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Consistent Web Table Augmentation Based on Column Overlapping

QI Fei WANG Ning ZHANG Li-fang SUN Wei-juan
(School of Computer and Information Technology . Beijing Jiaotong University, Beijing 100044, China)

Abstract Web table augmentation refers to extend table content based on main column or other known information,
which helps people 1o obtain information they are interested in. Current research focuses on entity-attribute binary table
made of main column and extended column, where the primary column is the only basis, When it is applied to a table
with multiple columns to be extended, the result table consolidated by binary tables will suffer from entity inconsistency
problem, We proposed consistency support degree based on relationships between columns as well as between tuples in
the table,and implemented the CCA system for table consistency augmentation based on column overlapping. Qur method
keeps the high matching score of candidate values using as few source tables as possible to avoid entity inconsistency.

Experimental results show that the proposed CCA system has higher accuracy, coverage, consistency and lower query

time cost compared with existing methods.

Keywords Web table augmentation, Qverlapping degree of columns, Column mapping, Consistent support degree

1 35l

B KBRS B B3, 4% oh R R i 2 M AL B 2 i
SIEANTE K E, B A6 2008 4£, Google B 5¢ By WEBT-
ABLES T H3U) FIREOFA SR MY L KB WL
R IR E MBAZIT T B T 141 23K HTML %
WA R AR T KA 1L 54 LR aEEHELR
R R 45 F6AB 120 . [ Y — o 3 tho Xof 9 45 04 (0 8 (o1 £
RV KREHVEM T IE SO, YA R R
TR AR BUR MBI (5 BN, — S R IR S5 Se 8 7 ik A P R 3t
— R F AR/ NRIEE AR S, RE—E A
LR kB R S5 1) R A SC R 1Y, M R 3R b SR B
Bl EARY BR—KEEEE BB ORKIE A H
7L BT R R A D B BN T,

i

s E#1.2016-08-11 R HH.2016-12-28

HRT, E7E— 2o Byl 9 245 38 R 51 %, )40 Google Ta-
blest™ ™ AR5 B A B0 26 i o R[] — 4 AR 1 A 36 i HE 37 B e AR
S 2, PRI RER R PRARGEE. B —rs
ST RAGHIY R AL, 50 Rakesh Pimplikar %5 A &4
T A RS R S B L R N R SR
Y2RS5 . INFOGATHER £ %5 fE R4 18 M8 fn 32 51
THHIT TR R RMBIEY R, INFOGATHERA & 45 1)
FEERTHREBMN R RSy R, EES A
HEHEFI R BB/ N Oliver Lehmberg 2 AU T
Search Join 5|48, SCBL T RA& SR MO I R GE BN AR, H P
AR EY BAL Wl LESIY BFAH 5 EF LR,
Julian Eberius % AU FI 5 4 7 o BAR MR T RIS B 045
AT SRR, B A )5 R 1B Top-k M4E REBES LI
AP ®iE . Google 22 R BIFSE T £ 4F 1 WEBTABLES i H

A SCFEFE BB TH L5 8 (61370060) ¥ 8.

FOX(1990—), 4, WAL CCF & 5y, ZBEHIFE M 0 Web BAREMR HIRIZI: T Q967 & 4, B, FZEHFH 1 Web $UiiE
KBRS 5 4y 57 BUE S 38 . E-mail: nwang@bjtu. edu. en GEEVE#H ) A7 (1991 —), &, Bl A, FEBFFT 70 2y Web B35 5 A

AMEIB1993—) %, A, FEBF 10 K Web KR BARIZ R



9

FOCH ETIESENMSERE RS R 209

REFAF LR, LT ML A FIRL& R TER B R,

HAETHIBFSE TR 7775 — 22 /R &8, INFOGATHER 1
Search Join ZE#EIT RIS BT RRT 20 T & B8] Kot 48
B RBR R, R R YLl % 18 5] 5P RIIM _TE R,
Y RENRIESIRBAS M ATER B0 E, S5
SERMMET R, 4 PR E L.

BN, % 1 WA L5 R “Brand”, 1 BB B FI %
“S-size”F1“0S”, £ 2 MK 3 2 H RN F-HUR B B A 5%
2, X HEBUE R LTE ARG, S5 BEY BE—
SRS IRBR A R EFEMILE, 2 EHE G,
Xt T RF“S-size”, £ 3 MM XS HE TE 2, B®E13.
3in”FI“14. 0in"BIH A B HIF M X BAT ; 6t T B H|“0S”, %
2 MR BB T3 3, B3 “10S” #“ Android 5. 173 HA
HEHERN“OS"F, BAMGERRNE 4 75, HB T L&ER
— B RIRE , A 7 1% 2 v 0 Ut A AR MBI T FHLE B
£,

#1 #Hifik
Brand Price  Memory  S-size oS
Apple 7288 2G
Lenovo 3029 3G
£2 BREER-FI
Brand Price  Memory Screen Size 0s
SAMSUNG 2399 4G 5. Oin Android 6. 0
Lenovo 3029 3G 6. 5in Android 5. 1
Apple 7288 2G 5. 5in i0S
3 EEER-BWE
Brand Price  Memory  S-size 0s
SAMSUNG 5699 8G 15. 6in Windowsl10
Apple 10788 8G 13, 3in MAC OS X
Lenovo 6999 8G 14, Oin Windows10
4 HRE
Brand Price Memory  S-size 0s
Apple 7288 2G 13. 3in i0S
Lenovo 3029 3G 14.0in  Android 5. 1

B % SE B AT S, 25 T R AR 0L BE AL e BB 95 [F] A B R
“Price” fl“Memory” B4~ E 131, M VL AL 5 R A 2 BA AR,
BESETR T Mo S — B A, B, AU R RS E A
WsE RARAA RN R B IR R B I BB K R U REEIRE
AT EEPE I ED 2 R — B SRR L TR MY R, T ARAIE
HERERNOEH—B, EERMEFELT 3 K

(DERFE—FHFERE . SEFRIE X R
AL RFATRIGY R » T ARIE S B — B 5

(DT X EMRAATILE, FLE AR, HTHR
TEZ SRR

OB HFELA T EFIIESERNRE BT R,
e — B SR B T HEE R RIEFE RS E 7 R B R
BT . HEREERD.

AICH 2 A AR YRR A I B SRR R AR
B S WHERETIESENRE BT REE B4 7
Xt LB RAT AT BB B L.

2 RE—HMTROEEER

2.1 MESBEMBEXEN
AT E I E RS BRAE—BUEY B R A E X R R
GERA, U T RS REER (LK 5),

£5 o
i figed
T={1ystyst3,°+} BEREEL €T HREHEE
TC() R PHBRBESEEE0=0,1,2,~)
- EHEQRRUFFEAQ FFANELEL O
= aAK-ra
key EHEQWEFNF
KC EHRQFREIFI NI A LI ENES
EC EREQWAT RFASHES
Q=(w0ow1 qwzv"') E# % QEFIMINE
JaccardFuzzy(C; ,C;) 5 G 5 Cj ¥ JaccardFuzzy A1
oi ARE B, i=1,2,,7
GHREE oTEBERRE u TEEFE A AR
kkS(usv) [P
S, BFE o f WS F PR
! By E 2 %, i€ KC
rowS(u,v) BARE vITHERRE u FHOHUEL K

TR BEY R AT H B R AR, A
S i EditDistance 2 B 18 5 4 55 8] 9 A LB, 13+ T
NumericSim BB HERMBEEWHELUE. BT MERRE
R RE(E AT BB A A — D B 4R, A L B
VTR,

EXTFNEEGE) BEC MC; 25hFEEL e P
WEE—F.C MG, ERFIBHENES, ZHZMKNFIE
B SCHARYE Jaccard AHUE BA B ITHY JaccardFuzzy B
I ER R HESHBE.ICH ccSim(i,j).

JaccardFuzzy BB A N . RS SN ESHEZ
L (HFERR B 4 & 30 4R A SR P (W AR DU B 0 S M FE (0L BE , B
FESLT —AEH 01 =0. 85, M HHMUE R TEET 0. 85 Bk
S ZFHM,

TREBAR, 3 1“Brand”51 5 5% 2“Brand” 51| I AHLUEETTE R
{“Apple” ,“Lenowo”} N {“SAMSUNG”, “ Lenow” , “Apple”} =
2,{“Apple” ,“ Lenow”} U {“SAMSUNG”, “ Lenow” , “Ap-
ple”y =3,ccSim(0,0)==0. 667, [7) ¥ F A8 R A “ Price” 51| f
“Memory”F AR K53 B ccSim(1, D=0, 667,ccSim(2, 2)~=
0. 667, HABFIE A UE R 0. 3 2 B9 “Price”s] 52 3 1Y
“Price” 1| § 48 fol B 3+ 8 . (“23997, “3029”, “7288”} N
{“5699”,“10788”,“6999”} =1, {“2399”,“3029”, “7288”} U
{“5699”,“10788”,“6999”) =5, M FRABEMAHUEITE,
“7288"F1“6999” A AR FE 2 BUE R M UE H L1 HIB 0. 96>
or 6 RRASN R AEL, A 9 —E AL, 8 ecSim(1,1) =1/5=0. 2,
[I3E , A 1 A L A AR AR R 2 ccSim (0,0 = 3/3=1,
ccSim(2,2)=1/3=0. 33,ccSim(3,3)=1/5=0. 2,

EX 2385 BHBEANFRE L Mz, C MC; 535K
FHE 0 o FRERFLBEFNRBEMNINESEHE
BUXS R K F A TN X R MBI ESHRA BN REZ
BIFIBLT R R 0K map(n o). HEAKXWT .



2017 &£

210 N
map(ty st2) =
{(Guid | VIiETC(H), ;€ TC) },  if g=1 D
(G i€ TC() 1 j=—1}, if $=0

%73{4: ¢:[€§( )HCI~C]I|(1)<1716 TC(M)'??EX]? %‘%i‘
J ln

WM X NERBER 1L, RZH 0;CG~C Rm C MC; #
Fiw RS E & B R A R B GEIL 3. 1 R
DB R R G, ) H . 2 = — LB U & AR BT IS
o HEYEE  BUERE W G Ly — DB TR B R A K
FiBest, DRS¢ LT BB BGT HE—P .

RTINS R BE X 1L, A RIEZ S EEE Y
ERE AT

stim(t) »12) =avg
iy Emapley oty

RAESE A E B E S B X R MBIEFLEER 2 M
%3 ZAIEFILET L 2 R (€0,0),¢1,15,42,2),(3,3), {4,
=D} Epd, - D AR, R\ TR, ZF K
IS EEHME R sim(FE 2, 3)=0. 346,

EX I BINLHE) BHEHE o AEEE: M7
BT R T H map (q,0) B ¢ 5 g XPRIY" R HHIA 505 B 5 4L
Bl q B BIIE QAR L ER Rk 2 ¢ MY RS
B HEmRA

)ccSim(i,j) (2)

a3 147 Emaplq,t) i EEC, j5£—1} |

exrCS(H) =
|EC|

(3)

BN, 2= 1 FIR 2 WP E R H{<0,00,¢1,1),(2,2),
(3,304, ), R 1L HBATRY], % 23T RIIHA L
st ¥ H o 2, Bt ,exCS(FE 2)=2/2=1,

EX AGTHATERFE) BEMmiTRERNE g Fn 709
Bk 1,0 5q ILEMITHE S m B HER IERSR 5T
AT, ZR N rowNS(H , HEARIT.

rowNS(t) =

H)’O’UJS(%9'U)>GZ | Yuc {O""9m} » JvE {07""71}}'
m

(€D)
B, rowS (u, v) = kS (s ) * ey Jrl_ez,;(‘ccS(u, V)i * wis Y
rowSu,v) Zo, B WA KZAT HAR AT, Fln,. 3% 2 831t
HAH rowS(0,2) =rowS(1, 1) =1. 0, 5 2 WE®RITH A
K 2,r0owNS(FE 2)=2/2=1,

X S(—FHIRE) CHERE o Bk FsEE
RIERES A MFER ( 10— B LIHE canTS(O H ¢ ¥
BRI THITZ/RE 5 A MALUE 3 BAHEM,
AT .

canTS(8) =exCS(2) * rowNS(t) * Sim(t,A) (5)
Her, Sim(t,A)=avg Lsim (1) Jy 1 5 A & A S v
RZEINESEHEGTFHEE5 AR AEE,IFEL
Sim(t, D) =1, FYIERE — 8 R ERIITEES B Hm
ARG A, — B SR P o flr B A 1 2 T 4R (4 A0 i ik
IHERETTER R FIRIES R RO h—B.

2.2 EFNBAENRE—BEY BESL

ETHNEEERHRE —BEY B’ &4 (Column-Overlap

Consistency Augmentation System, CCA) Fi%|H & F i 173%
WA A A A B B R B T
PG e . ELT AL FE B B (4 o) REAL AL o] UL .

aug T, = {Runrs (Cagsima.nr (S {Tmpc, ) I} Seter (6)
FA s Topy o HTUCISG HBARIRRE A, S HERF TR
R, C e Bk AR e, R W Bl RT3k, B (E
WY RFE augT,. B 12RH CCANARGRME, RENE
$Hor R 5 AR

¥ 14 HUCH, AREE AR TAEMERR R A,
PR R B —, WS TR BET 2 e S
FIAEE ., B IR R FAL B 2 1T 5 PO P AR ] 9 51 B 6 O
SEFIBRET K FR L ARIESIE & Y EMERBAINE R,

B2 HRMTFE, RIEAEREEOERSEMEH
Tk TR B RS E A B TR A R 5 A R I UL RS 22 BOoR 51)
P35S

H34 WEMER. RIBETLIE R HRERGXR
B EITE SRR B iR 5 IRER R
WIB B SHE , HFEF TR RS RIEROE W E S

B4 BUEMRET. ARRERTPETESSENR
BATVCHL, E AR DL ECAT, M THA R R 0 — Bt S R L 15
FRIRITRES .

W58 WERZE ET-BMENITEER.
ARG AT 2R — B S FF I B IR BE AT HE R A BRI IR
WETRHTHIL A EREZWE R ENE S RBME
thCov, M TFEUIAFER BB MERT R P MELIBEA
ZRE RN REPLIRIBESZ R coverage=thCov,

[ HEEm | [(EaE | )
[(FEERl J——(EED

L
ET-RELRE
17 R

Bl 1 CCA RGHMA

3 ETIHEAENRE BN R

3.1 BiRBIABETIREG

B FRATHE SR T P M4 LA S5 IL R 4%, 8 it
7 7 GEBT F B BRI S R4 R, B IR B P A R 2
WRATRE LA T BHEL Ra TR M4 A i T8
— O T (AR AT A R AN AT, XA R SE MR S B

Df#if. RIEH PR AR RKE R L AT RKK
ol A H R B BEAT AU B R B IR A (A A o
W — N BEAEZEMI 5 BRI EEMEE N/ R, H
3 — e JR PR 1 Todk A st B e vh 3R B, S i A I 4 %
W E AT AWAY R

DB 5. HH BRI/ NRAR S5 B B KA
ALLE S Rl , AR 455 57) B9 AR LU DX ] %o 481~ 2 VB ST 430 iR



oM

BROUBBAZNCHBEETNEE TR DI EWE
w B ERES Q.

€, if i=key
av; S,' e -
o= (1_5)%' if i€KC N
jEKC
0, otherwise

Hrp,e€ (0.5, 1JRREFT S HRNEMBAS/NTF 0.5, 8514
BWE 2w =15avgS R C; 35 & & 1418 18] £ S 9 48 {0l
H,HHEARIT .

2 ED(v,w)

EAa IC: v if G FIRFRHRME

2 NSy ,u)
ec

vy €6

IG

avg$S, =
s if G FEBUERIBE

€))

He,ED #INS 5 FHBMBEREUEER. 5N
FRMLBETHE 7 ¥k 5 50 IR AR ] » ) oA A ) 88 34 B8 £ 2 i B (LR
3k B I8 —48, F1 (B 18] 8 A ADUBE s - 3R 1 TR — I3 T
PEBLBE A, X FE B R 75 AT BESE /)N, T 4R BE L AR X R, 0K B
EEATRGHNELNZES, FXETEREESEN
FREBARARLUEE RS, SR AL 8 75 ik GE R (13)) , &£ 51
ERRTHERRER TG, 23 0BG, ERRNE
BEHFEE.

THEHMABERROBTLE, B REPEHD T
EXEE, - EREHERPAREE NI ESEHHET
MAXRGEX1MEL 2), A THREREFNESEY
EHEBERREANRR, WEEERMN TRMELR . BiE
1R 5 TS .

BTN X R B BRI B RS RS E
MBI B A B, AR E B ICAC R B RS R R , KSR
— XIS EAARWT -

getMap (a1 1) =Loc( ccSim(xy >3 ))

max
1 ETCU)) vy €TC2y)
: )]
getMap'™ (x,»3.)=Loc(  max ccSim(xnyy.))

27T In TS
1<Cesin—1

HP,Loc(®) BB RFKR o IERHANTIMLESZ

(2,30, BHRA(D B L EZHMBE 1B,
BiE BESIBUTICR

ﬁﬁ/\ﬁ%lﬁ% 1y ty

Bt PIBUN R RE R map(ty»tp)

1. FUNCTION getPairColumnOverlap(t; , ;)

2.FOR ¢ €t; DO

3. map(t, ,t, )<<, — 1)/ /#ithfk

4 FORcEt, DO

5. simMatrix[ ][ ] < ccSim(i,j)

6. num=0,numl=—1

7. While(num !=numl) DO

8. numl=num

9. FOR ccSim(i,j) € simMatrix[ ][] DO

10. max(x,y)=ccSim(i,j)

11. IF max>>¢; THEN

7 OKHFEETIESENMNERE BT R 211
12. map(ty » t;)<{x,y)// LT H F
13. simMatrix[ x ][ ], simMatrix[ ][ y]<-0
14. num-++

15. RETURN map(t; ,t;)

HR 1 ERRGRE 0 M WAL BRIEEX 1HHE
BAFINMZAMFIE SR BT A simMatriz[ ][]
58 2517, R FI R AL S BB Ry (4, — 1D (B8 3 1)

BRI EES X BRHFIR TR R B eHERAH MR
KIVEEE max(5 9—10 17) ;75 max>os , W B E 3 BT %
B R RE ATEH FIB 0 11—14 478
N ZHRBAHMES R 0 BERK L, BT TR BB X R
EEE,

3.2 ERMFRMEER

ERMTROWENERD SERNREEMRARSE, &
HREBENERFGAEEY . CRBEIMEL, BRIER
KICEL 5 ERAB R B EMFR, BHCRNESER
EFMTFRSEMRNFIBERRITBITH 45

avgSim(q,s);=

2 ccSim(i,j) *wi, ifq H=s. H
Jracm o
0, otherwise
Hi,q wERR,s A TR, H AKLES, g H=s. HE
Ag s MERLER, M- ERLWHUERT 0. BEH
ERFFRINESRRN:

S(@)={s|s€ T,avgSim(q,s),=0s } an
FAFIEGEABERYEHHE AT
X ceSim(G k)
avgSim(s: O = TG 55 o) EmapCored B2 1]
(12)

ERARE RN, B BRI sim(s,0) =0 WEHA ST
BRI, W E S ERREEFEXRNRME, o
HINEEEEARAWENRE. KK, REEIR-HTFER
ER ZEZEMFIBH X R, BRE AR SRERZEE
BREHE, FRERODEFHEEARSRERIIEGEHN
WECFH1E.

avgSim(g,c). = >
(s Y Emap(ges)sj7=—1
GrRYEMmap(s,c) vk#%E—1

Hep g,k —1 YA D FIG D B BIIBRS R AR 2
G SRR TS (kY BUS B RE B R E R AR
A

ccSim (i k) * wi 13

C(@={c|c€ T,avgSim(q,c). =05} (14)
Hi,o HEHESH TR . EARSREEZNIESTE
HALH{E B % T R A .

3.3 $iERIELT

BEEFEHRE WA EEMEERT SERNRET
FRCARETTAST, R R R EEN T/E. B EANYT RS
HIFIBE X R, &N RIS, MRE S ERRPE MRS
FIE UL AL 5 BB E AT, RERBR (G (A=D)itHE
FMERITRN B RRE, HERRETRES.

R ={¢"|c€C,canTS(c)>a; ,c'=cpwq} (15



212 i & A #

2017 4

HefcNg={rI¥r€c, In€qr=n Yor Ml A EIRRAR
R c MAWR g PRITTHTT.
k2 BUERES
A BEWE q FHER Cl@
B BETEES R
1. Function getCandidateRow(q,C(q))
2. Row=null; RowT=null
3. FOR c€C(q) DO
4, Compute exCS(c¢)
5 IF exCS(¢)>0 THEN
6 FOR k€& q. entitys DO
7. canC<—(key,canC)
8 IF canC#—1 THEN
9. Identify (u,v) & Compute rowS(u,v)
10. IF rowS(u,v)>gs THEN

11. Row < ¢, getRow(v)

12. RowT < Row

13. Compute rowNS(t)

14. IF RowT 7 null THEN

15. R(q) < RowT,Compute canTS(t)

16. RETURN R(q)

Bk 2 HATRZEERNAEZY BIVEHE, BIEE L
3 138IY RF I HFE exCS(o),

#H exCSO>0, BEHIRRA T & R RS, Wi i
HRRST, HEIARERSEAREFIYBH X RE ST
TECR 6 =7 17) B, BHIWNZ R E R P H— o4l i7
SiZAWRATICHS, BRI BT R B AT bkS(us 0) =01, H RN
BT ER (w, ) HFHRZT SEMRCHPI B HE L ccS
Cus0) AR AT BT BE 53 8 rowS (ry ) (B 8—9 1), &
rowS(r, $) >0, , W ZATHEABEITE RowT,

BaEARER P RRET ST EI T e X 4
TWHEZREIEAT RETCHTT R rowNS(0) , R IER (5)3t
BB HFE canTS() s BRABFRIRITRERRQ.

3.4 BF—HUXHENTEER

BUE T & MRER S BEEATR  EEE N B, WA
BUHBEHEEASRE DXEBRESEAEAREN
HIREE, B B E R R R B , B B &
KREERNPO TR,

BiE3 ®EITA
BAEAR . BETERES RGQ
B R augQ
1. Function selectValues(q,R(q))

2. flag[ I[]=0,augQ < q, A=0

3. sortR(q)=BubbleSort(R(q)) //f&i%iTEHIFE
4. while(coverage <<thCov)

5. rT=sortR(q). get(0) //H canTS F KM
6 FOR row€ rT DO / /i Fifg i R &AT

7 q. rl< row. getQueryRowlI()

8. {q. Cl,row. CI) < rT. mapCandidateCI()

9 IF flag[ q. rI][q. CIJ=0 THEN

10. q. Row < setR(q. CI, Value(row. CI))
11, augQ < q. Row

12. A. add(rT),sortR(q). remove(rT)

13.  FOR t&€sortR(q) DO

14, Compute canTS(t)

15. sortR(q) = BubbleSort(sortR(q))//HEF
16. RETURN augQ

Bk 3 HRAERRREIGERA flagl L], FIRARIC
BAMFT RAICKZREEWIAMECE 21T, AR HEET X
B AR B SCRE R/ N THEF G 31D

e 22 R FUE thCov, B & coverage™thCov It 1R ¥
LGB 4 47) BB canTS {HE KW E R »T 1B R L HT 8
AR G 5 17) 5 0 A R AT R MR LT X N 2 36
RITS B 6—717)  RABFI WL R E R EAT 5 & AT
X RIB S (58 8 1) s A B AR 4L FIB R BT R A B R
B BUAREE N 0 MR R EEAERTE 91011 . &Ja
WX EERE R SEHEEALERE agQ P & 1117,
B SATRBUER T INAKES A IR AR ETT RE S MER
B 121D, EFIHE & MERIT RO —BUE ST I HE R
(FE13-151D) . EEU EPR.

B TFETE B can TSSO, B S5HA Bk
EERTEACE , FIIE T IEERZ MBI E, #
MARE T B4 5 R R M — Btk

4 LBWHERSHH

4.1 XREE

DS2B SRS . B8 3648 Tntel (R) Core(TM) i5-4590
CPU @ 3. 30GHz 3. 30GHz,4. 00GB PNf,500GB & # ; B4
BEi 2 Windows10 % v it 64 (VB /E RS FE TR A
Eclipse,Java i85 .

2) BB - LI FH A BB 42 /2 Search Join 197 {1 44
i web tables, H.H# ) “ English-Language Relational Web Ta-
bles 2015”1 & KB X R AR, BN json, il 2
B4l excel 4% , 488 pageTitle, url, context, keyColumn-
Indexf5(5 8., WATHEHLIERE 100G Z A7 953, I I B &
BAEBEEL S EEE . F5) A SRR 15 8 B M 5t
MR ATHNE M R ZE B — MO R B 1 R
Xt HLSEH AT T 4 IR RE B2 —— WNY, Patent-US, OBRA
#1 Buffalo,

VL TEFE K5 B B (precision) . 78 3% % (coverage) F—
B P (consistency) » TEH BEELUN T .

_ |walues_truth(\values_found |

coverage— | values_truth | (16)
consistency=
1, if |canRT_selected| =1
{ 1— lcanRT _selected otherwise an
|canRT_found} ’

.. |values_truth() values_found |
precision values_found) (18

BHRAEBERRPOT REDERENHE 5255
RANESER E W E ., — B0 AT A BAR R E R
B/MERR R R HA MU I B BB/ M, 20t 54T
RS »canR T _selected FE B Pt B SR IB A FIREATHR
canRT_found BEER TG XM STMRIEITR. HHERLS
REPOY RETERENEEHSRBCY REBHYILE.

DA R BIRIE . S HEBIARE IR 6 FTFl,




591

¥ CEETIESENNERE BT R 213

6 AIRGIARHE

Features WNY  PatentUS  OBRA  Borough
# Row 5 20 42 26
# Column 5 5 4 7
# exColumn 3 3 2 3

HA, # Row HATHH, # Column AFIE B, # exCo
Lumn N RFIHEH .

SHRE .23 ERIR,F2 V. E3TPERHSENTHE
HEABWEN6.=0. 83,0:=0. 68,0 =0. 34,0, =0. 85,0: =
0.58,0=0.52,0:=0.72,

4,2 KBFHE

3T RGBT RINEA, A AT RNRY BEIINE
BT RGBT R TR, T RET BE T
EER P BHENBTHEELAER., RTENA
mTE,

DCCAEFIESENRE—BHEYT BFE. B—%

WXRENHTRERERF, Fit % EY B L FERNTHAT
XREXHEERENE W, 2T RS FERT R,

DCSA. EGMETHESCENMRBREIY RF
grlonsnl i HRT BREIIDRELT], A BEHE
%ﬁ%vﬁiﬁﬁﬁﬁ“ B R RR UREBESEAR
FIUEMVCEE X S BEFIHTY B

B ERE TRIEY B, LR ARG &
HFERN TR PRI TFRHE S BNREBELRHEE
xR ERBERRFETERY R,

4.3 FEREZRFETHELEILE

RGN BEEREE thCov FIEBARF, 2 S BERE D
EIIRMBESR B RS FE Rk, BREPEXE
AEEENEE, W EE R REMERN 0.0,0.5,0.75 F
Lo, B HEFWEDR. B OFRE SRR 5 mE 2—
5 B,

wCCA = CSA
1 1

08 08

1}

1
!
‘
|-
|
¥ o
& & & ,49

06 06

04 04

&9
&

mCCA = CSA =CCA = CSA

(a)coverage

(b)consistency

B 2 thCou=0. 0 AtFEIR{E

=CCA = CSA

#CCA = CSA «CCA = CSA

& e & R & <& & & & s
Aé%f & & Aéw’" & & & FF S

(a)coverage

(b)consistency

&3 thCouv=0.5 Bt IFEHRE

wCCA = CSA

é‘ 4;56 4§yv &

& & &
ﬁ‘v&& & &

(a)coverage

(b)consistency

B4 thCou=0.75 it e HR1E

(c) precision

wCCA = CSA
1 1
08 08
06
04
02
0
N A T
S f R ¥ 4% Ry e b
@ q'.& [s) Q& SQ@& OQQXV Q& LS éé* Qf &Qy Qa"} L
(a)coverage (b) consistency (c) precision

B 5 thCov=1.0 B HY$5H7E



214 it & Ml OB 2

2017 4¢

PR EES N EEE LB AR NE =R HE, 133
VRERRAFRNE SR —SEMERE., YESRHE
thCouv=0. 0 I, %A HE AT AN E 2 f /R, T8 26 B E 355 50%
EA,—BHERE T 1, 4 thCouv=0.5 i}, [ 3 Bm #IKH
BEESRN SR 2 A RE KRR AL, BB T
HA 7 25 AR, — BT B E L T %K. HhCov=
0. 758, FEAR IR 4 BN, B FIRFHIBE R K, - BHEM
AR, (B FE AT AT R P9 RS B B R B T A8 R 2 th
Cov=1.0 B}, Bl 5 i fEIrfET EARAB R EILTAE
100% , fE 2 — B 3K

WBEFPNEZRBE S MIRER 00,0, 45,0. 55,
0. 65,0.7,0.75,0. 8,0, 85,0. 9,0. 95,1. 0 J§ , CCA FFH:7EfF
A EAEE EHF R AR LI 6 BTR .

1 By

08 —

06

04

02

0
¢ 01 02 03 04 05 06 07 08 09 1

—8- coverage -~ consistency —f— precision

B 6 CCA yighRi9fEAs 1t

Zoit BRI AE, HE 6 Rl A0, ME B RBEE RN
thCova=0. 75 B , 7 35 B8N — B IR B ok 3 b A & 38 WO 18, S
B E AR B R, S ENERIE T &R AN EEM
— BRI,
4.4 BEITHERER

BRGNS ITHT E] F AR RO P BE £ 4% A
WM TR B R R R ARELT EE 4 M5, it I8 FE
AR TAL B 2 TR 4. CSA Fikd, BURIRZ
P BIFIa n ST RIBIRIE SSik-B "R n— 1 A~ 200
L IEHFT A AL IR BT IHATRYIES ) T S WS K
BN, 8 CCA F1 CSA 7EA MR A] B /= TR KM E R,

i CCA F1 CSA Zrifid B2 40 52 & = (8] A% 30 7T 40,
— B R B Y R OT B AE 5 R IR B AR 2 I,
HEFEBNBEMERER, LERERIOST LR mE 7
B,

WNY PatentUS OBRA  Buffalo avg
m CCA = CSA

Bl 7 EfTiE R
F 2 6 AT, ARG AT S SR RIS ], YA
WREB 1T 51 0B R IR R 47 51 B D i, B Ak BT e 1)
B, BB RETT I S 2R B KD AR R I A
BB BABEERRE,
BRI ASSCH S & B 5 45 5 R R RS O R L ]
B B A (A1 R ARADURE AR — B SR 1 R/ D g S

FHGY R, AOEFERE . —BIE SR ES RBY B
ARARGE G 32 —Fhis-B 5 S A 6] 56 R MITCA ) 5K R Y R A
—HEY RBE . SHANREY RITEMIL. CCARRT T
FEY IR (KGR R 22 A BUE A AP T SRR —
Bk,

(B IOT AR SE R L b A 2+ R TR A B, te
SRFIATH B BRG] B2 2 B T AT 4 AR R R R
TEBFA AL

2 % X #

[1] CAFARELLA M J,HALEVY A,WANG D Z,et al. WebTa-
bles:exploring the power of tables on the Web[ J]. Proceedings
of the VIdb Endowment, 2008,1(1).538-549.

[2] CAFARELLA M J,HALEVY A Y.ZHANG Y,et al. Uncove-
ring the Relational Web[ C] // International Workshop on the
Web and Databases, WEBDB 2008, 2008.

[3] LIAO T,LIU Z T,SUN R. Research and Implementation of
Web Table Positioning Technology{ J. Computer Science, 2009,
36(9):227-230. (in Chinese)

B X2 H L IR, Web RAREM AR MRS LRI] iHE
BLBLE, 2009, 36(9) ; 227-230.

[4] WANG N,REN H W. Detecting Snapshots for Web Tables[]].
Computer Science,2015,42(7):5-11. (in Chinese)

ET AR MG REENRBXERAL] BB,
2015,42(7).5-11.

[5] CAFARELLA M J,HALEVY A,KHOUSSAINOVA N. Data
integration for the relational Web[]J]. Proceedings of the V1db
Endowment, 2009,2(1);1090-1101,

[6] GONZALE H,HALEVY A Y,JENSEN C S, et al. Google fu-
sion tables: web-centered data management and collaboration
[C]// ACM SIGMOD International Conference on Management
of Data(SIGMOD 2010). 2010. 1061-1066,

[7] GONZALE H,HALEVY A,JENSEN C S, et al. Google fusion
tables: data management, integration and collaboration in the
cloud[ C] // Proceedings of the 1st ACM Symposium on Cloud
Computing. ACM, 2010;175-180.

[8] SARMA A D,FANG L,GUPTA N,et al. Finding related tables
[C1// Acm Sigmod International Conference on Management of
Data. ACM,2012.817-828.

[9] BALAKRISHNAN S,HALEVY A,HARB B.et al. Applying
WebTables in Practice[ C] // Biennial Conference on Innovative
Data Systems Research. 2015.

[101 YAKOUT M,GANJAM K,CHAKRABARTI K,ct al, Info-
Gather: entity augmentation and attribute discovery by holistic
matching with web tables[C] // ACM SIGMOD Internatio-
nal Conference on Management of Data, ACM, 2012,97-108.

[11] ZHANG M,CHAKRABARTI K. InfoGather+ : semantic matc-
hing and annotation of numeric and time-varying attributes in
Web tables[ C] / ACM SIGMOD International Conference on
Management of Data, 2013:145-156.

[12] YANG M,DING B,CHAUDURI S, et al. Finding patterns in a
knowledge base using keywords to compose table answers[]].
Proceedings of the Vidb Endowment,2014,7(14) ; 1809-1820.

[13] WANG C,CHAKRABARTI K, HE Y, et al. Concept Expansion
Using Web Tables[ C] // Proceedings of the 24th International



%9

F GEETIEGENNERE BT R 215

Conference on World Wide Web. 2015:1198-1208.

(14] PIMPLIKAR R,SARAWAGI S. Answering table queries on the
web using column keywords[]]. Proceedings of the Vldb En-
dowment,2012,5(10),908-919,

[15] GUPTA R,SARAWAGI S. Answering Table Augmentation
Queries from Unstructured Lists on the Web[]]. Proceedings of
the Vldb Endowment, 2009,2(1) ; 289-300.

[16] LEHMBERG O, RITZE D,RISTOSKI P, et al. Extending tables
with data from over a million websites[ C7 // Semantic Web
Challenge. 2014.

[17] BIZER C. Search Joins with the Web[C]/ICDT. 2014.3.

[18] LEHMBERG O,RITZE D, RISTOSKI P, et al. The Mannheim
Search Join Engine[J]. Web Semantics Science Services & A-

gents on the World Wide Web, 2015,35(P3) :159-166.

[19] BRAUNSCHWEIG K, THIELE M, EBERIUS J, et al. Column-
specific context extraction for web tables[C] // ACM Sympo-
sium on Applied Computing, ACM, 2015.:1072-1077.

[20] EBERIUS ], THIELE M,BRAUNSCHWEIG K,et al. Top-k
entity augmentation using consistent set covering{ C]// SSDBM.
2015:1-12,

[21] LAUTERT L R,SCHEIDT M M,DORNELES C F. Web table
taxonomy and formalization[ ] . ACM Sigmod Record, 2013, 42
(3):28-33.

[22] SONG S,ZHANG A,CHEN L,et al. Enriching data imputation
with extensive similarity neighbors[]J]. Proceedings of the Vidb
Endowment,2015,8(11):1286-1297.

(&% 189 7O

[2] KICZALES G, HILDALE E, HUGUNIN J, et al. An overview
of Aspect][C]// European Conference on Object-oriented Pro-
gramming, Springer Berlin Heidelberg, 2001, 327-354,

[3] SPINCZYK O,GAL A,SCHRODER-PREIKSCHAT W. As-
pectC++;an aspect-oriented extension to the C+ + program-
ming language [ C] // Proceedings of the Fortieth International
Conference on Tools Pacific; Objects for internet, mobile and
embedded applications. Australian Computer Society, Inc. ,
2002.:53-60.

[4] Aspect RCEB/OLJ. [2016-03-01]. http://sowrceforge. net/pro-
jects/aspectr.

[5] BONER J. What are the key issues for commercial AOP use:
how does AspectWerkz address them? [C]//Proceedings of the
3rd International Conference on Aspect-oriented Software De-
velopment, ACM, 2004 . 5-6.

[6] HIRSCHFELD R. Aspects-oriented programming with squeak
[C]// Objects, Components, Architectures, Services, and Appli-
cations for a Networked World, 2003:216-232.

(7] JBoss AOP homepage[ EB/OL]. [2016-03-0171. http.// www.
jboss. org/jbossaop.

[8] OSSHER H,TARR P. Hyper/J: multi-dimensional separation of
concerns for Java[ C] // Proceedings of the 22nd International
Conference on Software Engineering. ACM, 2000, 734-737.

{93 JIF H,LI X,LIU Z rCOS: A refinement calculus of object sys-
tems[ J]. Theoretical Computer Science,2006,365(1),109-142.

[10] WAND M, KICZALES G, DUTCHYN C. A semantics for ad-
vice and dynamic join points in aspect-or iented programming
[JJ. ACM Transactions on Programming Languages and Sys-
tems (TOPLAS),2004,26(5):890-910.

[11] JAGADEESAN R,JEFFREY A,RIELY J. A calculus of un-
typed aspect-oriented programs[ C] // European Conference on
Object-oriented Programming., Springer Berlin Heidelberg,
2003:54-73.

[12] LAMMEL R. A semantical approach to method-call interception
[C] // Proceedings of the 1st International Conference on As-
pect-oriented Software Development. ACM, 2002 :41-55.

(13] WALKER D,ZDANCEWIC S,LIGATTI J. A theory of aspects

[JJ. ACM SIGPLAN Notices, 2003,38(9):127-139.

[14] TUCKER D B, KRISHNAMURTHI S, Pointcuts and advice in
higher-order languages[ C] // Proceedings of the 2nd Internatio-
nal Conference on Aspect-oriented Software Development.
ACM,2003.158-167.

[15] MASUHARA H, KICZALES G. Modeling crosscutting in as-
pect-oriented mechanisms[ C] // European Conference on Object-
Oriented Programming. Springer Berlin Heidelberg, 2003, 2-28,

[16] TABAREAU N. Aspect Oriented Programming: a language for
2-categories C] // Proceedings of the 10th International Work-
shop on Foundations of Aspect-oriented Languages. ACM,
2011,13-17.

[17] AVGUSTINOV P,HAJIYEV E,ONGKINGCO N,et al. Se-
mantics of static pointcuts in Aspect][J]. ACM Sigplan Notices,
2007,42(1):11-23.

[18] FIGUEROA I,TANTER E. A semantics for execution levels
with exceptions [ C] // Proceedings of the 10th International
Workshop on Foundations of Aspect-oriented Languages. ACM,
2011.7-11.

[19] GANG X,BO Y, MINGYI Z. A Semantics of Poincuts in As-
pect][J]. IERI Procedia,2013,4:323-330.

[20] XIE G, ZHANG M Y, YANG B. A STATIC SEMA NTICS
FOR ASPECT]J[]]. Journal of Computer Tational Information
Systems, 2012,8(16) :6951-6962.

[21] EMRFE, EHEE. e EHEM Aspect][OL/EB]. [2016-03-
01]. http;//www. creativepioneer. com/paper/AOP_and _As-
pect]. pdf.

[22] HOARE A R C,HE J. Unifying theories of program ming[M].
Englewood Cliffs; Prentice Hall,1998.

[23] MOLDEREZ T,JANSSENS D. Modular Reasoning in Aspect-o-
riented Languages from a Substitution Perspec tive[ J]. Tran-
sactions on Aspect-oriented Software Develop ment XII. Sprin-
ger Berlin Heidelberg,2015,3-59.

[24] ZHANG Q.KHEDRI R.On the weaving process of aspect-
oriented product family algebra [J]. Journal of Logical and
AlgebraicMethods in Programming,2016,85(1):146-172.

(25] BhRGITT. EETHEHURN PR BB 8 B 50D [M]. Jb3. 5
S R4, 2002 117-118,



