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M =R M= Predicate-Argument Tuple (PAT)E 79t ®l~E 7+ 422 A} A& (Approximate Alignment) & 5§ 4 9] vy
27) # 8 (sentential paraphrase) ¥ w2 Aghgicl ¥ ¥4 7ke] PAT 7|9b 24 A2 A%g wgor F L] oud Ange Fn

Ao F#st: ohorst A Adalignment feature) S Aojgro s, viy2rHd A #aliE 2% #se(supervised learning) 7]Wke] 2}
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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.
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o] &(phrase replacement table)S 48l7] 9§ o514
Ad(lexical alignment) 7|HVe] 27HS & FAE 24 ©
A& wol AME3}H3415-17). 28y @Y dojz HE
g F 942E 719 do] € A AP AL 44 8
=HE 71%04*1 TEE & o] HE TEA A
o 448 A%< wzbA Rala cH4,18). 7HE 2 olf:=
g dojz BdFI FYF 9uE Yehle EF 4 A
gom FAHE vl B3 (Comparable Corpora)—«l TE
R R} golatA] %7] wifolt)y uebA 5] TE
Hoh 99U o] A g FIAM =€ 4
o] 433l 2ln] Q2 (semantic element)E 7
& S48k S Agsta oH1519,20]
# =M Predicate-Argument Tuple (PAT)E 7]4ko.
2 8 92E 7+ 433 24 ZD(Approximate Alignment)S
T % O vA27EE Y 2dg APt £9-
=8 F2Z(Predicate-Argument Structure, PAS)& 53 1))
oA o] 7ol &, ouF #AE Yehle gz F
Z(graph structure)o]tH21]. oJv|y oM o] &o}-=3
TFZEGE 9 ARAHQ WAE E@3) PATS 2@

Fol-v8 728 AN B 248 -4u1fs}m1 279
ANAS oolg Tasd TRAY RS Fda §

T4 9 PAT 7|9t 241 A8 23 nlgter § B4
o oJujd AAANE AHHOR FH}E e Y A
(alignment feature)5< Ao|gro oM, ulf27|5d 44
TAE A% Shsi(supervised learning) 7)8ke] A% EH
RdgA sAstnzt ol w2 RrpHog B E=Rdi
Agtete Alzgle e Hrh @ o F BAMS 23 Aot W
ol o] s|Asx %ate e nHx|Ed FYES
AEgozn FF A2l AF AM PE 259

=9 T4L o #o $4 23M e a2 E
g Ado] g ohge #d Ao s AsfEi o]
A 3R A B =delA Agste PAT 7|8 24 Z 4o
o3 i 271 Rd A AT mdo] e AAlA 47
gt} olojA 4ol A 54 4 2A8E ANsly, 5
BolMe Alade 25d gt 4AF EAE AEd
npA o 2 6FoA AELS i)

2 #y HF

o271 B8 AWe d2aEdA FUd oulE Yehf=
Boldt Hele £4, 74 §& Fohle Aol FA @
gheh o], e A7t AR AL Ado HYE £
T H92E 79 fAE 24 2dd 27¢ Fa A A
B7HA )¢ U A7TL o)FojHon @e E=¥o| ¥E
HALH1922-25] A7IAE ol F £ A7 #Aso
Ve #2303 BEEHE AF ARE FHLE AEd

1) ZA3 714 ¥ (Statistical Machine Translation)o 4] t} 3% (decoding) &
A% 719 AAAH HolE FHEY] 93 Giza+3 7 o] H
Z2IYE T3] MR R doj2 203 F FAL dAFsich

4 91 7 #3 29 9gn)y AB4L ZAF 3
o| A, A (similarity) ¥ut obulel a}o] H (dissimilarity) &
A nejsojof dvtn FAc B3 vaE YA A
2 goj@](Information Nugget)"e}= ¥l 24F Aojd}=
Hl o] v %2 (Semantic Role Labeling, SRL) 2 #}&
EE5HE F9-+=% TZ(Predicate-Argument Structure,
PAS)elt}, ol& B0l “Oswald killed Kennedy et &%
of tigh el 23 A= “killed(Oswald, Kennedy)o)t}.
FALE HILE o]F PAS 7H9 $3H AEE ugoz o
ojzl=dl, o] o, /Y PASY FREE AAitste] 43
gt & &% 9v] Edo FHHoz dABHR g
PASEE obfe] FHol Holx fAIEZ ¥4 A €
A& 9|, “It is said ~"} “He told me that ~" 53 Z&
THE& PASZE FAHE F oy £4 oA <ujFel
oA 9] Foo] ulg v EAE FAsE 7/i¥ PAS
9] FAE ZAE A 1914 £4 A T83
A2 ARE 8ste] AAsEL 7)AgFE o] & o
718 TAste] A 3 e AAFdE B
Taa o] ATe B MA @Al e, 1 F e
AA A 2de] Hgo] oujg Hi o] 4G RE o)
&1 gl A, J1d PASY Fa% ZA 7)yo] wj$
ged Fee] A G489 AT & e LR H5AS
7HA 3 Ao F Folth

(7] BE Azl weby o) 9 desta S e
*}%5}“4 =4 e fFAIEE FA% o] =& 4
< B3 Aol Hely on] Fd 7)Y 5 AHEA &
A, GFE Fele] g AR 71N ARES FFEY 7
Aty 2dg #83igd FE3) /& A5 ‘ﬂ%‘?l"—c- H}
27188 A4 A29E FATE & dgE Ao} o
A [TelM e F £3589 g g 79 v*}E 74]
A AR FAEE A WEHE At 92 £
e E2 79k D FAME, WordNet 7)¥ke] Fojo] )
gAY FAE, oFE Y B AP AEE FASHE A
M FRE TEE F 136749 FAEE Aatetn, 44
A 71ME F3 Zed 133714 A2 & FHoE AEdG
7k w2718 94 A2"e FAEAS Microsoft
Research Paraphrase Corpus(MSRPC)[26]5 o] &3 430
A o8 A5 Yepdon, 843 283 94 7)AHA
TAE £4& 58 758 2 BAZ, F2HYA F4A
= AR Wol adE YErd 4 7] Wi dE Wy
B8 FUAME o} nE T Alglo] Bt}

3. Mgt AlAH

of AolM= £ =T F &4 79 9ujy duAe
ZA387] 98lA Agkel= PAT 719 AL Agd disiA
s AmEo. 1 Ao EAo] i on FHE H2s)
3t7] g @9 249 Predicate- Argument Tupleo] U]zl
A A g
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l tissues ][ for ” examination

n u |rnadial ” t ” invoMng”the ” removal | | cells]
|

the living body.” (NIP)

“Removal and pathologic examination of specimens in the form of small pieces of tissue from

Lfrom || che |[ iving | body |

- Predicate0| L2
- Predicate2 £ Q CIO|& SHM/Q0[ M2 AP T AR =¥
- W2t M predicate 2| 0| BU2 £ FY + AUS

- Nomlnahzauon HiEiOI ’Hﬁ(e 8 rernoval of speclmens -) remove(specnrnens)]

ﬂm

argument

| Removal ” and " pathologic " examination | of I specimens “ in Il the | form u l small ” pieces l | tissue I
W

(38 1) 2o-=8 F=(PAS) OilH|

“A biopsy is a medical test involving the removal of cells or tissues for examination.”(S)

Deep Parse Graph (Predicate Argument Structure)

H u | medical || test || Involvhg” the ” removal l I cells | ﬂ I tissues " for ||ixaminatbn I

Dependency Parse Graph (Collapsed)

| medical ” test “ involving ” the | removal l.l cells ”i“ tissues I for Irex:mmmonl
‘\LL//

rep of

(32 2) 20-=8 7% oE P2 Jh=

31 £0f =& FE& (Predicate-Argument Tuple, PAT)
2%0]-=38 %(Predicate-Argument Structure, PAS)#
3 ol o] he] FEA, Auy #AAE el 2
Z FZ(graph structure)o]th21], ou]d F-HelA 9] <
-8 FREoE Eg AR #AE FE3. (-_-i‘ﬂ
)& [21]o0 A 7N2EE Enju parser2'E o] &élo] 54 F-A4bo
3 &ol-=8 FZE BT ok

9l agollA A EAE AHHE2 Fol(predicate)E,
U 2= =% (argument)S YERACE SRS Eole =
g ztel EylA/eud #AE ®AlS ) dE 59,
(g Do RA# EZA “involving”olEhs Eole “test”

i

2) http://www-tsujiLis.s.u-tokyvo.ac jplenju/

9 “removal’ & =FOoR AL glow, EA FAA
“pathologic” et #-8&Al=  “examination”o| gt WAME
wigog AF¥E HoFn Qv RutHow FAHEA
‘.’1 ‘or"U fand"% 77} ANEAR Eol7t = o5 HEA
- S8 diEsAl dddE dojES =¥or x| g
(e.g‘, ‘cell or tissue”, “removal and examination”).
GollHE FA AgstHod, EdHen &oe '-ﬁ’—v‘f-
FAL &AL ARAF G 2 ol @Yo AY 7)F
Al 2 o] Qhﬂ:_; F2 TFAND xdo= galS -":J}__}_g_gf_
& 8‘01 51} e Eof g EAQ olFEe] ®Wol &Y
= T EBEAN =%e= duHes Fo ¥4
E9A/euHog AFANIE 98
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A biopsy is a medical test involving the removal of cells or tissues for examination.

; is(biopsy.test) 'i medical(test) i; involve(test, removal) 15 of(removal,cell) Z or(cell, tissue) f for(removal, examination) i

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

i and(removal examination) i i padwlogrc(mmnauon]

; of(examlnauon.speumens) i i |n(spec:mens.form} 3

g of(form, pieces) ;; srnall(pieces)gl of(pieces, tissue) ii from(removal,body) i , living(body)

(22! 3) Predicate-Argument Tuples (PATS)

(28 2% 5Y 4ol e £o]-=3 F29 & F
T 2HZE vusted Jelfi gl oE FE £4E 9
|4 Stanford parser?& AHE-EHTh 9 1felA AAE
4 A3E “collapsing”d ¥4 Aot} ole HF 4
Ao dis] FAHeE P8t AXAG SHHEAL S
g3 54 AHE SA Edad oF #AE AHsin
TEE Axelry, Iy doze A7t gloey T HA &
A Ais A9 Fdsith 48 59, PASHA9
“oftremoval, cell)”& °|& 1| ZA A€l “prep_ofiremoval,
cells)"ﬁ} “medical(test)"= “amod(medical, test)"t 53
Z2& RoF1 It 2y £ =RdAe A9 &
°F Zle 8o ¥ 3 HEE 952 Jerzg o Fofd
HAstg 4 2dg AYstn, gol-+=8 F2E FE3|
7ol #eld &8 Y& AT Enju parserd 7|8 T
RN REE 44
(¥ 3)2 Enju parsers ©]&38t9] =F% PASA
Predicate-Argument Tuple (PAT) #gle] &% #Hils
BeFn gty PATE 94 &3 i3 PASE FAs=
84E Yepdv, FHAHY FHAAM FA A4F
(connection-oriented), &A% (verbal), ¥-&A}3 (adjectival),
282 YA (nominal) PAT $22 82 4 i 44
¥ PATS AAAL 2 S91HEAE €019 PATEA, 4¥
Mol dol(=hHEL FHAHcRE ddss & FIdq
(e.g., “oftremoval, cell)”). V8 PATE oyt 5’*]-% &ol
2 7 Y, &3 deA AR ou] 84 JEE FYE
7HsAol =t (eg., “involveltest, removal)”). B-EAY
PATE BALE F48He 384171 €01 PATOl 1, HAHY
PATS 2% 9AHcompound noun) uWolA F4lof
(headword)& F28= = & HAZL €09 PATe|t.
4 FFA FHAH g8 54 me 7E8 PAT +3
& 7|Nte g 73 7 FAE FA €58 4 ddd 2o
g4d 4398 98 5 o

32 PAT 7|8k 2AF M3 (PAT-based Approximate Alignment)

2 HolAe PAT 714 24 A2 W] dislA 243
gk 93 PAT fAIE 33 EdE d9sta, o8 5%
oA A8 dyE 7lEdt F H2E 7k AdEd PAT

3) http://nip.stanford.edu/software/lex-parser.shtml

ARE FHeg AT
uto)) A%},

FAE 24 vdo] aA A

3.2.1 PAT #H= (PAT Similarity)

PAT 714t 221 A3 & g8 $4 PAT #4= &4
< A% 718 Bdo] Hast} HAEA FEH °|U| 2
AE e AR F4E A% #A A7 FollA (191
vgd  Bie Axz  EEHE  #0-+=% 'Il—i—
(Predicate-Argument Structure)E 7He] fAlE =3 wd
S Agtet v Qe o]& 7pNleRm E AFoA AMREtE
F 719 PAT % #AIE 23S 98 7|2 rdg o
ol Aejgt

sim(ﬂ,P: )= —1—[[

o

> sim,(a,a, )] +w, xsim,(p,. p, ):l

aycargl A )asearglPy |

(1)
P 99 PATE 9ujdlL, g PO 54 «¥E, pe
P9 £olE Yehit} sim= =8 749 §AME(Argument
Similarity) A4t #eolx, simE Fol He] fAE
(Predicate Similarity) Al4F #4elch w,e= #° fAl: F
Ao dg FAE 7HFAE YerL vpAR o a5 AT
3} A& 7tz

4 (1)& PATE FAsHe €009 =39 o33 54
st aQha o] 7wk AR g FEv, &0
fAES} =8 AR 7He 4EA Hig At &9
9 =3 vlae] AMEEE Dol fAIE A WYe o}y
(29 )9 2.

(g e [00004 F A9 & 2= 19 PE ==
of it FAE FHE AN ekt dX B FA f
AHE e ARt fFALE Hee 109 “¢gd 93
(Exact Match)"olA %6  AlZste]  “of  UX(Stem
Match)”, doj#tgl& &8¢ “oju] 7|yt YA (Semantic
Match)” o2 W25 571 RolAlA o g9 7
fALE  HaE  fJEidE 53 ov 7t dAA
“VerbOcean"©|\} “VerbNet'& o] 4% A} fAIE £%4

71HE AHES IA wEe] 4 &9dl wE 'ﬁ"\}E A

9] %24 A%(score cut degree)ol] th¥ HH 3} AHS

2 A¥S FlA 7Hesidh



ry

Al HEig 0|85 B O HiAYIEE R 2 28 24 139

=  Semantic Match

=~ = No Match
0.0

s  Exact Match: w; and w: are identical words/phrases.
= Stem Match: wy's and w's stems match or one is a derivational form of the other.

Synonym Match. wy and ws are synonyms according to WordNet, MeSH, UMLS.
Hypernym Match. w is a "kind of " ws, as determined by WordNet, MeSH, UMLS.
WordNet Similarity. wy and ws are similar according to WordNet:Similarity(27].
VerbOcean Matcht wy and ws are similar according to VerbOcean[28].

VerbNet Match. wq and ws are similar according to VerbNet[29].

(32! 4) Argument/Predicate Similarity Measure[7,20]

3.2.2 PAT 7|4t 24 A4 daelF

Avtdon AF FEEH= GIZA+D [30], Berkeley
Alignerd [31]3} 2 0|3 FF9 taio] WE A A
g 759 ATl ulg FA HrHm JYLBE oF A
~€e AR 3= Aol med 4 Aok v B g
oA Ad 7]F L wojzt ofel PAT®| L tho] 7]
o] ofug} A o] 7luke] HHE Fadof Frr A
a2 @l ot 2e 4E 2o Pasith

NE b2 F PAT ¥ 9 A¥ A& 2YZ o&
ojAel #H4 g ¢hd o] = UA R (Minimum
Cost Complete Bipartite Graph Matching Model) &4 417
g 4 gt} o]® 1@ E(bipartite graph)gt A A vertex
gto] M2 49 F AjHtwo disjoint sets) Ut VE £ ¥
i, RE edger 2tz U9 & vertexst Vel 54 vertexs:
AZAstE g Eo|r}, B F vertexE AASH: B edge
o Hl-g(cost)e] EAFTGL 7HAT o, HA: HEoR F
vertex A ol A A4S & F e WS E= ¥
A g FAES Yehle 5 PAT 7He] A¥ Wis
= FA% FYsih

et (=

il

Text Sent 1. Text Sent 2.

(2 5) T 2ol TSt PAT 7|8 AL BE

4) http'//code.google.com/p/giza-pp/
5) hitp://code.google.com/p/berkelevaligner/

(19 5)9} #o] F PAT 3 19 4% &+ 3214
ol AAg PAT FALEE 7]9ko g dlo] 2t A7 edgecl
Hl (1 / fFAHE) A8 AAQsa, Sl A Ha
H| & 9bd ol I dx FAR AAE 4 9l o
BB A (partial alignment)dlel]l ofd F-&E 54 A4
edge®] Hl&(cost)o] F&te, thA] el F PATS FALE
7b 0% 7H4 gk sbesich ol HA v 8 dA %
ME e FAE dANY A7t "o oF 4 2
2 48 A8 (linear programming) 7¥ke] &7be|et
(Hungarian Method)[32]2.2 s} Zo] 7}58l).

Mimimize Dex,

> x, =1 ies,

Zxﬂ =1

x =20

subject to:
jeS,

ieS.jes, (2)

o714 S ¥4 il didk PAT &S uehdivy, g
edge (i, o Hl&(cos)22H AZAFE F PATY fAE
o] ot} xi= WAl WE(incidence vector)2A 54
Ad iy M3 o] wWEe] A FE xol dalA oSt
#e Z27do] Ayt

1
xr’g = 0

9ot 2ol FAE MY ALgel webd Hx vES

% gon] the Mol A
WEE fAE AN mdel mebq HEH 24 4E )
W AT 29T,

if (ij) e M,
otherwise. (3)

6) AW ikl S RS 4F e fAwT WS #AR ME o] H
4 9ot ol olv 44§ 7helic
e =1/ simP; P)
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3.2.3 PAT 719 2AF HEE o] 43 B4 FALE &4

S AollA dud AE Az Eiﬂt AdH PAT %
H¥H(paired PAT set)E 7|¥tez 24 Ad HAE
(approximate alignment similarity)S thS3t Zo] #4bg
F 9o

Zum(p,, )

(1 kM’ (4)

sim,,, SI,S

o] AojA St iMA T4& Yz, pe S9 54
PATE 71e]zldh. E£3 M= 322464 Al A3 Axz
E3E Hax ug AE oy siml)e 32144 A
93 PAT frAl=E Yeldg, vpxge s NS A s &
o]},

(A DlHE & F giRe] B =FdA9 A 48 #
AlEE BE AEE PAT 3He] fA=e] Astd golu)
o] do] AL F HAEQ ou 4o I FE AR
& AdsAY, €344 AR HlE 7ke) g 48 7)Y
L AHgsle 7189 e 9, F 9n 249 4
Heo] A HHo Wi AAs oo WE o] 24
9 FAIRE HAHoR HEgozH B U 9n
A AN S B2 5 UE FHo| Sith

4. 48 % 4

4.1 Microsoft Research Paraphrase Corpus (MSRPC)

HAE 7F 4F3 AR FA404 74 5 3 99
278 A Ao dig gL #ilde g, d4
olgid d+E sty NEHE I 2 ¥y E A
VAo AFE T e H/t 294 L v ¢ 53 44
ojtt, ogjg 7h&u, 20051 [SlME oA +=3E of
Fo AE 7IAHE "o R olE EF UgE J1EdEd %
B FALE(de] FHE 2 #H3 A" §) AF Ade
g 27| 5E #AY 7MesAel ¥ 3 % e
3tk +HE dee dHolH FoAH £3AY AFS
A F 5801 49 &3 S AdEdon AR
A ARe g 59 2.

ot oft -4 oft

(E 1) MSRPC Gilojgf 7

e AFRE | A

Positive Instances 2,753 1,147 3,900
Negative Instances 1,323 578 1,901
24 4076 1,725 5,801

9 FollA HE uiet Zo], MSRPCol= A2 wigar|g
d #Ad £ A3 fEo driHoez #AV Qe %
B EAFT. gt 98 B3 Al disiM wip2rE

{E 2) MSRPC Ci|A|
Sentence Pairs label

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

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

Positive

¢ Around 0335 GMT, Tab shares were up 19
cents, or 4.4%, at AB4.56, having earlier set
a record high of A$4.57.

® Tab shares jumped 20 cents, or 46%, to set
a record closing high at A$4.57.

Negative

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

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

Positive

42 M8 ANARe M
MSRPC 7]%te] #HJ A7E3 w72 & dFeA
E A% 71ME 8480 ug a9ge dAHA 49

AN2de] d3 5EEE HojFEr)
O Parsi
Train Set e m(ﬁu} Linear SVMs
Lo
PAT-based
2 mate Ak
¥ Linear SVYMs
| [T
Extraction

| Sem——

(38 6) &8 Al2He 7Y 8l B8

A4 [21]914 7“‘2?_‘ Enju parserg °©|&3le] 99 &%
o tigt FEENE 5T PAT 7| 24} AE L 9
e B 2= §4 2o]Hee]ed LEMONSS 843}
%20, LibSVMIE o] & & % o]d £{FE F93%
ooAdE Qg &4 Aol dig PAT 7]ut 2A Ade] As}
& EoE F §£39 AE {AIE, 4 e, AEHR
%2 PAT A% 59 ARE 84319 <E >3} o] 57}
Aol A ARE FEF 5 dden, oo i AEHa
Ay og ®9 #o.

8) Bipartite Graph Matching Optimizer (http://lemon.cs.elte.hw/trac/lemon)
9) http://www.csientuedu.tw/ cjlin/libsvm/
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(E 3) A Z& 7|dt 11 gt

P Hgs 0188 22 O UMATIEE RE 2 27 24 141

(E 5 M= AE 243 U J|E AAgDte| HlD

A4 olF A Accuracy Precision Recall
paas PAT-based Approximate Alignment Mihalcea et al., 2006 [33] 70.30 69.60 97.70
Shinilaty Qiu et al, 2006 [19] 7200 7250 9340
. = = | e 5 © =
root.pred_sim T 234 root A AR RALE Lintean & Rus, 2009 7206 TAM 8928
: ey e
oL P sun ¥ ®744l root PATZ! PAT #AH% Fernando & Stevenson, 2008 [24]] 7410 7520 9130
pat. i ene afio ;ﬁ e 2‘;‘1 AN FALE7E 102 Das & Smith, 2009 [34] 738 7951 8605
Our Method (5 feats, linear 7158 B2 8
min_pat_sim A" PAT AIA HA FAE it s i
} _ _ £ Z 5 FallelA] ¢ A uwprR|wte g (3) A
B AY AAgd o4 dolrs] S4olu 4% AAs ) TE AANE T 48 : t.' St uRal
Ado] ANZ EEHE 5714 9 I"é“ < g839ge A

2 A% gus AEss AR o5 2zl Y@ A
W7 B =EolA AR s SA7) ok ®ol el
vl

(E 4 NS OfE0] CfEt MoD AIBE 98t AE 2

o7 Ck: ?3
%
o i it AARAE 71 =BAIAN |

8ol E HA FAIE

. PAT #A1E A Aol
e e Zolol de A M

WordNet frAH=¢] 32

min_wordnet_sim o)A 0.2
min_mesh_sim MeSH f4HE2] 4 1A 0.2
; 2 PAT 28|23 7|y -
min_patc_sim SAES] HA A4 0.2
i ek PAT Z&28d 7] fAE Fals
R AL A ¥ e
2AF A 71 k7
ppr_sim_thresh =4 33 7] S uHA2718 05

BRI 71E frAbE

Azge A5E Bol7] A% AUAA AHS AL
Pah4 Ak oA, S AT AVE BEH AL R
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37k AUAQ A2 nf Asoldn Br) oficks A
B¢ pPHon FF Atk B =RANE § AT 2
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WS BRI AN SASA LTI NS B
& Weshl 8a ok w8 AL, 2% P BE YolHE
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248 AFOR AUst: Sy olF FaM F B4
of urt A% oFod & Y BEeL ek

flo r&b me

f

5. HHAJ|EH AE 2/ 24
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Samuel Buell told the Associated Press.

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

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

1.000000

1.000000
1.000000
0.687500 tell(buell,press,engage) ::

and(widespread,pervasive) :: 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)

pervasive(fraud) :: pervasive(fraud)
engage(executive) :: engage(executive)
say(buell,engage)

Unpaired PATS (| ) : associated(press) prosecutor(buell) samuel (buell)
Unpaired PATS (2) : to(executive.manipulate) 's(result. company) manipulate({executive.result) earning(result)

(3% 7) PAT 7[¢t 2AL HE E2
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Agel 189 AF AHF 1,75 7H) delA £ Al=9
o] AX WAF F 46719 £F Bl ddfM F522 2
78 R TE TE 24E w8 o F AR ¥4

24 gy
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OFE F 383 M, AR &4 7= 11342 et 1
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ol EAL AuHor sod ¢ s Aot 19
ol MEo| /¥ EAL FASE PATE 79 24 4%
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BANAE 9 ARE geaigon] ARA B Bo
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52 M7 27 &Y 24

521 37k 4 4l weh 27 A
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* [ilsenrath was also indicted on 33 counts of wire
fraud, which each carry a maximum penalty of
five vears in prison, a $250,000 fine and
restitution.

* Each of those counts carries a maximum penalty
of five years in prison and a $250,000 fine plus
restitution.

(Ex.01)

219 o MSRPCAA SA(H27|EH] old)os
ARFHAAT B =89 Al2do] (27 EAI)L
2 EFE AR 4 270l ddA BE A FEL 7
o] dAsAgh A FHolA  “Hilsenrath was also
mchcted on 33 counts of wire fraud"7} F7Hgo2MH F%

o] oul7} wstE et wile) A$E o3 g

A, AlaghgAd
* The industry group's non-manufacturing index
rose to 50.7 during the month, up from March's
reading of 47.9.
* The Arizona-based ISM reported Monday that

its non-manufacturing index rose to 50.7 last
month, from 47.9 in March.

(Ex.02)

9l % %2 MSRPCoAN #Aoz AAHJo, AlA
do] 402 BHE A &4 27U Aotk 49
ol Aet o] “The Arizona-based ISM reported Monday
that"olgte Ho] &4 & F7HEULNE E75tn
e ¥4 olfe § Aol 39 AAAQ ou] ¥l
T AA 9L vAA G UEo]7] ol oA T
A 8l A& “that” ol3t o] 5T FA7 e U8 74
A& qFHs=d, ol £49 FHAHY &3 A &
ol glck. 2y HAA AFsHAA R, dlolg #4 A
MSRPCoI A o] ¥A/S4 BA 71E HEo] l§ B3d 7
7} g EAg

5.2.2 =2 vl A9 (12.5%, 62)

MSRPC7} A1E7|AE F4o2 358 989 #A=
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3] AA ®ob 71AelA @o] Yeiye F7h 2 #& WHF
Toll w3 FAo] A s, o] W, F F&o A
o] FUF LS HHsn o= EFsn A7t g
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AegA, AlaedAd

o The two-vear note USZYT=RR fell 5/32 in price,
taking its vield to 1.23 percent from 1.16 percent
late on Monday.

o The benchmark 10-vear note USIOYT=RR lost
11/32 in price, taking its vield to 3.21 percent
from 3.17 percent late on Monday.

(Ex.03)

9 ¥ 4L #8 WES Ueshlie A9 $9F Wi
Z1 8 AMgsln AT ¥F v &S Yehlls <7 84
5 %3}*1 SHog AAHNTL AL AzHoAE FHL

78 ooty @A AlzFol PAT?IH}Q oA AES
T3 PC— AR A i Jdd gd dA )5S A
FatA B#ata glov oy g 7] e A FHel 7Heet
o}, 2rtH ez fle de F e 'r°i = “The two-year
note US2YT=RR"#} “The benchmark 10-year note
USIOYT=RR"0| Mz Zolstnz thg HellA A H=
“Fol Boa #A o{H"IE AAV} s stk vhge o
& 23
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A, AadgA
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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ek ohg o] dolA (Ex05)E AR ¥A 25oli (Ex.06)
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A4, AN
# Shiites make up 20 percent of the country’s
ulation.
o (Ex.05)

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

(Ex.06)%= %22k vlal Aufo} g7 AL 48 AN F
£70] Fojol “Shiites”9} “Sunnis”®] o] E AhE A
atx] st} Alxglo] ofsf F w0l FUsvin TS
g Aot et (Ex05)9 EA #39 vpxgte
“Shiites 20 percent"gh= o] EFHgorz ghHs o}
B FFLe opd Aoy B 4 9l

AgA, Aaslied

e A Washington County man may have the
county's first human case of West Nile virus,
the health department said Friday.

® The county's first and only human case of West (Ex00)
Nile this vear was confirmed by health officials
on Sept. 8.

(Ex.06)2 Hlad wpx7] 58 A7}t vlg g 7ol

&3l tEAHoR BEMs ny 94 S5 £33 Foldl
“The county's first and only human case of West Nile
this vear"7} 314 §4olA Fo]9] “A Washington County
man”#} 2% o}¢l “the county's first human case of West
Nile virus"®2 #2¥ 3 a, 3AA, S84 &3 §F7io42
“the health department said Friday"¢} “was confirmed by
health officials on Sept. 8”7} ¢+5AQ1 ojv]# #AZ A4
5o} itk Foj7k AR A3 FoldE AA A R
A2glo @A PAT 7|4ke] AL Ado] Ag| o] Fo]x|%]
gong FALE v wA AFPFoZHN SFHSE FHY

sl

5.2.4 2 749 W& Aol w&
(7%. 37)
24 ol HA 58 48 F8A, A §
o] FA F5 % ou| o] Foll wpE HA FH9 o] W
35 A &A Rah= Aotk i & Ayua

v sk g A

Agh g, Aadg4d

"] would like the FCC to start all over,” said
Sen. Kay Bailey Hutchison, R-Texas, who
supported reversing the rules.

o “I 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)

FAe BAe YA FolQl “Sen. Kay Bailey

Hutchison, R-Texas"& 28l #AlA- el & oul&
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2ge o B NS Ashse] ol Pyoz LHw
Aol

S, Aaghdgd

® 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 UN., | (Ex.08)
assistance and advice in implementing the new
decisions which have been taken” on organising
an interim Iragi government by June.

o] Z$E 919 Z$9 v E AR &4 2R/ &
stedl, (Ex0Ndes 28 08 48 Jeldg. F &4
Aol A “the new decisions”& 43t |AAE] A3
AFEZE AbSlElel © FAIARQL ovlE YehlE Aol
MSRPC WellA F4o2 AQE & o ES AAHe
2 AYE o] gL =9 o7} Ut

5.2.5 Zdoj7}k 71 /A% o2 FAE dd FPAR
og 3= H4(6%. 32)

A 71Ake] EA4%4 MSRPC Wl cfsh a1,
A9, 459, 7199 S0l 2. 535 AFo] 39
1% (appositive), Zol7} vlg- 71 B35, F24o¢7 £
BAL 5o TN F #3e Edste PAT 7|9 A4 ¥
GG #HEg FPo] LA F97F AUk

AgEA, A2d%d
* Actor Armold Schwarzenegger is leaving backers
in suspense, and former Los eles Mayor
Richard Riordan will consider if the Terminator
balks. (Ex.09)
* Amold Schwarzenegger and former Los Angeles

Mayor Richard Riordan may jump in by the
Aug. 9 deadline to file.

(Ex09)¢] 2z} 3ol yelde= 5 7ie Fo9l “Actor
Amold Schwarzenegger"¢} “former Los Angeles Mayor
Richard Riordan"t ©o] 714 7|22 &3 A9 50%
AEE AR M2 dXstn oy, 1 99 FEoA
E Just 4ds] gdao. A2 FH dd 7]F0] 24}
e Axds 2T o, o2F 2F Yo U 55
2]zt 498}

5.2.6 FE PAT %= ¥ (5%, 26)

FE be-FA A4S JEhE “say”, “announce”,
“tell” 53 Zol 3 WlelA 1 v|Fe] vy ¥ FA
£ #°% 7Kt FE PATe| #=d/ AEHe 4L
ojuic}, of#fo] «]& RUA FE PATY 9u|g} 07 &
ol st ME& AAg,

S, A2

® Against the Japanese currency, the euro was at
13592/6.04 yen against the late New York level
of 136.03/14.

*The dollar was at 11785 ven against the
Japanese currency, up 0.1 percent.

(Ex.10)

TR BT be-BAE st 284 EAlth Be-¥
AHE €02 7 PATS A& EWY 72t “beleuro,
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* The launch marks the start of a new golden age

¢ The launch marks the start of a race to find life

on_another planet.

(Ex.11)

(Ex.11) MSRPCAA FAHoz2 #AHUoY Al2dlo]
S4o2 Add Afelr. ol FHoE AGF AU}l
falM e = A7t glov, 99 ¥E 3 RES A
HEW, T &4 2% FAAolgte SWdA Mz dn3
Q #A ASE & F vk oA FEN, $H A B
ol A= “Mars exploration"o|gh=  Fdo] Ea 2o
“another planet’olgte= 248 o FH Aok t]&o A
A #34e “a race to find life"s 4 49 “a new
golden age’ete THRT o FAFolgtn & 9tk =
@] AA7t e E O o ofFol A Aw wA}

Aehgd, Nagdy

* Apple Computer's new online music service sold
more than 1 million songs during its first week
of operation, the company said Monday.

* 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.

o] dloflA] AF & RRL £ Eao] &4 oHEE 1}
Bl M2 dxsa ok zeu EA BAdA it
exceeded record industry expectations”gbe 17} 4l E
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® The fines are part of failed Republican efforts to
force or entice the Democrats to return.

ePerry said he backs the Senate's efforts,
including the fines, to force the Democrats to
return.

(Ex.13)
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A, Aaghdy

o Families stuck on the highway remained in their
cars, and used their cell phones to call home.

o Families stuck on the highway were being
urged to remain in their cars, and to use their
cell phones only in case of emergency.

(Ex.14)
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eHe was tracked to Atlanta where he was

arrested on Tuesday night.
eHe was arrested in  Atlanta, Georgia, on

Monday night by police acting on a tip-off.

(Ex.15)
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“~ added to pressure on ~ by

i “~ downgraded ™"
downgrading ¢

“Median household income
declined™ "

“The survey found the median
household™

“The conference was sponsored
by the US, "

“The conference, sponsored by
the US. "

“Mount Airy native” = grew up in Mount Airy ™"

“The vulnerability” “The security hole”

“Microsoft Corp.” “MS”

53 2fF =4 d3t yel

ol AN A2 % HolA AN he o
4 Ase Aaasit. 59 7 4 ARl me §
4 79 o] kel BE B4 A3 0F A% watew,
AN
MSRPCAN 428 78 hs/1%d #ao ¢ dAs
g2 454 Uthle Aaue TN 9o, of F
742 o5 frgol i Azt dasi)

el ME FARZ AFstAs, ¢ HAAME vepd wist
2ol & =FoA Altshs Al2de] L/E WE F 48670
9 QAR E 459 2757 X¥H UsE ¢ T
ddck A dielele] 9%l Bt 4770 L7t HolE
LFE JAHAEH, e B4 A F3F 7|83
o}, 35 AN olo] g JFAHA $Ao] Fasi.,

Mo F



146 HEMZIZI=ZAIB H19-BE H2=(2012. 4)

(E 6) 2F 70| ofE g H|g

25 73 ME (1)8)
(1 %7 78 4ol @ ool s 24 4 |26 (©95%)
(2) =2 w45 62 (12.5%)
() Fol BdA #A 27 40 (8%)
@ %4 2o dg WA HE A WA | g
6) 2el7t 2 B BRPR 48 HE A | B 6%)
(6) Root PAT 7% 97 26 (5%)
M &3 744 84 27 26 (5%)
® A AR $% AEE Fod An gE | o0
84 %
© F8 FA ool 74 43 18 (3%)
(10) o]MIE A AZko] & 17 (3%)
1) AEd SU 50 28 UrA | 4y o
(12) 71&t &5 75 (15%)
(13) dlolel 2.4 <4 47 (9%)

6.d &

B =AM 4 9y sHH2IEE e A AR
+ A2 =99 PAT 7]yt 24} A E(PAT-based
Approximate Alignment Similarity) FAFE 7|¥<& Aletst
Aotk o] & 7uteg o] e oM =&FE F 57149
Ad 2AAve g43to] MSRPCol th3t npA2 | EdE A
AgE FYsiich 48 dx, (D5 Aol7t vivg 3
(26% %), (2SVM % 24t AE wpyiis 5] dAd
we HHE FYshA] @ A, vpAgez (3)FA AE
o] AME =EFHE A9 AAThe 85U HelA
g o HZ g 47 ZAs A $58 FEE AA
& 4

Al Al 2ee] EA(AE ZAu JE AHE AFAE @
4 B HdF ZE5, A2 28 o FE 481
o, g3 o7 BA4E FIA A2ge AT #F8E A%
7IWt 243t B o] uHR7 R e diF A¥H
H2E 798 + At

FF A7 AgoRMe B AN metd 3 94
27 HE 78S Al2gd HEste] 45& AAee &
gol "ol F ¥4 9 PAT H(fAE $3)9
AaAe szl YA (2 49 AAG AE o
A GAANE AsoE 2= JATE e =Yk
o) =3 AFEA gE PATEY 9r|d FLE(FEH,
FAA FRE)E Hoslte] o]F fAEe Wrdshs Wik
gk glojof g}, dAl 7MY B2 NEE AASIA Qe 2
F f8e] “F7F A Al A% ou] ¥k 7R A4

Fola AEHA g PATEC] vl2 o] F7} 743 AP
o] glenz old P FAEE AEUIoEM FaT
PATEC] A8HA &2 45de FAEE F3AY 54
A4 gs oy ®r)ehes 7|HES A4E + Aok

F7HHog A AE9 did 9l PATS] EdYE
AN 7e FAE Fo} k. # A2de gF oHd2 ¢
Ag MAYely £olE u]FEF 4 FAHphrasal verb)E
Az Q48] £ale] o] & PAT ¥l Az wgsA
E3ta gld o], PAT o] FAIEE Hoh HFHo=
2437 gAY 299 35 4% P34 9549
o7 welrh

#ag#

[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 Moll%'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 Conference of the
North American Chapter of the Association for 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 204 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 (IWFP2005),
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.



E0-=8 71

Ul

=
TT

ZAE,

[9 AE7), Af4 2009), “§) Mt EA fFAEE SHEEE
2 9 AE 714 B8 §A A28 FHA 288 =4,
Vol.16B, pp.181-194,

[10] Bw], 94 (2010), "8 5 B4 Aol 7)9gk F Al
B8 ou §4 A2®" FuAe)8hs]=E B, Voll7B,
pp.&5-92.

[11] o] &5, &8 (2006), “AEE 474 aH228e vy g
¢ (paraphrase) ] 2§ & 214398} Vol.17, pp.323-336.

[12] B. Pang, K. Knight, and D. Marcu (2003), “Syntax-based
alignment of multiple translations: extracting paraphrases
and generating new sentences,” in NAACL 03: Proceedings
of the 2003 Conference 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,

A. Hickl and ]. Bensley (2007),
commitment-based framework for recognizing textual
entailment,” in RTE 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.

[17]1 A. Finch, Y.-S. Hwang, and E. Sumita (2005), “Using
Machine Translation Evaluation Techniques to Determine
Sentence-level Semantic Equivalence,” in Proceedings of the
Third International Workshop on Paraphrasing (ITWP2005).

[18] C. Bannard and C. Callison-Burch (2005), “Paraphrasing with
bilingual parallel corpora,” in ACL 05 Proceedings of the
43rd Annual Meeting on Association for Computational
Linguistics, Morristown, NJ, USA, pp.597-604.

[19] L. Qiu, M.-Y. Kan, and T.-S. Chua (2006), “Paraphrase
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
textual inference via graph matching,” in HLT 05
Proceedings of the conference on Human Language
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,” Computational Linguistics,
Vol.34, pp.35 - 80.

[15] “A discourse

g

i

x
rj}

aj
=

Ad
A

Al

02
o

0|88 B2 TP HtHMTIES RE H 2

147

HE

E| =

[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. Vol4139, 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) 1Ith Annual Research
Colloguium.

[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

large paraphrase corpora: exploiting
massively parallel news sources,” in COLING ‘(M:
Proceedings of the Z0th international conference on
Computational Linguistics, Morristown, NJ, USA, pp.350.

[27] T. Pedersen, S. Patwardhan, and J. Michelizzi (2004),
“WordNet::Similarity - Measuring the Relatedness of
Concepts,” in Proceedings of the Nineteenth National
Conference on Artificial Intelligence (AAAI-(M), 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, mappings and applications,” in
HLT-NAACL, pp.13-14.

[30] F. J. Och and H. Ney (2003), “A systematic comparison of
various statistical alignment models,” Comput. Linguist.,
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-based and knowledge-based measures of text
semantic similarity,” in AAAI'06: Proceedings of the 21st
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-

IJONLP 09: Proceedings of the Joint Conference of the 47th

Annual Meeting of the ACL and the 4th International Joint

Conference on Natural Language Processing of the AFNLP:

Volume 1, Morristown, NJ, USA, pp.463-476.

construction of



148 ZEXNEZZE=8XIB MH19-BH H2=(2012. 4)

2y g
e-mail : spchoi@kisti.re kr
1996\ F-akoi skl A A7 Abat (kAL
1998 ko st A A}A 4b e}
(o] 384 Ah)
201291 #=3}8t7] 49l AR EA T8}
(F38HakAh
1998 ~2001d A7l B AlE] Mgl
2001 ~& A sy EdRnd Ty SWatA AddTs
VAo g 2Evto]g, 1A S, AdojA e, g2rE 22

AT
e-mail : esmallj @kisti.re.kr
19979 Fddigta FA (g
1999 Fwistn e Feta(HAh
20113 KAIST #4kstaf(uba})
200541 ~2010d g HAEAN AT

Hho] el Fug e o9l
20108~ A 7| RATY SWHETFA AYd79
BAEF HXE vhoy, zQojA e, ARAA Aue g

e

e-mail : myaeng@kaist.ac.kr

1983 o= Al £ o} FHsH AL

19859 w]5 Southern Methodist
University (SMU)(4A}H

19873 v Southern Methodist
University (SMU)(¥+AL)

19873 ~1988'd w| = Temple University 4

1938 ~1994d W)= Syracuse University i%*(tenured)

19941 ~2003 Fdoiste ¥ Bt w4

2003 ~2000¢ FHARFANGE W

20099 ~d A F=ets)ed Aastd w4

TRk AR A HAE vlo|y HCI A891A %Y &






