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Time-aware Entity Integration Framework in Heterogeneous Information Spaces
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Abstract In heterogeneous information spaces, entities and associations generally have time information, entities of
multiple time versions coexist, While traditional entity integration (EI) ignores time information, does not support the
integration on the time dimension. In this paper,a time-aware EI framework in heterogeneous information spaces T-EI
was proposed, which can aggregate large collections of heterogeneous entities into a set of clean and complete entity pro-
files with time information to support time-aware entity search. T-EI adopts time-aware entity resolution algorithm le-

veraging time information of entities and associations,and adopts time-aware data fusion algorithm considering data cur-

rency. Experimental results on the real data sets demonstrate the feasibility and effectiveness of T-EL

Keywords Heterogeneous information spaces, Time-aware, Entity integration, Entity profile

1 5]

EFMERE AN b, AP RREEREFBIGERE
ST RAREE ML ERFER. fll, ERTRFESR,
BE N TR, RE T HEERNERSER . EHK
K AEGFE . BRAEER . AR T X LG58
EZ A FERBEES R B B BEER LR BEEBE
HEAREE, E M BERZERFE— LR ERANEERN,
BNk B TR — BB IR P, BUSE HE SR 69 IR — A SR AR e Bt A0
fa B EH AT XA HTML [ 3T, XML K= g 230
FHHBAT A R RBSEAYE B8 TREE . ARG
BT RSB SUR A SR B AR, BERR D SRR .

FHEEERFPHEERREXRAEERANRGER
B AL, — A SRR TR AR — P B E AN A R B K,
A, ZE SR B2 E R B — B MR R R — LA
B9 2 7] e 1 A A By 3R R AR S A7 AR R 1 O, A7)

[

)R HH5:2016-08-29 & H #5:2016-11-20
(N141604001) , {T 4 H SRBI22 R 4 (2015020018 ¥E Bl .

A BB E] 4 ELSKE, B 2 R IEAR Y . R, TR B [H]
SR LR R

E “3? DBLP Search for Map
£ Corresponding
LM—a;T> for VLDB 2015 - Publications Person 1
uthor

Publication

\ / Scholar
Temporal Entity Resolution

Determine Matches

\ Publication Link

Aggregate Scholar
Citations Temporal data fusion

\1/ Publication ]

Retum top-5
Publications

1 e R SRR S KRBT

B 148 T — 5 B2 R R B SRR RS
THRERIOBIT . NS EIERL DBLP, Google Scholar #

AXZTERERBZESTE (61402213, 61402093), B BF R P R B R ELR B H %

# BQ978—), %, 8-t BI%EE, OCF &/, TEM I i M8 5. L4 B R, Email: asyangdan@163. com; B BR(1983—), &, 1+,
YHI,CCF & 5 , FEB5E Rz EEAE L3 ; i (1964—), %, 1+, M+ 4 B, CCF R & R, FEHF5E I w1 B S 5L Web ¥

HHE,



mem

W FF 5% SR RS 1E i (] Y SR AR BAE SR 113

i} I BN By S AR R : “VLDB2015 &G P H5 | B &
#1 TOPS 23",

Ze 3R H B IR R AT SEAR B2 IRAE SR T-EL HESR S50
R SRR AMEERE . 23 TEIRAEREERX
Rt ERA AL A R, AFRARE LT X E, B,
BA A B R SCHYZE#{ Xin luna Dong, Paper} @2015,

2 XTI

TRERFEY G B RR AR, SRR SR
Bi&SHAR, SR IHRAE, TERENE 3 FEBAHX
TAE: D IR 2) TR D BIEMA
2.1 REER

mashupst B— RTINS MR EE R Web BB
BF . SCRO3IRA— N2 B A MHBRIT AT onthefly
BHRER . EERTENERMER, CR41RE T —1
BT HENBIBERRL ., TREROHEXTHEPRET
— R ARIR B A L ARE R AES HIL, REEgARR
A FIR B EHE B B R R AR A
2.2 XIRE

FIRA SRR T X EERE R P =L NERE T FH#
TR B S, AR R PR IR 38 R B IR 2 1 W B
A—BtE. 7ent)iC R b, SCERC6 4 Bt Ia A AR
AR AT A SRR B EE R A L R/ER, B TR ED
SRVIRBIE R . SCRRL 716X 3R, R T — R R B BEAY
WAEHE Y SFDS R ICECHH A 5%, 1 T XERL6 14 Ry Bk
SR, T8 A mALEETREH T —4Em
TR R TR AL B B AL, TR SR B AL s
B SCERCOIE 5% A SRR 18 B 2% a9 BE B (8] 4k g e 4k
B PEME R4 , JPTE B 8] 10 R B2 e =% R M0 U Y A B T
BHBERBAMG LG,

2.3 WERE

SLEIRGIR A TR AR, MEERATY A TH
BB, BB AN N RBRT B KBS B
B:DETFRREVENNE  BIYV BARBRERESEE
D NEA AP EFRRERN L. R BEENE
BE DR S BER S HES . SCRO1280 3 K5
BN R, REEKBERS. BOBBE" iR sIEEE
PR SR B R, 8 X A E (BT D R E S &, R EW
BEREBNBEEREZ —. XR(4]1EFAHE —-BEMEEE
BB, R R BB R R R WER T B — R TH
BB R EE AR —BUE R P RIS, BLA BB R
BB REENY R REEIE R RE R, SR & E
BARBRIESEE — B, BRI TR R, TRA %R E0E
iB]inp: SR

FEB ARSI TH , SCER [ 15 48 Hy o SR BE oh i SE 1A A
AN AR AE A RO B s SORRL16 1R R S BRI B, 12
MR A IEHAF PRAWN k. REBSTRER,
AR, EARRS] BaRR & S HE 2BUS TFZHR
BUR BR T R AE 8 2 H P r So ik B4 iHElE B ks
BBER AL BR R AR AR B AR S, DA SR E BR
BRI D6 T B e e SR 2 T 2 B T JRR S O T A9 )

3 mEBAKEARMER

EHH M AKX E B ARMEEE X, BE 4
Il AR By SEA AR AR SR T-EL
3.1 HBRAMRERAEEX

EX 1(Bf 54k, Temporal Entity) FH#{5 8= EH
LA Bl B R SL Ak, m b S R (D Kt R B &2
A B0 e={(attry sv1511) so0r s (atrn s Tn 520D ) » BN SEAR T B —
HEYE artrs —attr, A RX BB EE 0 — 1. BB EE
v1— v, , EEPETEER 1 — 2 ATRAMIFER AT IR, £k e £
Bt %) 2 (BB 11 1R1FR ) B9 IR arer I RIR K (e, attr)s. va-
lued (e. attr) . value,

BN 2(AFA LR LB R, Temporal Entity Associa-
tion) R HVHICH ass= (Rupe » Sowee » Turgee » Label) , F
Rup BAREKBEXRTBH X RLEL; Soure s Torge S AR
BRTORBEE BRIP4 s Label BARRBEXRIRE, X
B X R 4% assName FIEE{E B @T HAE, B Label . =ass-
Name@ T; M58 T W LLR— 83 ) 5% £, WAl DL —Aag
] ls:[tsbgin 2850 ) BN TE {2,125} .

EN I(BAEBEERBSLAEEELE, Entity Profile with
Temporal Information) & 3f SRR BB B & /5 B9 IE T
Y. SERERY LA B EME B A SCiRHR . Soik o MYSRHAREAR T
E 5 5 LARMEAR  HISCEE BB 5 BT Ee. t Fe. 15,

BN 4 (B a] RN 5 S 4k 42 i), Time-aware Entity Inte-
gration) BRI BHBARH R —F LR o BFIRLE
PR EE R T, 28 SARME SRR, B 5 E @,
B EEN . BEN . BEANREE SRS « maE, 83
BUSE o R — N SR B B TR R A AR

TE N 5(BFE] B B sL ik &, Time-aware Entity Search)
XFEARE LT XHARFERNQHTHALAER, K
ﬁﬁ Q={ky1 ks, k) @ {2, ts} HﬁWJ‘ﬁBﬁ'ﬁﬁﬁk‘, {kyskysoeey
b YERAY R BT GEAE Qtext) , @ {2, 15} AT R AT L, Bom
I Q KBTE £ T SCGEE Qrime) s ¢ T F A~ (A B [H]
Fots BT ERNBT NG 15=25mgin » 502 1. PIERSTHIF
REEEB R , A AR TR E P HEE MR,

Ban {3 FA B i e 1 T 3C B9 2 i) {Xin Luna Dong, pa-
per} @2015; { coauthor, Halevy } @[ 2007, 2009 ] 3 7 B &) J&%
AP LEER,

3.2 T-El{ERHN

SR B R M 1 8. 25 [ o o (e SR 1 S Ak B A HE 4R

T-ELI0H 2 Fis .

Mctadats Management || |geposi
£y Data Quality
Management

+ Rule Cotfector i Cleaning Alyorithms

3 1 i ;
} [CFDs, MDs, || [l === Dot Repairt C:& a
! 3 3 paiving
i e

4 ' 1

""""""" = Entity
profiles

B2 oI e SR BUAE SR T-ET

Domain Experts




114 it & PR %

2017 4f

T-EL ) BAR 2R — 5445 5 25 18]+ i [8] J3% 0 B0 5K
HEBESR, RFHA PR T RMBEREEER K. B4
Y IE T BE IR, AT I R A SR R, BB A e
. BA RHEE B SRR AR .

T-E1 Kyt R B EBATAE AT J7 | « DAy 1) B
BYSEARYU s 2) 2T Hci i B0k A B TR R ) SR R 5 3D 3¢
Frit BB LA R .

BT RIEATIR, A SCHE AN T-ELESR S IR A et
TET} BRSBTS R M TR R A Bk

4 BB B B SEER S

T-EI R F At RPNy LR B B, F) B S ik i B 1) 45
BHEATEY R B0 ) Blocking; 2 f5 ZEXT &4~ Block 7 i 38 {4
RRIAT R ML B A B SRR RS 8, SR A a] 2%
AR ER 5,

4.1 BiE BE 4N &Y Blocking ik

FI BT A L B B RS B, B0 5 HA R #4149 Blocking
A5, I BRI A LR Bt 5 B 38 K9 Block, ¥ A5 iR 5
11 LA R g 22N TR R block, JTAE t-block, A TE]ERATHY
Blocking ¥ Bk 1 B, BHAERAEER Blocking HiAR
H LR R R R LA blocks; 2 7E A+ 18] 4k (e i8] 48 ) |
X block F #4744 AIRL HE78 B t-block, B block R R
BoK-5 B/l e ] R Ar=MAX(r,) —MIN(-) KT 5
ABE &, BRI B B EA t-blocks.

% 1 Time-aware Blocking Algorithm
Input: #RHEG R={r1,12+""+1n}

Qutput: t-blocks

1. select Blocking key;

2. blocking R according to blocking key B={b; ,by,-=*s by };
3. for each block bi do

4, sorting bi according to time info ri. t;

5. if At=Max(x;, t) —Min(r;, t) >k then

6. splitting bi according to time span;

7 if |b;|>>size then

8 select filtering viable;

9 filtering b; according to length filtering or count filtering;
10,  end if

11. end for

12.  return all t-blocks.
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8% 2 Timeaware Clustering Algorithm TC
Input:W—~ t-block H1{HF&S R={r;+12,**»1g} sorted in increa-
sing temporal order
threshold of SIM: t
Output:a set of clusters C={C;,Cy,*,Ci; }
//initialization;
1.Co={C1»Cyy++*sCiry}
2.L=0;//L is the iterative step number
//Tterative,
3. L<L+1
4. for all two clusters GECL—1,GEC, -, do
5. compute SIM(C;,C))

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

7 new cluster Cy<Merge (C;,C)
8. Update cluster’s time labels
9 Cr<C11—{C,GIU{C}
10. else SIM(C;, D=0

11. end if

12. end if

13.  end for

14. return C
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#% 3 Timeaware Data Fusion Algorithm TDF
Input: References of a entity #={r,,ry,***,1,} sorted in increasing

temporal order

Output:entity profile €

1. For each €&, ; €A j=i+1 do

2, caser, ts=2r. ts
if (r;. attr), value={(r;., attr). value then
ry<-merge I, Ij;

update 1. ts<r;. ts;

else update Ij. tSpegin=Ti. tSend }
return 1, Ij;

3
4
5
6. return ry;
7
8
9

case ;. ts(\z;. ts#QD

10. if (. attr). value=(x;. attr), value then

11. rj+—merge Ij, Ij;

12. update T;. ts<=[r;. tSpegin s Tj. Sena 13
13. return ry;

14, else if satisfy TCe,y, then

15. return r;, 1y

‘16, else update r;. tSend<Tj. tSphegins
17. return r;, 1;3

18. case,, . s ts=0

19. if satisfy TSe,,, then

20, return 1y 1
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