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Entity Resolution Oriented Clustering Algorithm

SUN Chen-Chen, SHEN De-Rong, KOU Yue, NIE Tie-Zheng, YU Ge

(College of Computer Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Entity resolution (ER) is a key aspect of data quality and is necessary for big data processing. Existing ER research focuses
on data object similarity algorithms, blocking and supervised ER technologies, but pays little attention to matching decision problems in
unsupervised ER. This paper proposes a clustering algorithm for ER to complement existing work. The algorithm builds a weighted
similarity graph with data objects and their pairwise similarities. During clustering, the similarity between a cluster and a vertex is
dynamically computed via random walk with restarts on the similarity graph. The basic logic behind clustering is that a cluster absorbs the
nearest neighbor vertex iteratively. A data object ordering method is also proposed to optimize clustering order, promoting clustering
accuracy. Further, an improved computation method of random walk’s stationary probability distribution is proposed to reduce cost of the
clustering algorithm. The evaluation on real datasets and synthetic datasets validates effectiveness of the proposed algorithm.
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R AR B 11— A TR U 2 P (variety) ! 3 B 592 1 5[] — S A () B0 %9 S A A 52 AN 3
Fi st e R e LAAN ] (078 3 52 e B, ol ot 3 350 T 0 i RIS A, S KB R i AR BE L 23 W A2 i )
JHESE AR (entity resolution, fRIAR ER) A by $dhs i Hk () — A F 22 5 17, 38 o 7 B JUE 50 s 41 g 3 i) — S AT

» BEUUH: HK ARRHE (61472070, 61402213); [F 5 T i B Al 5T & 1 (973)(2012CB316201); HH H 2 AR L
% %% 10 H (N110404010)
Foundation item: National Natural Science Foundation of China (61472070, 61402213); National Basic Research Program of China
(973) (2012CB316201); Fundamental Research Funds for the Central Universities (N110404010)
RG] 2015-09-24; & B A): 2016-01-12; K FH I ) 2016-02-22



2304 Journal of Software M3 Vol.27, No.9, September 2016

AL B 543 B[] A2 M T 3K B s e R H At

SRR H AR ARL RS 1 S AT E BR o P A D6 2358 43 4, o A1 1T LA 46 — /N AT 3 58 492 43 B (blocking). R %
SEARPUMNTF R AR R AT Bevh SRS A e 5 00 B8 o) G ARARLRE LU B0 I & P SCAARARL B B0 o 6T sk
TR A [P AR AR S 3 JoR A [R] AR ABA 88 20 45 1) J50 v 48 LU B 1A ] S8 280 (R 35008 % % (i o6 &R B 48l . XML
HHE AN S I B 25 ) RIS ) 1) S A U 53 3 51821270 5 b g 1 SR S ) A U R B AT R IR SR O A
P TR S AU R R T S AR U A 40 B AR T2 A3 e R B e A T AR i M (0 S B8 T
G I 1) 50 ) 5 4 A [ — By, UL e He o IR 0080 0 5,715 48 T K= 1A 0 P R 48 40 s AR T 5048 s 4 -l
JC o AN AT Bk

VCTE e 58 1) 5 1R 4% IR T 75 ZE VN G B2 ] 23 2 0 28 B 1 3 R A M B ) v R R D R AR
SRS (1 VI 25 B0 R U1 0 0 000 8 50 A 8, o o R 50 b A7 YR, 32 B DA A0 =L I R K i o
BN T GEARBRIE, SR T SE I FH 28 A SR Ak % 5K, 5 BN SR 5 A 2 30 A5, DR s i 77 M BF 2K ) =)
BRA: A SC P 5 L o Al B 1) S A TR 5 9 A 498 11 S A TR ) T o 00 (] R o R e A ST 5 X %
(AT AR B0 Xt G2 ml ot %) 2 785 DE i (231, 8% 17 b 28 77 vk A WA A S RE 77 A 2 v R i M 11 & SR Hassanzadeh %%
NV DG B B R A 1 S 2 B0 ok e s DG 446 L, 308 ot 0 b 52 56 11, k1 S 2 B0 1) 07 1 B 10 o 1
(L 1R 7 155 32 5 RS Hff). Hassanzadeh 25 A\ PR (0 2R 2 530 2 300 030k, U AR T A 5 B DG G v 2 FROAT 45 (RO R T %
S A PR O TR B AR R AR SR B A, BT VR T 1A S S A TR i ) SR S R AR S A R R X —
TA.

AP — AN FE T B E A 1 B 2B 2R B ERC(entity resolution oriented clustering) e fif ¥ SZ A& 51
HP UG T YRS PR il A A S IR T TG e S YRR 0t B 1 7 1 508, R AR LG B A A i SR e 2 — N, T
I P& (P 1A T 7% )88 5 ) ERC S0 0) Bt o) 52 BEAT 11 528,43 21 S A R 45 AL Clun B 1 (L) 7 ) AR ABL RS S
AL P AN B 0T G RN AT T AR AR, B s AR AL B BT A B AL AR A (B 1(DFTAR).ERC BV A
L JBARUE s AN — AN B9 (1) A T 4y, S W7 R A e U P 5 o, B 381 S AR & i B 20 S A 40 T 4% 1 AR IR SR
WIRZ AT 46 p A VAN FEA A5 TR S TR o % 2 TR P A AL S5 3 ok A SIS 7 380 4 st 14D B AT L A 1D T At 2 o
S SUES RS R SRAl T &5 sUAE A% 3% BAZ v (R A0 5 90, 4 45 2 IS S B3 9 R I, ORI R 1) S8 AR S 9k i B
DA A5G AN S A AP RS 50 2 1 A I, B o SRS 5 AL TR RS 1 P 0 S 50 % G UE W ERC BVETE AN B SE B 48 B i)
YU SR T CAF AR W] UL, 12 55035 B B U b s TILAH (1) S 465 . P 25040 o 5

R %

AL ERCH
[v1.72.0.6] AHALE R \
[, 08] ﬁ> ﬁ> )
[1405.0.7]

@ an
Fig.1 Workflow of match decision
K1 LDk E mAE
A E TR T

o R P BT AR AR 2R PR A s AR B e A R A% s AR ABLBE AN UL 1] Y s AR ABLE 3K 7 A A AR AL
JERE T LA 16 4L 1) B AL A B03A H FR 45 5 1P RSB 3 IXRE 78 70 5 18 T SRR I 45 mi 10 B G
SRR A) 45 DR IR, AT RE S A5 s o VA b 47 45t SR SR e rp 2 15 45 e (K R B

o BRI AR PR IR ETIE ERCARRUIE A 45 i A 0 S (K %%, b 3 A R A 8 53 19
04 R LB S5 AN I L B R L IR R T T LI A R P R B v RS A SR KR A 2 i
— M BL 2 S5m0 W6 AL 1R A (1 v 557 R B AR T4, 308 i RS



FNRIR F o @me) SRR R A 2305

o EPAELSEHIER AT — 1A B A BB R BRC O HEREAT 78 0 M I VAN S AIE T RN
AR ERC 505 5 TAT 10 58 S SVEAR B, S U3 45 SR FRORS fff 1 B .

ARTCH 1 R AE R AR, G FE S PR U AR NN [ AR 55 2 7 5 SCHEAR R A% s ARVABLE R 1] FAY A s AR AL
B3 WE NI ERC SLIEHESL AR S B P A4k Bt o Sl e AL PR A vk 5577 2056 4
TSI 5 o M B O AR R B Bt B VE A ERC S5 UE B LA R0k 58 S 1 A A OC AR B 5 6
ISE e

& of &

1 HE&IE

1.1 SRR HIFRE

W 2 P SER RN ELEE 3 MBI —— o PR A ARLSE T SRR ERORT G i v 5 A e BN A 20 Ky
N R THU TR T ats R A 2 R T 25 2R

o SrHufidR

TR AT 5T I SEAR R, i SR AT 8 R R SR R G A B TS 4 I A R AL R T T
T AR 0 YL 5 [ T B A1 R R T R ek, S A TR A IR R 3 Bl AR OO0t i R kAT 4 B
Aab B SF 445 /N 98 28 25 1] 43 HUBR FUKG A 0T g DS C 119 8080 6 5 23 A ) — %o G e vl TG S T 3 DU R 11 0090 0 5 ) 4
IITEAN RN G Herb TR AT By /> K 2 T6 RO e LU R S A Sl W B 2 DS R T — AW R i o %
TR (1) I B 2 A I B3 2 5 TR] — o S e o ) A A 19 1 S5 55 3408 —— A A% 32 UG e R 7 0 0% e ), A A % 3 o 408
Bl HLER 43 BB HR IRy i N A IE B 4R i R 0 R AR

o AHALEETHERLAR

LA 5 G AR ABLSE LG 552 R 50T A5 26 0of 10647 AHABLEE LU A8, IR 45 B 1710, L]0 A AR 2 A ABLBE 8K, 4
TN PN BB T RN B[R] — SEAE,0 RIR I B8 AR, 1 RN P % 58 A [R)E A0 e 2 A 2 AN 8
PE, BN PR T B2 AN R S Y p i, bl — 46 5 1 SOl st A8 H - AR AT Rl 55, Hrh J H ot S
A TR B T A 2 B B RO o B M DA SCAR R MO R £, R AT R 2 SO BLEE BR ), 4 Jaccard,
Cosine(TF/IDF),Levenstein distance, Winkler,Jaro,Q-gram %5; /N [] ) SC A AH AL & B8 B8 F A R 2R TR 1) ST A $
it B0 2 5 vT e P R P S O B v A R T AR B o i 3 S A B R LR R 2500k B aA ) 4 1) SRR e ) vk
(MTRE— AN B AN, B X A5 S8 U8 AR 2 1) A B 2 o R v B3 FEAH AL R I 1 T R M (R 21 4 iR R B 1 e
AAACLIEE A5 Bt il A J— A28 B ARVBLRE 20 B bR B mT DU 2 R B, AR 2R 1 o ol 2 LAt 2 L 1) v 20230 L 4
SR R A2 2 P R B 5 A ALLRE B8 AT R A v — AN 328 o) 2 757 08 I ) — S A AL T SRR E F) i N 2 fk i
B o G A i L BB R0 X B H AR BB 2 R R IR AR T PR AR L 4R

o LT YR EBLER

PR UG I5C B8 803 A 00k 328 o (R ARVBLBE SR e 5 — ANk 38 0 52 77 DL T S A URU3 D7 VR 4% 1 15 i B R4k
AL A < M ) S AR SRR v AR A M B 2 A T 930 B [ S A U R A L S e s 9 B A P 43 K A
RS R EAL e . EM BRI 3 g2 o) B W 0 VR R B A — s R v R B 1 DN R
o3 R EVE A I Y A5 B A G B BRI AR Y. 2 80 R T R T 286 bR HORN 2 50K 6] 397 R 0040 )R 47 4 28, B, e s ik o
X & T UL . R T IR H e 75 B Ak 4 SbR v, M 2R D7 v 1) R 518 L 52 380 J) B A M 1 S AR U 5 ik A 757
TEYNZR, T4 53 BT 05 20 %o A 1 v D P 445 RS 35 1 o I 11 D PR 5 32 2 e A 96 ) A M 88 208 U 9, B 40 40 0 3o T AR B 82
598 5 B AR R AT LA SRR AE DK 25 - B, DU % 3 6T UG i 5 D), S UG 12121, ) — ol M 2 v R 3 T
RAHIEPP PRI 70, Hassanzadeh %5 A 22 A~ ©AT (00 3R 2S00 HOH Xt 4 45 J0EA T SR kA3 B VT i 45
SRIRAS T T B (10 DT P 5925 B G 1A T ) s SR 2420 G L v s A P B N AR DU B £ B e TR 5

A SCEE AT R TC P S 1) i) 0 B0 =l B 10 S AUl 2t BE T BEA LU ZE BERL (¥ ERC 2R 534



2306 Journal of Software M3 Vol.27, No.9, September 2016

/’__\
e AR A V-
/ \ J \\

1
i
I
|

ZE°S HCLEETH 5 N IERCERE PO E5 R

Fig.2 Entity resolution model
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Fig.8 Tests of data objects ordering’s influence on clustering on real datasets
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Table 3 Tests of computation optimization’s influence on time cost with real datasets (s)

T3 AEECSTHARAE EINR T SR A A T S 1 5 (s)
Cora A-G Citeseer
ERC-0 0.837 0.615 68.63
ERC-3 1.362 0.983 102.95
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