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Query Expansion Method Based on Word Contribution to
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In this paper, we propose a novel query expansion method based on a measure called word
contribution. Word contribution is a measure which expresses the influence a word has on the
similarity between a query and a document. We presumed that such words with significant
negative contribution to the similarity of documents are discriminative words of document
relevance. Therefore, by extracting such words from documents relevant to the query, it is
possible to make an effective query expansion. We describe the experiments for the evaluation
of our proposed query expansion method, which was made on TREC data. Through the com-
parison of our method to the Rocchio-weight based query expansion method, the effectiveness

of our method was proved.

1. U &I

ERE VAT LD SERFAER L1271
F, WEBRAIL, HEVITRER (query) DFE
BAFBETHHZLEEIETO LY, L, BE
VAT BT B — R = O AR AR
THRENS I LDENID, FEREHRSS (385
ENBRE, BOBREFBERPELNLVOPHEIRT
H5b.

SO HBEICELT B0, E, MEROE
WAEILAT S [RFEIILE] (query expansion) DHF
eSS EPAAFTPNTED, TRECO I 2 X HEL D
DHTEFOHEMEERTIFEBHIRE ENTNSD,
WERSRIRE, —EAIC AT R TRERICH I

T A& KDD 5T
KDD R&D Laboratories, Inc.

EAMADLEVWIMIBIZ L o TEBEESNS. Z OB,
ATIZES LT B3E (MIF, BEaXE) »oH
HENLEERERITINZA D 2 &1 &L ) BBEEIH
EFRLHESNTBYY, BRHELRES AT L%
EHT B NIRRAIIROEADH & FETH
LEZLNTWDS,

BBERIEEAAT D 7= E AT 2 8Ae e
EEPHETAVNEND L. I OBASUTELFIEE
T B —IL R SN TW B FED—DC
[BET 14— KNy 7 | (relevance feedback) H%% 59
BWE7A—F Ny 7Tk, 9, RS NLFOBRE
REBOWHEIMEZIT ). R, UHREORE,
RIS v 7 E NSRRI O VT EA O IR T,
FOWEHRE AT LT 4 —=F Ny 235, RERIL
BIEZDT7 4 —FNy 7 SNEAEEA»LHEE
EHH L, TORERIMA S ZEICL>TiThbR b,
BWETA—F Ny 7OFFEE LTI, 2= L



64 R SURES S DT

EOBFAMEHML, FOHMERY VAT LIGET
F4: (manual feedback)?V L, EIREBEOER, F
T v 7 ENTXELRBELELA LG L, 2OEHRE
Y AT MMIETFE (pseudo feedback)® @ 2 DD F
FEAMER SN TW5A, manual feedback 13, FIEIMRZ
DRERE S N/ CE I LI # S O FEAMD T b
NAHD, MERPIENL VAR S &V FLAH
»AHKHE, HELHKOBES LIS TL
FAEWIRENSH D, —F, pseudo feedback Tid
Z=FANORBEFBEHENLDOD, 74 —FNy 7
ENBEAMOHW D TETIT R VR A, RERIIE
B DR EFREE DS manual feedback 12 X AMRMENILIE
KRBT B E VI REND 5.

AT, TNFTHBLZFED 9B, manual
feedback % N— A2 L RBRILREFEICOWTR
HETH. 9, ANLEFELE L OBPEISHL,
FRENOLEIHBE T AHEOYE R THESS
FrwoltstrERl, BESFEEICETWIH%
WMERAPIRFFELRET L. Rk, TRECF—%%
TR L 72fERFHEL ORBERTITV, REFIEOFH
R R

2. W EFiE

B, &3 B RRERIEEFED —2IC Rocchio
DT VT XISV FENRH 5. Rocchio @
T T A AE 1960 ERFTICRESNTEY, B
TEWCE S FT SMARTY 2 EHE COMEBE L AT A1
RS TWAS,

Rocchio D7 VT Y AL, MENBLER EEAN
ZFNVELTERTANY P VEBEFT VIEIWT
W3[5 AT T 2 AMEPREO%E, 20
AT TR N7 PV FDORITLIHTT S
WELEE OBEPEERIZL, 20EEALELD
HUERRMET A0 THS] v BEICESWY
TRESNZFETH VD, ZORBERAY N VIZHE
EXELEAPONFELRIANI PVEOEL L, FEE
BXEAFETNY PNVEOELEDESTRI M VTH
2L LTWv3h, Rocchio 10k nE, 2 TORBEREN
IV Qopr B (1) KE>TRENS.

@optz%z;Zﬁ—%Eﬁ (1)
D¢Rel DgRel

AL, R, N BFNFNRENELEEAGHOHEE
T, FEENEOHETRL, Rel ZHANELET
Ny P VOEEETS. R (1) OFEOKR, BEXA
o/ PVOBRZERZZOEZ 0 75,

(1) OF#ENR7 PLOBRIE, TOANILONRS

Nov. 1999

PLEBELEFRTNZ P VIZEDTBE LD,
EBENEDONRY P VP LRET B EVIGREFD.
L2L, COBBETRILEDATILERT RS VO
MRS TWRN, 22T, BB PV EH
T ABICTDATI LD N b VOREB R R Ai-F
ELBEREINTVALAY BESN-BENZ PO
#%3(2) IIRT.

"
Qopt

o X

O

TN o=
org + ,B X >l_¢{ D
DeRel

1 —\ o
—vxg ). D ©)
Dé@Rel

= -

X (2) 1K, TOXRT MV, BELEONS P,
BLUEBEELEONS MNOREBERIHT 2700
T RX=F o, B, yPFEEINTYE. SMART 320
RNICETCRBERNIFRFELZFEHLTRBY, Z0FE
KEDBVWIREREZR TS,

N (2) LVBS SR XS, Rocchio D7 1) X
LACED CRBERFIRTIE, AL, BELELEEB
JOEBRELEEFTEINLILELTRTI NI ML E
TURERLELZT). INOH0OXZ N VOERE,
EXECHEATIHEELRLTBY, SEZICEMNS
NTVAEIZZOEZRVPRTHEOXENTOERE
&L TWwAh. Rocchio DFETIE, K (2) D& 2
HICRONAL I, COREEEATESLEAIIN
LTEHLTHWDF-oTWAE, L - TEHW L E
BNEICBIT AEBEOEER ICEA SV URERIES
FoTWbI Lilmb*,

L2L, 5BEELENTEEREOEVEED, 5
DBEELENTHOEEENFTBVEIEIEL 2w, F/-,
AANT T 2 EEEITBHLEICET NS EERE
FOEHTREPEDEZLNL. L2057, Roc-
chio DFHED L )12, BEAIIROBITEIRT 2 HEE
DEEL L THELEEASTOIEYNEEEO A E
BT 20 TIE %R, AHLEME 4 DBEIE L OF
BB 2 RBEORBLER L) 2 TREXIE
2T 2E, REREO—BORLPHFETE S,

MBS 2E A QBFEORB LN B L LTI,
Salton 52 L 77 term discrimination value &9
AP HIT 5N AT, Term discrimination value &
%, 51 20OHEEMEADLELZMRINT AN
BALLZbDTHS, XERNEHOBVEErEE

* RIH LT Rocchio OFETOIEM A CEEE OHH ORI
B % BB G R AT D e bS53 LA I B A SRk L7,



Vol. 40 No.SIG 8(TOD 4) HEHE SR 2 R U IR ILR T A 65

BeaZ bk, Bc0OmBIEICEDFHAHE
WY, MEBESTLETLEVIELTHAS.

Term discrimination value 1%, % DHFEISREN
EAFCRTEZ L L TN SN BRIHROCEREH
BOELELTCEETAI LN TE S, XEENEHIO
BWHEESUERBAOER L LTNZ S S, Ha
DIEOREAHWEIZ 2 5720, S XEMOIER T
mss. ZoOKR, EBEEEFBLTE LR,
term discrimination value 2SEIIT 4. i, WE
WIVEE T DR VCEEENS L ERMICINA b N EE,
XEE OB WEINT 579, term discrimination
value 2NEAT 5. HEEF wATIIR 55 LU 022 %
% Q, HiE whi M SN BOZEEEL Q¥
5 &, HEEwd term discrimination value dv, 135
BY Lo TEHFEINS.

dvy = Q — Qu (3)

ZREE Q IZEEAOETOXEROELEDF

BIZL o TR I EITEL. INER (4) ITRT,

Q:ERE%TEES S Sim(Di, Dx) (4)

i=1 k=1,i%k

T, Sim( Dy, Dy) WEE D E3E Dk O
DEPEEERL, M ZERAOEYTIHRFETLIO
&35,

¥/, MBENSELEBLEESTOETOLEMOELE
ZEHET AR, RENRAEHLGOELCLED
B ST A LIC k) ERBESE L EUT 2
FEIREEINTVE, TRER () IRT

M
Q= 7‘14» ?;; Sim(C, Dy) (5)

LAL, R(4) LB % L5, term discrim-
ination value 25t E T 2DV ELBEEE Q + 4
Hg 5720 I3 BEPEDOREE M(M ~ 1) BiTh %
CTEGRL R, Tz, K (5) DL ) ICEMBEENE
TR L2BATY MBIOEMERENLE L &
B, L72ito TIREST R ICERARK & Wik 8 % 5
MRFZEDBFEIILIRIC term discrimination value %8
R§ 6720 IR EEVLETH 5.

3. HEEFSEICED (RBIRFENRE

BIET CIR R PR FEDORIE A 2 R T 5720, &
CTIEATIL L TR ITE L OFUEIC B 2 E 4
DHFEOBEZHMEN L: THFEEFSE] Lvwolta
PEHEL, TOXREFEECESWLT L BRERT
BRREAPRET L., KECTEIEESSEICOVWTOH

®1 ANXEMALEOHPBEC BT 5 HEFSEOH
Table 1 Data example of word contribution hetween
query and relevant document

Word. Contribution
levitation 0.08039449
superconductivity 0.02394392
phenomenon 0.02052002
application 0.00886015
possible 0.00309428
use 0.00258170
government 0.00058935
company =0.00003276
text =0.00003481
BFH -0.00003655
commercial ~0.00194345
narrative =0.00195197
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permanent ~0.00307957
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magnet ~0.01156134
superconductor ~0.01881981
Haglev ~0.07158282
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(num}) Number: 313
(title) Magnetic Levitation-Maglev

(desc) Description:
Commercial uses of Magnetic Levitation.

{narr) Narrative:

A relevant document must contain Magnetic Levitation or
Maglev. It should be concerned with possible cornmercial
applications of this phenomenon to include primarily mass
transit, but also other commercial applications such as
Maglev flywheels for cars. Discussions of superconductiv-
ity when linked to Maglev and government support plans
when linked to Maglev are also relevant.

X1 Topic 313
Fig. 1 Topic 313

(DOC)
(DOCNO) FBIS3-30043 (/DOCNO)
(HT) "dreas037--294011” (/HT)

(HEADER)

(AU) FBIS-EAS-94-037-A (/AU)
Document Type:Daily Report
(DATE1) 24 February 1994 (/DATE1)

(/HEADER)
(rroblgees)

(TEXT)
Language: (F P=105) Japanese (/F)
Article Type:BFN

[Text] A piece of iron hovers in the air... The Kanagawa
Academy of Science and Technology (KAST), established
by Kanagawa Prefecture, has discovered a new magnetic
levitating phenomenon that uses high-temperature super-
conductors, and confirmed that practical uses are possible.
Previously, it was impossible to levitate something unless
a permanent magnet was used together with a supercon-
ductor,

()

(/TEXT)

(/DOC)

2  FBIS3-30043 (k)
Fig. 2 FBIS3-30043 (partial)

Contribution
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Bls AT & BHISCH OBUEC 81 & BTG G

Fig. 3 Word contribution to query-document similarity
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X TREC CD-ROM Vol 4, 5 25 Congressional
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Table 2 TREC-6 data statistics

Doc type # Docs  Avg # Words/Doc
“Financial Times” 210,158 412.7
“Federal Register” 55,630 644.7
“Foreign Broadcast | 130,471 543.6
Information Service”

“LA Times” 131,896 526.5
Topics 301-350 50 88.4
4.2 BB FHE

I TRERZERTOREFEIZOWTHELWEHEL
179,
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4.2.2 B RBIE
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THHNE, KEBRTRUTIOERS 200F

E (FEAB) *AVWCEHATHEA LT
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T ABAELED B, K (10) 10 Lo
TEE SN B AT L DEPEIEVIEHE
Num B2 BAXEELEGL L THET 5.
¥ 72, Rocchio DFETHE SN HIEHEE
TEEAE, AT AIEEAED
3B AT E DIFPUEOBEICE 5008 &
T5.

FEB B 1000 HCEFLEEGD L, HUEKE
DAL 20 O AP OLEELEEELR LT
WKHREAXEEAYHIET A, T4bb,
Ef 20 FroXFICEFENEALE L HE
SUBERESL L, B OXELIHEULE
EL5LTE,

(3) mIIRE

WMBERITROEREELNHMERT L LICHE

WMEREZITV, RERFEREHL.

5. &% il #% R

PLF, FiEA BLUFEB IS 2MBERIRFE
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5.1 Fik A OFHMEER
Tk A CET CIERTHEICE, BEXELSILET
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DIODNRT A=FHHDH, ZITHEH, N=10 LE
EL, Num 10 BLXUF0 0 2@y IcikEL. &
72, Rocchio ®FHEIIOWTIE, IR ELTWY
BEHZ, BEAAXICDE, X (2) THEIWIEAR
DR EVEEE 20 A RBENILRICEA L 2.

¥4, Rocchio DFEDIT X—% o, B, v DEHE
ko iz, DB L UTLEITRENAETDINT
A= FHEIZOWT Num = 10 BELT Num = 20
DFNFNDLELET T Rocchio DFEI L BRFED
FHEFE (average precision) ZWE L7z, JORER%
R3IRT. T, WROOMERRTE (“Baseline”)
DFEREEDIRT.

3 Rocchio DFEIC L ZWREOTFHRE (Fik A)
Table 3 Average precision of Rocchio’s method (Exp A,

Num=10)

Parameters Average precision
{o, 8,7} Num=10 | Num=20
{2,16,2} 0.2983 0.3319
{2,32,2} 0.2985 0.3217
{2,32,4} 0.2935 0.3247
{2,32,8} 0.2926 0.3214
{2,4,1} 0.3210 0.3517
{2,64,2} 0.2916 0.3223
{3,2,2} 0.3410 0.3885
Baseline 0.1433

£33 IVHEHLIZLIIIW, Num = 10 BEIT
Num = 20 OTEHT & b iZa=3, f=2, y=2 &
FE LI SICRROPEBENE NI, Lo
T, SHLUBEOREFEL OLETIEIDINT A—F
RETORREEFERTS.

RiZ, Num = 10 BE U Num = 20 DFEOR
REFOFEHHELE 4 IGERT. £/, HBOZ00
HMRBEOTIGEEDRT. Fh, Num =10 OBHE
DREFHEL WC10”, Num =20 DHEORETF
BEE CWC20” EERT.

#4  FiEA COERERMEREOTIYHIE

Table 4 Average precision of each query expansion
method in experiment A

wgt | WC10  WC20
-100 | 0.3696  0.4265
-400 | 0.3837  0.4475
-1200 | 0.3844 0.4528
-2000 | 0.3837  0.4530
-3000 0.3854 0.4554
-5000 | 0.3865 0.4565
-10000 | 0.3850 0.4559
-20000 | 0.3815 0.4539
Baseline 0.1433
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FHLOWSHOD Num = 10,20 O FREFRIC
DWTIREFHE (wgt = ~5000) , Rocchio DF
#E (a=3,=2,7=2), %5 ICHPERED 3 20K
FF 1D Recall-Precision B % 7~ 4 121X
Num = 10, B IZH Num = 20 OB HH
®IRT.
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Recall
B4 #HFED Precision & Recall (FiE A, Num=10)
Fig. 4 Recall-Precision curveline (Exp A, Num=10)
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5 HFHED Precision & Recall (T A, Num=20)
Fig. 5 Recall-Precision curveline (Exp A, Num=20)
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Table 5 Average precision of Rocchio’s method (Exp B,
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Table 6 Average precision of word contribution based
query expansion method in experiment B
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Table 7 Distribution of queries to number of relevant
documents in top 20 documents
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Table 8 Comparison of average precision of each query
expansion method in experiment B
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WC < Roc 14 34.1%
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Table 9 Average precision of Rocchio’s method without
nonrelevant information

Exp condition Avg prec
FiE A(Num=10) 0.3441
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Table 10 Number of words used in word contribution
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Table 11 Average precision of Rocchio’s method with

increased number of expanded words

# of expanded words | Num
35 10
55 20

Avg prec
0.3664
0.4385
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