$38 % A5 oW it (21 HL =23 Eile Vol. 38 No. 9
2015 4 9 A CHINESE JOURNAL OF COMPUTERS Sept. 2015

OnFlyP. ETE@IZTHHN DR EL KBRS E X

TEN A B #HER T X

CRACKRZA(5 BB 5 T2 0 110819)

OE BEE BRIk R T S BT O I AT T A AT ST AR P 4R R R 20 Bk B R
A 30 A RN AR 30 4 J 1 P 22 1) A3 1 3 MR el 2 3 PR RE A SC 8. A T4 2 00 O B 4k 300 0 T 4R 30 40 PR R
2 TC AL AT 250 T A5 00 A Dy T ) B 2 3k AR AL B SR SC P B X LS R R R PR TR R RO
SE BT ATT IO A0 A AR B LA Dy SRR BT T — R T E 1) 10 28 B Y 1Y 3 A A7 k1B R 23 Bk (OnFlyP)
AT TR R AR B BN o 2 o B DR e ] S 2 » T BT 3 e e 0 ) S 45 A A AR A 3 A L A 3k AR B SR
OnFlyD 5% J 55 2 i 70 85 /N of Bk 6 97 47 o 552 B 60 280 329 A 10 25 LA 60 oo M) SRUAT 2808 T 28 0 e 1R 015 30 ML A
B B O AL BRI AR 52 B 107 T ) b B SR 06 L 9. 5 MR T 2 R LSS BUR R E T OnFlyP Bk
Ligi

R LUK BN s 58 3 s S F ] 5 de /o R e
HEES XS TP311 DOI 5 10.11897/SP.J. 1016. 2015. 01838

OnFlyP. An Online Distributed Partition Algorithm for Large Scale Graphs
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Abstract  With the arrival of the big data era, the iterative computation of large graphs on cloud
computing environments has attracted a lot of attention as a new hot topic. However, the overall
computation performance greatly depends on graph partition methods in terms of improving the
executing efficiency and reducing the number of communication edges among different subgraphs.
Although a large of efforts have been made to tackle this issue, such as offline or online partition
methods, the requirements of the two aforementioned aspects are hard to be satisfied
simultaneously. This paper proposes the concept of “cluster coefficient” and then analyzes the
locality of vertex distribution for real-world graphs. Accordingly, an online distributed partition
algorithm (OnFlyP) based on a directional edge-exchange model is presented to efficiently
support iterative computations. For a specific iterative algorithm, OnFlyP can be executed with
high efficiency during the phase of loading data. Meanwhile, it greatly reduces the communication
edge scale by exchanging edges. OnFlyP employs the real-time control policy or the minimum
symmetric matrix policy, to implement the load balance among subgraphs. They respectively

focus on the high-efficiency and the effect of reducing the communication edge scale, and are
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suitable for different real applications. Finally, extensive experiments on various real-world graphs

validate the effectiveness of OnFlyP.
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2R 1, [ES"UES™ [Hfit 5 FER 3.

1 T T el | D
3 . 1 |23 ‘
. 2 null HiA | Tis
G(TH 3 |4 8 A
X T — ,
. y
FERGn Y| e
2L 6 | 1,71, AL 4
) 7 T, U,
(,3<T3>{ 8 [T.7 el CIp U

Kl 3 OnFlyP %745 £

OnFlyP 8% H Master-Slave 22y, {5k 1
JIE 7R AT 55 I AR5 i Master 15 5% M3 Al X
XMFRG FEERE G mon B R # K A
Split 73 A i % 1 55 i 280 &1 84l AR J5 Master 32
B3 R IR B AR AR 4 R A A5 B MM S
DAL A /N TG S 5 TR 3 B 3R R 2 )5
& ROFI Split {5 B 534 45 A 4 55

ik 1 oA AELE R 25k OnFlyP.

B R R E GAES BB K TRV

i - PRI 3 85 R A G )

OnFlyP(G,K, |V )

1. Master:

2. R=build(G,|V]); //HEHHEER

3. send R and Splits to all Tasks;

4. Taski (T;):
receive R and Split; from Master;
6. WHILE Split,+ < DO
7. adj(v) =loadGraph(Split;); //INEREHEFE

(<21
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8. {((T, . E*[v]) ) =get(getEdges(adj(v)) ,R) ;
9. FOR V(T.,.EX"[v ) E{(T, EX"[v])} DO

10. IF assert(T, ,EZ™[v]) DO
11. send (v, ES™[o]) to T,
12. updateEdges(adj(v));
13. END IF

14. END FOR

15. END WHILE

16. V.=V, UV’ ,E,.=E,UE"™UE";

17. RETURN G, =(V,,E;));

T Slave ¥ AT 45 T, WAL BRI RE O - 6 e e i ik
Hi e R AR 4 B 45 & Split, SR G 8 25 M 48
FEREAE adj () NG adj (o) Hr iy i B8 e )i 58
AR T3 2e 4 Ty ) Hoh (T, L E 57 Lo ]) 8 TR
v A DLEREEIME 55 TR &5 EX" [o]. X4
G T E LoD A TR R assert O 3t
FFIERSHE IR E AR true, WK (o, ER" [0 ]
RIRFUES T, WK adj (o) By EX7 o]
Bl T, BWAT AP, assert O W) 1) E Bl R 24
i WU ES Lo | =2 ) 5E 45 RAE N assert O
AR [E , 5 ) assert Oy false, LLARIE 8 15 W25
AR assert O F) 5E T7 28 52 Wi G748 3 15 70 %1 73 8%
R RATHAES 5 WIRAN 4. BAE5 EIUR&H T
RESICH VP TR IO % 0 T iy il
NEY BRI E ) BN BRI 1 al e
I 28 B B A 2k 58 1 B X 4
4.2.3  OnFlyP 553 0l (5 0 5 55085 20 dr

AATERXS BES Az P ABRIE E 2 OnFlyP
BRI . B Z R B A R R A

5|3 1. K G=V,.E) . izl OnFlyP &
A KATEG HGHGZIE g E
Jr AR AR AL for (E5™) 4 KB/ TV,
DU A T 1o 0 B A oS 1 30 135 30 B AR 1) - B Sy

max{ >
) iel1,K] jel1,K]

iE . K i/NF IV A YoeV, A
|E° | <|E,|=|I, | <min{|V,|}.i€[1.K],T K
HUR G, 53— 5. e84 1 i . EV T
XoFIOE B 0 TO0 skt g ™A% 32 2 43 A1 1. TR & 5 B 1)
TR H AT B 22 5 R A 7 1L T 3k o s 100 B
ZRAEK—D . HIITR TS EBRIE N (V] +
(K—1), Bl Ay {5 0 4 LA HEEE.

5|38 2. G=(V, E), {8t OnFlyP %
BN K ATE G G5 G,z a4
Ey = AL 1 {5 1 4610 back (E5™) o #5 K dg /)

TV L1l 390 3 e %F 769 AR IO )" A% B9 3 252 20
A G A ek BT A T 991 30 G A R0 3 £ 30 4 LRSI
RV

max{ >, > |back(Ey™|}=2|V].

e iell.K] jel1.K]

03 S B W AT i B o =X (VO (NSRS R 1
AW H TR IR 2 R A 44 TS Y el 9] 121
] se 48 ] 99 &1L B DA A 00 A [0 8 321 i 3
)5 e 2 7 FE A TUAR 45 10 ThLRL HERE.

R 1 XT BFS A R OnFlyP 53k
53k KAFEE A K /M3 V] H w2 4R
[0 1) 320 4 FT 0 7 ) V] T 18 7 s 32 82 03 A o DU A 1
Pl 2 i) )i A T B B U 3|V I+ (K —1).

EH. XTI o i E=EUEN, H
A EVNEY = AR4E51 28 1 Fng| 38 2, BARTUR %
YIS B B |V I+ (K—D+2[V]. k5.

i ELTE R Y &, OnFlyP 55k o] [ AR08 5 M
B AR IG T AR AN T8 < A5 0 IO W) 25 T BT
AT HE 9 CPU 53 I 5 X 8 1A 1 B 1Y 52 i
AR GO E. K AR A H . o H—
AT JEL P 0 28 3015 T » o DA — I 0 T B 7 1)
FITEHSETFES 1 assert O W FEARHER [ES" [v] | =
2. R I B AR 1) 315 i RIS X =20, BB AR o B B0 1Y
W0 265 1% i I B 3 8 R T H CPU 3 IT 85, B0 e >
Copu » A @) =0, RIVAS 2% 18 17 2800 434 51 5 79 7K
AR A RTHE T - OnFlyP 2 88 = B ik iH B vk fg . 2
FE T Ho 9] 5 4 3 TOU B0 H B AE EL.

D(x) = X ¢ cpos — 2 * (Cpot T Copu) (3)

5 HHBEERIS

LS VAT A e i R R s BRI BT K
BT ORER i AESS 4 Y OnFlyP S5k v, AT
FAIES o]l =2 {E R assert O 1 H] & bR, 7] B2
FEOE W PO B D BT 55 B R
RE AT FRATHE A 21 P 2 2 A A AL AR
OnFlyP B h assert O B2 E FRE.

5.1 SCEF$=EHIAH

TESE I d UL b AT N AT T E —
ANERE SN KA SE A 1) 4 0. iR ¢ I %) Gk n)
G AT send FEAE W assers O J 52 J7 1k« 40
RIE (o] =0 85 Ry true, 15 Wy false. Horr,
0. J& ¢ WZIHE WAL 55 T, L iEF8 B e, 1 0% =
too,xe[1. K1 0L WIRIHIE D 2, JF AR send #8415
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R 25 2RSS N BT B AL DU Ay < A SR BT G A ¢
B 3R T 2 53 B real (GO | > T E /KL W
send #RAE 1R [BE ~ false, 0, # % B N5 K, &
WSS 2. B 1, >4 send Frds ) i H B AT 55 19 97 200
F AR R T AT 55 10 AR Z 5 88 3. real (G |,
M COFFEGEL g . re 1L KIRAET o,
load (E) | JE#ZE ¢ W ZIC N8 W G, i i 5,
Vi“lg G TR ITAR TR S T VI 2 G,
RILMITCR TR RS
real(G,)|,=load(E,)|,+ 2 |Eym[v]]—

veve

STIES L]l 8

T 0. =+tcoZ g send BAERZE (1, BT LG
PO TR B Z G GoANTT LA G, 7% i, B
e t+ At 2 real (GO |, = [ E[/K. FRATTFR X Ff
Yy pLg T 4l 2 OnFlyP-R %) 43

ST s 4 1) BT ) 2 E S 0 B S B WA 30 14 R )
A4, PRI AT DR B 2k i) [ e 5 8 1 R 0 R 4
ANCEE A A B R 43 FEES . SR I HIL I R = X 4 1A
MGG B 75 18 B & AT 55 S8 bl o i B2 A [6] L
13 0, Wi BN TC 55 KA 8] 5 HL A B AL L 3 DL R
WES AR 3 BOR. B, 24T 55 T, i X 53 i B2 A
B 0 ¢ B 207 1 G AE i A b i B AR S A
BE G MM HEZ R T W20, 3 E N6
RIMEE. HAEG S #ad fE v, BRI G 4k 22T B
IR real (G |, 0 <<|E|/K,HF G %
01 % =0, . GAIALI G T . R S50
A B H 0 3 B RS sl /0 BT %o e A i R AE 1
PRRCR. IE 2 i E G il B 4 J8 o T SE i 45
AL T B — > AT RE 1Y Ak 2 A

TEAREREEER
t, 15 %) £, I %1 ¢, 5 %1
real(G)t, 0; real(G)|t,| 07 real(G)t, 0:
G 0 (o0, 2,2) 5 (4o, 2,2) 7 (+o0,2,2)
G 0 (2, +o0,2) 6 (2, +o0,2) 6 (2, +o0,2)
Gif 0 (2,2, +o) 0 |(2, 4o, +o0) 3 (400, +00, +-00)

SE [ AT HM 7

¢ N e

T 1] 2 il assert() | A2 77 ) il

assert()

Gi—>G,| {(4,5), (4,6)} true

G,—>G,| {(6,2), (6,3)} true Gr—> G, | 1(6,7), (6,8)}  true

G G,| {(7,5), (7,6)} true | G—>G, | {(8,2), (8,3)}|  true

4 SEI L A B R

TE 1o I 20 & AT 55 58 BUWI IR Ak HE 25 2K 141 £
it o DRI S B B0 202 R O BRI ] 2 B 07 Z A8 4)
GIE 2. R ¢ B 20 4% F B Z (0] 77 A send 5K, U
assert OF|ELE B IY N true, RVFIAT. 16 . 57 Z1], DL
Gl ©&mEk 5 & {1,2),(1,3),(3,4),
(4,5),(4,6) ), P {(4,5),(4,6)} iE%F| G, , [F] B
PR Gy RER 1 ((6.2), (6,3) ), ik 52 7 20475
H 5. T EE R .G 1Y send BEAEIR BIE Y true,
B Ry it Gy B 512800 4,/ T 5 8 (8 (16/3) . H
G, 1 send #AEIR [FI{E A false, A 20K G, K £ 11
WG G ECh 6, KR T REMME. BTl e o i
%107, R AH 07, = +co. 2. s I %1 Gy 1] G,
KL ((8,2), (8,3} GG R 7,
P 03 =+ oo, AR HAT AT send #4125
AR LA @, X i o 1 S B0 1k R 4 ] 4 4R
Byt ZE R IRE 00T HAy (K— D A7 K 3 55 A7
send ZJ5 « A AT LA 5E B8 A 1) A ST MR B IR
send 1Y H $ KA A B Jie K B max d, D) 67 28040 ARt
Kb
(K — 1)maxd
N AV
5.2 BN RREEBEE

AT G — P die /N R I A o AL R 8
U [T P B R A 1 S s AL R R A ROR 19
AN E . PG g 23 0 58 U R A (1) i 28k
PEH L CHIERE M (2) 76 M {98 S F . 52 LRI
g3 ZALER R 53 FR S OnFlyP-M 306k 2 ik 1
Ry #E. Forp, 58 20 479 “exchange edges” i 72,
Bk assert O FEMLH] 4 5B 1 BYEH 8~ 14 17AH[H.

ik 2. BDAFRAEEFEES R OnFlyP %43

WA TR E GAT S BE K E TRV

il BRI S5 A G

OnFlyP-M (G, K.|V])

1. receive R and Split; from Master;

2. initialize M by m,; =03 //%) 45 b 171 38 45 |4

3. WHILE Split,# & DO
4. adj(v) =loadGraph(Split;);//INERAR 5 3
5. (T, .EZ"[v])}=get(getEdges(adj(v)) ,R);
6
7
8
9

m;, +=EZ"[v]];
END IF
save(adj(v)) ;s //PEAEAR 4 R EIE A M
10. END WHILE
11. initialize M by m;; =05 / /9] U 6 B /N %R 5 1
12. FOR Ym, € M DO
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13, IF i#j DO G G G
14. m; =m;; =mini{m; .mj; } ; G0 2 '9
15. END IF M=G|2 0 2
16. END FOR Glizr 20
17. initialize graph; / /%146 A6 EIECE 1A 3 352 A A S

18. WHILE graph.hasNext() DO

19.  adj(v)=graph.getNext() ;//EEHUA Hi AR 22 K B Px
20.  exchange edges;

21. END WHILE

22.V,=V,UvV’, E.=E,UE*UE";

23. RETURN G,=(V,.E);

M Jg—A K BrJr B, o my, B{E £ R TE G,
56,2 E | ESm Lol =2 299y {5 s,
B E5™ . 3 B 7 58 52 05 s SR H B/ 32 46 I ) 45 3
Xt R 1) i /N 42 o R I ML FE R0 43 B B A 2R Gl G
EB ISR DB F my W assert O true, K
WK false, 25 1F G G4k S2 %t il

OnFlyP-M | 432 & 37. £ Range %1 53 & 4k I,
1M Range ¥| 73 4 & 0] LLARUE & AT 55 3 30 FLE Y i
L, #O OnFlyP-M , GRIE SR T 55 ik A FIIE
HE 0 4 R ABE AR 25 O6F BR324 ) o RIVRT 52 BH 671 268 34

5 40t T OnFlyP-M %3k 38 FPE. o M2
KGR ey K BrJrBe X B, il 7 EX" Lo ]| =
G D <2 AT AGTHE B 8 mas = 2. AR
it fe /MG ) FE B I PR BE M A s =
my=min{m, my } =0. | M KA H 178 OnFlyP-
M P P AR R i A B Z A A A R
TEFATRT LA 9 3 oA i o A7

(1) B35 534 o 48 1] & A B B H 3% H AR TR
RO R T M, B my, =my, =
min{m;, ,m;; } =m; =m,;. 55— F I, 5 FIHEHE
Bl i OnFlyP 5335 55 0 T de K4 i 45 057
n =m; =m;. B, 75
514345 s OnFlyP-M m DL 7E O UE T 2 35 15 1 1 48
T RS 5T 0 B 2 B, DT 9 2D i {F
R

(2) XF 1 43 A5 s & AT 55 I 20 30 124 1] [
BB A T, I Z A A8 B I B 4238 B i
PRI 53 ARy O MR AN PAT TR

G) WA B FEEH KT 2 0, BRA
m;=m;; =min{m; .m; } =0, HEHH 0 5,
Z 5324001 B R 0, TG G Ak a1 00 B A

MR 25 6 15 Byl 2l R, 1R 3 Rl o A 8
RN, REE PR i T 3 & Z 0,
OnFlyP-M 7E52FR W oAl DLk BT B A AL RICR

my; =m,; = max{m; .mj

SiA

K 5 OnFlyP-M 5k iE ik

6 LWHERSHH

6.1 LWAHREXWRIE

H T OnFlyP 583k J2& F I 46 18 i Jm) & 2%, 52
B 73 ORI 73 BOR B 25 5 W as - TR AR S o
T3 AS ) 052 Pl f Jey 3 o (R SR 7 R 8 C, WL 6.3 /)
)R JE MGEE D ) A= [ E<™ | /1 E | F 6 38 &)
T oCH 3.2 /N9 P AS O T DU A [) ] 43 339 7
ARV ECHEBE B R A3 B (L 6.4 F1 6.5 /N, 2
Jei VAR 3 Bt 1) 0 285 308 5 TR 85 A Shy 3550 2% A 8 o o 0 3
THRBELEEAEFR I 6.6 /N L 5l i s 17
PageRank #4136 1F OnFlyP 85 1 4 52 b 123 17 2% R
(W, 6.7 /N,

Z: 5500 B3 0 J7 5 A0 4 - Hash (43 A 20 FE 4R
X143 \LDG (£ v X AE 26 4] 43 Fit OnFlyP (43 A 5K
TELRN 730 Hov, OnFlyP 55 32 i B 2 7 455 i 5 s
(R [, 4> OnFlyP-B BTG ¥ 4 4 i 55w (L
4.2, 2 /05 BT 6.3 /N o i S 1Y JR R 5
OnFlyP-R , SZEt45 61 5608 (I 5.1 /845 ; OnFlyP-M ,
SR/ IN ) R R I 42 o SR (UL 5. 2 /).

AR CTEZ Pregel ) BC-BSP-1. 0 £4: 52l T
Hash X170 F1 OnFlyP %1 45, %y A B0s % 4P # R 41
Y1 AETAE 53 A 2830 & 48 HDFS (il A< : Hadoop-
0. 20. 2). HDFS () 303 K/ R BRAN ) 64 MB. Xf
T Hash Rl 43, 52 38 75 =X 0y 85 J5E 0 B0 4% BRSO E K
INNERR 555 Ky (K R or 1 AR 5580 H A
S5 R 1~K) SR )5 & AT 55 A7 g 8 dla . B
R AAR B R0 5% - AR FLVR 0 5 1) HashCode {8, ¥
M HashCode() mod K+ 1 i+8& H i 8@ 09 /T 55 %
S IR LB AR BAE 55, T LDG R4 v Ak
PR 0 i A\ Bt R 43 05 1 B X 6 T A b S R
. Xf T OnFlyP %8 ¥, %5 & ] Range X 73, ¥
HDFES | i) A B #ic BRSO R /NS5y K 6y . 8%
JEBATE 1 SE R 4y B AT 2 58 B 1
s i SR M T AR AL (UL 5. 1 15 A 5. 2 NI IR
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6.2 £HBRESHES

SRR AEREH 26 BT SR, 1 — & Gigabit
AR I 52 8 AL 3% 2 » 5> 11 530719 s I 5 I A 13-2100
MR AL B EE . 8 GB N AF, 7200 RPM A 4 , % %% Red
Hat Enterprise Linux 6.1 #:/E & 4 il JDK 1.6.0
S FEI B BC-BSP R 48 & MM 55, [l EA JVM,
WA RN E N 3GB. 2RI AE 4 A B 5L K 44
£ F5E .83 Web 5t#E : Ber-Stan® 5 Wiki®, il
FE38 M 45 K04 - S-LI9 5 Twitter™, B4R 4 i 4n
1R, Kb [ VIRRETA B H W E| &R
Hi %k H. Ber-Stan J& BFS A & HA4x 3 4~ $ i
AR M BT R AL

® 1 EXHEKHR

GRS [V[ (10" |E[(10%) & 1 i A RN

Ber-Stan 68 8 BFS ¥ 99 MB
S-LJ 484 69 F A 553 MB
Wiki 571 130 Sl 1.02GB

Twitter 4170 1470 F A 12. 9GB

6.3 HIXBERBIMESH

FTATTE 4 D ELBHEE EK OnFlyP-B %153
Jiik s DLOAE WY 52 [ B ROAE 0 R 8 P DL Rkt
OnFly-B B2, 35 2 R T K=10 ik
ZERL P CONEE 401 P R AR ARG AR R A
4.2.3 /N HoERE 1 R EIH BFS Bl A LA,

£ 2 OnFlyP-B 5C £ & (K=10)

KAl /18 b C A A
Ber-Stan 10. 50 0. 27 0.03 1.21
S-LJ 2.50 0.21 0.19 1.25
Wiki 2.37 0.13 0. 14
Twitter 8.62 0.13 0.07

AR LC MR, J5F M B, SE PR A (R AIT. AR
1M+ T OnFlyP-B A SR BG83 4 45 1) 56 g, o LA
TR F o BME Y LK. BEAh, JE BES 2B AR
K C ¥ /hF BFS 4 i [ Ber-Stan, #§ A & T
Ber-Stan. 5, % F C HE /MY Wiki, 5 2 KF
R AL XN g Wiki [0 R 30 AR 0 4 25, R
FE T 2 00 20 4 E 0 TO0 A A S S A A L IR T
4.2.3 /NG 2 P ETER SRR RBOTR & B T
JERUBE R T RS EBRAE 21V [ L SE PR A H B
AT A i K.

6.4 XINBRN

AN A4 Hash, LDG, OnFlyP-R #1 OnFlyP-M
4 FPEEAEAS R B0 42 i R Ok AN S
WH K=20. 5 6 &/~ T A {H.

4K . Hash %4343 S8 90 % A b (030 1%k 8 (5

1.0
B Hash

0.8F oLDG
= 1 OnFlyP-R
§ 0.6 80nFlyP-M|
*E'J 0.4 ,/f‘
4

0.2 //’

0 1
Ber-Stan S-LJ Wiki Twitter

6 N[ A Sk iy A

WX AE R SR AR 5 A K & Y 5 T 8. T
0 LDG 1534 20 OnFlyP-R U AT LR A {6 BRI
N 40% % 80% , OnFlyP-M i — 5 ¥ % 1 [ A%l
13% % 45%. b, % Hash &b, Hi4y 3 Rkl 4380 1 )
T BB Jag PR BOURE RE ) e X T BES A B E
Ber-Stan, LDG 55 19 i {5 i1 LA 2 OnFlyP-M &
i1 2.6 fiF; Hash 585 (938 5 10 A& OnFlyP-M
BYEM 7. 25 .

7R Ee T A B R o3 B Y B D AT
Horfr, Hash Rl 43 g1 F Jo ik 2% i i 30 50 B 0y ¥ 4L A
I fE s R B Twitter b, p {8 K. 4 1.53. L 4h,
OnFlyP-R T3 A7 2R B T 1Y 57 2086 I 2 A7 i Je
PE 3 B H AR 7B T 1L 0L 0 OnFlyP-M 1Y
At Range %] 43P . T J5 & H BB AR IE &+ K
AT LI (UL 4. 2. 1 /N3 ik o= 1. 0.

1.6

8 Hash oLDG
L4[ mOnFlyP-R @ OnFlyP-M
< 12F

1.()»

& 0.8F

&=

#X 0.6f

E g4t
0.2f
0

BerStan  SL] Wik

B 7 ORFERISEER o
6.5 KEXMXSHRHEN
AN ZH LG Ay B AE S-L] Al Twitter 204542
BT AR KR & R 43 8 0 A 8 Y 52 . 4
Kl 8 Fn I 9 firs . B K {7224k, OnFlyP-M 1 A 4
L AR,

Twitter

@ SNAP: Network datasets: Berkeley-Stanford web graph,
http://snap. stanford. edu/data/web-BerkStan. html 2014,
6,12
Using the Wikipedia link, http://haselgrove. id. au/wiki-
pedia. htm 2014, 6,11
SNAP: Network datasets: LiveJournal social network, http://
snap. stanford. edu/data/soc-LiveJournall. html 2014, 6, 12
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L0 16 2Hash oLDG
08k —e—Hash S DG 1.4t (AwOnFlyP-RaOnFlyP-M
=< --&-OnFlyP-R --- OnFlyP-M & L2r
Soe AT A Lo}
= %= 0.8}
% 0.4 %ﬁ 0.6
E0.4r
0.2+
0.2F
ob—u - - - oLt -
10 15 20 25 10 1520 25
B HEK HEFHEK
8 AT K XA 0 (S-LD FL AT KAEXT o B9 R0 (Twitter)
1.0 6.6 MZBSFHESWH
08l % F Hash, OnFlyP-R #1 OnFlyP-M %I 43, %%
éoﬁ AT 55 A8 R BOHE AS — 2 B BR A M, 1 AnAE 55 T in 4%
5 (¥ 54 » 263 Hash 18805 , i 208 i 9 4% %% 2% 44 4T
i ST % T, 440, 1fi % OnFlyP-R 1l OnFlyP-M %145, 5
—>—1.DG
i & OnENPR | I 1 4 0 T R A P 2 ik AT S T
0—s E S 1Bk % i 824 shuffle B Bt 4%, shuffle B Bt 23]
B HEK

B 9 A KAEX A B0 (Twitter)

ol T S-L] B R OnFlyP-R 54k, B
K {3 R A (H 2 8RR AR 31X 2 i 20 A1 =0k BE /9 1
KER T 60, HCE I TCIF KA ) L 525
SCAR ) L BB O L R REAR T A fEL FHE B2
oA AT 55 19 KA R0 AR, OnFlyP-R 583519 A
{HA ATRE/N T OnFlyP-M 553k, SR . B2 &)
HA R R R U2 Twitter, BT i O HK
TRER > 2 I AE S PR S B g F H  OnFlyP-R
BEW MR T OnFlyP-M 573k,

10 FHIE 11 W 7R T AR KR 67 28000 A
BT p . LDG,OnFly-R il OnFly-M % 3 ff
R 03 B0 T BCE S A KRR 72 A AN SRR, TS
Hash 371 . 1 F Twitter %l 48 o TG4 HY 2 B
HA T AR WOYE DA OR IR 1 30 80 H R 25 0
EHOR. T K B9 A ) B 7T AE 5 B0 B T Y
oA S A BEAL AR AL 8 o {ELRE K 10 22 fb 52 BLRE AL 3
h.o i 11 frs. 4 K=10,15,20,25 B, p {H K
1.51.1.26.1.53.1. 24.

AW ZE (G, H E 2 525 shuffle By ih 5 H
| Shu f fleEdge | BIE L. i FXF LA [A] 58 S 76 40
O3B B X 28 T . FRATTE X ratio= | Shu f fleEdge|/
|E | AR fif i d5 b5, T LDG J& F % K &) 43 5
oo ANTEART I #. B 12 BoR 1A [F ) 43 55 AR
A Fh B RE S E AR SE R (K=10). Hash %143
BT AHE g R, K& 8 g E R . b ratio {H
i, i OnFlyP-R fil OnFlyP-M {55 2 1F %38 4
. H OnFlyP-R /i FSEi gk 45 T80 01, 32
HIBE R B N To5 K BGER L /T OnFlyP-M.
13 FIlE 14 73007 7SS 50H (FEIZH) K X
ratio W52 . % F OnFlyP-R fl OnFlyP-M & ¥ ,

14 2Hash oLDG

1.2lmOnFlyP-R2O0nFlyP-
10 §
0.8 \
& N
& \
E0.6 \
- \

\

N

0 1520 2
ESHHK

K10 AT K AEX o B2 (S-L])

L0 STk SORF,P R mOnFp M| -
0.8r
- 0.6}
- 041
0.2f
Stanford S-LJ Wiki Twitter
K12 R IRR G 30 08 ratio (8
1.0
0.8f
--------------- pemmmeme A
AT Jay
< 0.6f
K
o E/B/B/E
021 —6—Hash
—=—OnFlyP-R
0 --&- OnFlyP-M
10 b 20 25
S HEHK

K 13 K {BX} ratio {H 52 0H (S-1L])
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K8 5K 9 MK 13 5K 14 Xt tb i — 2 ratio
S AR, S 5EB M BEZE . XS

PEACRICR ] ..
L0 o— v O —0
—6—Hash
0.8 —&—OnFlyP-R
--&- OnFlyP-M|
06
£ R
0.2 —a—+&8——H+

10 1‘5@ . Kz'o 25
Kl 14 KX} ratio {H £ (Twitter)
6.7 AREXSEEXNEREREEENT I
FAT7E BC-BSP £ 4t I8 47 PageRank 5 1,
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two aforementioned aspects simultaneously.

In practice, for real-world graphs, the vertex distribu-
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design a prominent graph partition method for iterative
computations. In this paper, we incur the concept of “cluster
coefficient” to analyze this feature, and then propose an
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to implement the load balance among subgraphs. Note that
the two policies respectively focus on the high-efficiency and
the effect of reducing the communication edge scale, and can
be chosen flexibly according to real applications. Extensive
experiments on various real-world graphs validate the effect
of OnFlyP. In the future, we plan to study more sophisticated
policies to address the issue of load balance, and enhance the
effect of reducing the communication edge size.
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