S01=8 S8 7% 24 Y 0183 2T ©Pl HIHMIIE B8 L @8 24 1%

http://dx.doi.org/10.3745/KIPSTB.2012.19B.2.135

=10l A+ Predicate-Argument Tuple (PAT)E 7 S
3 (sentential paraphrase) 2] ZdS #|¢Hsic), —':r —"?: 7ke] PAT 7]4F A
o8 ZFdE= P’h‘} g Z}X‘(dhgmnent feature) 55 4 2

o] i)
e FaA Al Zdo TFeAS SAT = Ao, Aagl
= H

E
~|-f l.r‘u
[>
lud
A~
N,
o
e
e
H
>~
o
g
=1
g
S
<8
2
l¢’]
=
‘"é
. 8
(>
mlo
offfl
d
r«ln
<>¥
r:l
do
j=s)
=
=

Analysis of Sentential Paraphrase Patterns and Errors through
Predicate- Argument Tuple-based Approximate Alignment

Sung-Pil Choi" - Sa-Kwang Song’ - Sung-Hyon Myaeng™

ABSTRACT

This paper proposes a model for recognizing sentential paraphrases through Predicate-Argument Tuple (PAT)-based approximate
alignment between two texts. We cast the paraphrase recognition problem as a binary classification by defining and applying various
alignment features which could effectively express the semantic relatedness between two sentences. Experiment confirmed the potential of
our approach and error analysis revealed various paraphrase patterns not being solved by our system, which can help us devise methods
for further performance improvement.

Keywords : Paraphrase Recognition, Predicate-Argument Structure, Textual Entailment, Text Mining, Machine Learning
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| g biopsy is a medical test involving the removal of cells or tissues for examination.” (S)
n u | medical || test || involving ” the ” removal | | cells | | tissues " for || examination
__ “
“Removal and pathologic examination of specimens in the form of small pieces of tissue from
the living body.” (NP)
| Removal “ and [| pathologic ” examination || of ” specimens " in | the “ form | | small ” pieces | | tissue I
{
| from “ the || living ” body I
- PredicateO| Cf £ 2 H &AL Ol TX|AL 22 7|50 /IF (EA 2T
Sradicate B -Predlcateo FQ CiojE ZEEH/o|0|Foz HAA| 7| =9E =H
| | - [}2}M predicate S4{0| O|0| B2 £EE 4 QS
| argument: | - Nominalization B £t0| & Q (e.g..removal of specimens = remove(specimens))
(22 1) =0-=& FZ=(PAS) oilH|
o) biopsy is a medical test involving the removal of cells or tissues for examination.” (S)
Deep Parse Graph (Predicate Argument Structure)
(33 2) 20-=% 7o oF 77 J=
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BolEe B ol BuA/enden AgAse o
2) http:/www-tsujii.is.s.u-tokyo.ac.jp/enju/ S FE FY3iy,
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A biopsy is a medical test involving the removal of cells or tissues for examination.

is(biopsy, test) medical(test)

involve(test, removal) of(removal,cell)

or(celltissue) | | for(removal,examination) i

Removal and pathologic examination of specimens in the form of small pieces of tissue from the living body.

i and(removal,examination) ; | pathologic(examination) i

of(examination, specimens) i i

in(specimens,form)

of(form, pieces) small(pieces)gg of(pieces, tissue)

from(removal, body)

living(body)
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1.0
*  Exact Match: w4 and ws are identical words/phrases.
*  Stem Match: wi's and ws's stems match or one is a derivational form of the other.
*  Semantic Match
Synonym Match. wy and ws, are synonyms according to WordNet, MeSH, UMLS.
Hypernym Match ws is a "kind of” ws, as determined by WordNet, MeSH, UMLS.
WordNet Similarity. wa and ws are similar according to WordNet:Similarity[27].
VerbOcean Match. wy and ws are similar according to VerbOcean[28].
VerbNet Match. wy and ws, are similar according to VerbNet[29].
~~ =« No Match
0.0
(2% 4) Argument/Predicate Similarity Measure[7,20]
3.2.2 PAT 7|9k AL A4 gug s (2" D¢k Zol 7+ PAT M3 719 48 A& 3214
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9 w750 A%l W $A WAL Jonw ofF A MG i o T AX BAR AAW 5 Ak o u,
288 A4 Fgate Aol nHE F vk 2y B = Hi A ¥(partial alignment)ol] g i 54 AZ
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Text Sent 1.

Text Sent 2.

4) http://code.google.com/p/giza-pp/
5) http://code.google.com/p/berkeleyaligner/
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if (ij)eM,
otherwise. 3)
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El Ao thy doA A

434 24 49 7)
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4.1 Microsoft Research Paraphrase Corpus (MSRPC)

H2E 7 AF4 A SAoY 74 Z2 &
v 27| id A ATt digh B e
olgg AFE A NEHE v
pHog 7
ojt}, ol g Z}e-dl, 20051l [5]
o] AE VAR "ig e R o)E
W FAE(RO] SHE 2 Y

@ s HE wAel Fhs Aol

“
o3

ot wo o R o g g
offt ot I offf oX £ o X 2 fo
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e

=
g 5 e 97t 2

ojN 1
e ol
2

ft 2 Ho my

N M2 g
oooN ok
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X Tﬂ >
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Sl
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dromd om X ool ) AN o
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o ©
o
oy
=2
2
&
N,
jins

Ssag | 4398 | @A
Positive Instances 2,753 1,147 3,900
Negative Instances 1,323 578 1,901

A 4,076 1,725 5,801

9l FellA H= e} o], MSRPCol&= A& vl 27| 3%
WA B 43 dio] dniHoz BVt g B3
E

o ol

£ At webd] g8 24 el A w2

deli ol BHuA A FA beehe
o)
A

T} o X MSRPC HolHE dF e

et

{F 2> MSRPC Of|A]|

Sentence Pairs label

e He said the foodservice pie business doesn’t
fit the company’s long-term growth strategy.

e The foodservice pie business does not fit our
long-term growth strategy.

Positive

e Around 0335 GMT, Tab shares were up 19
cents, or 4.4%, at A$4.56, having earlier set
a record high of A$4.57.

e Tab shares jumped 20 cents, or 4.6%, to set
a record closing high at A$4.57.

Negative

eBut he added group performance would
improve in the second half of the year and
beyond.

eDe Sole said in the results statement that
group performance would improve in the
second half of the year and beyond.

Positive

12 ME Alxgle] 24
MSRPC 7]we] H3 AFE3} vhAZ B A7)
E A% He BEd the age AR 49

=
Alade] A8 5EREE BolE.

Linear SVM
) inear SVMs
Learning
PAT-based
— Approximate Alignment
Tast S Linear SVMs
ESESE Alignment Feature Predicting
\ Extraction }
X S

.,

]

(02 6) A3 A28 7 /! 5B

-4 [21]914 703 Enju parser® o]-&3te] 93 4
of tg FEEAS Sk PAT 719 <A A4S $
A S 2= B4 ghe]lE ¢l LEMONYS 283
Rom, LibSVMIS o83 sty d ol BFE S35
b i e E ol thek PAT 7|9 A AEe) A
S nigor T FAo Hd fAE, AE Fe, HEEA
o2& PAT A 59 ARE &85t <& 3> o] 5 7}
219 Ad ARE FEL F dYor, o dig AFEA
Ao v F9 2y

8) Bipartite Graph Matching Optimizer (http://lemon.cs.elte.hu/trac‘lemon)
9) http://www.csie.ntu.edu.tw/ cjlin/libsvm/



tof Hlm

ol

Jlo
<0

I

il

97.70
93.40
89.28
91.30
86.05
89.62

Recall

72.50
74.04
75.20
79.57
7342

69.60
, TR () A

a

7
h=t

70.30
72.00
72.06
74.10
73.86

Accuracy Precision
7153

o
=

ol
3

14

[

&

o~
T

=

4743

2

Fernando & Stevenson, 2008 [24]

Mihalcea et al., 2006 [33]
Qiu et al., 2006 [19]
Our Method (5 feats, linear)

Lintean & Rus, 2009
Das & Smith, 2009 [34]

o we

A
=

e}

e

A4 w4

it A4

E

] root PATZ PAT
|

PAT #HgellA

o)

]

g ElolE 9l

F 273 root €013t olF] FALE
7

AE€ PAT FH3olAM A= 1.0

PAT-based Approximate Alignment
PATS] &

Similarity

3

=

=]

A4 ol
ed_sim

at_sim_one_ratio

paas

root_pr
root_pat_sim
b
min_pat_sim

KH

AR

~
o

il
i

X

iy

ol 7}

!

v

o]
o
No

2

A

L

ato] £ w=we Al
& A AAAA

5

3
3t

oleti w7] ofgith
o4

=

=

27 MSRPC
Hat teo] npg 27
b7 e

3|
L

1e)
2k

=
i

153

o

7HH o7 A
MSRPC7F A AAARCRZ 71 Weo] &4

=
-

FA] 225l )

gl

ofel A 7+

(e}

14
0.2
0.2
0.2
Fals
0.5

e

PAT 2¥2HY 710 fAE

ool g 7FEA|
WordNet A=< #H 4

AAA
MeSH frAH=e] H4 4AA

PAT A= A2t Ald)
A o1

o~
=

ERI RS

lex_sim_thresh

CE 4) A2H of7HHof Cheh M2

sim_check

r_sim_thresh

min_wordnet_sim

pred_weight
min_mesh_sim
min_patc_sim

patc
pp!

22

o
=

~

3]
L

54N G779

=

o|J

~

e

b o)

kel
o

WA

ME F

L

L

2

0

A

=
p

el

+

W el of

ik %

0

sto] A4

EEE

=

=

H

I+

xr
IH

ik
o

<r

el
4

5. HHY 27|

she) Eol 2
Aslsl 71E AT Asshe] ¥w

HE A7
e

of

-
A

=) 2~
Eiasy

p
L

F93 5] MSRPC

9|

%A (false positive)

A A e gloA A

3
it

7]

2~

34, wH

3

]EE
= [s)

}

ks
o

Fol7h v

6 7He] Al=d A
A

[e)

[6]

L

=

o

9]

(e}

=
% (accuracy) 7|

sel o}
3
A veba Qe ()4

e
7} 71Eo & v

A
a

1.5
=

=]
1=
]

D=
-0
19 452 A4

~

2
G
%
=

A
w

]

&
vl

A7F
H(26% wluh), (2) SVM 2 A AE mjsEs

o,
A AR

L

B
&

o
=

L

Aol A A

1



142 ZEXNEZIS2=2X B M19-BT M2=(2012. 4)

Samuel Buell told the Associated

+ "Enron company executives engaged in widespread and pervasive fraud," prosecutor

Press.

+ "Enron company executives engaged in widespread and pervasive fraud to manipulate
the company's earnings results,” Buell said.

1.000000 and(widespread,per vasi

ve) :and(widespread,pervasive)
1.000000 in{engage,fraud) :: in(engage fraud)

1.000000 company(executive) :: company(executive)

1.000000 enron(executive) :: enron(executive)

1.000000 widespread(fraud) :: widespread(fraud)

1.000000 pervasive(fraud) :: pervasive(fraud)

1.000000 engage(executive) :: engage(executive)

0.687500 tell(buell,press,engage) ::say(buell,engage)

Unpaired PATS (1) : associated(press) prosecutor(buell) samuel (buell)
Unpaired PATS (2) : to(executive,manipulate) 's(result. company) manipulate(executive. result) earning{result)
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e Hilsenrath was also indicted on 33 counts of wire

fraud, which each carry a maximum penalty of

five years in oprison, a $250,000 fine and

restitution. (Ex.01)

e Each of those counts carries a maximum penalty
of five vears in prison and a $250,000 fine plus
restitution.
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e The industry group’s non-manufacturing index
rose to 50.7 during the month, up from March’s
reading 'of 47.9. ) (Ex.02)

e The Arizona-based ISM reported Monday that
its non-manufacturing index rose to 50.7 last
month, from 47.9 in March.
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o The two-year note US2YT=RR fell 5/32 in price,
taking its yield to 1.23 percent from 1.16 percent
late on Monday.

e The benchmark 10-year note USI0YT=RR lost
11/32 in price, taking its yield to 3.21 percent
from 3.17 percent late on Monday.

(Ex.03)
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e The Standard & Poor’s 500 stock index pulled
back by nearly 4 points to 1,066.62.

® The broad Standard & Poor’s 500 Index <.SPX>
fell 0.70 points, or 0.07 percent, to 1,069.42.

(Ex.04)
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e Shiites make up 20 percent of the country’s
population.

eSunnis make up 77 percent of Pakistan's
population, Shiites 20 percent.

(Ex.05)
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e A Washington County man may have the
county’s first human case of West Nile virus,
the health department said Friday.

e The county’s first and only human case of West
Nile this year was confirmed by health officials
on Sept. 8.

(Ex.06)
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®“T would like the FCC to start all over,” said
Sen. Kay Bailey Hutchison, R-Texas, who
supported reversing the rules.

¢ “T would like the FCC to start all over again,”
said Sen. Kay Bailey Hutchison, R-Texas, who
expressed concern about “potentially dangerous”
newspaper—broadcast combinations.

(Ex.07)
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e Talabani told him the Governing Council would
“need UN assistance and advice in implementing
the new decisions which have been taken.”

® Talabani told him Iraqi leaders would “need U.N.
assistance and advice in implementing the new
decisions which have been taken” on organising
an interim Iraqi government by June.

(Ex.08)
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e Actor Arnold Schwarzenegger is leaving backers
in suspense, and former Los Angeles Mayor
Richard Riordan will consider if the Terminator
balks. (Ex.09)

e Arnold Schwarzenegger and former Los Angeles
Mayor Richard Riordan may jump in by the
Aug. 9 deadline to file.
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e Against the Japanese currency, the euro was at
135.92/6.04 yen against the late New York level
of 136.03/14.

e The dollar was at 117.85 yen against the
Japanese currency, up 0.1 percent.

(Ex.10)
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e The launch marks the start of a new golden age

in Mars exploration.
® The launch marks the start of a race to find life

on another planet.

(Ex.11)
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e Apple Computer’'s new online music service sold
more than 1 million songs during its first week
of operation, the company said Monday.

e Apple Computer Inc. said Monday it exceeded | (Ex.12)
record industry expectations by selling more
than 1 million songs since the launch of its
online music store a week ago.
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on

Georgia,

in Atlanta,

eHe was tracked to Atlanta where he was
arrested

arrested on Tuesday night.

eHe was

Monday night by police acting on a tip—off.
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e Families stuck on the highway remained in their
cars, and used their cell phones to call home.
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e Families stuck on the highway were being
A gl A

urged to remain in their cars, and to use their
cell phones only in case of emergency.

99 A5




146 SEXMElStal=2X B M19-BH M2=(2012. 4)

o frd Hl%E (&)
(D F7F 74 Aol ok ofn] W8k 2] Asf | 246 (49.5%)
(2) 522 HlaL Ao 62 (12.5%)
(3) Fol BdA &4 o&F 40 (8%)
A tﬁ] if;] W& Wt e ojn ®s} 37 (7%)
(5) Zol7} 1 B ARl o A= A 32 (6%)
(6) Root PAT 3% 24X 26 (5%)
(D 249 744 A4 2/ 26 (5%)
® 7—‘1;% 0154 TH ARe zou v e 18 (3%)
(9 F8& FAFe] on] 7 A 18 (3%)
(10) oJHE WA AFke] ThE 17 (3%)
(1D g};‘—f;]i%;fg‘% 3] 22 RN 14 (%)
(12) 71&t &5 75 (15%)
(13) dlolg &7 oA 47 (9%)

o
my

=

2 m=RoAE B o9 At ar|xd AEs g AR
+ AL 2dd PAT 7|9 24 AZ(PAT-based
Approximate Alignment Similarity) A= 71H< Al¢tat
Ark o]& 7wro g o] mde oM =EFH F 57}A
AE 2Advrs #-835te] MSRPCol that w27 gd 24
APE St A9 A, (DS Aol7h m
(26% mlEh, (2)SVM 2 AL AE wj7pig 5o

WE s $Ys Qe 3, shATeR (B

)

i

i

]

=

22 ol 2 o

o,

-
) i

o
iy
B
fitl
k1
e
i
Ir
o
AN
X
Lo
R
X,
8
o
o
o
o
3R
uf
rlr
N
rﬁ, 2 o oA

o A=}
e A7 Ags A FEF 538

)
B

o

M

>

o o

of

%

)

>,

»

T,

o

oX,

olf

ol

o3

tlo
off 40 20 N
2o o e

it
ot oz
A

o,

]

-

o Jo 2

X2

vl

[¥ o to

N

f

X

rir

e

2

-
=
X

<l

2
i)

> M
o
o

=
B r2
4o x
o
[
>
[>
o
o
o
oo
PL
2
oX,
olr
o
)
p
ol

P

o
i)
4
Jor o

o ©

-

e
o e

k! DAA AR
F IAAE Aeoer s 7SS 7]
ot LA = PATES v
AH T2E)E defste] olE frAbwe] W
o A4 P B2 NEE AA et

Fqol “F7h 7 Akl oF ofv) W A

O
ol
N
do
:OL_':

>

2~

d

¢

ey
M
o3
=
o
=
>
=
=
3
o
>
o o
o
o [
O 2 1o p o

ofN rE
{0 FQ m1

a9
o
=

k1
jine

rlr ﬂ
-
S

o
i)

fo to 1 2

£
> 3o
g

il

i
K
Ao
ro

[1] R. Barzilay and K. R. McKeown (2001), “Extracting
paraphrases from a parallel corpus,” in ACL 0I: Proceedings
of the 39th Annual Meeting on Association for Computational
Linguistics, Morristown, NJ, USA, pp.50-57.

[2] F. Rinaldi, J. Dowdall, K. Kaljurand, M. Hess, and Molls a,
Diego (2003), “Exploiting paraphrases in a Question
Answering system,” in Proceedings of the second
International workshop on Paraphrasing, Morristown, NJ,
USA, pp.25-32.

[3] R. Barzilay and L. Lee (2003), “Learning to paraphrase: an
unsupervised approach using multiple-sequence alignment,”
in NAACL 03 Proceedings of the 2003 Conféerence of the
North American Chapter of the Association tor Computational
Linguistics on Human Language Technology, Morristown,
NJ, USA, pp.16-23.

[4] C. Quirk, C. Brockett, and W. Dolan (2004), “Monolingual
machine translation for paraphrase generation,” in
Proceedings of the 2004 Conference on Empirical Methods
in Natural Language Processing, pp.142-149.

[5] C. Brockett and W. B. Dolan (2005), “Support Vector Machines
for Paraphrase Identification and Corpus Construction,” in
Third International Workshop on Paraphrasing (IWP2005),
pp.1-9.

[6] X. Wang, D. Lo, J. Jiang, L. Zhang, and H. Mei (2009),
“Extracting paraphrases of technical terms from noisy parallel
software corpora,” in ACL-IJCNLP 09: Proceedings of the
ACL-IJCNLP 2009 Conference Short Papers, Morristown,
NJ, USA, pp.197-200.

[7] P. Malakasiotis (2009), “Paraphrase recognition using machine
learning to combine similarity measures,” in ACL-IJCNLP
09: Proceedings of the ACL-IJCNLP 2009 Student Research
Workshop, Morristown, NJ, USA, pp.27-35.

[8] F. Keshtkar and D. Inkpen (2010), “A Corpus-based Method
for Extracting Paraphrases of Emotion Terms,” in
Proceedings of the NAACL HLT 2010 Workshop on
Computational Approaches to Analysis and Generation of
Emotion in Text, Los Angeles, CA, pp.35-44.



>

04-

T
0%
am

N

=

O] =44, A47], A4 2009), “4
2 @A A 7IAF B
Vol.16B, pp.181-194,

[10] BHE ], +9 4 (2010), “HF-3 Ao 719k 7 A

ogw] BA A=) ¥ A 2] 875 4B, Voll7B,
pp.85-92.

[11] o] &=, &XE (2006), “AEH 47 ZH=ZHE w275

& (paraphrase) 2] A& F%,” /%78 Vol.17, pp.323-336.

[12] B. Pang, K. Knight, and D. Marcu (2003), “Syntax-based

alignment of multiple translations: extracting paraphrases

AN EM RS 283
b

T bR A\ 2®” FH )88 =E3B,

and generating new sentences,” in NAACL 03 Proceedings
of the 2003 Conterence of the North American Chapter of
the Association for Computational Linguistics on Human
Language Technology; Morristown, NJ, USA, pp.102-109.

[13] Y. Shinyama and S. Sekine (2003), “Paraphrase acquisition
for information extraction,” in Proceedings of the second
International workshop on Paraphrasing, Morristown, NJ,
USA, pp.65-71.

[14] 1. Androutsopoulos and P. Malakasiotis (2010), “A Survey
of Paraphrasing and Textual Entailment Methods,” Journal
of Artificial Intelligence Research, Vol.38, pp.135-187,

[15] A. Hickl (2007),
commitment-based framework for recognizing textual
entailment,” in R7E 07- Proceedings of the ACL-PASCAL
Workshop on Textual Entailment and Paraphrasing,
Morristown, NJ, USA, pp.171-176.

[16] S. Zhao, H. Wang, T. Liu, and S. Li (2008), “Pivot Approach
for Extracting Paraphrase Patterns from Bilingual Corpora,”
in Proceedings of ACL-08: HLT, Columbus, Ohio,
pp.780-788.

[171 A. Finch, Y.-S. Hwang, and E. Sumita (2005),

Machine Translation Evaluation Techniques to Determine

and J. Bensley “A  discourse

“Using

Sentence-level Semantic Equivalence,” in Proceedings of the
Third International Workshop on Paraphrasing (IWP2005).
[18] C. Bannard and C. Callison-Burch (2005), “Paraphrasing with
bilingual parallel corpora,” in ACL 05 Proceedings of the
43rd Annual Meeting on Association or Computational
Linguistics, Morristown, NJ, USA, pp.597-604.
[19] L. Qiuy, M.-Y. Kan, and T.-S. Chua (2006),
recognition via dissimilarity significance classification,” in
EMNLP 06: Proceedings of the 2006 Conference on
Empirical Methods in Natural Language Processing,
Morristown, NJ, USA, pp.18-26.
[20] A. D. Haghighi, A. Y. Ng, and C. D. Manning (2005), “Robust
in HLT 105
Proceedings of the conterence on Human Language

“Paraphrase

textual inference via graph matching,”

Technology and Empirical Methods in Natural Language
Processing, Morristown, NJ, USA, pp.387-394.

[21] Y. Miyao and J. i. Tsujii (2008), “Feature Forest Models for
Probabilistic HPSG Parsing,”
Vol.34, pp.35 - &0.

Computational Linguistics,

rJ

AL 3Ee 0188 =8 B2 BHHAVIEE RdE X 27 =4 147

[22] Y. Zhang and J. Patrick (2005), “Paraphrase Identification by
Text Canonicalization,” in Proceedings of the Australasian
Language Technology Workshop 2005, Sydney, Australia,
pp.160-166.

[23] Z. Kozareva and A. Montoyo, “Paraphrase Identification on
the Basis of Supervised Machine Learning Techniques,” in
Advances in Natural Language Processing. Vol.4139, T.
Salakoski, et al, Eds., ed: Springer Berlin / Heidelberg, 2006,
pp.524-533.

[24] S. Fernando and M. Stevenson (2008), “A Semantic Similarity
Approach to Paraphrase Detection,” in Computational
Linguistics UK (CLUK 2008) 11th Annual Research
Colloquium.

[25] V. Rus, P. M. McCarthy, M. C. Lintean, D. S. McNamara,
and A. C. Graesser (2008), “Paraphrase Identification with
Lexico-Syntactic Graph Subsumption,” in FLAIRS
Conference, pp.201-206.

[26] B. Dolan, C. Quirk, and C. Brockett (2004), “Unsupervised
construction of large paraphrase corpora: exploiting

in COLING 04
Proceedings of the Z0th international conference on
Computational Linguistics, Morristown, NJ, USA, pp.350.

[27] T. Pedersen, S. Patwardhan, and ]. Michelizzi (2004),
“WordNet::Similarity — Measuring the Relatedness of

massively parallel news sources,’

Concepts,” in Proceedings of the Nineteenth National
Conference on Artificial Intelligence (AAAI-04), San Jose,
CA pp.1024-1025.

[28] T. Chklovski and P. Pantel (2004), “VerbOcean: Mining the
Web for Fine-Grained Semantic Verb Relations,” in
Proceedings of Conference on Empirical Methods in Natural
Language Processing (EMNLP-04), Barcelona, Spain.

[29] K. K. Schuler, A. Korhonen, and S. Brown (2009), “VerbNet
overview, extensions,
HLT-NAACL, pp.13-14.

[30] F. J. Och and H. Ney (2003), “A systematic comparison of
various statistical alignment models,”
Vol.29, pp.19-51.

[31] P. Liang, B. Taskar, and D. Klein (2006), “Alignment by
Agreement,” in Proceedings of NAACL 2006, New York
City, USA, pp.104-111.

[32] H- W. Kuhn (1955), “The Hungarian Method for the
assignment problem,” Naval Research Logistics Quarterly,
Vol.2, pp.83-97.

[33] R. Mihalcea, C. Corley, and C. Strapparava (2006),
“Corpus-hased and knowledge-based measures of text
semantic similarity,” in AAAI 06: Proceedings of the 2lst

mappings and applications,” in

Comput. Linguist.,

national conference on Artificial intelligence, pp.775-780.

[34] D. Das and N. A. Smith (2009), “Paraphrase identification as
probabilistic quasi-synchronous recognition,” in ACL-
IJCNLP 09: Proceedings of the Joint Conterence of the 47th
Annual Meeting of the ACL and the 4th International Joint
Conterence on Natural Language Processing of the AFNLP:
Volume 1, Morristown, NJ, USA, pp.468-476.



148 ZEXNE[Sel=2XI B A

1998 ~2001'd A7 HAE

2001 ~= A

e-mail
1997
1999
2011

20100 ~&
Aol i vholy, Ao Ae, Aug A, Aug

20124

AR EARATA SWATA Al 7e

Py ol g aEwtely, 7]7]

A B e 2 AR AT SWATA

19-B2 X2=(2012. 4)

IR

e-mail : spchoi@Kisti.re kr
199611
1998

AL AAA LSk AD)
vt A A e
(el 34 Ah)
#2971 49 AR EATY
(& 8HkAh

A9l

i

gl

[N

S, Aol A, HAE F2

2

o

AR E

: esmallj@kisti.re.kr

Fst EASTHEA
Fuvista 43 ahet k(A4

KAIST #2b8hah(2hA})

200511 ~2010d g=HA-EAA T

UERES EEC R
qoled

gieA

ddeded

1987 ~1988d
1988 ~1994d
1994 ~20031
20031 ~2009d

2009 ~ &

Ao Au A, 9iE vholy

A

O AM &
o o —

e-mail : myaeng @kaist.ac.kr

1985 W= Southern Methodist
University (SMU)(XA}H)

198713 W= Southern Methodist
University (SMU)(¥AH)

u]= Temple University 1l

"] =+ Syracuse University #5*(tenured)

e R = R e R TA

FARFAYSL LS

ol e
daaelr a9 dakets) ag
L HCL 48907 A%

1983 B2 el Tl o)kt



