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ABSTRACT

Nowadays, entity search such as Google Product Search and Yahoo Pipes has been in the spotlight. The entity search engines have

been used to retrieve web pages relevant with a particular entity. However, if an entity (e.g., Chinatown movie) has various meanings
(e.g.,, Chinatown movies, Chinatown restaurants, and Incheon Chinatown), then the accuracy of the search result will be decreased

significantly. To address this problem, in this article, we propose a novel method that quantifies the importance of search queries and then

offers the best query for the entity search, based on Frequent Pattern (FP)—Tree, considering the correlation between the entity relevance

and the frequency of web pages. According to the experimental results presented in this paper, the proposed method (59% in the average
precision) improved the accuracy five times, compared to the traditional query terms (less than 10% in the average precision).
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Fig. 1. An example of the entity search to the
Chinatown movie
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Table 1. An example of computing the frequency of web pages
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Table 4. t-Test in independent samples
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(B) FP-Tree

Fig. 2. An example of the proposed method
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Table 5. Movie data set

No Movie name Director Actor Nationality Genre Rating level |Running time| Year
1 e AE 0|37 T8 ki vt 1541 &7t 127% 2013
2 7] A s g = gju} 154 &7t 1218 2013
3 A A E Z94 A A7 g L 154 &7} 1198 2013
4 iy Frat o|NlE gk eLEG Aad #AFETL 1358 2015
5 AEg g2 9 AU g SRS s ofulold | A ATt 108+ 2014
6 9 ERaG & Eie >ge 154 #&7} B 2013
7 o SHA & SR Eie Eefnf 1541 #=7t 139% 2013
8 = A A% S AT il i = ghup 124 &7t 126% 2014
9 5 i) 78 - g A 154 &7} 137% 2014
10 1A E SEL FolE deet BE w5 SF 124 &7k S0h 2013
11 7N E HEA A58 Eis A 154 #27t 1163 2014
12 HAZE A o Einoas Skl Eie A=R= 3 154 &7t 120% 2014
13 o} e ofr ez 2T &z IHE w5 »y 154 ##7} 139% 2014
14 =2 A = A Y Y& = HA 154 &7t 1063 2014
15 o B2 gtojH A5 78 - g >ge 154 &7t 97 2013
16 Wwoer ~g A oy g 71d W)= SLEG 124 &7k 143% 2013
17 s Fail 72 i HA 154 &7t 128% 2014
18 E 424 o7 8} Eis >ge 154 &7t 120% 2013
19 Il BT ukal Eie A= 1541 &7t 1278 2013
20 HE Fed CicRs i A 154 #27t 120% 2013
21 Wl &4 R Eis A=R= 3 154 &7t 127% 2013
22 RS E e o] A Eis LK 154 &7k 112% 2014
23 A=t BT Eaa Eis SF 154 &7t 125% 2013
24 | o] 9] A= Eie A=R= 3 124 &7t 1228 2013
25 s 1y 459 A&7 Eis A= 1541 &7t 124% 2014
26 supad 517 &dF i >4 154 &7t 107 2013
27 2-}o] o] GF AT Eis St 154 #H7t 1218 2013
28 ALA A HEA o] A g 3 Aad #AFETL 134% 2013
29 RS B 894 i HA gad BEET) 118% 2014
30 A& AaA Ry Eis W 154 #&7t 122% 2015
31 ofolddl 3 A &9 EHE they Fuol| v A A 1241 &7t 129% 2013
32 ool zztejrfdl 2 AR N=F 7HE= = A 124 &7t 142% 2014
33 ojuk-3- Eb< A= A~ e e S W 154 #&7t 123% 2013
34 g9 o] At @xl Eiss Eefnf 1541 &7t 135% 2014
35 ddofo] 2% =Y o]¥17] i L= R e 112% 2013
36 2E59 el HR o5 7] Eis a2 1541 &7t 118% 2015
37 &2z A Chis Eie SLEGH 1541 &7t 1378 2013
38 4e 9 7 upE EAE] vi= JE = A=k= 154 #27t 115% 2013
39 | 2dEatA fdistA EESs Aed g o} 4 154 #H7t 1238 2013
40 e F A ekl Eie SLEGH EENG I 153% 2013
41 2 A& A i S 124 &7t 125% 2015
42 Hoz 7te 4 ezl e Eis A=R= 3 154 &7t 1318 2013
43 T2 27 oA Eie o= Aad #AFETL 124% 2013
44 A" A g w2} shu| 7k s TE 154 &7t 1128 2013
45 R dlo]sl &l Ztold yolu= w5 ool d | A HEIL B 2013
46 o < 2713 74 Eis Eefnf 154 &7t 114% 2014
47 HAg g dej2r 9 ER 2 Ay s HA 124 &7t 131 2013
48 34 2 T Eis HA 1541 &7t 98 2014
49 BE! o|MF ap=gal Eiss g 1241 &7t 130 2014
50 & 4k oA EcRs i = ghup 124 &7t 124+ 2015
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Table 6. Cellphone data set
No Model name Maker Year RAM 0S Weight Screen size Battery
1 B AS6 s RIbd 201594 € 3GB ot=ZolE5() 138¢g 12.95cm 2550mAh
2 BYAS6AA] s RIb 201595€ 3GB ot=ZolE5() 132¢g 12.95cm 2600mAh
3 G4 LGH A} 201594 € 3GB ot golx5] 155¢ 13.97cm 3000mAh
4 G3 LGAA} 201441549 3GB t=Rol=44 149g 13.88cm 3000mAh
5 B ASH A A=} 20144134 2GB t=Rol=44 145g 12.95cm 2800mAh
6 AN = E4 A A=} 2014194 3GB t=Rol=44 176g 14.48cm 3220mAh
7 iPhone6 = 2014x11€ 1GB i0S8 112¢g 11.9cm 2915mAh
8 iPhoneb = 2012+19€ 1GB i0S8 112¢g 10.16cm 1440mAh
°of i FolE AHE: 2dY, 719, FAAE, RAM, & ol¢} 2 WA o Table 59 Table 6 31t 72t ]
FAA, FA, sHA7], EE] T F MY NEHURESS Elo] 8719 HEHRE #S 2§slo] P—1=25719 2=
xgtetal Stk ol 5W, AHAS6S REUH="AASE, 7}53 Aol S AA T
71 9= 1A, EAAE=2015d 4€", RAM="3GB”, & ARE BE dooE2 34 gelBgd JSoup¥ Ul
A A= EZ =507, FA=138g", A A7]=*12.9cm”", Hl olH OpenAPIE AM&-3to] dlolH] AA qxloziE 7t 4
HE="2550mAh” 59 SEIRE & 7HIth mprpA R ofo] MR A9 10719 ¢ HolAES TS old 2
shte] FulE dEE|ZRE 255719 FeojojEo] AAFHT oz ¥ BE 9§ HoXES vlwds A FAIY 7
Fig. 3014 B ZAH, ‘WMEA 95 AHE Q] 3719 of g FAolA7E dd dEES #Ho] YeAE FAMSH o
EYREE gsolg="v1&A", Jgj="sA" HF=2= T3 e 7IEE Alste], 74 4 dolAvt EE e B
“AArelgta 7HAsHY, 37 NEREE ZFsto] thek o] JEAE et}
g Aol S ofefst o] AT = SiTh D § dlolAel dHES JELRE, Te]m Aojolg)
& 7197 dew, a9 HolA= dEE e -
- Aol <HEZH>, A AoE et dE B4, WMEH 93 <dH
- Aoz <89, Hd gl dolAd ‘WER A, A F
- Aejolz <>, I 2E 719 =7} Qlojof gt
- Aojoi4: <HEH+3G P>, 2) & HolA o dEEe] #Hg Hdwe] Jow, 1
- Aedols <MlEfA>, o)A E dEEe #A e o dvh e B9,
- Aeojol6: <BHFF+AHA>, P35t AHERJD Aol Fstel #H A, sl #
- AT <HEH+shg -+ A > g QB Sol @ HolA vefof gt
Z P-1=7/1¢ Mz 2 Aoo}s} AR 3§ HolAell the dAHEE dWsts deols 1 4
HolA = s e} #AAol gl Aoz g
th dE =¥, ‘MEW 93 dHEAA U FE
A W22 g EEHE 2, Be, oy QA HEH] AEIF e ¢ HolNE 93 <EES}
2aoht ek Bojs #do] gloh. gk dojojo] sl AT AS
Aol st &% e odES AYsie 9
HolA & i AHE S Fo] glrt
4) F14 4 HolA = AHEY #A] gl
B #d Qe g dMlAE FHse]l ‘BE 2dUE AE
<HEEOHER> || <HELMH> || <otPRLAY> (gold standard set; GSS)'Z elgtth. GSSE 313 A H
o #H e BE 9§ HoAES xF¥sE HA F4H AE
ojtt. Aojointrt HAHE A9 10788 4 HolAES A
ojg7 7 A A3 (retrieved document set; RDS)gta 3@, 2
ool A4S Byl A8l A9 X (precision), AE &
<HSE+EH 2+ AN (recall), %3} i (F-measure) #E<S =4 4 gy A
TE dAE § HolAE F #H e 4 HAAEY HE
Fig. 3. Attribute value lattice oz, AFEL B Y ¥ FHoANE F AAE HAAw
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Table 7. Precision/Recall/F-measures of the best query to each movie entity
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No Movie name Best query Precision Recall F-measure
1 TANS] AE OB A +F{5F+154 FF7F+2013> 0.43 0.60 0.50
2 47 <71+ g g+ 154 7> 1.00 0.83 0.91
3 AAAE <HAAFE+A A T+15A B3 7H2013> 0.71 0.59 0.64
4 Ay <ol T+ A+l FHEIF+135E> 0.80 0.66 0.72
5 A& <A zg WedA FEb> 0.57 1.00 0.73
6 9 <HF A+ g+ 2~ 8] +2013> 0.14 0.43 0.21
7 +d <F 7T +E e3> 0.37 0.42 0.39
8 = A A <E AT+ 124 FE7F2014> 0.88 0.25 0.39
9 TE <TFE+BHA S+ 3+ A A + 154+ E 27> 0.89 0.67 0.76
10 ZLeful el <z El+at=gl B 541 5+SF+2013> 0.64 0.45 053
11 7e2E <AZFM+7-R+1654 BIH116%> 1.00 0.40 0.57
12 S} AL o <GA7E AFE w4 3E S+ 3+ 154 B H1208> 0.50 0.75 0.60
13 Lo} < A+ol R T AT R E > 0.43 0.57 0.49
14 EE <ii5+loﬁ] & 7H+1068> 0.83 1.00 0.91
15 Y He ghols < "Hg glo] B+ 45 g+ 2 e +154 BHTHITE> 0.71 1.00 0.83
16 W or ~€ <W 9B ~y+A ~upolt+124] FHETF+143%> 0.83 0.83 0.83
17 3 <R+l + 3k + 154 e F2014> 0.50 0.50 0.50
18 TE <AAZ+154 #H7H+2013> 0.44 1.00 0.62
19 weAd < AE15H B> 0.75 0.67 0.71
20 /=] <HEH+F5+154 BH7F+2013> 0.11 1.00 0.20
21 W5l <HBA+FF T+ +1278> 0.60 0.83 0.70
22 1] ] <HT+AA+154 AHIH112E> 0.56 0.60 0.58
23 Adard =) <73 E+SF+15H #7125 0.71 1.00 0.83
24 24 <Aafd+olFE o+ ub+122%> 0.75 0.75 0.75
25 e 1y <FF+ 27 +Zu| T +16M] BETH1248> 0.63 0.88 0.73
26 Fupad <FA+EdF+ LY +154 B> 0.70 0.50 0.58
27 223}o] <o+ T+t + Zr Y+ 154 BT+ 1218> 043 1.00 0.60
28 21 A1 A <HREA + o) A A+ g+ R F +13445> 0.60 1.00 0.75
29 Ao & 4 <EH T+ 2@+ B FEIH118E> 0.75 0.75 0.75
30 R A5 <SH+ A 24154 AP TF1228> 0.50 1.00 0.67
31 ofo]d=l 3 <EHE o9y FYo+124] #HE7H129%> 0.43 0.86 0.57
32 ojmjo] Asfoltiwl 2 <ojuo] Avtoltiwl 2+vwla A+124] TAH7}> 0.89 0.89 0.89
33 oul-%- EFel <EE SYSr1238> 0.71 0.71 0.71
34 94 <A+ +3ka+154 T37F+2014> 0.86 0.86 0.86
35 Aollo] &&= <Aoo] Rr+olm7|+H ad FHE71+2013> 0.43 0.71 0.54
36 259 Aol < F+ol 7]+ E 24154 #H7H2015> 0.88 0.88 0.88
37 &2 <G A+ LA A+S+154] FHIH+137E> 0.56 0.89 0.68
38 9= 9 Z <9= § z+BY= FJE+=vk+154 #FI> 0.71 0.57 0.63
39 245 A HostAl <2t AdstA+FE e+ +164] TE7H123E> 0.83 0.67 0.74
40 Ao FH <FeA+aA+ A ad BEE7H153E> 0.57 0.57 0.57
41 2AE A <G +124] AE7H1258> 0.00 0.75 0.00
42 Aoz 7t 4 <Hog Jbe A+Zgr+154 BEv> 0.44 0.56 0.49
43 2 < 2+fr A+ g+ =9t 2 A A B ETE 0.71 0.86 0.78
g A4 <AA G +v| T+ E+154] B 7F+2013> 0.00 0.67 0.00
45 Hi <E1E+U] T+ofu o] A+ A HE7t> 0.00 0.50 0.00
46 s < FA+=ehuk154 #7h+2014> 0.88 0.88 0.88
a7 RER <WH a“'ﬂ‘loﬂ,_’f‘%i:e]lgli e e 071 1.00 0.3
48 %3 < FeFr A A+15M BEIHI8E> 0.50 0.75 0.60
49 3] 4 <F+RFH+1308> 0.13 0.63 0.21
50 IR s <FHA = Ehub124] FEIF124%> 0.40 0.80 0.53
B 0.59 0.74 0.61
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Table 8. Precision/Recall/F-measures of the best query to each cellphone entity

No Cellphone name Best query Precision Recall F-Measure

1 AHAS6 <A AIS6+AHF A AR+ QP E & 0] E5,0+2550mAh> 0.88 0.71 0.79
2 A AIS6ANA <AYASE6AA +4Hd A AH+3GB+ = R o] 250> 0.80 0.63 0.70
3 G4 <G4+QFE 201 E51+3000mAh> 0.67 1.00 0.80
4 G3 <G3+3GB+149g+3000mAh> 0.90 0.44 0.60
5 A XS5 <2014A3€+2GB+F =2 0] =4.4+145g> 1.00 0.67 0.80
6 A A = E4 <AYA = EL4+QLE 20| =4.4+176g> 0.44 0.75 0.56
7 iPhone6 <iPhone6+1GB+2915mAh> 0.78 0.14 0.24
8 iPhoneb <iPhone5+2012:d9 ¥ +1GB> 0.50 0.25 0.33
At 0.75 0.57 0.60
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Table 9. A list of the highly ranked queries by the proposed method (Movie data set)

No Entity Top-1 query Top-2 query Top-3 query
b ERN-Y
1| pawe Ae <Ol @A FEEI5A BRI TS S S G ae o <ol TuIE15A] PETH0I13>
Pa/}+201o>
2 27 <A T+ =+ 154 B> <R TR HI5H B> S R Rt R BT i v
3 TAAE <PNAE+A7 P54 BE7H2013> <AANAE+ 154 BE7H2013> <P AE+1198>
4 Chil <olRlE+ A+ Yo AFHEIHIBE <7o“u Fradad FEEvh135E> <ol s o A+ 1358
5 Aegs <A zE e3A A Agsg Weolyuol A dA F3E> | <AgYHAY S waAYY ‘4+108T>
6 =4 <A gk A 2]42013> <FHAR A+ RE2013> CFW A+ o] 7+ 2 P 2] +2013>
7 * <A srEvbl QEr <FAH+E T+ = uh139% <A+ S b398 >
3 AN <FATHEA N4 BE7H+2014> <A T124] B> <A T B Eeheh2014>
S=u+514 ]
9 o <A G- ek +154] A7 S jgj}f s B O+ A +137E>
10 g ulEl <Y H g+t E e} B24m]2+SF2013> <YEA FopE 41 +SF> <YEL Fol2+tEg} BE242013>
EAE 5 S2AELN S <N EAS+7TA+ 7] W +15%
11 NeAE QEAASUAGH PGS [<D1EAZAERIA5A BETH116%> D R
_ <A 7d A o+ 3E 2+ 3k 154 . e N . <H2A b AbE w+ A W+ sk 154
12 | SR AEE B B <EATE AR W+ RE S+ AT 1208> P10
13 o} < H+of R T AT+ Y] > <EE+154 BF7H139%> <ol B 164 #Ev>
14 =25 EAF+15A BE7H106E> e AR FY Al ga> EAFAAA154] B +1068>
<t e gholB+7H ol 154 : TR u <t " go]lB+7H -+ +154
15 9 "y gojr ERE i <t "Hel gho] B+ e)+154 FH7p+97R> N
11 5 F1H] 419
16 oo 28 KWl 9B AEA Aol +124] BHTF 43RS 0B ~E+glE] FPU+124] B Th1435 > <o i%}v o A}j&ﬂjﬂa} e
L 1= R
™2k 715 ] 1}
7 3% <R 5H Barboos | < SorARLANA AT AN g gu g iamasa Berb204>
T7H+2014>
18 . <A 8154 #7H+2013> <FEFF+154 T 7H2013> <A+ 8+2013>
19 %?4% <aheg154 #FE> DS R R i e L T o = o T e R e S [ o
220l 5} St Bk ol A
2 e FLRELIS BPHND | <Feteadeamsd sabags | FEREDE S ASI
21 D] <HTQ+E 7T+ g+ 275> <H T QN +F LA+ g+ 275> <H T+ F QA+ &7 T+ B+ 278>
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Table 10. A list of the highly ranked aueries by the proposed method (Cellphone data set)

No Entity Top-1 query Top-2 query Top-3 query

1 A AIS6 <A AIS6+4H A A+ E 2 0] £5,0+2550mAh> <AZAIS6+AHY A+ PE R 0] E50> <A AR E 2 0] E5,0+12.95em>

2 AASEAA | <AYASEAA A AAH3GBHIERO|E50> | <AYASEOA| +4H A AR+ E 0] 250> <AHASEAA +QFE £ 0] £50+12.95cm>

3 G4 <GA+9FE 2 0] 25 1+3000mAh> <G4+3GB+t=ER o] E5 1> <GA+LGAAH3GB+FEZ 0| E51>

4 G3 <(G3+3GB+149g+3000mAh> <G3+LGHAAH+3GB+149g+3000mAh> <G3+LGAAH+3GB+3000mAh>

5 A ASH 20144139 +2GB+eE 2 o] E4.4+145¢> <A A S5+2GB+ = 2 0] =4 4+145g> <A A S5+ H A+ 145>

6 AHA| = E4 <AY A e E4+QLE 2 o] E44+176g> <A wE4+ 2 A A+176g> <AYA = E4+2014399+OFE 2 0] =4 4+176g>
7 iPhone6 <iPhone6+1GB+2915mAh> <iPhone6+1GB+112g+2915mAh> <iPhone6+2915mAh>

8 iPhoneb <iPhone5+2012\19€ +1GB> <iPhone5+ o Z+2012119€ +1GB> <iPhone5+ 9| Z+2012:19€ +H0S8+1GB>
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