIS S AZ AR, T VR BR A 3 0 AT TS R AR AT SR (B8 4-7 A7) WUER TR v IARAE R AR 5088, T 75 224K
P53 SAIZAALL vk KIUARHEE FURIE vk (BB 8 AT). TE— MBI BT S i s iE, RUFTE s TS # 25
T, TEET MPI e R0H AL, R EICEE BTSN R —H P S TSR INE ActiveVec
B 11 47). it 2RI, 0T AU R A SR TR 7 45 3, BOR & T0 A AT 4 R I B A AE RIS 25 E R A
(38 15, 16 17).

CAE 3(a) ABIXT L 2 T R08 R S PR T 28 S 8. BRI2E 1 AP 3R BT HIAG AL ERAE, FTR TS i s
TR IR A EARRE A % H BIFERL, SRR IR I AR R I% 45 BT AR A 58 2 Db, Fra T s e Bk E 28 1 4
FB A O S, DR A TO0 A S R R FH bR B 3 ST B IR A AR, AR R T A vy v R vy HOAZAELER 4 28R 3.
DL vy P, HBIEE 1 AP 40 s SR IN B 5, HeATH: S [ N NeiCoreVec = {1,3,4,4}, HREL 3 1t
HAFHAZAE R 3, AT IR0 4 90 T 1, P TR BER 16T B45 FLAREE AL AKIESENE 3, 75 NeiCoreVec H vy il vy )
Wi FRAZ RT3, T vy TEBRIE vik 45 vy Al vy, B, v, R v, AEEESEFE Y vy ARDG. BT TS IS A B O R
RIT B8 & FAZAE. S5 Bt A AEE B 3 R, Jh C o YRl b pasos S8y, RiTHEE; MR
TN MRS RIEN BIGEUR, BURE R, T CUEH, 25 2 MBS EE 2 @5 BB AR 50%, 5 3 5
B2 THEE D 50%, BLaRSkRE, Bk 2 1EATE D T H A IR EOE S BRI TR BiREE

3 REMERIESEE 2 HEREXT T

ik 1 2 3
c M c M C M
FEUER 6 18 6 12 6 0
Hik2 6 18 6 6 3

H 2 RS A AR A IE R T A %05 SR R P AR Bk b RS (7 20K, JEHR S — BB A T
WG RO I AZ 25 FTA A s, 2SI 24 9 O2m), Forh m il % 16525 Hh 5500 Friendster iX ik K
USSR SEAE V3o R e T P 738 o 0 R, ISR T — A s A A,

REE 4 (FACHBAEEE). (£ BALIERE R, 3517 LB SN A, HRUCHE T it (%32 S A% 570 e 5 4% 38
g AT T A

WE 7 B, SR RSO MPLHERE 5, 78 SN EE ROIEAE I BL, 1 56X B 4% B AR st T 70 2K, 107y
mong FE B - (BT E B -y -y, B, RORTERGEL %71 mUH0H S AEPAT I FE 42 5 £ 5
FRAR AL B B AL AT 5, Q075 1Ry B AR B —ny 4575 R ny, FAL IR B —ny 4571 8 ny, LABEISHE. BEAR,
FENT ARy AR S 4571 Ry I AR R AT B AR IE 4 B B IO SS, Ak T SEal 58 U 2 Ak i e A v A
TR R R AT AR R AT 2, AT AR DR P 7730 i

0

T -
&0
.y

K7 A Rk =
5 UHmAR O EER

55 4 TR, AR AT h o T SR R SEBL 1 3 T ORI B R A1 A 2 iR S0, A L2 DA B B/ M)
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TH SR iR A, R A0 B, K T AUt 3R B8 2 el ) A% 188 26 5 B B4R s, TEAX A i R o, TRl AR B 2 e B 1
T ST THERLT R T BEAR A T S5 TN A I AT AZ AR B AT, DAL Yot 9 S5 %) AL 3R K TG AR 12

DL 5 450, TR v SR e A AR, TG vy AT Ead 5 7 1 7 SRR AR R 3 A Re 2 BIH 2,
MR AT AT H R BT BAE S (TP 1 BES), it 25 B> S P 4L 25T BSP R TFH A R (2),
A0 BT B A R B O It R, T R AR E M IR S R B, BT R Ee IR0 AT, AT AL
T AR (worker-centric), SEEL RN A PR TR AR FLAHAT AR [E T SEAT 55

FEX 5 (AR AROTTEER). P EALS S UE, 5 T RRE ik 007 5, Wi H B TS 5 PR T S e [
— VSR S, T S7 RIEZ B B TS AR B AT AR S
5.1 ETF worker-centric FIEXFI B REX

FRA R A0 i AR, R HAT TP 1 ARSI A 2B W B MfE ik, thah, ARIETFES 1 518 2 ZZ8H
AT, Ta B A R s AR Je T H BRI B AR I L.

RBE S (ESEBERER). X T A2 1 BT A B8, iR B TS SR T S AR R — o B
= H H WIS G %4 k = globalMinCore + 1, WZHE B T 4 57 BUEGE T PAT FHED 1 B EAT S

E B AR BES T T 1B, TR A E 2R 51 A Corelndex, TR T T4 )R B /M AE A globalMinCore,
FRAEEE 1 25 20 1T, BLE Corelndex HHImIIAZAE N globalMinCore HITH 5 RIS FEAN . 28035 1 $UTE 4, X1t
AR5 T8 UG, 1 58 WA 0 T At 75 B R JEL I8 0 AT s, R IR I AZAE A globalMinCore+1 Til R I I AZAE ¥ £
TP E N globalMinCore 3 N T —FAx BB/ FREMBUEMIRII TS, B2 18N globalMinCore.
HRHE SR 5, 7 Tl 1 BT EEBOS AR T — BB IE I IG N AZE 9 globalMinCoret+1 MTHR, FF44 3
B AA 7€ A globalMinCore, T R IETH B 45 HATHE . 1 T B T s vF BB BB I R AR B, THEE FEAE
fFid 5 AT s Ot AR AR ).

KPR R mE 5 LLAH S B SR 2, DAY S O SR T 2 IR S 1) A0 S o R S n BV 3 B,

K 3. D TS R (2 T R OGRS 1) o3 A % 3 i .

Hi\: Graph G = (V, E);

i Hi: Core numbers of all vertices in G.

1. Declare ActiveVec, Corelndex

2. Initialize globalPeelFlag<0, globalMinCore«—0

3. WA s RN EHL, B v.ke—dg(v); #3838 sV AZ AR 1 € b 5 AL NeiCoreFlag 79 0
4. GenCorelndex(Corelndex)

sk P A SR AZ AR B/ N TTURTAR B owotonk

5. FindPeelVertex(ActiveVec, globalMinCore)

6. WHILE Corelndex is not empty DO

7. IF globalPeelFlag =0 THEN // 47 7#% 1 {£%

8. FOR each v in ActiveVec DO

9. v.corenum<«—globalMinCore // i 1% 1H
10. 5 (ulu € N, H. u € Corelndex|[globalMinCore + 11}
11. Send C(v) to other neighbors s.t. NeiCoreFlag[u] =0

12. END FOR




13.  ELSE// #4T T8 2 1155

14. update core number according to reveived messages
15. update the position of v in Corelndex
16. END IF

17.  globalPeelFlag =\globalPeelFlag // #5 A 1]#
18. IF globalPeelFlag =0 THEN
19. FindPeelVertex(ActiveVec, globalMinCore)

20. ELSE
21. synchronized barrier for communication
22. ENDIF

23. END WHILE
24. RETURN C(v)lforveV

FREE 3 iR v, S5 5E | REENETRLE T A0 2 75 2 50 R B JE Al X [R5 2 o4 38 ) T s 43k 408 5K
W& S ST BTG UL AR LR VS 1, v S0 BB B CAE S R, WiEk 3 BR, BB EUR AR 1 R4 T 50%,
{E2 AN D (T SR RS RN T, R AL SR g B E T e S R TR ZE I 48 PR B
5.2 ET worker-centric L FEEZ D BEEE

DL R A IR o BB X R RE T T ok 2 T4 J= W 119 2 A 2XA% o3 e B0, AR i 3L 5, & T st i A% 4B R
AR AR I R T B R AR ST, G SRAREAE B R AT R S S W TS A R — o T AR, AT B i Ui Ay X
SREUH B I B 5. T4 R OE 1 3 i U A HL & 5 T R IR B (A% 43 i =X b B 1 o0 R B L
1], A1 b b A AN St A b T A T U AT Atk R A

38 G PRI 43 T st 76 [F) — 38 25 P A7 A 7 TR — T B80T A R A0 A 2 TR, T S B80T SR A% R VR A vt 5
iR, W40 AR MBS TH AT 3 HE AR 3, (R B 75 AL B 9 2 I RS I — E B s L. BB IR L 4 k.

&% 4. worker-centric F& T 4= JR IS 1 5 A0 2% S R SR

%i\: Graph G = (V, E);

#itH: Core numbers of all vertices in G.

Jr kT I AR B i B etk
1. Declare ActiveVec, LocalActiveVec, and LocalMsg
2. IR A HEERL, B v hee—dp(v); #4835 i TR A% B SE B 2542 NeiCoreFlag 79 0
SR ok I R s ok o/
3. FOR v in ActiveVec DO
4. FOR msg in messages DO
/1 BT EEAILAR: 40 mAZ B A AT gk b
5. IF msg.k = NeiCoreVec[msg.u] DO
6. NeiCoreVec[msg.ul«—msg.k
7. END IF
8. END FOR
1/ AR NeiCoreVec B FTH MuT T s i% A8
9.  UpdateCoreNum(&NeiCoreVec)
10. IF v.k changed DO
11. FOR u in N, DO
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/1 B BT AR RIVHET AN BT SR B BT SR B4 A T LocalActiveVee F LocalMsg

12. IF local(u) and NeiCoreVec[u] > v.k

13. LocalActiveVec.push_back(u)

14. LocalMsg.push_back(msg(v, v.k))
11 FIZAE B ERT B S B 44

15. ELSE IF NeiCoreVec[u] > v.k

16. send msg(v, v.k) to u

17. END IF

18. END FOR

19. ENDIF

20. END FOR

21. clear ActiveVec
H RIS R A SRR JE A TH A 2 B AP A B R AT T AR 5%
22.IF LocalActiveVec is not empty DO
23.  ActiveVec«—LocalActiveVec
24. messages<—LocalMsg
25. goto Line 3
26. END IF
/1A TR BRI, R B TR B s
27. synchronized barrier for communication
28. IF ActiveVec is not empty DO
29. goto Line 3
30. END IF
31. C(v)«—v.k for all vertices
32. RETURN C(v)|for ve V

g A JRBeE AR, GiByE 4 B, 76 DL AU BT T, A6 T 1R SR I TS S R BT RO H S
58, 5k 4 TEWIEAC B i T AN BN R & LocalActiveVee R LocalMsg, 533l FH RAF-fits & 05 s T ot A
HA BN . 5 5 AT B s ML, A4 P T A I AR A AR AN o3 i R v I 2 R IR 3, nad R 1)
BB 2 I A AR /0N P ¥ S B T 3 R 2 IS T A ) 2R L. 5 s 2 AR, T R e A e A S b 7
B RN FLANHE A, AR T AFAETE Rl — T 51 Al R 404 m K IR B0 B 178 BAFAETE LocalActiveVee
LocalMsg H (38 12-14 17). FH local(u) FALAEIWT&0EE 5w & ™5 MRl PSR TS A TER — it E S b 24—
AT WG, & LocalActiveVec 725 MU B A A Hh 5 f AT B B0, 20 5ol SR BU0E T0 RO RV 6 5 B 4%
BENTHRURAR (55 22-26 17). SEIUACH T B 45 75 50k BBk A0 HE i, anitbsh o 1R v AR M AT s i B HE B0, S
u PTG B AR AR R A A T RT 4k ™ i h B CUI AR 3 A, X A AT BB 79 T At v PRI ) A% A T IR 5038 - B ORI T
REARE S, IO 28 9 AT Bt I B B HLADRE R B0 SGER PEAE F . U A v BT U AR AE SR R 0 T iR B AT e N 4
JRMAEEE, it MPL#ET I BRI N T — 0.

6 X I

AT T 2 A SR 6 I DATO e DA L MY LYY i D o R R SR T i T SR R R R R A e A
2B 70 g S AR SO SE B 4 B B AR B, JF B 3 A5 B AT SR I e vh o M A4S 1 D0 SRS (X 25tk i
Bk, FRRAEAN [F) SR 0 P AR P AR S P, AR SCIRAE 22 AN TR RS 15 e Bl 4 IR IF 0 # 1 Sk se e 3.
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6.1 LWEE

o SLIRIRIE. AL Ak o R ELVEE B T B K0 B bl (TH-T) b, TH-I FR 4 160 Gb/s =i BB
ARG, BATEAT S AE 2 B Intel(R) Xeon(R) CPU, #l 48 GB FA%. TH-1J&JZ MPI A H 3529, T Intel 45 1%
FHEAT G P, A SO BRI S ARRD B2 G IR SR, AR SCR A 10 AT SRR A A AR SRR AR A CH+o
5, B MPT (74 B8 0) SCUAS RIS 5 A1 SOBAE, 55eJ5 B mpioxx g4 AT AT SCAF, BRI Ib3E@ Pl 1 44y,
T A 0 5.

o SCIG VY E L AR ST LAIAT FE T A SR B B 0 A A% A i U VRIS 2 R B8 1 o A S o R LR A R B
THE, G NYH Rl s 58 36 LU 43T At 9 A SRR 2B 45 A PR A SRS 19 285 T Lo it o e %o LA 18] 4 A s o A S vk
I EARYERE, AL 3G S AT I R] (T) AR P HL (S). 5 R B s S B 22 I S BBOIMAT I [ R RE A2 HiAH 22 Bk, Ak
FAARXS B BE LR R AL Lol 0, Foit 507 ok

T,-T
0(t)= b a

T, )
Horh, o) Fon HAM S S By FIRAE AT M #E BRI OL Ak Lo, 7, R ST R i 8], 7, At L Sk
N E] R T FE. AR5 0 TS T H R AL AL 08, 1R 4R BSP R G4k, v I T Bl B i Kt B RGEE B WA
J7iH, i SR SEE R . BE, M LR AR [F) 43 A A BB 2, VP AR AN IR SRk B A ) T
JEHE.

o HRAE. A 0BT B HIR M & REIEERIERENERE. R4 A H T 7 A HELERERIEATRER. K 8@)
N B SR SR AL A A A B L, DA N T e SRR, R A AR AL A, BT SRR E I K &R T DUE SR 4k
AR 53 A W T A0 A, S rp e A R 2 A BB 4 (0 v T . SNIAPE) T LA w126 Bl 22 P s 4, STk
& FH A Erdos-Renyi #238 (ER). Barabasi-Albert 3 (BA) fll R-MAT i (R-MAT). LA 2** T s AR 1y 15, 3
Tk AR e B AR T A AR 0 A 1 B 8(b) I, 7T LUK LR A5 1 RMAT-24 (K% AR 23 A0 AR R34, (AL 75 7E R-MAT
M T M R TH ARy 21502 & R 2 (RMAT-16 % RMAT-24) SRl 503506 B 45 MU )38 % % . Hash
R 53 i —Fh T edge-cut ({38 I BRI 43 O 2K, IR 12 B T 0 A s R 40 P, B 90 R, 1R 4% 1150
5 AT R TR S B Y AR A B SR s R R E T BT TR RS S AR ik, AR STR FH BT
BEAREIEIT hash 177 AT A0 K AE G, BIARYE TS 4 514 hash (B8 TS FRENL 2820 .

6.2 SLISEERDIR

AT S T WA P LG AN [F) R AR B A S I M R LA L, o T s 25 AT BRI B AN RS I, 45 A
BSP R G4 B AR 4T

o SR fEHT BSP R T A MR R G, P N HAPAT o] F LG ik BEERER IR, S BT
FOBRAE TV 5070 s AR @ EAE 1 s R P B0 T R i ARG R T B FP E A 8, BRA R
() FAR ) FHI LA FARFIEE B SLEHRE D EOHFER 5 fros. Wi i fh s 1) 77 2RI A 7 5
WG RITERE, Kb G FORET &R BT T AT MR, P RE T E IR AT R, V R R AT S
RO BT R R, NGRS SR DA A RO BT B SR, <o R G &3 F T S BT AL SR mE (BEmE 2 8L 3). Wn“GVk
ANAE RATOL S AR T S SR B T & R 1 7 AT 1% A, 9 HLE A AR ORI B AR BT R AR, R UE 5
155 PN RRTE LT s s i B S T OR A2 IR 1 7 ST % 20 i, F HLOS AR P & SR 3 34T B89
B, BUEE 4. iR 0 v R LT 2 R 8 1 o7 AT R D B R T & REUE I i r R R 2, ]
FITE TR — it HA NS 1 RS 2 BB SE Rk, BEAhF D 1 FF 3l 0 T s g i B AZ A AH [ f L
A JR /NI TR A, S AR R T 4 R 1) 7 e S 5 BOS B O A B R BE 2 0] 1 DATH AU R o I LTS S L
PR RIS, AT R LG & 7E AT BB 45 H BRI IR T, RSP HUH L5 /b, 50 Bk i, 75 56T 4 )5 30E 1% 7 i
Bk, PATSO HO tF ERE U LT SO DT R (GN vs. GV) BB THFEIRZD 4.0%-12.2%, TIEHET =
W B AR L, RALELB] (PN+ vs. PV) A 4.3%-8.1%, HILAT LLE H, DL A O i B A T 4B
IO W% 3 i SR SR B 2 I 3 A
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*4 HIHIRE
pAETE S 14 |E| |E/|V] RES
DBLP 317080 1049866 3.31 673M
Facebook 4039 88234 21.85 23M
LiveJournal 3997962 34681189 8.67 10G
Skitter 1696415 11095298 6.54 4G
Orkut 3072441 117185083 38.14 15G
Konect 59216211 92522017 1.56 115G
Friendster 65608366 1806067135 27.53 264G
1.0 1.0 T e
i| e
0.8 08 r |
o6 fif | _ So6 !
% L e Skitter 2 il
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g 04 —-- LiveJoural 5 04 !
O Orkut N
Konect T RMAT-24
N 17— Facebook 02 ¢ — ER-24
--- Friendster —- BA-24
0 50 100 150 200 250 300 350 0 20 40 60 80 100 120 140 160
Core number Core number
(a) HLITHIR LT AU 5 0 (b) & B S T R A% AE 53 AT
Bl 8 BRI SR AE /0
£S5 ARBEPATHEDE
Hpi s GV' G+ GN GN+ PV PV+ PN PN+
Facebook 23 23 22 22 705 705 675 675
DBLP 25 25 24 24 497 497 461 461
Skitter 65 65 58 58 2391 2391 2205 2205
Orkut 193 193 171 171 11333 11333 10419 10419
LiveJournal 90 90 79 79 6009 6009 5589 5589
Konect 73 73 67 67 929 929 857 857
Friendster - - - - 20069 20069 18647 18647

o S I]. XF - HIE VAN I 5, e I 18] 2 ik B AR A foe 3 K A v AR S DA T & JR i 1) 20 A K B % 2y
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SN 3 GG INTT R NNTLE, 0 (RN BTEARbR, £ Hn e 4 RANR 6 Fron. b Bl o 2% St Xt
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{8, X T Rag B (B VD) BT 4 R0s A% il Sk RE AL (Facebook HI T T s Hri id A A R AR ).
T DRy s A A A A o A B R 5, SRR TR 1 AN 3 TR TSI N 2 2R 51 Corelndex (R i FI4E
PR BT, PEARIE TR KR AR RE. (EASTE R M2 Corelndex IFIZER A4 Z 9 O(|V]), 7L Konect
Kot S b R SRR L S AR OK B SR R AE T iz s AR K 3 3 Corelndex HIREMYES ARG, T
Friendster 45 42 MUK DL T AT 2 T4 JR B0s SHOE I B B oK, JUHR S 1 /MBI A TR B s
LR B AR R B B (% 2 EIRIAT B 4-6 17), AEIAT ZEME SN SR AT SR 4 ADLGE A A0 L ), (R
FELLAEAE % L Hr.



18 RAFF AR SR g K o e il

K6 AFE L EFER AR T L1

iR GVl g+ GN GN+ PV PV+ PN PN+
Facebook - 0.21 0.11 0.37 -1.13 -1.09 -1.05 —0.99
DBLP - 0.41 0.07 0.46 -0.17 -0.05 -0.25 -0.11
Skitter - 0.65 0.03 0.66 0.12 0.21 0.00 0.12
Orkut - 0.6 0.08 0.61 0.85 0.89 0.84 0.88
LiveJournal - 0.57 0.15 0.60 0.22 0.29 0.15 0.24
Konect - 0.8 0.95 098  -17.01  -17.00  -18.52  —19.41
Friendster — — — — 0.67 0.69 0.66 0.70
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A HE RN, R 7 f1K 8 A DBLP Ml Orkut 25 1-10 #5 %H0 i KEHLTHE 73R, BIA R (1) H 5 max(w).
TEEET R R RS A A R SR I R R, A 5e s AR AR fe /> B TRt ) — A (B T B R 1 Y, 7 T i
PR, ) — R R T 2 Wt R, S 520 o 2>, R bt S22 A B Tt R k2D BT R 00 24 B /I A T A D ik
SEJG, U/ AR T 5 30 N ) 3 A, RO B s i S S T 22 TR OB R A B, S T B S PR b 4
ZATE IR, BAk, LE AR N TR A B EE T, 2 20% BT ASTA 29 80% 3dn, U T T 55 4048 25 4 151 i st
TR SR 2, (R R T H U, SUREERA S SN AR [, BT 2R S A% R B A 2
W TFEGERLT KRN AR

*7 ANFEETE DBLP S K& mE

ik Gvt'? GV+ GN GN+ PV PV+ PN PN+
Sy 31814 31814 31814 31814 4370 4370 4383 4383
S, 31814 31814 43947 35725 2763 2763 2773 2773
S, 31784 9033 37632 10666 232 232 213 213
S, 24547 4836 26990 5516 463 220 448 211
Ss 17207 2978 17895 3229 28 28 23 23
S 11716 1952 11491 2032 55 24 48 24
S 7808 1327 7237 1352 3 3 2 2
Sq 4987 922 4578 862 6 3 4 2
So 3398 625 2970 579 6111 6111 6154 6154
Sio 2271 446 1842 392 7635 7323 7680 7350

# 8 AFIFIEFE Orkut LB KT EL A E

ezt GVl GV+ GN GN+ PV PV+ PN PN+
S, 307249 307249 307249 307249 6873 6873 6873 6873
S, 307249 307249 963700 611207 4122 4122 4122 4122
S, 307249 230518 880363 471221 6 6 6 6
S, 306827 206751 813034 402691 9 5 8 5
Ss 306227 186168 756912 347060 4411 4411 4413 4413
S 305262 168495 707862 302883 6746 6742 6747 6743
s, 303975 153312 665392 266056 60 60 59 59
S 302161 140074 629514 235450 166 114 161 110
So 299886 128632 595008 210208 4 4 4 4
Sio 296865 118601 562113 188457 16 11 15 10
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20 BB AR R B B )

RO AFFEE R R SR (s)

ot Gvt GV+ GN GN+ PV PV+ PN PN+ Corelndex
RAMT-16 0.86 0.36 0.83 0.37 027 0.22 0.26 0.21 0.004
RAMT-17 2.14 0.84 2.10 0.86 0.50 0.40 0.50 0.40 0.012
RAMT-18 4.78 1.75 4.75 1.85 0.99 0.74 1.02 0.76 0.043
RAMT-19 9.69 3.33 8.44 3.18 1.85 1.37 1.93 1.46 0.172
RAMT-20 26.26 8.51 2427 8.77 4.73 3.50 5.26 3.98 0.620
RAMT-21 71.01 20.68 63.87 21.12 10.02 7.07 14.59 11.49 2611
RAMT-22 166.13 46.16 138.63 43.56 35.8 28.87 41.18 34.03 10.953
RAMT-23 482.17 124.16  389.45 112.67 112.29 97.54 132.66 119.30 41.501
RAMT-24 102939  252.63 823.96  221.11 349.17 319.72  401.54 37452 172.663
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