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Abstract

real-time methods. For large data sets, it usually requires a lot of time and system resources. In the face of evolved, hete-

Most of existing traditional entity resolution (ER) techniques mainly deal with static data sets by offline, non

rogeneous entities with time information in heterogeneous information spaces, time-aware query-time ER and data fusion
become a necessary trend to ensure data quality and user requirements. Aiming at entity search based on keyword query
with temporal context in heterogeneous information spaces, this paper proposed a time-aware query-time ER approach
TQ-ER to provide more accurate entity profiles to users. A time-aware iterative query expansion algorithm was pro-
posed. TQ-ER leverags temporal context of query and temporal information of entities, which can identify the minimum

entities to do ER and data fusion for a given query to be correctly answered. Extensive experimental results on real data

sets show the effectiveness and correctness of TQ-ER.

Keywords Time-aware, Query-time entity resolution,Data fusion, Heterogeneous information spaces
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PR E BT WA, U101 EL BB A
W, 3R T —FA R AT QDA, B RfTiE
BRREHEE R PAEEANLEN. . RONIEESE
. CR(NJEFHEREFRE T —1 online 18 54552 1 fk
AEHR ORLF, ELAFEBEENNICRERTHRFEEHFE IR
FRIERBENSEUAA-NMERRNEN QMLERAER
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AR S BATHE e ¢ B e. 253 HIRIHL, B azer HYRHE (5
BittE e artr. 1 B e, attr. 15 LK o ZEFANEFIR] AL ¢ BB A][H)
B ts B9 BHAEICAE Ce. attr) 5. value,

B, B—MMEE LA ERR B EEE T HHENT.
{Halevy, { (name, Halevy) , (age, 50 ), (affiliation, Univ. of
Washington) , (title, professor), «»- }) @ 2005; ( Halevy,
(name, Halevy) , { (age,50 ), (affiliation,Google Inc. ), (title,
manager) ,+++ »)@[2010,2015],
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#i4n, 25 #) {Xin Luna Dong, paper} @ 2014; { coauthor,
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G} R C ARIL A DB R — Lk 3170
BRI A 18 2 i R R SE AR R Centity profile) ; R
BRIANEANERLASE REBSH,. TQER K BiF
RARYE 7 8RBT Z R, 722 T BRAT B9 I IR N R LA
FHERRY . — 3 I ERR R SRR LR AP ER
K.
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b T ) _b T SCEG) 2 B SR AR, RUVEE SRR 458

BB R A, MEB M TRE

WE 1 HTRABRIERERZ EE TR EX
PR (B BAER s TT B Stk et T A G5 B R A B

EWIEO. HI0, BFSVCRAE 2014 6, TR XR Rt E 2
2015 48, R 2 MSBAER A3 304 B 1] LA g —, ik
THEMRIR EMYT R X1,

WE 2 T RME B2 RARE BT B
AL BHEME BT e N BB E R Z AT RT 5,
TG /MERZSE R B R REE. fl, BEREAEEE
5 4ER K RIS OB A LEILMETA $i AR HFTIRG, B
4R B R Bh L 3B Fro

WEE 3 BFiElE B AT AR SE AR 6 BOE 3R, B A
W TR PR 01 B R 1 4 S A e B (B RRAE R LA AR A
P XA R A AR R SRR A R o . B0, R MEE &
FI0 AR R A BRI B_E A AR U s IMEE R R SUTHH
BrEnf B A ARIES, B LR W S 8 A S AU
(temporal similarity),
3.1 LA EEREREE

SERE R R PR AR — N BA R E LT 0
28 Q={ky ko s+ by } @ | 15, B 5B E AR R BARSE
12 ec, RIPA WM E LT XHTHEH 0T R X
(Qume) s BB MBLAE R RE Gr HITEBRXRY B Xr
) REHWBH RN EARELHE « #ITZHEBHAMEMUEY R
X () FRBEELAELBEE Ga. HITER XX RY B Xas
(o) s Befa it #t47d ()5 _E A R Fr(eo) RRIGRELIRE
E'. B gn sk gd AR TIQE Ek 1
BN .

HiEN
Input: 2] Q={ky , kp,
Output: fEELEE E
//Initialize ¥1#51L

1. Query Mapping to obtain the target entity class ec

Time-aware Iterative Query Expansion(TIQE)
ok ) @[t or ts]; SRS R, SRR

2. Temporal expands X1 (Qun.) s put them intc queue Qr={ }

//Tterative A

3. Entity Class Relation expands X (ec), put them into queue Qg ={
}

4, Entity attribute expands X, (e),put them into queue Qa={ }

5. Entity Association expands X, > put them into queue Qags=1{ }

6. For each entity class ec€ Qg ,dequeue it, Association Expands

7. Repeat step 3—6 until Qg is empty

8. Temporal filtering F1(Qime)

9. Return E’

MBS 1A, EREEMEERER Q ATz,
KEXRY REM L RAELEEXRE LW ARG
BRRKEE. Ho, BUEY RAKXE N BEMUEXTRE
O o BN, 2 4R “Xin Dong” B, W] §~ )& 25 “Dong Xin”, “Xin
Luna Dong”%, B fa)5li_b 4 R iy JE 0 O - AR 48 & ) s 1] b
T3 Qe » § SRR HIBT ] F 3 Qime S

[n—1,5,+1]

Qo = t—1,t,0+1 @
Hrp, 11— et e B L B, TR R R S8 s 35
AEBERFE TR IR X T8 E S BE0R, 3R 3 At
VR 5 B SR o AT — I e TR A5 R S — e T 85 % B i [ BB A
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TQER 7EXt B4 I )5 8 39 KA AT R 1 o A T
AU, WBLERR . BEWRE R () UEABE
BRA TR R S B IR (slov 15505 2, FFHESE
FABERT R K LR B HE arer ZEARIBF ] 2, BOMEAEA ]
&, WPLERRE KA SMUEISHE SIM, HEMK 2
AEFE i BARRABERS, RO R, B2RHET -4
fE& SRS B 7, Hok B WAMBERER D M D; WfEER
R ay WA (2010 F£—2014 4F) BRI LR BHEITHER, F
R BT AT

t(r) = t(r;)

SIMr =T T+ T2y T

)

AR & fipaper | year

2010

B A48 L4
2011 i
2012

2013 | [———)> SIM=0.316
2014
2010
2011
2012
2013
2014

D, a

PO PN (ST ST SR Pl TN (VOIS PN

B2 stSMMERET

3.3 MEBMHREEE

BT R TC Bk 2 fin. BT RA MR
SRS, EIE R 28 B RER BA S KRR ET
RTREEE, 5T BA AHEE S 6 35 A B0 R A B AR
B FEERER HERBA R — MR, BT ER SER
B, HRFRE « REWMRS I HEHRO EE S .
BRI Se kR R AU SIM Kt E AR MR (3 B, \
3 W4 -

SIM(r; ;) =aSIMa+BSIMg +¥YSIMr 3
Hh, SIM, R BHEHRUEE, SIM: KB RM LB, SIMr
B SR ;0. 8, Y ABE W REL I E a+B+7=1,

Wik2
Input: entity references R={r;,r3,** 1), } »sorted in increasing tem-

poral order//B} A 7t FFHEFF
threshold of SIM:t
Output:a set of clusters C={C;,C;,**+,Ci¢y }

Time-aware Clustering(TC)

Process:

//initialization;

1L.Co<{C),CyysCiry }

2. L=0;//L is the iterative step number
//Tterative.

3. L«L+1

4. for all two clusters CGE€C;—1,GEC_; do
5. compute SIM(C,;,C

D http; //www. cs. umass. edu/~mccallum/data/cora-refs. tar. gz

6. if SIM(C;,C;)>>7 then

7. new cluster Cj<Merge (C; NOY)

8 Update cluster’s time labels C;. early,C;. late and C,. ts
9 CL<Cr1—{G,CHU{C)

10. else SIM( C;,Cj)=-0

11. endif

12, endif

13.  end for

14, return C
4 HEBAORERS

XA B ARG S SR A R EEAC R
HEA C ) SSAHEAT B RV B B IE e A RS e
B ASBER RS, WA REA A I BRR B AR E ST BT R RY
R B HE TR T AN 75 & 78 BLPT RE G4 B PR, A RS AR AR A .
4.1 HxXEX

EX SCELEMSD MFELK e, TQER B EFHE
A ETEME BB e BSEARBEITIE e, 5 « HXERBY BT RIME B
YEe. t e, ts,

FHRBSRET TR RN SRR EEEE . T 5N
SERRR

EX 6CEEPHBEERIFRR LK e R anr
FURMEAE Con — v EERT BT FU 225 e 1) (B £, <t10)
BRI IBME € Zaw =[(orst1) 520y (s tw) Js € Zay ()7
€0 Zawr (i) LR B RIEERT F X R ti<altr,j RN 1 Bt 2 i
SLARB Y arer BB L 2. B ZUBMEET

EX 7R BHEERSARD AR R G R ]
5 b B0 BB B AR AR AF 5 iEAE CC(ater) satisty
if 2,<z; , then(e. aztr),, . value<(e. attr),j . value,

B, FA AR BE state B R EN TARRAS B
BARE MR RR BB ABFE RS BEABMIETRE
B TERESHZRRRE.

4.2 BERMES5 RN

1E TQ-ER AR5 6 (8] FF 31 . B 350 24 RS SB[ B S i)
BiRmE  REFANINT .

Rule 1 BF#54 3 (Temporal Merge) #L1, BJ %} TS24k
BRI~ B(R] B 25 F0 2s; . I SRAFTE (e attr) s, value= e, at-
tr)tsj .value,3F B e, ts; De. ts5; R4 €. ts=e. t5;. TR e. 1.
e. 15, 70 A4 €. t5=tspegin + t54a |« FTTBADBHEI A 2 25
WRTELE (el. attr),, . value= (e2. attr)t]. . value, 3£ H 1, Mt
TERHE] B H _E AR, BB A Ce. aztr). ts=[t: 52 ],

Rule 2 XFF/BHEMEA N2 KR M, 2518 M EL T 17 £
i Crecency) HL WU, BD Ce. attr) aen:. vaule = Ce. attr) o -
vaule,

Rule 3 X FBHEEANZWHREE, METHEEREN, Bl 40
e attr),. vaule=null, t; <t<t, , 3 H (e. attr) Gyt » Vattle=

null, AR 4 (e. ater),. vaule= (e. attr),, . vaule,
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Rule 4 BB AN, BIUIR o <t . B4 (e attr),, .
value < (e. attr),, . value,

Rule 5 B fR<F w28 T M8 I, A0 2R 250egin < L5pegin » 251 )
ts; 7O 3 H (e. attr)s, . vaule7 (e attr)nj . vaule, BB 4 (e. at-
tr)[,s,m,'l 5 pegin 1* vaule= (e, attr)s,. vaule, (e attr)[sw,,,jmi].
vaule=e. attr),sj . vaule,

5 SKEFM

e AR SCHRST B A T~ BB 4 DBLP #1 Cora® , I X
E#GTEIYV RO RT — ke B RHE
1#) , AEIEE SNk, ERAEEE LR
HERTH 3 FARBENLE. ALFBE LT XHEAQ,
BIAEE Q. S0 EN; A B A L FXMWEN Q;
BAEBRAE T XHER Q. SRFAFANISEER:
3. 5GHz % /RESA i3 Ab#EE% 4GB ¥ 500GB B .

(DA B RE AR

SRR I 0 PR A o B MERR 2K B B 3R F {EBE
ARSI . ZEPIANEIREE L A TAT SCA IR B L
BEE RN 3.8 4 B, A 3 FIE 4 AT LIEH, EF
BiEE M TFARREA L REZE AR ERNBR(Q -
Q) F{E&R#E 0.95 A E,

8@, e, 4Q;

8@, fie, 0@, 8¢, @Q: RQ;
1

095

(D% DBX
B3 RIS ARAIN LR (DBLP)

(4

89, Mo, 0Q Bo, BQ: RQ;
1.

(e OYSd (OF3]
B4 R SAEEIEARHLER (Cora)
(D AR S AR A R DT 5 1 LU

HEASFE RT3 Rk SE AR BF B 5L T LRSI
WP, ERANE 5 TR, IWE 5 SRR LUE &, W MRS
+, TIQE B#EEE#T B B 47 F ¥ # Baseline 5¥:.

* Baselinel : RIATRIEY R

* Baseline2: T BIEY BRAXRY B,

+ TIQE: TQ-ER SR/ Y it ] /R 4 1 s AQ SR A 6 S 4
BRI .

O Baselinel M@ Baseline2 @ TIQR

ine2 BTIQE

AT

o
e

(a)DBLP (b)Cora

B5 REgEEERERTEN LS

(3) TQ-ER WA 451

7£ DBLP ¥3E 48 | 3 TQER ZEARFBERIFL T /Y
PATET ], SRR RN 6 FiR. B 6 LU, BEER
LRI, BUTEHE 2 sub-liner B4, 3 TQER BA

BT Rt .

00
_4__?*

T T T T —
0 2 I 40 50 € 70
#references/in thousands

time/s
- 8B 5 8 8

B 6 RERREEBTHHIATHE

SRE ASCRE T -FRAERE R ERANE
N EARH SRR A %, KRR ER A FERER
FRHEERE S T RIESEE R & . E6E RIEIEg &
W R E R SRR E L, A A A (E] T SRS et
B B, 32 th B ) B A R SRR B R R
R, KBEREREN TATRTENFRENIE
Bk, HARCLIRE T 55 B a h AR IR,
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