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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 2. Sample data set for t-Test
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2 1 2 4 1 44 1 84
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1 1 2 5 1 56 1 87
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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 ko vt 1541 &7t 127% 2013
2 7] AT 48 g o 154 &7t 1218 2013
3 A A E Z94 A A7 g EE 154 &7} 1198 2013
4 i st o|vlE Eisn SLEG Aad #AFETL 1358 2015
5 AEg g2 9 AU g SRS s ofulold | A ATt 108+ 2014
6 9 ERae & Eie >ge 154 &7} B 2013
7 i SHA & SR Eiey Eefnf 1541 &7t 139% 2013
8 = A A% S AT il i = ghup 124 &7t 1263 2014
9 5 i) 78 - g R 154 #&7} 137% 2014
10 e E SEL Fol 2 deet BE w5 SF 124 &7k 9 2013
11 7N EAE HEA A58 Eis A 154 #27t 1163 2014
12 HAZE A o Einoas Skl Ei A=R= 3 154 &7} 120% 2014
13 o} el ofr ez 2T &z IHE w5 »y 154 ##7} 139% 2014
14 fEal 2% e Al gAY Y& = HA 154 #27t 1063 2014
15 o B2 gtojH A5 o8- g >ge 154 &7t 97 2013
16 Wwoenr ~g A ~ifoly g 71d W)= SLEG 124 &7k 143% 2013
17 s Fail 72 i HA 154 #27t 128% 2014
18 E 424 o 8} Eis >ge 154 &7t 120% 2013
19 Il X5t ukal Eie T 1541 #=7t 1278 2013
20 HE Fed CcRs i N 154 #27t 120% 2013
21 W3el &4 R Eis A=R= 3 154 &7t 127% 2013
22 RS E e o] A Eiss LK 154 7t 112% 2014
23 A=t BT ERaa Eis SF 154 #27t 125% 2013
24 | o] A= Eis A=R= 3 124 &7t 122% 2013
25 Fad a1y 459 A&7 Eiss A= 1541 &7t 124% 2014
26 Sl 517 &HF i Ea e 154 &7t 107 2013
27 2-5}o] o] 5F AT Eie S ke 154 &7t 1218 2013
28 ALA A A o] A g 3 Aad #AFETL 134% 2013
29 Alef g 4 B 894 i HA gad BEE7) 118% 2014
30 A& AaA R Eie W 154 &7t 122% 2015
31 ofolddl 3 A &9 EHE they Fuol| vF HA 1241 &7t 129% 2013
32 ool 2ztejrfdl 2 AR SUASES v At = A 124 &7t 142% 2014
33 ojuk-3- Eb A= AE A~ e e S W 154 #&7t 123% 2013
34 g9 o] At @xl Eiss Eefnf 1541 #=7t 135% 2014
35 dofo] 2% =Y o]¥17] i L= R 112% 2013
36 259 e HR ol%7] Eis a2 154 #sh7t 118% 2015
37 &2z A Chis Eie SLEGH 1541 &7t 1378 2013
38 4e 9 7 upE EAE] vi= JE = A=k= 3 154 #27t 115% 2013
39 | 2datA fdistA EESs A g o} 154 &7t 1238 2013
40 el F A Bkl Eie HA EENG I 153% 2013
41 2 AA & A i S 124 &7t 125% 2015
42 oz ke 4 ezl e Eis A=R= 3 154 &7t 1318 2013
43 T2 273 oA Eie o= Aad #FETL 124% 2013
44 A= A w2t shu| 7k s TE 154 &7t 1128 2013
45 B R dlojsl &l Ztoldd yolu= w5 ool d | A I} B 2013
46 s < 2713 F4 Eiss Eefnf 1541 &7t 114% 2014
47 HAlg & dej2r 9 ER 2 Ayl s HA 124 &7t 131 2013
48 34 2 T Eis HA 154 &7t 98 2014
49 BE! o] M & ap=gal Eiss g 124 &7} 1308 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 (08 Weight Screen size Battery
1 HEAIS6 s RIbd 201594 € 3GB ot=ZolE5() 138¢g 12.95cm 2550mAh
2 BYAS6AA] s RIbd 201595€ 3GB ot=ZolE5() 132¢g 12.95cm 2600mAh
3 G4 LGH A} 2015194 € 3GB ot golxh] 155¢ 13.97cm 3000mAh
4 G3 LGAA} 201441549 3GB t=Rol=44 149g 13.88cm 3000mAh
5 B ASH A3 2 A 20144134 2GB QFE R0 E44 145g 12.95cm 2800mAh
6 AN - E4 A A=} 20141949 3GB QFER 0] E44 176g 14.48cm 3220mAh
7 iPhone6 NE 2014x11€ 1GB i0S8 112¢g 11.9cm 2915mAh
8 iPhoneb NE 2012+19€ 1GB i0S8 112¢g 10.16cm 1440mAh
ol Y3 FE AHEE B9W, 719, FAAE, RAM, & ol¢} 2 WA o Table 59 Table 6 3t 72t ]
FAA, FA, sHA7], EE] T F MY NEHURESS Elo] 8719 HEHRE #S 2§slo] P—1=25719 2=
xgtetal otk dlE EW, AHAS6S REUH="AASE 7bset Aol A s
71 F="4 1A, EAAE=2015d 42", RAM="3GB”, & ARE BE dooE2 94 gelBgl JSoup¥ Ul
A A= EZ =507, FA=138¢", A A7]=*12.9cm”", Hl olH OpenAPIE AM&-3to] dlolH] AA qxlozHE 7t 4
HE="2550mAh” 59 SEIRE e 7HIth mprpA R ofo] MR 49 10709 4 FAAES FHETh ol #A
shte] FulE dEEZRE 255719 FeojojEo] AAHT oz ¥ BE 9§ HoXES vlwds A A Zh
Fig. 3014 B ZAH, WMEA 95 AHE 9] 3719 of g FolA7E d dEES HHo] YeAE FAMSH o
EYREE dso|g="v1&d", =57 H=2= T3 e 7IEE Aste], 74 4 dolAvt EE e B
“Arelgta 74AsHY, 370 NEFFREE ZFsto] thek o] JEAE et}
g Aol S ofelsh o] AT = Sith D § dlolAel dEES JEDRE, Te]m Aojolg}
& 7197 e, a9 HolA= dEE e -
- Aojoll: <HlEH>, A AoE et dE B4, WMEH 93 <dH
- Aoz <89, Hd A5l 4 dolAd WER A, A F
- Zejolzr <>, I 2E 719 =7} Qlojof gt
- Aooi4 <HEH+3G P>, 2) & oA deEEe] #g Aol Jow, 1
- Aefols <lEdfA>, olAE dEE #H YT o dvh oE EY,
- Aeojol6: <BHFFrAHA>, P35t AHERJD Aol Fstel #H A, sl #
- AT <HEH+sg -+ A > gk B Sol @ HolAe vefof gt
Z P-1=7/1¢ Mz g2 Aoo}s} AR} 3§ HolAell the dAHEE dWsts deols 1 4
HolA = s dEE} #AAol gl o= g
th dE =¥, ‘MEW 93 dHEAA U FE
Re METAEaRE 2 s A o Wede 4ust dx 9 AoNE I3t A}
2aoht ek Bojs #do] gloh. gk dojojo] sl AT AS
Aol st &% e eSS AYsie 9
Hol A& i dHE e Fo] glrt
4) F14 4 HolA = AHEY #Ae] gl
B #d Qe g dMolAE FHse]l ‘BE 2dUE AE
<HEEOHER> || <HELMH> || <otPRLAY> (gold standard set; GSS)'Z Aelgtth. GSSE 313 A H
oF #H e BE 9§ HoAES xF¥sE HA 4H AE
ojty. Aojointry HAHE A9 10788 4 HolAES A
ojg7 ? A A3 (retrieved document set; RDS)gta 3@, 2
ool AE4S Byl A8l A9 X (precision), ¥ &
<HSE+EH 2+ AN (recall), %3} i (F-measure) #E<S =4 4 ot 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 +F5F+154 FF7F+2013> 0.43 0.60 0.50
2 47 <71+ g E v+ 164 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+ ad FHEIF+135E> 0.80 0.66 0.72
5 &G NG S R R R o o 0.57 1.00 0.73
6 9 <HEF A+ g+ 2~ 8] +2013> 0.14 0.43 0.21
7 +d <7 s +Eeut+1394E> 0.37 0.42 0.39
8 = A A <E AT+ 124 FF7F2014> 0.88 0.25 0.39
9 TE <TFE+BHA S+ 3+ A A + 154+ 27> 0.89 0.67 0.76
10 ZLefulEl < El+at=g B 541 5+SF+2013> 0.64 0.45 053
11 7N&2E <AZFMA+7+1654 F7H116%> 1.00 0.40 0.57
12 S2 7} AL e o <GA7E A E w43 E S+ 3+ 154 B 1208 > 0.50 0.75 0.60
13 Lo} < A+o}l R T AT+ R EH > 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+ +5 A g2 e +154 BHTHITE> 0.71 1.00 0.83
16 W or ~HE <W 9B ~y+A ~upolt+124] FHETF+143%> 0.83 0.83 0.83
17 3 <R+ e+ 3o+ 154 e F+2014> 0.50 0.50 0.50
18 TE <AA3+154 #H7H+2013> 0.44 1.00 0.62
19 weAd < AE15H B> 0.75 0.67 0.71
20 /=] <HEH+F5+154 B7F+2013> 0.11 1.00 0.20
21 W5l <HBA+FF T+ +1278> 0.60 0.83 0.70
22 1] v} %] <HT+AA+15H 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+l 122%> 0.75 0.75 0.75
25 e 1y <FF+ 27 +Zr| 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+ b+ AR Y+ 154 BT+ 1218> 043 1.00 0.60
28 21 A1 A <HREA + o) A A + g+ R F + 1345 > 0.60 1.00 0.75
29 Ao & 4 <EH T+ 2@+ A FEIH118E> 0.75 0.75 0.75
30 R A5 S+ 24154 AP TF1228> 0.50 1.00 0.67
31 ofo]d=l 3 <EHE 09y FYo+124] #HE7H129%> 0.43 0.86 0.57
32 ojmjo] Asfoltiwl 2 <ojuo] ] Avtoltiwl 2+wla A+124] TAF7}> 0.89 0.89 0.89
33 oul-%- EFl <EE SESr1238> 0.71 0.71 0.71
34 94 <A+ +3ka+154 T37F+2014> 0.86 0.86 0.86
35 Aole] &= <Aoo] 2r+olm7|+H ad FHE7H+2013> 0.43 0.71 0.54
36 259 Aol <Az Frol 57|+ W Z+154 T 7F+2015> 0.88 0.88 0.88
37 &2 <G A+ A A+ +154] FHIH+137E> 0.56 0.89 0.68
38 4= 9 Z <9= ¢ z+BY = FJE+=gvh+154 FF> 0.71 0.57 0.63
39 2435 A foEtAl <2t st A+ G A+ +164] FE7H123E> 0.83 0.67 0.74
40 Ao FH <A+ ad BEE7H153E> 0.57 0.57 0.57
41 2AE A <G +124] AETH1258> 0.00 0.75 0.00
42 Aoz 7he= 4 <Aooz Jbe A+Zgr+154 BEv> 0.44 0.56 0.49
43 2 < 2+ A+ g+ =9t 2 A A B ETE 0.71 0.86 0.78
g A4 <AAG+v|T+F3E+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+=ehuk+154 F7H2014> 0.88 0.88 0.88
a7 RER <WH a“'ﬂ‘loﬂ,_’f‘%i:e]lgli e e 071 1.00 083
48 £ < FeFr A A+15M BEIHI8E> 0.50 0.75 0.60
49 3| 4 <F+RH+1308> 0.13 0.63 0.21
50 EIEIus <FHA = hub 124 FETF124%> 0.40 0.80 0.53
Bt 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 A AS6 <A AIS6+AHF A AR+ QP E & 0] E5,0+2550mAh> 0.88 0.71 0.79
2 A AIS6ANA <AYASEAA +4Hd A AH+3GB+ = R o] 250> 0.80 0.63 0.70
3 G4 <G4+ E 201 E51+3000mAh> 0.67 1.00 0.80
4 G3 <G3+3GB+149g+3000mAh> 0.90 0.44 0.60
5 B XS5 <2014A3€+2GB+F =2 0] =4.4+145g> 1.00 0.67 0.80
6 A A = E4 <AYA = E4+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+2012:19€ +1GB> 0.50 0.25 0.33
At 0.75 0.57 0.60

Pl A Lol § HelAEL FAAE G35} AHE W, 93 dEEAM = ARET} 23, AP e FdH o=

Stk 7 oolfE 98 dEEe] A%l ool v

3 3

oF ¥ glrh e AuEs us B wwe] Aol
AN 49 9 o

rJ
r
%0,
rir
e
o
o
X
it
rlo
2

Fig. 72 7]&W<ta Abiete] A=E vk 13 o]
7]EWet o 2 = Endrullis et al.o] Apriori ¢13&52
f43to] dHYE ANES FATy £ A 737 wlho]

(association rule mining)ollA] Apriori ¥xg]EHT} $-4
FP*Gr()Wth dagFo] wol AREHET olelg 71E&EY
e E B =80l A A¢HeE FP-Tree 7]uke] <arz)
o A== B]JLG}OﬂD} a4 B AAHE, Endrullis
al. €125 FP-Growth ¢xg]&9] ;ﬁi,]'_‘-:_t aA =
7F o, AQhiere v)Ewte g 5% HEE
% Hth Apriori &3EES AFESH Endrullis Wb
P-Growth ¢ag|&a & 7] Weke] A= 1 &
&9 544 7MY =& NEE b
—% o] -&apAI vt AQhete] &)
B2 4 FoAES o8&t 4
t7] el 71E wetET =2 A
AQHgeto] th2 dHiolH AME
A FoE dolEl AEA Akt
£ Fig. 814 A3ttt sl dlolg AECA A
AAEo] dukH o ALgahe= <‘:"“‘:ﬂ>ﬂr <19+
S Aol APEbA FHEA 4

A AdE, 29T @] Ads SAA
°olH /‘ﬂE"ﬂ’ﬂﬂd Ak PB]

_ﬁnmmfr&ozﬂtﬁm

g oz

_Y‘i

o &
é
T X
ki
rulo Ho
5 ofo fz
e 38
5oy
il
ml
S
>
21
N

ux
Og(é
ol
ol
£
= 4
)
o

Hea%w =4e %)
b

o

AololE ALgste] At 4
AT B edTd me

3 AHES} #€Ay

}eto 2 FP-Tree 7|

nke] 7} Hejojo] FaRE SAHI}E M2 RYE AE)
i MzE HejolE FEaY el gstel FolE ol
olE] MEc|A 7] ety Aohgete] AFE EAdY,
Aoraete] 4SS YTsA I, AUt HEgE =

2 o5 A3 AH R gkt
FT ATFEE Hoole FAEE A=l F 9 AW
o duEgEFS Pt Aol Hasth dEF EW, FP-
Treeol A &8 7|ute] 23 m& tholuyy] 2 Wy
S AHgste] F oo AEEAl Hejoje] FAEE FX 38
dnES MET ogolrt. Egk tho] FoA di(word
sense disambiguation) 7I'HE& A &AL Abte A A
=

o A3e AEvow Algate] 44 A9se] 4Ry

o ATE FaAE Aot



Oﬂ[ﬂ:‘ 74/\HO‘ K{g‘_g‘} ﬂ%

|

St Z4AH |

i

=071 2 719= 0told 463

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 ERNE)
1| 7w Ae <Ol B FEEI5A BRI TS AE S S A e <ol TuIE15A] P01
Pa/}+201o>
2 i <N+ 5+ 8+ 8+ 154 B> <71+ g+ 16 BgE> <71+ = ehub15A B>
3 TAAE <PNAE+A7 P54 BE7H2013> <N AE+F+154 BE7H2013> <P AE+1198>
4 Chil <olRlE+ A+ Yo AFHEIHIBE <7o“u Fratdad dEEv135E> Aol g A+ 1358
5 ALY <A g el A Ak A 2gl o u o] A+ A AgE> <AEY+AT A HA U5 ‘4+108T>
6 4 <FEA+E T 2 H B +2013> <FHAR A+ RE2013> <FHAREA o] 728 +2013>
7 A <FAT+Eub] Qﬂr <SHA P+ 7T+ =139 <+t = el 1308 >
8 AN % <G AT AT 124 THE7H2014> <EAT AV G124 B> <A T B eheb2014>
S=u+514 ]
9 e R AT ppy | T ETIARE AR SRLE NP D
10 agulEl <Y HE At E e} B2 m]2+SF2013> <YEA FopE 41 +SF> <YEL Fol2+A=g} BEE242013>
EAE 5 S2AEL S <N EAS+TA+ 7] W +15%
11 NeAE QEAASUAGH BI6ES  [<D1EAZAERIAGA BETH116%> D R
, <EATE AV E w+3E S+ A 154 s s . SIAE AVErE ws s el ek 1154
12 | SRk Ag B EAEAC <EATE AR W+ RE S+ BT 1208> P10
13 o} < A+ol R T AT+ Y] > <EE+154 AP7H139%> <ol B 164 #Ev>
14 =25 GEAF+HI5A BE7H106E> EAFARE FY Al a> EAFAAA154] B +1068>
<t e gholB+7H ol 154 : TR u <t "Hg go]lB+7H -+ +154
15 9 "y gojr ERE i <t "He gho]B+2e)+154 FHIp+97R> N
11 5 F1H] 419
16 | W om A”  kul o agl auolizd S bRk o8 Adide 2 Bebhaagey < S SR A}iuﬁfﬂ‘j’] 712
L 1= RN
w2k 715 ] 1}
v 3% <R 5H Barboos | < SorARLANA AT AN g gu g amsa Berh204>
T7H+2014>
18 . <A 8154 F7H+2013> <FEFF+154 T 7H2013> <A+ 8+2013>
19 g <HHEgI5H Hrh <A AR 50 B> | <ddez Al 15H b
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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> <AYAIS6+AHY A A+ PE R 0] E5 0> <A AR E 2 0] E5,0+12.95cm>

2 AASEAA | <AYANSEAA A AAHIGBHIERO|E50> | <AYASEOA| +4H A AR+ E 0] 250> <AHASEAA +QFE £ 0] E50+12.95em>

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

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

5 A ASH 20144139 +2GB+ = 2 o] =4.4+145¢> <A A S5+2GB+ = 2 0] =4 4+145g> <A A S5+ W A+ 145>

6 AHA| - E4 <AY A e E4+QLE Z o] E44+176g> <A W E4+ 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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