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Abstract: This paper addresses the problem of paraphrase collocation extraction by using “OBJ” relationship as a
case study. Specifically, the proposed method recasts paraphrase collocation extraction as a binary classification
problem, which combines multiple features based on translation, thesaurus, polarity words, and web mining.
Experimental results show that the binary classification-based method is effective for paraphrase collocation
extraction. Especially, the exploited features are all helpful for improving the extraction performance. With the
proposed method, more than 280 000 pairs of paraphrase collocations are extracted, the precision of which is above
70%. Further experiments show that nearly 40% of sentences can be paraphrased by using the extracted paraphrase
collocations, which demonstrates that the proposed method is useful in practice.

Key words: paraphrase collocation; binary classification; paraphrase feature
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81
] [10]

[11,12]

Table 1 Examples of paraphrases at different levels

1

Type

Example

Paraphrase words
Paraphrase phrases
Paraphrase patterns

aggravate vs. exacerbate
entire nation vs. whole country
X'solves Y vs. Y is solved by X

Paraphrase sentences  The table was set up in the carriage shed. vs. The table was laid under the cart-shed.

[13]
, WordNet!*4! B3],
(251, ,pay bear WordNet : He has to bear the blame ,bear pay;
,shoulder bear . bear . ,
[16,17]
(slots, ), (5.16]
(28], It seems extraordinary that any thing like a general system of improvements has to encounter, in
the beginning, a powerful opposition ,encounter  opposition . ,
(encounter,OBJ,opposition). ,
(deny,OBJ,use) (disallow,OBJ,use)
. , n n Vq Vs, “(v1,0BJ,n)”
(v,,0BJ,n) . ’
Vl Vz h s Vl V2
n ., n ) )
Y {encounter,OBJ,opposition) 7 ( ), ,
, Wu  Zhou (
): ol : :
(resolve,0BJ,problem) (solve,OBJ,problem) ( ,OBJ, ). ,
, WordNet ( resolve  solve)
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, {vg,n)  (vo,n)( , OBJ, (v,0BJ,n) (v,ny),

(0/1). f:{((v1,n).(v2,))}—{0,1}. 4 ,
(polarity) . ,
, 4
, 28 , 70.35%.
, . , , 40%
3 (1) ,
Wu  Zhou (18] ,
, 1(2)
, :(3) ,
1 , 2
3
1
1.1
Wu  Zhou (e ,
, E ,
c . Lbc " (40 )
<5 ) , 2 048 009 :
Giza++!
, B
MaltParser?%, , E , 1
, 198 718 , (vy,n)y - (va,n),
g 3 474 665 ,
1.2
4 7 ,
. ( 1, 2);
. WordNet ( 3, 4);
. ( 5);
. ( 6, 7)
+» LDC: http://www.ldc.upenn.edu/. LDC :LDC2000T46,LDC2000T47,LDC2002E18,LDC2002T01,

LDC2003E07,LDC2003E14,LDC2003T17,LDC2004E12,LDC2004T07,LDC2004T08,LDC2005E83,LDC2005T06,LDC2005T10,LDC20
06E24,LDC2006E34,LDC2006E85,LDC2006E92,LDC2006T04,LDC2007T02,LDC2007T09.
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1.2.1
Wu  Zhou (el ,
,Bannard  Callison-Burch (21,
1( (collocation translation similarity, Fcrs). Fers Wu
Zhou (18] . ,
€col Ver(eeon)=((C1,W1),(C2,W2), ..., (Cn,Wp)). Ci el i
Wi Ci Wi .
w, = tf, x IogE @
n;
itfi Ci €l i Ci N : max;n;,
n; . , tf.idf , tf; n; ) Wi . eim
es v Fors (€,8%) = c0s(Ver (€5).Ver (€5)) 1 ;
V, -V
cos(V,,V,) =—2+—2 (2
AN
2( (verb translation similarity, Fyvrs))- 1
: , 1
1 y 2. v,y (va,n) n : 2 n,
Vi Vo . n ) )
1 ' e(%ol e<:20I
Fors (6001 €01) = €OS(Vyr (V). Vir (V,)) - Tvr(ve)  Tyr(va) Vi V2 . )
1 , (2). : (2).
122 WordNet
WordNet .WordNet , )
[22] [23]
WordNet f241, WordNet :
3( Lin (Lin-Based semantic similarity feature, Fiss)). 3
Lin (23], i ) ,
' 2xlogP(C
SImLin(Xl’XZ): gP( 0) (3)
logP(C,) +log P(C,)
\X1,X2 ,C0,C1,Co WordNet (synsets), x1€C,X,eCy, Co Cy
C, WordNet P(C) Ci ,
( the British national corpus (world edition):http://www.natcorp.ox.ac.uk/). x; X
) . ) Fiss (6001 €5) = Simy;, (v, V,) .
4( Vector (vector-based semantic similarity feature, Fvss))- 4
Patwardhan (24] . WordNet
Va(vi)  Ve(v2) vi Vv,  WordNet , Vector
Fss (eiol 'eczol) = 8imye. (V1,V,) = c0S(Vg (V1) Vi (V2)) - (2). )
3 4 WordNet::Similarity(http://marimba.d.umn.edu/cgi-bin/similarity/similarity.cgi)
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1.2.3
. / /
: ( / ) ( / )
,enjoy,promote,win : hate,disallow,lose . ,
vi,ny  {vo,n), V1 Vo , ( (worsen,problem)vs.(solve, problem),worsen
,Solve ); Vi Vp , ( (support,payment)vs.
(warrant,payment),support  warrant ). , ,
5( (verb polarity feature, Fve)).
3, ( eat,use ).
( )
, 2 423 , 226 443
1754 ,
, ) L,
L. ,
1, vy, VY,
Fop (€201.€501) =1 0.5, Vi, Vy (4)
0, vy, VY,
1.2.4
[25] , ,
) €col . )
) €col . ,
eco=(V,n), (1) Q=*v n”( ™" Q )
Q:(3) N (snippets);(4) Q v n OBJ
€col , €col ctx(ecol)- Live Search
(http://www.live.com/), N=500. \ :
6( (syntax based context similarity feature, Fscs)). Lin
(251 , 6 ctx(ecol) vV on ol ,
MaltParser ctx(ecor) ’ % n
Vsc(€cor)- g Vsc(€cor) i (ci,rely), Ci rel; v n (ci,rel;)
Wi (D) . it (ci,rel)  ecor in; (ci,rely)
N ' maxin;. ) Fses (eéol 'eczol) = COS(Vyc (eiol):vsc (ec20| ).
7( (bag-of-words based context similarity feature, Fgcs)).
6 , 7 €col , ctx(ecor) v n €col
Vic(Ecol)- i Gi Wi (1) : :tf; Ci  Ecl
i Ci N , max;n;.

Facs (€301 €01) = COS(Vge (€551) Vi (€51)) -
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1.3 PAUM
(SVM) (ME)
) ( ) 1:13. :
margins)!®! PAUM
, PAUM .PAUM
SVM , ,PAUM
2
3 :(2)
:(2) :
2.1
211
. ()
«C ) ( )i(2)
0.934, i(3)
, 9140
2.1.2
5
1 . P,
R=|4AnB/|B|,F=2PR/(P+R). A
5-fold , 5
4
( 1 2), ( 3 4),
( 6 7). 2™ 2
4 : F-
. , 4
Wu  Zhou (18]
, 1 2 Wu
PAUM M+

PAUM(perceptron algorithm with uneven

9 140
5
R F-
B
4
Wu  Zhou
Zhou
F-
M-

\Vol.21, No.6, June 2010

(perceptron)

1

PAUM
SVM

;3)

Kappa

1

659 8 481

5-fold

4 ,
P=|ANB/A|,

[271.
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Table 2 Contributions of the 4 kinds of features
2 4

1273

Table 3 Contribution of each feature
3

Feature combination P (%) R (%) F (%) Feature combination P (%) R (%) F (%)
Features 1-2 56.97 57.51 57.12 Removing feature 1 70.45 60.55 65.08
Features 1-4 62.07 56.76 59.14 Removing feature 2 65.32 54.03 59.09
Features 1-5 69.77 57.51 62.97 Removing feature 3 64.01 55.69 59.49
Features 1-7 72.60 61.30 66.46 Removing feature 4 69.03 64.49 66.65
Removing feature 5 60.06 60.70 60.27
Removing feature 6 72.95 61.61 66.76
Removing feature 7 67.05 62.98 64.91
, 1 6 3 3 . 1~
3 5 7 F- 4 6 , F-
, , 1 2
, 3 , ; 1 2.
, 1 , 2 . )
, . 3 4 WordNet . ,
3( Lin 23]y ) 4( vector 241y , Vector
( )
4 , , 5
.2 3 2 , 5 ;3
: 5 5
) 6 7 ,
6 7 , 6 €col , 7
€col , 7 6 , 6
’ €col €col
: : 4 :
1 ( 1 2) 2, 2 ( 3 4) 3, 3 ( 5)
5, 4 ( 6 7 7. 2 3 5 7. 4
, . , 4 F-
67.21%,62.52% 64.74%. 2 ' 4 7
2.1.3 PAUM SVM
PAUM , SVM
SVM libsvm-2.82. 4 5-fold SVM
( libsvm-2.82 RBF , SVM (F- )
). SVM F- 83.09%,43.09% 56.72%. PAUM
F- ( 2 ) ,SVM F- 14.66%. 13 ,  PAUM
2.2
, 9 140 , 3 474 665
) 4 , 2.1
5-fold 283670
221
2 000 , 2000
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, 1407 , 70.35%. Kappa 0.819. 4
Table 4 Examples of the extracted paraphrase collocations
4
(confuse,activities) (dampen,activities) (meeting,goal) (realizing,goal)
(assessing,applications) (examining,applications)  (favours,idea) (supports,idea)
(demands,approach) (entails,approach) (combating,impact) (eliminating,impact)
(bear,blame) (shoulder,blame) (amending,measures) (enhancing,measures)
(reasserts,commitment) (reiterates,commitment) (repatriating,migrants) (returning,migrants)
(address,conflict) (settle,conflict) (coordinate,parties) (reconcile,parties)
(drafting,policy) (drawing,policy) (advocating,cooperation) (stimulating,cooperation)
(attack,crime) (suppress,crime) ({producing,proposals) (tabling,proposals)
(encouraged,development) (spurred,development)  (avoid,responsibility) (shed,responsibility)
(renew,efforts) (revitalize efforts) (better,standards) (modernize,standards)
) vy (vo,n) Vi V2 . )
. ; WordNet (
Syn-1) Lin ( Syn-2)%( ‘http:/iwww.
cs.ualberta.ca/~lindek/downloads.htm). , 1 407 , ViV
Syn-1 1117 (79.39%)( v Vs ,
WordNet AR Syn-2 667 (47.41%),vy Vv, Syn-1 Syn-2
538 (38.24%). , , ,
222
2 000 593 , ,
WordNet . , ViV, WordNet ,
, . (release,guidelines) (turn,guidelines) release turn
WordNet , 1, .
, (eliminate,weapons)
(possess,weapons), , } 3
nuclear,destruction  mass. ,
2.3
S, S G G S C A S
T. , e ,
T : :
119 , 28.5 ( ).
, 119 99 1 , 175 .
, 47 ( 39.50%) 64 ( 36.57%)
508 . , )
63.58%.
Kappa 0.783. , )
221 70.35%. 1
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1
3
. : PAUM ,
4 . (D) (2) WordNet :(3) (4)
A 4
! 28 , 70%. , ,
40% )
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