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In this paper, we propose an improved method for
estimating PageRank scores efficiently. PageRank is
known to be computationally expensive particularly
when dealing with large graphs. However, it is often
the case that we require the scores of a small subset
of nodes. To tackle this issue, some researchers have
proposed methods to estimate the scores of specific
nodes without accessing the whole graph. Specifically,
the method by Chen et al. constructs a subgraph con-
taining the target node to estimate the target’s score.
However, its computational cost is still expensive be-
cause it requires repeated calculations to construct a
subgraph. Meanwhile, our proposed method requires
solving linear systems without conducting costly it-
erative processes, leading to efficient PageRank esti-
mation. Experimental results show that our method
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can significantly reduce the computational cost while
maintaining the estimation accuracy at the same level
of the method by Chen et al.
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COMN RGN EMHL 2T, &/ —FD¥ES o) = 04
(=,Bl) , ax=1.0 (=,32) , a3 =0.5 (=,33) PELNS, )
DOBIEIX 0.5 TH D70, BEMU LOFE2/K>/—F2, 3%
E#HT2 (K4D (3)).

Ric, /—F2, 3%EHT2ILET, /—F5 62RE077
Ziemsnsg K4 (4)). 2LT, /—F5, 61 fetch #
fEZ2{T> T/ — FOBEREZIUGL, Znsn/ — FogEhziEt
Y2, 27T, C={56}, W={0,1,2,3) THhH, %/ —FIc
DVTUTDZ EDTh 5,

J—=F outdeg(i)  C; W,
5 5 {6} {1,2,3}
6 4 {5} {2,3}
Z0FERLY, DUTOMN -~ XARAPE SN,
s = %;«%+04+10+05) )
o = %§@h+10+05) ®)

ZDEN - RAGTRREZMRL 2 LT, %/ — FOFES as = 0479
(=PB5), a5 =0495 (=6s) DFSN2 (K40 (5)). BHHE (0.5)
DL E 2> ) — P en720, 8ty 5 7 OfERz2#&T
T3, BRELT, K4D (6) DRFITI7 7034615,

54 EX

— WIS, RRE R O DFHERIIARE VO, BET
BOHHEIZ P REVEEZ IS Lk, #y—XRIGER
LV IR GEOERFERIZ ON?) (N 3% <Th
2. Lol, BHOBAT Yy ZICBWTCEME N8R, — Fo

BZHENL B, 20700, REFEIZ OPIC 7 7r—F X
D HIRWICHE N ZMETE 2 LEAOND,

6 FRHMEER

AFETIE, REFHE Chen 5O FEZILE L, REFEDS
K2 MER L 22235 7 iC PageRank Z#EECTE % 2 & 2 GEE
T3,

6.1 ZEERERT
T=Ftv b KEETIE, DLTOZ2507 =%y F2Hwv5,

o Twitter V—>vILUZ7 (TSR) :TSG %, F4h3 Twitter
Eoa—Y v LU LT =%ty b THE, —~ADI—
PE—F2—HE L GERL, >—F2—9»n71r1—L
TV 2=V ZIREERECIEE L 72, INEL 22—
732,500,000 12757 GIEEERFE T Lz, 208, IWEINL
T nar—YF0xy PEHIRLZ, TSG 13/ — FE0
2,500,000, T PHH328,810,947 TH 5.

e Web 727 (WG) : WG IZ Stanford Network Analysis
Platform (SNAP) 232t L Tv>% Google ® Web 7' 7 73D
F—=%ty b ThH%, WGIZIZ, Web =D ID £ Web
A=YHIEsN T2 ) v oG EN TS, WG
¥/ — VR 875,713, v P#H35,105,039 TH 5,

ERIRIE AFETCI, RTE (6.1 ) % Python THHEL 72,
ALK % R C WRI2E, Python @7 A 77V Scipy* % H
Wi ¥7-, EERICH W a v Ea—41%, OS2 Ubuntu 13.04,
CPU 7% Intel Core 17-3770 (3.40GHz), A€ VY »32GB TH -
72, E61T, BTFEICBVLTY I 775 =922 RICiiAAlL
X cHEHEL 72,

HE&FE AEBRTIE, UTOZ20Fikz gL 7.

o IREFIER 5 HiTHIHL LT

e Chen 5DFE : 3ficHHL 7z Chen 5 DFL, 7L,
JER DI L LT B V5,

e Naive BF& : R/ — FETOWEEN s LFTH 2/ —
FaeTaiRn 77 72T 2FE Thbb, £2THD
B — R #ERT 2.

F 7z, RIFEETIE, Naive HFILE LT 2701, EFIL

& Chen 5 OFIEICH LT, BHDRKRAT v 748 s OHlR% 3%
E LT, BARNIZIE, $RETHE Chen 5O TFEICE VT, T
DZODFMRT /) — FERBHT 2.

o MR/ — FIZHT 2E B ETH 5.

o WM&/ —FETOHMEL s KiiTdh 3.

R — R ECTOWBED s Kl Th 2 /) — FZEHTZZ LT, &
R)—FETOHMEPRKTsUNTHL /) —FEEOLRIZ 7
7O E NS, Utk D, Naive ZFiEE KL T, REF
¥ & Chen 65 DOFEIE, MHEZHMERL &5, DL SWETS
TP ARBNSIKTEHIENTELD»ZIET S I ENTE S,
KEBRAE 9, 77 74Kk LT PageRank Z35 L, %
/ — FDIEHE7: PageRank iz k& 7z, XKiZ, PageRank fii% #
ETEINR) —FEY 7)) v 7Lk, AFEBTIE, PageRank
filid EA7 1,000 / — K225 100 / = F&2WHR/ —FELTI7v%
LAYy TV L, 2LT, BHKTFEZHWT 7Yy
T EINTEWNR ) — KD PageRank i % HEw L7z, AFEETIZ,
Chen 5 DFLEESHZIC LT, ATy Ph 6 iHlifE d/E 3%ER
LT 3Lk Fk, FYELYT 7775 —dDfE% 0.85 1T
EL T,

Shttps://snap.stanford.edu/data/web-Google.html
4http://www.scipy.org/
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TV T L 100 fHONR ) — VD7 X v 7B 5
J — PN, N &/ — F# (RFEBRTIE 100) TH 5. MELZ
HHBIREL p DD 1 ITEWIE E, #E5E L 72 PageRank fii 23D
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6.2 BREFEE Chen SDFEDEE
TR X > T, A7 v 7%s & Chen 65 DFEIZEIT % OPIC
7 70 —F ORfEERE L7z, BRI, TSG T, A7 v 7
% 4, OPIC 7 7'v—F OHfHIX 0.5 Z 72, WG TlE, A
T v 7#1% 3, OPIC 7 7’0 —F OBt 0.9 272,
HERBE. 5, 61, TSG & WG #HWwiFEHcEIF 5,
KTk L Chen & DFILEDNANAMHBIRE & VR 77 794 X
DIEHERZ R LT 5, el EA AR R S, Bl - m T
7774 RERLT0S, 777 EOKRIZ, {TEOKHIE
BT ARGl Tw S,

X5, 6 &0, FEHRIZ 7 794 XD FABEORE, RETFE

& Chen 5 OFLEDNANHBIRED ARETH 2 2 L33 o7,
K5 Xb, TSG %\ 7=9280Ci, SEERFTY 7 794 3K E
{75138, WEMAHBGEED A B, £7, K6 kb, WG %
7 9280cid, WEMAHBIREUZ AR 77 7394 Zilhhrb
5FIIERLCTH > 72,
SEOXN KMT7-121%, TSG £ WG ZH 7= EBRICE T 5,
RETFILE L Chen 5 DOFIEDOGHEI &R 77 794 XD
s R 2R L C\w 5, fitllnd, BT S 7 OFEERE R, 5
i D FHEHEERH, GElFERRO WD, Bl R
777V A XERL TS, Gl FHRRIZRENT 7 7 7 0 31k
BRIEE] & SHIifE O HEC R O GitTh 5. 7T 7 EoKRiIL,
HTFEOKBMICE T 2ERISHEL TWw 3,

X7, 10 X0, VR T 7 794 ADEBEOR:, fEREFk
DI DN PageRank fHZHEETE 2 2 L3 -7z, B

p=1 9

—
08
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o 06
| - REFE
B, -=-Chen5DFE
&®
B2
0 T T T T T 1
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FHERMISIHAX

6: 124 FiE, Chen 6 DOFiE N HHBIRE & VR 7 5 7
YA A0 (WG)

& g | ERFE )
B -=-Chen53DF%E

B = ad
B

B 10 //
/
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0 5000 10000 15000 20000 25000
FHERMISIHIX

7 BRRFIE, Chen 5 OFE At & VPR 5 7
YA XD (TSG)

i, X8, 11 &b, EWRT T 7 794 AHFEBREORE,
RFLOFHDRIN T 7 7 DV IERIRRIDIEF NS o7, Z
i, BRETHRE, KEHE R RN L > T
NEFHELTO B0, XD EEICRET Y7 7 2ERT 22 &0
TELLDTHD, £, K9, 12X, EHRFHITI 794 X
AR DR, 22T & Chen & DTk 3 HAfE O I HEE K
MR CTH o 7.

6.3 EEFE & Naive BFEDHE

#1103, REFHE L Naive & FHED AR & SES T
5 7% 4 ZOHIERER %27 LT3, BT E T oMitiE,
HERED IR b R o 2RO %E H\wiz, BRMIZix, TSG Tk
0.0001, WG T3 0.05Th 5. £1 kD, Naive ZTFik & gL
T, REFILRGNESAHBIREULFRRE TH 253, RN 7 74
A RADIEFITNZ BT EWadotz, T, WEFEGHEN%
BB LAV SIEMT 2/ — FZER L T\ 57, PageRank fid
DOHEE IR E 2 ) — R 277 712B8MLTw i \WnidTH 3,

# 1: f2EFik L Naive % FiE 0 ik

TSG WG
Naive | 22T | Naive | 2L Tk
MEA7AH B 654 1.000 0.998 | 0.993 0.983
VR 7 794 R | 57,247 23,578 | 5,029 3,055

7 FEHESERDEE

AT, W77 7% TRED 7 — KO PageRank fi
ZRNRIICHEE T 2 FE2IRE L2, IREFETE, BR/—F
& ZDOBEE ) — F OBBIRICED TR S 1 2 R
ZEL LT, /- FoBhEHEE L, Tk, REEE
HEfTbhouicd, REFREEEIEE N Z2#ET 2 2 LT
7o, FHUEERIC K D, Chen 5D F¥EE KL T, RETFHER
HEEREZ MR L %035, FMIC PageRank fHZHEETE 5
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