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Abstract: In semantic-based query expansion, computing term-concept association is a key step in finding
associated concepts to describe the needed query. A method called K2CM (keyword to concept method) is proposed
to compute the term-concept association. In K2CM, the attaching relationship among term, document and concept
together with term-concept co-occurrence relationship are introduced to compute term-concept association. The
attaching relationship derives from the fact that a term is attached to some concepts in annotated corpus, where a
term is in some documents and the documents are labeled with some concepts. For term-concept co-occurrence
relationship, it is enhanced by the text distance and the distribution feature of term-concept pair in corpus.
Experimental results of semantic-based search on three different corpuses show that compared with classical
methods, semantic-based query expansion on the basis of K2CM can improve search effectiveness.

Key words: semantic-based query expansion; concept; ontology; term-concept association
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hEESES: TP311 XHERFRIRED: A

TEA HA R4, A 19 i (query expansion, fij #XQE) L 7E 20 tH 40 60 4FA% LA AT AT A 32 th I A A i fi
AR A A R W B R 22— LA A AR R 5 2 v DG B R AH G (9 3RV A AT 8 IE, DA R B BE 2240 D6 3L
BB v A A 28 AR T, 2 T OB A A T R R S RV 220 SCER AR AR 1R, SCIBR [2] Hh Bk 3L D R v )
Ji (vocabulary problems), i1, [7] 3 i i #% (synonyms) . 15 X [i) & (polysemy) . 44 i) & (lemmas) . ¥ [7] X 7] 5
(quasi-synonyms) =5, 75 $& 15 7 4 28 19 [ Bt DA R IIE 7 o 26

7 A T T ) R AR A B R T AT B S A 9 v 1 3 (R R )55 G B A ) R R A7 7R A 22 R I 0 R 2
IR 2 R 2 6 BAT 20X — MRS I RR I R R A AS 1), AN AT T A TR 1 T A 4 R (semantic-
based QE), /M Kk A i) = 5 3R B 55 A H)1E SUMIC MM &t A ) A7 97 R B4, DR O M S 1 T R A ik
IR RO G A RE RIS I A R = B 1 B N R OG R R T, BT DAV BRI Sk S
MR R — B S R A R 208 T7 2 8] (1) 22 57

Fig.1 Relationships of words/terms, concepts and objects
K1 E. SRS = H 2 AR

TR T MRS IRV OB W9 b A Wi o R H B SRS 5 SR A IR DR b, 2an T 4 381 75 SO G 1 Mg 2 2 ik 10
F B R AN 32 ) ] 1 - M & A % 8 i Mt (association  thesaurus)® & — A L i i (word/term) Al HE &
(concept) 7 SCHH IR JE 2 70 3% (K0 5 2 1R B30 25 10 32 B AH OG- XSG Atk 2L vpy A0 38 - R 18 SCAH O 2 5 1)
S A O BRI AR T SO W b T - R DG R TR T B 0 R B R XA il L A SCER H — T K2CM
(keyword- to-concept method) 77 72:, I A~ A & 46 348 1) 175 - M 2 AF 5 8 - — T 1 6 24 iy 3 T A 446 ST 3R AT A
) YR A U 2, 25 RSRS8O R R 9 - SR - N T e R A 1 - MR AT
TR 55— 7 1 A6 ) FH A 0 v B - W o e B0 T A 3R 1] - A A % B, 2% R 4] VB A 3 X (term-concept pair) )
SCASBR B AN AR (5 LA R B 5 AR S S TLRC .

AL LA AT AR 2 WA K2CM J73:.28 3 15K K2CM 5 5 Ath ] 45 W 3 A DG 8 v 457 v
HEAT R LE A #7256 4 iR 3L T K2CM 138 A Y R AERE ST R T (M B AR S22 5 4945 Hh 526 45 LR 40 1.
556 TR AT AR MEAT R4

1 HXMRIE

11 EXTHATR

T BECRUR R A [R] 38 SCE WP R0 55 E A AP, — S I T8 SOOC R ITE LA MW 5 5, 0y — R &
TR BB} EE (¥ 7 V.

JE TR SCOC R G L5 I 7 5 F R K A A 1A i/ R & m WordNet(http://wordnet.princeton.edu/),
HowNet(http://www.keenage.com/), LA K& 451 38 ] B/ A% 44, 4 B2 %% 450 380 1) MeSH(medical subject headings,
http://www.nIm.nih.gov/mesh/) . I & YL B % 4 3k 1 ACMCCS(ACM computer classification system,
http://www.acm.org/class/) %5 . 1X 28 77 v Z0& 1 FH P A F 2 ) SC B i A7 46 22 A, 2 v DG B i) ] 4 1) /A AR 22
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N AR — BRI 7 5 (0 S A R AR TV R ZE P S I O 3 A A AR S AR KL SR B A M AR AR AL T
Sof SRS B A B 6 SO RS Fr T (snippet) (2 BT, O 3 B R EB 2 Mt (local analysis). & _E R SC4#T (local
context analysis, & #RLCA)F14> 5 417 (global document analysis)! ™. Ja i 43 B7 & MAS 22 45 FLAE fitop-k SRS 4%
FI| AT S K 1) 1V (the most frequent term) A 3™ i 1) 1 JR s b SCor AT A2 A 2R &5 SR I top-k U RS
B 5 751 3 55 LI B K A top-n AN EAE T R T A R 40 MR WA R SR bk B S A L BLRE I K
HRTEAE A R R 7.

SRS A TR R R A HT IR B T O Rt (pseudo feedback) AR 1L, BIVIR W 4 2R 45 B4R [ top-k LAY L5 A 1)
AHOC AR, A5 1K AR T A5 A AN 2, W2 ™ T 10 &5 SR A A0 1R K M 22, 23 i SR “ A MV B8 ™ (query - drift) [7) &,
B A 3 5 B S T A 1 i e P L

42 R W T VR SR R O (E AT LUAE TR B B 5 B, IR L HE A S M K 2R 28 3R AR SCHR HE 1K) K2C M 7 B 2
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Web) fst Ay Mk 2 1) S 491, ] 8 30 I SRS FHOAE A8 R e — i T S8 DG R X T 06 R A 53— AN A EE B TR S
[ AH DS

2 K2CM Fi%

Bl A 1 SCWeb RITAS (A 450 A (1 5 T, DR 5% 05 3 A DA 4% A A o v A AL 23 5 9 mT U5 S o S HL 2 o) 3 1 i SC
(19 58 0 40 3OO N ATTARR S A Ay SR 8 22 14 SRS 5 TR I SUARS e SR Ay 25 o (R R EAT v, DA A S
PABRTES] 1 ANECE AR AR A A S b Bk £ 458 1R T2200 0 420 2o e 1 (9 X 2 S0 RS K2C M
AE VT S0 V- MR 2 A O B2 I AN PR S 8 2% 18— 7 T % T3 i - SORYS - M & PR TR Q28— U Tk A 0 1 i )
PRI I, Y 2 PO A EL A P A A ) 0 - S AT R L

N ET R IREAT BT, SEHEAT LAR (B 375 - B SRS 5 2 D, JE v (0 SRS 5 H oA MG TRV 12 SR SR IR A 1A
M55 O C AN (=1, ... M) R s SCRTEED A 35 A4S SO ci(i=1,... N) R s BE & 4 5 R 2R i
2.Q=(qy,-..,QK) F a4 E HI A 1,0 (k=1, .., K) 7R 2 i) o ) — AN G B .
21 ETAE-XE-BEM B XRNEE

L AR5, SCREPARTE 2 1 A2 20N O A A (1 S2 9] 3X I, SORS RIS A7 A2 BT IS
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Ontology concept set
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Fig.2 Attaching relationships of words/terms, documents and concepts
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AE] T - SCRS M2 (K BT G 2R v — ) 1 W BEAR A 35 £ 2 SOR TR A SOR U8 1A sl 2 M 8
ol U oL 0 5 3R] B SRS BT s R 2 DX ), T LG H A ] T S AN [ AL 2 2R 1D i e R X el i R S
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AL 3 A B AR B KA AN NS T DG R

BB Lo T A T SR S ) £ A AN B 2, R AN M 2 1 T R BRI
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JHE T SO K GE VT RL L BT A T AE — AN T 1R SRS 22 18 (0 3 B4R D e vl 8, T AN R 48— BRSSO 8
(1) HH B 1% 3] 5 PR SCRS A0 H A Dl S8t PR 2 18 AR St DR 1, 2 2R R 2% B8 SORS 0 R AR, 1) 8 6 Bt 2 1) i
JrE R JBE DX A AN i T 2R 4 J U] S A A R SRS S T) R 1 A s 2 AR, DX 2 P i, D) T L B A sy e )
KA i) o MR 2 P T DR A6, Gt ) 3 T 73, A A 1) T Ky R K, AT IR T R e R SRS B H AR A5 (2 24, T
F2SCRRLRE e v, E AT TR AN W2 PR BT Jee it PR A T 5 (L SR 42 R B e v Ky ) 3] 93 b ko K, kg 6F ¢ FR) T s AR
ECko X0 ¢y FR T JER AP JEE S K S AN [ ) 5 o A [ 88 2 ) o Jo At R S L IX

| tfk1:50 | | tfk1:40 |

Fig.3 An example of two terms in the same amount documents of a concept
K3 — NS s T AR R EH SO P AN ] i 25 451
fEBE 3 AR AE — AN A SORS 2 1A v ) 0 A 1 B0k 20 B B9 Tl AE A 2 J 2 SR T AR A,
VO E AR LS P 0 A AR 50, At S U, 8 5 WA 1) BT s 5% AR R 22 1) SO AR DR T B XA 2 1R B
R R A el
LT DL 3 AN, FRATT S HA 1] X A & T e R B AU {H (attaching weight) ¥ 115577 v,
B dmocCid 78 SURY din 2 W35 3 IO SE 9] Dy s o I Y SO 22 1], Bl Di={d | d iy € DA mocei} count(Qy; dm) 75

L8 SRS o1 B KK e (d ) 25 SR K JE 1 1 = S % 48] L i 3 R
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ISR 81 MR 2 3 PO ) A T i R s o AR A SRS - 8 AR RS RIS RIS B H R e SR E
R iM% I 110 SO 25 1) K /N D 27 1) T o E B AE oM I SORS 225 [l i R SO B H AR B i 3 A, Bl T4
(1) AR S T qotd B o T I R FE I B aw .

aw, ; = Iog[Nle.OJ-tfk,i -Iog[

Ny

'kl" +1.0] 1)

22 ETHEMEAORNXIERERE

B VF 2 3 TSI R I A U - MR 8 A DG 55 (R A, G 7 o s SO o (0 SR B B rh i SR DL 2 1)
1 P B A 12 S L AT T AN SRS A T 11— 55 I SR, A SRR L 7 A 78 SLIR i 1 (CCRR[220F8 2 AT
BT ) PN 4 9 - N A SO e R S B A R 1 ) T DA SR SR [22] 1 g 18, BT DA B A A L,
DUV TEREEE v 7 B A [-8, ORI 0 o T Rk e v (7 8 A [-16, 13 M 7 1.

FH owy i 328 7 17 18 i R & ¢; i 5 B0 R FE AU {8 (co-occurrence weight) MR 48 B 5, 44 LR 3 MRSk 5
CWy .

R 4 AN - A AR 2 SORY A A R IR VR B 22 e AT (0 SR LR B .

B 5:— AN 1] T - M 2 0T A SRS F S I FK P B B A, e AT ) S IR

BA% 6:— /Nl TE - M A3 A TR (R R SCRS o B AT L R 3 .

RAEIX 3 M, A48 H A (2).

tpf, ; -log (nl:/kll + 1.0]

log(avgdist, ; +1.0)

)

CW, i

oo tpf, = COUMACCW) s (Qu 01 ) 7 SR A T HH B 10 2 (term-concept. pair
© Max;, y(count(qy,c;;W))

frequency),count(qy, Cj; W) 7 1] T - MU 3 KT (O, Ci) 76 SRS AR P 42 WK /I (19 5 14488 H L 190 80y 3 7 1] - A
TR (O, CTE ST HE B SRS 3 H avgdisty 172 7 1 - BE X FEWOR /NG 11 o 37 358 B 29 1) P 34

SR, SCAY 2 10 T8 A4 BRI, AN 2 M SR B A 8 T M R 1 B PR, 2 7 ARV 22 3R 22 A0 A VE R AE
HOGH BT G PCHL X A3 H S i A B 7 3] 15 < v G FIONE & v WL IR LTI OC &R (R S AR AR PCHLAS A&
A2, DAL, £ 46 V1 ] 8 - A 2 L 0 B AN i L A g 1 B 09 ] 0, RN T R A S A o K TR SHA] . N ]
(entry item) &5 45 b, % 23 = (2) B AT gt

M 1 W oy ) SR by e 15, j=1, | G L Pt 2 A R 1R SCIA] g N E1 3] (entry - item). 3] 35 qu F A 2y
(1 3L IR B E oy T #4247 5

tpf, ;. - log Mei 410
1.0 k.,ij M .

|11 -5 log(avgdist, ; +1.0)

®3)

k,i

count(q.,t;;W)

Horb tpfy = 7R (Qu, i) 76 3C RS 4 v HY L 45 22 (term-concept pair frequency),

count(Q,tij; W) 2 7 (0, ti) 75 SCARS B H F2W IR /I 1R 11 i H 30 P 0080 My iy 38 7 (ot ) 75 SCRS B v H B0 17 SRS 4
H ;andiStkyijﬁ%iﬁjig"*%@ﬁ(qk,tij)EWj(/J\Tﬁ ] EP’L‘LLEEF' %H@%i’ﬂ{ﬁ
2.3 WE-HSHEXEMNITE
X F— A1 1 i — AN HBE o (R A G B2 awy Mg 28 sk SCRS BRI B ¢ (1) BT B G & R 20 BT ewn AT B FE AT 3K
T R LT A B 2 A T, BT TR I P A R 3 2R A R R AT T - S A DG B
X B RATT MG SLIAE 55 T i T X 8] - MR A DG B 1R DR 2 i), B DA g T 5 K ] - A A O B RLAT A [
REM 7 (R INE, 2% 1 3 T 0T Ja8 M 0 A 0 A DG M P — P 3, I e DR 32 R B AR T ) 5 R B e A 2k it 1 1)
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5N R A DGR B R AR S L 5T LA, FRATT SR F P D DR 2% L AH e 1 U7 2R s SO - B AH DG B (term-concept
association)tcay,, 112 = (4) B 7w,
tca, ; = Cw,; - aw,; 4)
ELAF 5 (1) 2, T S50 V- N A DG BE T B D A2 6 380 20 2 55 85 o) G St ] 0 SCAH G IR 2, AT FH ke ik 2 A4~
) T X B LB, SR F A DR 22 A e 1) 77 92 T DA S HH R A ) O B 1 1 SR D B K TR 8 A MR, B S e 4] A
TATTRI LIRS 5 T I S A AR A

3 K2CM FEMTTIERIXT LE
1K K2CM R A U Asf B AT AR P 1) 30 - B & A O B S5 b AT 7 R E A 5 F AR U TR A L,

K2CM iz 5k 3 1A s, TR A T SRS v A7 A (0 3] - SRS - 2 DT D G 2R, g T AR A0 A7 R0 1 1) 4
JRFCDLE, ST P 45 i R v S - S A O

Table 1 Comparisons of K2CM with other methods of computing term-concept association

R 1 K2CM Ly oAy ia] it - A 0 BE V57 iR A0S T

Title of referring paper Expansion source Granularity of analysis Expansion method
Concept based query Whole document ~ Co-Occurrence of documents Constructing term-term
expansion®®! sets “within” terms similarity thesaurus
ilr?:‘g:%\gtr:gr?:(eetigi;tll\\:\?ir:ﬁslsogzl Top-ranked Local co-occurrence of terms and Constructing term-cluster
context analysis!’-%’ documents clusters (concepts) co-occurrence thesaurus
Query reformulation using Whole document Constructing orthogonal
automatically generated query sets, retrieved Term clusters in sentences similarity of term-cluster
concepts from a document spacel”  documents by cosine method

Whole annotated Global co-occurrence of term-concept . .
. . - - h Constructing association
This paper document sets, pair, attaching relationship of term-

thesaurus of term-concept
ontology document-concept

4 BF-XHEEXEMTE

T SCAHY R A A 4R B 15 A AR X B AT SE R AT JE BLK2CM 5 T T B AR — AN T A
AR AN KR O SORH G 2, T 0 2 Mg 4 L 30 55 - W /& A 5 J32 1] L (association thesaurus) ) 8 ] T+ U )4
Jo T 3 L AT 3 0 2 S 2 s ) ] R ] - AR R DG R T M T B 6 A FTAE A (1 1 SR DGR B (B A i -
R AF G B ). D81 SR RS 4 — N 30 R A DGR A 5 | N vl i, T 22 s v b b 31 9 1) R e, I T s A
VT SR A AR AR AROR R AR B AS  2EI n) 4B G0, AE S5 T R “program” 5 “computer™ 5 S5 A 5 H T ATV
program”ix—A5 < ALY H 731, AN E & 30 “computer” In A\ B F YT g .

T RO R SR 5 A ) DL C R R R 2R v SOR e O R 9| I I A v M ke i iRk,
A0 M T B A T 5 SRS A DG )RR B (P 29 - SORYAH G ) A A R R P I T TR R IR 2 A S
25 ()RR v (1) 4% 52 RHADLBE D5 ¥R T AN IE A B T A A 1) 7 D - SCRYAH DG BE 5, TR Ay 1y e 2 ) A AR g i 4 A R A
T T 2 A2 IE AT T I 11, T A 23 1) i KR AR M 2 1) LA 33 SUAH DG

T FIE XA RY RS R 0SB F2, 32 B 45 2 1) - W2 AH 9% B (query-concept  relevance) ()
TH SR i) - SRS AH 5 B (query-document relevance) i 15
41 EE-BSHEXERITE

R K2C ML T R ] T - Mk 28 A O 3] L X 75 ¥ Q=L -, ), P A AT AT IV A A 25 1 G B ) - WA 72 A O
J£ % B (keyword-concept correlation matrix, fij # KC-CM), 41 A X, (5) Bt 7~ . H: o, — /M 47 1) & (keyword-concept
correlation vector, {ij FRKC-CV) i T — AN £ i) & Ht 1] AN A4 b e 5 Mk 2 B AH DG teay 1R T 00k 1 g, S5 &
Cj A G B
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tcam tcaLN
KC-CM =| tca, ; tca, (5)
tcay ; tcay
o 5 1] - ik 2% A OC B2 (query-concept relevance)qer (Q,¢;) I TH., W BLUI% R e v 40 A 40 A5 i B e — N 48k, 3R
7R B T RO A 1) R P 4 BT i A R (8) .
qcr(Q,c) = Z wtca ; (6)
k =1.K

e w2 7 ] i 78 5 T QR ARSI U B w1 7 VA VE 2, i 28 L Rochio J7 ik Ide vk A M A S sz v
X JH T Rochio /.

R 25 1 5 N AE 5 1) 2 10 - R A AH DG BE qer(Q,¢5), I % HY top-n AN M8 4F 4y o) 25 10 Q PR AR A% 5 48 o )
SE 9 R R AR A O BIE S e R SR (%9 124 R S s e o SR S AN B O s
4.2 Tif-XHEEXENITE

BT AN o 2 ) LA SR DG T DAL T A T 55 2 140 - SCRYAH G P I 0 20025 1 8 MR 19 1 22 ) 1)
S AR B O 40 M ¢ Rl e 2 T 4 % i (concept-concept association)cca(ci,c;), 7 i Q H N4 7 & (c1,C2, ...,
en) IR, TRy F NGE A & ) 4 (Cl,.000Chy oo, Oy ) 8IS FRATT 22 JRUA (7)1 5525 9 - SCRY AH OC BE (query-document
relevance)qdr(Q,d,,).

qdr(Q:dm):_z ZNJ/incca(civC}) (M

i=1,..,N j=1,..,
Hort, iR s W& e e A Qi I BT, AR SC 9250 h 45y =qer(Q,¢y). s M2 ¢ 78 SRS iy T HBL T, 1T LA 4% 1
A8 5 16 SR 7] F A SORYS BT (1) 77 125 (W1 TF I DF,Okapi BM250 J7 122) 24 35 75 W AH T 55y (00 BT 312 2 SO L 428 4 I AR

B A 3, BRSSP M 5 A S92 o A (o 4 (1 L R SR
O R SR 9 B B ) B R T 22 S I TXIDF 7.

TR HE M 2 A S FEE T R - SORS AT O B2 75 12 O SR T e 7 2 OB A AR B AR RPT ES o Rl 2
[ (1 A 55 cca(ci,¢p). 5% T IXAN il AT VF 22 23 T 5 i MU 5 I, 0 SCRIR[15,25-27], %6 T IX AN I AR SCHT 5T 1)

5 SRITFM

51 KIRE

N TAE T H SRR AE AR K2CM J52 0, SE3 bR T 3 AN AR ) A 4, — AN J2 3l FH A4k
WordNet, 73 #k P AN J& 40038 AR A —— 28 5F 3% A3k AR /& EO(economic  ontology) Al 11 & ML &) 2% 4 48 A 44
ACMCCS98(ACM Computer Classification 98).WordNet J& 4 K5l 32 K44 (#38 1 4 44, WordNet 352 HCR
T SourceForge JTBCE D AL X $2 4L ) IWNL 4% K (http://sourceforge.net/projects/jwordnet);EO & NSFC ¥ By 11 H
O b AR G A A Y T R SO T R — 3 4 BOR BE AR A T2 U A AT I T S R G
% ;ACMCCS98 (http://www.acm.org/class/1998/) /& ACM i 47 (K i+ B HL R £ 1 0 Bk R (ZLH T
ACMCCS64,ACMCCSI1 J& i) HT A, ACM 2006 4FHETERRCA), A0 55 T HE A R [R] ORI IBE ¢ &/, B o, X HEL 4T
CAEN T HHURHE A3 AN AAM G5 BVE LR 2.
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Table 2 Statistic data of the three ontologies
F2 3RS R

Ontology Name # of Concepts
WordNet 145 104
EO 9470
ACMCCS98 1433

RT3 AN [ (0 A% A4 A1 N SR T RS 3R SCRS SR B R EE R 3 AN, — N2 35 1B B Kb v B K J7 (National
Institute of Standards and Technology, &%k NIST)T 2004 4=/ JF & Aiftl TREC2001 Filtering Track = {ii FH )
Reuters %4 £E (http://www.jmlr.org/papers/volume5/lewis04a/lyrl2004_rcviv2_README.htm), 55 — A4~ & K T
N TROR 2B B AR 3 20 ARV R DR 5 22 I SCR B R (R A 18 SChR ), i — A2 40l ACM -1
TH JCHE (http://portal.acm.org/portal.cfm)4rvE 5 i) DBLP ¥ 14 (http://dblp.uni-trier.de/xml/) (% I8 (R 5 16 3¢
FHEE).3 AN AL G s B LR 3.

Table 3 Statistic data of the three corpuses

R 3 3L G Ed

Corpus name ] # of Average # of words Average # of annotated Language
ocuments per Doc concepts per Doc
Reuters RCV1-v2/LYRL2004 804 414 45.9 19.4 English
DLPers 785 426 8.2 5.3 Chinese
DBLP 19 229 169.7 80.5 English
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co_ degree(c,w) = log(co(c,w) +1.0) x idf (c)/log(n) (8)
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Fig.4 Comparisons on different methods
Bl 4 A J7ER
Table 4 Search result evaluation on the three corpuses
T4 IR LA RS ST
Metric Document set | Baseline LCA K2CM
Reuters 0.257 | 0.294(T14.40%) | 0.317(123.35%)
Precision@20 DLPers 0.293 | 0.332(113.31%) | 0.359(122.53%)
DBLP 0.301 | 0.324(17.64%) | 0.356(118.27%)
Reuters 0.182 | 0.191(14.95%) | 0.197(18.24%)
AP@20 DLPers 0.189 | 0.213(112.70%) | 0.226(119.58%)
DBLP 0.196 | 0.228(116.33%) | 0.274(139.80%)
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