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Abstract PageRank algorithm plays an important role in various areas such as information retrieval
and social network analysis. The continuously increasing size of networks and the timeliness
requirements make it bring enormous computational overhead to repeat calculating PageRank for a
massive and evolving network. Therefore, IncPR, a PageRank algorithm based on the idea of
incremental computation model is proposed. IncPR reuses existing results from previous computation
and modifies PageRank values according to the changed part of data sets accumulatively via an
extended Monte Carlo method, which can effectively avoid reduplicated computation and improve the
performance of PageRank computing with no additional storage overhead. Theoretical analysis shows
that the computational complexity of IncPR processing an evolving network with m nodes and n edges
changed is O((ecm+n)R/c*), where ¢ is the reset probability and R is the number of random walks
starting from each node. The computational complexity of IncPR is lower than other existing related
algorithms. Our evaluations with typical real-world graphs upon a Hama cluster also demonstrate that
IncPR obtains PageRank values with equal (or even higher) accuracy as the baseline Monte Carlo
PageRank algorithm and reduces the amount of computation significantly. In experiments with 0. 01%

data changed, IncPR reduces over 99. 9% amount of computation.

Key words PageRank; Web mining; incremental computing; Monte Carlo algorithm; parallel and

distributed processing
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Fig. 1 An example of computing PageRank

incrementally.
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Fig. 2 Overview of incremental computation of PageRank.
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Fig. 4 An example of disassembly of adding a node.
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®  end while w BN A o [ R 1 R BN B 1 L A (8) AR
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Network

5.4 ZREWMM

AT % IncPR 5 Bahmani i 3% 8 58
1 IncPR 5 BasicPR 112 PageRank {8 ) AH % 1% 22
B RN S B AE InePR (1 1E 5 M. 76 38 IncPR 5
Bahmani (438 £ 575 09 1 8 5 B, 53 50 38 I A T8 %%
IR 2 PR R 2%, SR 2 R A
A AR TR 2 RS BE 7K F. 78 HE#E InePR 45 BasicPR
F18y T A N 2 T S ) R B b SO i 3 R
FnSCFRI 2 FE 0 B R R Y. Ah a2 A
AN TF) 9 2 56, S0 1A [ Y PR AR s A A i A TR B
U6 25 SRS BE X IncPR 25 F0K5 B2 1 52 1)

W 6 R . InePR 7EG ARG BE bR 4F. Y
BB AL N (UNT 1%, IncPR Fil BasicPR [
S5 IR 22 HE T B G 5T A B A 3 K L InePR
55 BasicPR 112 22 1Y L 7238 88/ X R A IncPR

3 1.00

g

2]

QE 0.95 amazon

X —=— berkstan

] 0.9} notredame

= —— social

& ——

g 0.85¢ pP2p

= wiki

=~

0,80 b
0.01 0.05 0.1 0.5 1 5 10

Proportion of AV /%

Fig. 6 Comparison of Err(Alg) with different
proportion of AV,

P06 AN ) Ee A 019 R i iR 2 LR



FEXWMEE - IncPR: —Ff 4 T3 BT 3 19 J7 47 PageRank 5 3%

FERE M W) B 2 W LT (500 i 1020 15 B He
BasicPR B 55 (1) 45 S A% B e 016 B0 F 2 IncPR 1Y%
2% 1, BasicPR J#/NEIR 20%.

7 R T BN TR) e i 34 R ET A 0. 01 %
F 10%) 1% % T » IncPR 5 BasicPR 18 3 % 45
PR . M B I 00T 2 Fh ARk Y 15 25 B A
2T A AN A B T S dp i 00 #2310 %6 kG
FESRTE. 53— 2R3 0 AS [R]85 6 1 0 1 55 9 235 21 Cn &
8 i), WIRFELKHIE T IncPR 15 %5 BasicPR 145
FOME BEAE AR R L 258

Lot} _p—=

= —

0.99 —— amazon
0.97 | —= berkstan

Err(IncPR)/Err(BasicPR)

—— notredame
0.95 F —« twitter
—— P2P
0.93}
0.91 L— : : . . :
0.01 0.05 0.1 0.5 1 5 10

Proportion of AE/%

Fig. 7 Comparison of Err(Alg) with different

proportion of AE.

7 HEINAS IR] Ll 1) 320 6 158 22 L L

=

5 1.003 ¢

g F

§ 1.001 |

& L

; 0.999

§ L

§ 0.997 f - amazon notredame —+— P2P

< I —= berkstan —< twitter —o— wiki

& 0.995 - - v : v
10 10 10 10 10

Number of AE

Fig. 8 Comparison of Err(Alg) with different number
of AE.
&8 38 AS R) A5 1Y) 300 B iR 22 Lh AR

% F IncPR [t BasicPR 35 0 K5 BE 2 71, —Fb
G B i R AR b — e R M S e T A A
14 . BasicPR {45 Rk BE 52 [ 19 722 Ak 1Y 52 o 1w A
Tt IncPR SR 3 o 09 53 J7 vk ke T
() 78 AT 5 ) R Y R 2, DT AR 31 TR A A R
K RE. B9 Jir S W 0 B 2 19 5 09 19 /0 BasicPR Ay 52
25 B Fb @ AR SRR T X R i

HAM  InePR 8 — A 0 B 1Y 45 2= . AT DLE
aob o P 5 25 /0N R RO AR A5 R B A B A 2R
XA Q0 R DU R B S AR AN T A R B
PageRank #5454, i | IncPR &b ¥ 45 4k J5 1) 8 &
AR AT LA FH AT A o8 A AR A5 3 1 o g B 25 2R L A Y

1815
] S
= « o
5
3
[ 095t —— amazon —+— notredame - P2P
S —=— berkstan — social —o— wiki
= g_tM
0.15 L— . ' . s : '
0.01 0.05 0.1 0.5 1 5 10
Proportion of AV /%

Fig. 9 Err(BasicPR) with different proportion of AV.
B9 AN A LA Y 75 25 Y BasicPR 45 B iR 22

T SRR kA T A FY B RS TR TR B R
F HAB A TS R AE 45 K & Y PageRank
FAh G TRk LTS K AE T H & AR

K10 Al 11 e 14 BL PT35S B Y
PageRank [n] 5V 4] 46 25 5 5, 5800 181 72 Lo 451 /4 75
KA BT 70045 21 IncPR W45 RIR 25
BasicPR 915 22 (19 . W98 1, 24 (8] 1% 722 1k 5 550/ I
Rt 1%) . IncPR 3 2 (1 45 S K5 & 8 % T
BasicPR, IncPR 75 2| 1y 45 FA5 B2 #238 PT A 1k, 24
BEERRI (596,10%40) - e 2245 BL IncPR )R 22 A
#l] BasicPR ) —2F.

2 0.4F

5 |l —— amazon

§ 0.3} —= berkstan

< | —— notredame

S | —— twitter

S 0.2

= | —— P2P

S oaf WM

5 L

5 0.0 e iz p— . : :
0.01 0.05 0.1 0.5 1 5 10

Proportion of AV /%

Fig. 10 Comparison of Err(Alg) with different
proportion of AV (IncPR Starts from PD.
Bl 10 B [a] He 451 B9 49 158 22 H 8 (LA PT &5 2R AR

FIARED
~ 0.5
g oo
g .4 — amazon
§ | -= berkstan
Y 0.3} — notredame
é‘ L = twitter
= 0.2 - P2P
o r—e— wiki
£ 0.1F
S 0.0 - : : .
0.01 0.05 0.1 0.5 1 5 10
Proportion of AE/%

Fig. 11 Comparison of Err(Alg) with different
proportion of AE (IncPR Starts from PD.
B 11 B ) L 3 00 R 22 L R (L PT &5 14K

IR GRIED



1816

EAR S AR 2016, 53(8)

R MR T PR AR SCA 48 ) InePR 5 Bahmani
10 4 B R 0 I P AR B B L 2 R AR R 1Y 4
R 2 (AL
5.5 itEEXTLE

AR T 2 H HL SR AR EOA R R L
A9 e # T IncPR 5 Bahmani (9 #8 & & 3% K&
IncPR 5 BasicPR (%315 &t (9 K/, 7 R 9F #0530 1k
TR R bR .

B 5E%t IncPR 5 Bahmani B3 &8 - E
AT TX SR SERR AR AR 2 PR, i b4
A n 43502 50,100 A1 150, ff F Bahmani

F18y 185 et SV B 1 N — SR g SR A AR L R L SE g
Bt AT 7 X Bahmani (%31 5 5 2 BT E &
ST 45 R R IncPR (1315 5 U] 2 i T Bahmani
(38 B AR SRR A5 R E T IncPR (Y B 8] &2 2% &
;T Bahmani (930 & 83, B4Rk Y5 Bahmani i3 &
SEEVE RO LG SE g A T e B/ (B H BRE 3 A AT
ALoIncPR Wi H &S n RN ELERR. M
Bahmani (3 AR5 A8 VIE Inn
Ff LR O AR 48 B Al v 3 A LA o e RO L
BN < |V | A TR n BRI BT W% 2 15
BB DNNERE
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