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Query Expansion based on Word Graph using Term Proximity
Kye-Hun Jang" - Kyung-Soon Lee™

ABSTRACT

The pseudo relevance feedback suggests that frequent words at the top documents are related to initial query. However, the main
drawback associated with the term frequency method is the fact that it relies on feature independence, and disregards any dependencies
that may exist between words in the text. In this paper, we propose query expansion based on word graph using term proximity. It
supplements term frequency method. On TREC WTI0g test collection, experimental results in MAP(Mean Average Precision) show that

the proposed method achieved 6.4% improvement over language model.

Keywords : Term Proximity, Word Graph, Context Term, Query Expansion, TextRank

O?=_>LUN

LM OB ARl BAES o] &dt] o] Fars AR
A gholA ol3le] AE AFRd AHEAZ AT
P A3 v= 71231 27] A4 Aol 9 [45]el A= AL, 7 AR, A2 5 Fe] aw el
2 FAgHow A3 EXzt sk, AYEAGA upzka] o]Fle] 9 E mEstaL, Ao ofF Afe]o] Agrt
& o]3E E Ao} dAnEe] 9= oI 7 Ao TAE AE&TorN Y Hog duEdth deo o3
Aegich AEZe WS o]FulE2 o] &= Ao|t} TWhE 9Ael A BATFE ¢ g2 VEAE HA H
EACA g MRS Ee ol Aosh Awd ofF L JFEAVE & olFV) S defm s,
AAsta B Aoz AEgit oIulEE Ha of 2w Ao ofF)e} ofF] Atole] WAE WOl Te=
= = = (Word Graph)[6,789]2 ¥ &3, A9 oj39} <3 =[10

pN
2L

il

)
3
oty 1o

o
3 ok
AT AFHIEE o] 8d WHe FA] 9t g ol g3l Heoo} ZHE oIS I Aoz Adi,
o y =
=

oA olF5e] THEA gHglel £ oA AF ol TS el §Fo A g
FHTFoRH oIS Alole] ouHel BAHTE = ofyel, A kel A HAARD T2k oI5 Ato]e] #A
g whdste] wol gz <heA wiEAQl AxkS B 7
=235 2011d 58 189 Aojo} shyte] WA ofF = Ao} on Ao <ty
e oy 74 1A of itk Aol wo] TAZolA F wEnode) AHl



38 dEMeEZ==2XB M19-BE M1=(2012. 2)

oA (edge)®l 7FEAE o139} He] oF Alole] ZHEE
Agsto] AT AbE i FEAS ASsh] A8
TREC WTI10g A=Al s ddsta, 344 48 9=
Wrde A 43 B H3E A (Relevance
ModeD[1]1# v]aLste] d5& B7Het

£ oo ok rr
9
>~

e =
i3
o
=
M
ot
oXl
[
i
o1
)
=
~
rr
>
el
=
=
o
i
i
=

=

2P

Y

o By 4

st e (Relevance Model)[1] %7]
%H% ol &3l g dogs AMelsla,
«] Z].j_ x],] p:}?(]—oﬂ _:Q‘Lgﬂo] HR

a
(s}
o}, “”é’ﬂ A&k 3] =Wl (pseudo-relevance feedback)S
A
1

Hﬂim&
m&mﬁl

o>4ﬂ‘.°1 Foﬂ,ﬁ_,

A HYEANEL AAHoz Aol A3
EE wwoﬂa Hl‘:ﬂ e OME 4%

=]
Hh &

P(w|R)= Y P(D)P(w|D)P(Q|D) @

DeR

RE 271 44 A3t B9EA0lm, PO 2
Aol ddstA 488t P(wiD)= %*101]*1 o] g7} 1t
A% BES e, PQIDIE AolRES B3 24
z2717FsAE YERdLh 25 P(wiD)9F P(QID)2 ”‘z‘f} A
gl B Ao da] gl fho] =& AU

Al frh P(wiR)o] 7Hd =& e/ll9] o3 E A9 Q’Xo

o J% ml

Ag anjz =) A}
sEmse QT3

P EE
248 deue gz

oi‘ii
o4 e
9

o
PN
)
ml

L

rE K
i)
lo
X 4
Ho

o

ol [
il
rlo

A o] ] AO}E}. ueba] FEw FA5 A9 u oy He
o]3] Fz=H <t e FAM9 A7t A9 et |
o o o4 1 oj3 Zgto] WA EA7} Yok Fx
Elo EFA7A e WS A ddstay Nz
EAATE Fed ALgFowA des Mt

22 Jef= 7| 2ne|F

A=z GdugE(random-walk)[11]S 7H3e] 2t

(reader or walker)7} Bl1~E ¢to| A o]3 5 o <oz A
o gyt Bot E4o)3(target term)E T FES A4
st o359 7tEAE AAse gngFeltt. dda

S FL 7|0 o3 TAld dagle] 24 ofFEe] 2t
= W% AR g FoEE AAsE Ao] ol H
2E gt BE o35 Aol HAARE T3 WEXHOR
et Aats gt 7h s Fawrt AFHh 7
BAQl ofolt]ol= k= Abe]9] AV} vhE =E=E FH3)
= 3 R(vote)® A o]E V|FEoE FAEE H
4et) 2HE wol Be v 29wyl =y 7 =27}
FHE w2 gA B ForE dF du BAE Alolg
AATBAE o] &3 HoAAa LdueFy o]F HAE A
go] H&g dreEfa dugFo] WP FuYFS
gz 7)Y £98 daE| e 283 whyolth

s o] A Y A (PageRank) &a#]H[12]> A HA9 A
eSS =o|7] S8 BHEA] =1 AYUE HelXE G
o 93 A7lE Aol A4S —‘:ril Ao, %ﬂv”:/ﬂ Alo] 9]

aPEE B2 € § glon, (Vertlces = L:E§ vHe}

3 |
o Ya7xE oAHNE Aeld aYzz Y2Eu FLES
A g ZAA 2d7 o3y = oo === T
Faa gapel gl a9%E A4 grEga g
PEE offle FRE} AW gow FEY WA
How Ane SR FHe Q)9 2k

WSWV)=(1—d)+d* wS(,)

V]E;m Zwﬂf @)
VieOut (V)

A7IA Vie 2d= Ao Jefe] o3a Vi o3 Vist

AHE 013, Vii= o138 Viok AHE o3tk WSV @
Al SAA o3 Vi Fakoli, WS(VE o]d dAel
A o3 Vel Farolth 7] @AM WS(V)Y e 1
olth. In(Vy)e ©13] Vis} 13 o139 JF, Out(Vy)=
3 Visk g o g o] et gz el WAl gle
2 AR QAR oFELS 5olee Pas Wwie Ha
stubd Zheth gk e zol A oA e ThEATE glenw,
VA wi, wis 19 #E ZET dE dubdo® 0.8
A7

dojA A= A7 THel 7=

a2 3o YTe ANAAT BiEd oM s

=AWl 7R AS ddugrt glenz oy £ Ab
olf AAT 7P Adaert Fasith giEHAE
o] &3 7IHEE FIse ATFdME o3 IUNE
(co-occurrence) & 7Hde] A2 shof "F‘Lé}?\i T8
v F& AT0AME B Atold] frateE dAue =

shel Abg-dle.

S A EE L EEE R s
o= AEs] sls) Aolshe] BHES v
2 olgeit WiEda YueEAY BE

= A=t L

o i
o
il
dob
o

2
o

-
= M
o =
1o [k omY



goa

4
=712 92% ZE do
29 n7l 9 (2=x=) 9
A =7) 7V&
2 A

I

Z2oojy g
TEES

3 A9

745A ALt

(22 1) offl 2BE

j

wAS ag=ze Fdde= A
Uehd ojfEnt gz Eaﬂs}t% @1%
ModeD)& ©]-&3f o] ek = oA
o 7teAE delot 1 %—%0114344 712 E A7 Aol
EA[45]A A ezl A&kl Aert HojdE
AA Aed IS T 2 «IE’ et

SR (Relevance

3. ol ojfigel DMES wust Hoj Iz J|u
ze| ay

A Aorsle o3 ZHEE W E tho] gz
7] AA A A 2H ?‘i% (g D
t*a‘(Langua,gne Model)[13]e] &3 %7] #
of thslA 2359 (Relevance Model)S ©]-§
bAoA B BE o35 2] A E 4AA
O35S =ER SHal o3 E Alo]9 %ﬁE% o %

FeAz stel Ae] ofdish 24 ol9le e wol 19

M
ﬂ,é

i
e S il

2
fg

o %

f
jg
A
>

r9L‘o>{JN lmizrih_&_timii

it =
)

> o

_O‘L

K

N

N

ofy

N

N

i

=

31 meol ojzletel 2HE U2 9 Ehof J= 7Y
o135 slr] S8l 271 AA AFe] FEAel e
BE o359 tEAE AAsa, EATE A =L o
e Y o3 Mgl st AAL 7 039k A9
o3& Alolol ZHEE A& "ol ay=E o] &ttt
g Ze GV, B I

LEEN FACA 7 o3
o X (edge)ZH A2 o]Fl9le] THLEE X9 JFAE
stoth ofF] A(3)S Tal =W FA QoA Eshd 7 of

s %
A9 AFAE ARG 5+ Atk

wit.q,)= f(q,)
Z “'(qj . f¥) (3)

teNear (gy)

fey=exfi@)+i-a)x Y

qf_\'ea"(x; )

O|&8F Bhof Z1ef= 7|t

Jal
10
joi
)l
>
| >
=

AN e =5 9 Z7] 7FEH el

= a, ellA 9] 74EA]
A wit, @) 6o giteld 2=

A BIA A,
bl toh 2AsA ekt o3l st
o319 ZAEATE QAF Fel AL WA HEAoR A
Aal AR AAC -

N ia= i) - fL)E
0.000001 % 3tc}.

2 @A e olde]  zrigtez  Hgnd
(Relevance Model)& o]-&ato] Axtgity, AR o]
24 (Language Model)& 7]4k3k X'J s 7oz Ao

Q7F FAAAE W o3 weo IE
A Agrde s _H;_oq_cﬂr.

& FAehe tpRElt,

fo@)= 2 P(D)P(t,| D)P(Q| D) (4)

DeR

o714, RE A9 QI tisl FAH oz Agsrin /A
]b;lpo]q_ PD)= _,_;\17]. HL/\gb‘]— ﬂ-a ]Ui
BE ol wdsA Agdh PID)E EAA g7} @
4% &, PQD)E =g

Z71dofe g EA9 T2

(29 2)9ll4 2 =E(node)E= A13E dnlsta, 4 (3)
A wit, g LRAA A1) 7tFAE oulsit). 2] (3)¢]
s wig, oAl 48 g8 SRAUE ZE o3 E0]
I (g DA wiar, e @ SHAAE oA A o
3 Atolell EABHE 7 oA 9] tEAE on|dth wit, )
(@ 294 g tAtelE A3 oxe AEAE 9

ol



40 FEMelEsl==2X B M19-BH M1=(2012. 2)
TR 6 qn, @ R A e BE e ofF

g9 FEAE v

32 03 2HEZE HE2 oix|of JHEA| Al

49 o Aok U oAHE Ast Av|How Awslo]

otk Ao ofslgte] 2HEE olX o] AFAR o] Wl
agfae] A4t 4 (B o9 AFEAS e,
w(tiaqj): Zprox(t,.,qj) (5)

t; ENear'(qJ )

71 prox(t, g A otdlAM 49} o] +HEZelt
wt, )= 28 F=9 FAA e g F=9 F4 WA
A gttt

prox(t;, q;) A2 oS3 2

dist(1,,q,)

(6)
o

prox(t,.q,)=1-

A7IA dist(t, gp)= %k qAtelel Aol 6=
%4 A g vhehuEelt),

ol E50], 7F 42t Wiy, & THeE 74 FH ofF
=9 7teAE (2" 3% 2ol 488 4 ddh 63 i
Al 1o17] wlatel distlts, a) = 1 ©]3L, prox(ts, a) = 1
- 17075 otk el RN HeldsE AFAE @
Wi ek B4 AAAA 3 grleld 2HEES daku
oA e] 7hEAR wits, qE AT = A

A= 7}

t1 t2 t3 ql t4 t5 t6
0.25 0.5 0.75 1 0.75 0.5 0.25

(2 3) of2l2t &o| 0fF] Afolo] ZHE ALt EY

P(Q'|D)=2-P(Q|D)+(1-AP(W|D) (1)

¢1714 P(QID)= ol oA ALE 2714l
i MY T8 = e FE o9Es Y
W PWID)= e s #&ato] AMtd M9 $oES
eI PQID)E 271408 B3 ¥A9] 7159 84
X]AE 15._;5]. /\1
iyﬂ thﬂ- 740]

dets Jetu|E ol

8o e
N
roolN N
ﬁ’,

alf
iy,

o
P‘E
2
Hd
=
1o,
N
of
N

it
=

A 2785t ARAee HTe 2

;

41 M B

A% BARTE 94 A3l TREC WTl0gs AH8s
gt 54902 B SeblEHE F44n giE A9
dal 45 B HiE AgAd g gns <

b

ol

E 1) 48 Hole| &

I

de Ao | Ase Al
98 | w4 4 : :
AoWs | A% | A9ds | e
WT10g 1,692,096 451-500 50 | 501-550 50
Aol m AN AFLARMA o ABAshe A=
o (ndri-28)4 29051 AEa9T, dojndel +48 o
o3} 2o,
k
| D] Jan H <,
PID)=]|( ot S S ®)
H |D|+4 |D| |D|+p |C|
714 k= A9 o939 JFola, D= &A1 Zel,

ICle AAl AaAe Aol fpE _/q Dol Ae] Aol o]3]
g WESF, Cue AA AddAoAMY g HETE YERd
o} nE gg4rd 259 Dirichlet smoothing) W HE 1
e gEdod g A3 (ue{500, 1000, 1500, 2000, -
5000h A MAPZF 7HE =2 s ®el 200002 A3}
pil

3189 A3) dA 39 27I7HEA (a€{0d, 0.2, -,
09}), 3249 2N A 7t=AE H&str] 93 gt
v (6€{5, 10, 25, 50, 74, 100+ TEHFAA 7 =
< A5 B fem A = £ Jig (ne
{5, 10, 25, 50, 75, 100}), & ©13 9] M4 ({5, 10, 25,
50, 75, 100}, A (DellA =714 dgt A AE {01,
0.2, =, 09H= A}

42 A¥dnt

wol g ol§d Aol g APAT AFRARM
soazEgag olgd A9 Y Wy At Aes
49 B3R AE wwstel Prrwt Wk Ari

MAP(Mean Average Precision)®]t}.



s dolREAXM) @ Heb

= D dojR gl o3t 7| HMAT A S
THstE EFAE FEdEta, o3

g A=}

A(TextRank) @ ©o] IELE o] &

dor FHEE AXlstan gAE Ad

o9 2 gt 2 e
R T 11% ol
i} [t o )
. mlo fine) ﬁ = o2 1o,

: 3

& =

e L

MK ry

o 2 o

R

w A s

~» 2 >

; oo N

/ ol ol ofl
bRy .

o =

ON 1H

o i

o M

it olo

2 2

) £

g{_g

of
2
o FH
o DN
Y

Ao (LM | AL IRM) | d2ER | AP

MAP 0.2125 0.2171 0.2217 0.2261

AQAT AN
64%¢] 454
o] g3}
o139
o 24

o3l
tlo e
ol

=
o o

to lo
2

ofo
o,
)

[>

|

o

)
o
)
o

b

o
do

)
=2
o
o

2

i

= Ok

ofo
o
2,

ol rl'E (4]
urt
o rlf Y
H:IE » Ao
o Jfl o
& ru
B
=
| 2
A ot
SR
=]
=)
o
n
5 ig;
o
o
2
Lo
e ©
oo
ok
tlo
Ho
)

o,

o
ol

-

o Jm N 2
ox 1o

‘
=

1o
N | o
2
ob
f
o,

N
)
. oN
B
|
o |
o
ol
ol
2
i
1o
!
o

CEELE o Y & Al olAe 5l

A el Flel skl Wwlshl BAF o}AEE Fulold

2 Adgony 71Eg ofINED o] g3 e UAY

F g woth B9, 7o T Jw 2918 G

2o B4 ol 99 o359 aexe] 4gFons 4

o 84 o718 Aueln FEES I
#ags

[1] Lavrenko, V., Croft, W.B. 2001. Relevance-based Language
Models. In Proc. of 24" ACM SIGIR on Research and
Development in Information Retrieval. pp.120-127.

[2] Collins—Thompson, K., Callan, J. 2007. Estimation and Use of
Uncertainty in Pseudo-Relevance Feedback. In Proc. of 30th
ACM SIGIR on Research and Development in Information
Retrieval. pp.303-310.

[3] Sakai, T. Manabe, T., Koyama, M. 2005. Flexible
Pseudo-Relevance Feedback via Selective Sampling. ACM
Transaction on Asian Language Information
Processing(TALIP), 4(2), pp.111-135.

[4] Lv, Y., Zhai, CX. 2009. Positional Language Models for
Information Retrieval. In Proc. of 32nd ACM SIGIR on
Research and Development in Information Retrieval.
PP.299-306.

[6] Lv, Y., Zhai, C.X. 2010. Positional Relevance Model for
Pseudo-Relevance Feedback. In Proc. of 33 ACM SIGIR on
Research and Development in Information Retrieval.

[6] Blanco, R., Lioma, C. 2007. Random Walk Term Weighting
for Information. In Proc. of 30" ACM SIGIR on Research and
Development in Information Retrieval.

[7] Huang, Y., Sun, L., Nie, J.Y., 2009. Smoothing Document
Language Model with Local Word Graph. In Proc. of 18" ACM
Conference on Information and Knowledge Management.

[8] Mei, Q., Zhang, D., Zhai, C.X., 2008. A General Optimization
FrameWork for Smoothing Language Models on Graph
Structures. In Proc. of 31* ACM SIGIR on Research and

Development in Information Retrieval.

[9] Mihalcea, R., Tarau, P., 2004. TextRank-Bringing Order into
Texts. In Proc. of the Conference on Empirical Methods in
Natural Language Processing(EMNLP 2004).

[10] Zhao, J., Yun, Y. 2009. A Proximity Language Model for
Information Retrieval. In Proc. of 32nd ACM SIGIR on
Research and Development in Information Retrieval.
pp.291-298.

[11] S. Hassan and C. Banea, 2006. Random-Walk Term
Weighting for Improved Text Classification. In Proc. of
TextGraphs: 2 Workshop on Graph Based Methods for
Natural Language Processing. ACL. pp.53-60.

[12] Page, L., Brin, S., Motowani, R. and Winograd, T. 1993. The
PageRank Citation Ranking: Bringing Order to the Web,
Unpublished manuscript, Stanford University.

[13] Ponte, JM., Croft, W.B. 1998. A Language Modeling
Approach to Information Retrieval. In Proc. of 21st ACM
SIGIR on Research and Development in Information
Retrieval. pp.275-281.

[14] Abdul-Jaleel, N., Allan, J., Croft, W.B., Diaz, F., Larkey, L.,
Li, X., Smucker, M.D., Wade, C. 2004. UMASS at TREC
2004-novelty and hard. In proc. Of the Thirteenth Text
Retrieval Conference(TREC-13). pp.715-725.

[15] Strohman, T., Metzler, D., Turtle, H., and Croft, W.B. 2005.
Indri: A Language Model-Based Search Engine for Complex
Queries. In proc. International Conference on Intelligence
Analysis. http://www.lemurproject.org



42

dEXelEzl==X B M19-BH H1=(2012. 2)

A=
e-mail : ghjang@chonbuk.ac kr
2000 A ThsH 7 FE TSk
2011 AEWEt 3 FEE 3 (A A
BARE: YU, g vheld, Al

Aol A 2

of 4 &
e-mail : selfsolee@chonbuk.ac.kr
199491 A o eha 7 78 F-sHak(shAh)
19979 7879 AR A

s
2001 @=3tr) e el AApdake

(A}

2001 ~2003d 4 FPAREA T A
(National Institute of Informatics)

20079 W= wjAREA 2T Yo W

2004 ~ 4



