IBIRNIBFLH/UFE F—2~N—2 Vol.13 No.3 10-21 (July 2020)

&0 6 O T — & EVER OB Rt

FERE ESELa) hnE a2 I ER!

ZftH 20195128100, #3§%H 2020F4R1H

BE . AT, RhoBE*ETBEO L2 OF—BEOX, BLY, U TVERICHLBEED
T AMBEICE Y ME. F—EEmiicBncid, STHFOERRFELZFAALT, Ehogy
TUDBETIZ T4 T4 2EETH, BEL2EFD2O00BHICBVT, A—OLyF4 541 45KETY S
VO LA UEEL GO THIUE, ZNODEEEFE—TH 2 LT 5. A TFEFROIE T
1 20FFOERNT =¥ 2K TEBEOESGDS, B IR LT b i FEMED & W IEED X % il
M3 h. £ 7N LI, IXRTOTMBEEEHOBMEORN & EABEE#HOMEYS —F 3 L, 2hb
12 EALFAZBIFRATHL LT % LT 5. MEFLEOFMMEEZRT 72012, Web 5 7 10— )b S B
reb ks, 103,706 MOREZFHL TEBEEITo 72, REFEBLICRETFHRICL o THON
7ol — @YD & FEAL L 22, RETHRILHEARB L UHBEROm» S @R R L, 72, itk
DREBAOHPMEICES L LT F o R BMAEONE Z 2SN L7z, B MR
12H B IEMA OOV T O EEBREZTV, HIFEL D bmvil A3 BHELRFEFEICL o TGER
TX5LZ EERLT.

*—T7— K RIOT—5, TEHE, AF—<<sFV Y

Extracting Relationship between Quantitative Data Attributes
from Tables

SHUHEI Fujiokal® MakoTo P. KATO? MASATOSHI YOSHIKAWA?!

Received: December 10, 2019, Accepted: April 1, 2020

Abstract: In this paper, we tackle problems of finding identical attribute pairs and attribute pairs for which
is-a relationship holds, from tables comprising numerical attributes. The identical attribute extraction firsts
identifies entities represented by each tuple in tables by using an existing table understanding method. If
most of the tuples representing the same entities contain the same value for two attributes in different tables,
the two attributes are considered identical. The is-a relationship attribute extraction first extracts all the
attribute pairs from tables for which is-a relationship can hold. We assume that is-a relationship holds for
those attributes if the sum of the values of the sub attribute candidates equals to the value of the super
attribute candidate. To demonstrate the effectiveness of our proposed approach, we conducted experiments
with 103,706 tables that were crawled from the Web and were judged as including numerical values. Eval-
uating identical attributes pairs found by our proposed method and baseline methods, we found that the
proposed method outperformed baselines in terms of precision and recall, and produced identical attribute
pairs different from those found by a similarity-based method. We also evaluated is-a relationship attribute
pairs and demonstrated that the precision and recall of the proposed method were higher than those of the
baseline method.
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Table 1 Fuel consumption of each Toyota car.
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Table 2 Mileage per liter of each Honda car.
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Table 3 Amount of cereal consumption in each country.
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Table 4 Amount of rice consumption in each country.
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BBt 13,823 1,550 9,084 3,189
KIRAF 8,812 1,056 5,336 2,420
pask 1) 1,448 247 888 313

2 BT RLRIRR O &A1 B 2 B 0 Tk
Fig. 2 Overview of the validation method for is-a relationship

candidates.
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K5 FEILoHTTYHNELNIZEIET DY
Table 5 Number of attribute pairs obtained by each method

in each category.
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fH 0 21 10
&g 0 4
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x6 THEILoMEAER, HEE, FM

Table 6 Precision, recall, and F-measure of each method.

FiE R dEE mHE FM#

Bt (=R 106 0.247  0.133  0.173
B — Tk 190 0.442  0.239  0.310
REFE 307 0.714 0.386 0.501

=7 FUEBEOBREOY v — MR
Table 7 Jaccard coefficient between the methods.

FHE0HL Ty d— PR
RETFH B PLEF: 0.020
REFE Bl — 3 Tk 0.186
SEEUERE E-SUETE 0.069
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Fig. 3 Precision per category.
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R 8 RETEIBVTHELHAL VTG L O
Table 8 Comparison of the proposed method with/without al-

lowing matching errors.

F 9 IEW - RIEMRTH o 2B O i
Table 9 Comparison of attribute pairs that were

correctly/incorrectly estimated identical.

F& B EeE BHEE S FME | HUSHH ¥ AR T ERE RE
RRERTAY 307 0.714  0.386  0.501 4,040 ANIEfE 123 6.44 4.46x10°  1.91x10° 11.45
BEERHR 390 0.907 0.491 0.637 3,312 1Efi 307 5.72 1.79 x10°  7.64x10%  4.48
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Fig. 4 Precision as a function of the number of overlap entities

between tables.

AR LOoOb LV E L O BEARETEL LI
BolzOWEFMT 572012, RETHFETLIHEL LE
WA LR, COMREER 8 IURT. REEFR
LaWGEOT A, HHE, FHEIFEVY, 551
TR ORIIAAE TR TAHE LV OB b2 L
ARENTVD, BEZFELRVEFETES N BT
TRETHRT A HETHIEONL 20, L&Dl
WV, BEER R L WHEOBEARNE C, B OB
HEPL BN L IZAEKRTH S, —FT, BEGEOREMN
I LT, BMEPHET L HEOBEELEIRKRE LTI
TLESTWVLILEND, REOHREAVERET SN
A2NT X — 5 DMWY RERENVLETH S L) IZBEDbNS.
REFHEIIBNT, LOREOEHT AT T4 7408
HNE, BUEERTZERTCELO0EHLNICT LD
2, VT AT 4 OBEEELHELROMEBZRE S L. =
NER 4 1R, MPOMEE2 RO TERT L L
T4 T4 DEEE, HFOaoN—I13HNSTIBESOR, &
BON—EZD ) HLOERE, FREOFTNIHRT 7 7134%]
BEBILBEEFEEET. BB, U747 4 OEERN
%KW OBAIIRETHEIC L VE—EBETH 5 L HE
LTwawnizo, KAIIZEEE 0% OM AR IIR S
nTwiw, ZO5HH»5, 10%~90%DEEHH L & &
AR R EL DI L, BEEN100%TH->Th
BAERIME, BERESE S TOHEAGEIEH 2WIGE
oIk, T/, BEEERGONAMOGEIILHEEGEL DT
PIET LT ED D 5 2 LA A NS .

© 2020 Information Processing Society of Japan

REFEICL>THEONLEBESD I B, EOLH)BE
PED [ — VI ENTRETH - 720 W ST B 72012,
Bo N B O B el LR - NIEfR S & IFY
fEZEH L7z, ThER 9 IRT. 2200 EICOVT,
BRBT- O, BEoTY, EilEfEE, RELZZNENR
R, ENOOFREE RO E LTwb. ARk
FOKBOERN S, FHEMHLZBEZ 2T X ) 2B
WCOWTRHEN S WI L 2R L5, F/2, Bz k
I e R EBDONDA, FHEIREVEEICON
TEMERHERITZ TV R W L3505, EEFEEDX
PHiE, TT AT AHTOEDIESDEDREVELEIC
DWTHETH LI L, F/2, REOENSIE, BHOMHE
AFEEER LT 5 L) RIEEOFR MR E T L w2
DB

4.3 EMT—2B4ED LA TREFROME

ARt OME T, F—EEE &3 LR S
FEEREVVEII LS, 2020, 9, B TAMERO
T A OEBREEICOVTIRN, F0%IC, AT
FAGRIIH D FEERAE R DOV TIR R 5,

4.3.1 EEBRHE

BT — 7 B O LA A RO 2479 720 O
PR LT, F— B T o 2R (1)~ (6) @9 5,
FLER (3) Dok%, T, [ UNEZ CHlM L7z, AiLs
(3) WXEM T — Z @I AR TH Y, AL TR
DB BV TIIEN T — ¥ B2 Wb 2 W - O R 2
WHTH 2. &z, Py 320 EomlyT— %R
PEELEZITEREL L. IS ORFTER 2 i L 724
X LT, 103,706 fHDFEH 5 55,185 O FEH S N7z,

A FABIRI IC B AT L LT, BHEOSE
FHOWERRICES (T (UM TiE, SELEEERF
FEEER) VG ZokkE, AULEFOBESTICE
W, —HOBUOFRERERIAMMMFOTERAZLET S
L&, miEe ThENE, e LEEE LTl S
HETHL, - z2E, [AO] L) BT 2 Tho
BrHE LT, [FAANO], [THEERALD], [EkE Al
HEDBEIELNE T LIS,

EERTIE, RETHEONAIUNT A= 7p, s BFN
ZFN0.85, 0.10 IZFRE L. Fiz, NAIUNTXA—% 6;,
O LTI, TRTHERENYF—2 a3y F—7I1B
WD EEROMEIE L R AEXHRHA L. ZOHR,

19



IBIRNIBFLH/UFE F—2~N—2 Vol.13 No.3 10-21 (July 2020)

FNFEN, 0, =4, BL, 0 =05 LREI N/

N F—=2ary 7= OERFHEEIDTOEBY TH
5. Y, MEFET ERLCHE L7 55,185 fHOFITH L
THETL, BonEglxd 8118 Mohh»s, LiEito
FEPTEXLZTEBE LWL 100 8% T v & LI10E
WL, 2LC, Bk 2257 FY =271k 53
ERUHECE > TEMDPE) DO EZIT- 2. & B,
N F—=2arTF— Y IREFEOWEEELR LWL 720
WX LTz,

HRB O FLEL % i L T SN2 FRISHT LT, SRETE,
BIU, WBFEEZEHTAZE12L-T, B TRER
BT B EHESINLBIEOME ML Lz, F—E Y
TR 2 EB E MRS, ZNS0HD 5 300 8 0 JE et
BRATHM 24T o 72, 72721, b5 & % BE Mo
FAEEORELAATELZITEBRL 2\ &) B O
Bairo7z. 2 LT, #RENTEUSZFNZENIIBNWT,
200w T — BRI YL LA FALBERAFAET 5
PENE, 799Ny —Y I TRZELTH -7, 3
ANDOT — 7 % FE UBERIZE Y BT, 2 %0 EA A M
B Z RO ED &R, BRI LA TR HEET 5
bk L7z, F72, A—BEoss -7 UELEHET
77— R L7,

4.3.2 EEBER

£ 10 CEREFE L HBRFLROBEEGE, HIHZE, FME
AT, WBRFETHLSHUEERFTELID S, (T
FIGEEZ MR TV R WIREFESH VIR EZ R L, —EF
FIR L T2 00050 MA L & (REFEHER
&) ([T D BV A, HHE, FEzEm L.
REFEDPHEFEL ) DEREI/EV E2 56, =T —
YOO EFHER BT 2 OB ERT 5
EWTE/. L LEDS, TOFELZTTEILTLLE
Vil AR, FIE, FEYERTE-L1EWRT, 2 20fl
FEMZAHZETHO TERM LML ERKTEZLVR
L. T, 200 i faGbEtEENL R4
W & EDSEDES VRS, B —%on 2o
DHFIFNEBBORMAMER L Tnb 2 LA RILS.

kB, REFE+HERMELREFE M0 2o%
LA, REFEHH—MOFPLVHMENTHS S
EDGHD. —HORMICE o THRETHILENTE
%, FAITABIfRE LTAR@EL 2L LT, & 11 OFf)
EHITH. ZoRIIBWT, [1 HEE=] & [1HE2H
| AEEIT AL 2 HEER] OfEE kb0, [1A
ApEs ] & [2 AR ] OMITRET Tl BT A BIFR
ELTHEENTLES. LALARY S, ZHE LA TA
BfRE LCIE#EE Tl wplich ), H—ofiyick-
THET L EDNTRETH .

—HT, 20DHIREMICE VBRI SN TLF 572 EAL
TR HFAET 5. BRI X > T Bz

© 2020 Information Processing Society of Japan

® 10 FTHEI oM, HIE, Fil

Table 10 Precision, recall, and F-measure of each method.

FiE EfR #aE WM3lE FM
SRR EARTL 33 0.111  0.092 0.101
REFZE 92 0.307  0.258  0.280
REFEHERME 108 0.362  0.303 0.330
REFEHI—M 140 0.470  0.392  0.427

REFEHEHME&LHE—M 177 0.592 0.496 0.540
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Table 11 Example of an is-a relationship that was incorrectly

identified.
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