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Overview of Textual Entailment (1/11)

» BIAE === (Textual Inference)

=8 £Y 52 HHM FFE=E M2 28 S2 U
MASHHLE MEESHE Zd (Androutsopoulos and
akasiotis, 2010)
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Paraphrase Generation)
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Overview of Textual Entailment (2/11)

» Paraphrasing Methods

S LotALE ALl mArR §E S MEos I 2 &g 0| =,
O|D|7‘4 T2, 28, dAI0 2K R M E, dd, =0}
= /|8

(1) Leo Tolstoy wrote “War and Peace”.

(2) “War and Peace” was written by Leo Tolstoy.

(3) Leo Tolstoy is the writer of “War and Peace”.

(4) Wonderworks Ltd. constructed the new bridge.

(5) The new bridge was constructed by Wonderworks Ltd.
(6) Wonderworks Ltd. is the constructor of the new bridge.

(D2} (2)= D2 =2 0| = £tA (What about (3)?)

(4)2} (5)= I 2{ = 3| 0| = ZtH| (What about (6)?)

Approximate Equivalence (Almost the Same)
S2d0| tiet A2t =5 ShXl= B=Ct

— LS
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Overview of Textual Entailment (3/11)

» Paraphrasing Methods

= 78 E2 B E

(7) X wrote Y.
(8) Y was written by X.
(9) X is the writer of Y.

Slots X and Y can be filled in with arbitrary noun phrases.

Syntactic or semantic constraints can be used.

2013 stz AR EH Setst=Cl 2| (2013/06/26) 5
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Overview of Textual Entailment (4/11)

» Textual Entailment Methods

Recognize, generate, or extract pairs <7,H> of natural language
expressions, such that a human who reads (and trusts) 7 would
infer that A 1s most likely also true (Dagan, Glickman, &
Magnini, 2006).

2013 3t 2 H ZE Z5H5HA TS| (2013/06/26) 6
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Overview of Textual Entailment (5/11)

» Textual Entailment Methods

(10) The drugs that slow down Alzheimer’s disease work best the
earlier you administer them.

(11) Alzheimer’s disease can be slowed down using drugs.

(12) DrewWalker, Tayside’s public health director, said: “lt is
important to stress that this is not a confirmed case of rabies.”

(13) A case of rabies was confirmed.

(10) textually entails (11).
(12) does not textually entail (13).

It may also operate on templates.

(14) textually entails (15). (14) X painted Y.
. (15) Yis the work of
(15) does not textually entail (14). X

when Y denotes a symphony composed by X.

2013 st AR E S2tst= L 2| (2013/06/26) 7
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Overview of Textual Entailment (6/11)

» Challenges

We cannot judge 1f two natural language expressions are
paraphrases or a correct textual entailment pair without
selecting particular readings of the expressions.

(16) A bomb exploded near the French bank.
(17) A bomb exploded near a building.

(16) textually entails (17) with the financial sense of “bank” but not
when (16) refers to the bank of a river.

2013 st AR E S2tst= L 2| (2013/06/26) 8
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Overview of Textual Entailment (7/11)

» Possible Solutions

Examine the language expressions (or templates) only 1n
particular contexts where their intended readings are clear.

Allowance of Approximation (without intention)

Just treat as correct any textual entailment pair <7,H> for which there
are possible readings of 7"and H, such that a human who reads T’
would infer that H is most likely also true.

(16) textually entails (17) regardless of the intended sense of “bank”

2013 st AR E S2tst= L 2| (2013/06/26) 9
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Overview of Textual Entailment (8/11)
» Logical Formulae (Textual Entailment)
<T, H> 1s a correct textual entailment pair 1f and only 1f
(¢r A B) = ¢r
¢T,PH : logical meaning representations of T and H
B Knowledge—Base
T : Leonardo da Vinci painted the Mona Lisa. T' : Athens is the capital of Greece.
O 1 isPainterOfl DaVinci,MonaLisa) Opr ¢ isCapitalOf(Athens, Greece)
H : Mona Lisa is the work of Leonardo da Vinci. H' : Athens is a city in Greece.
o isWorkOf(MonaLisa, DaVinci) Ogr 1 isCity(Athens) N isLocatedIn(Athens, Greece )
y @ vxVyisPainterOfix,y) = isWorkOfiy. x) v Wy isCapital Of(x,v) = (isCitv(x) AisLocatedIn(x,v))

(pr AN V) = o (o ANU') =

2013 st AR E S2tst= L 2| (2013/06/26) 10
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Overview of Textual Entailment (9/11)

» Logical Formulae (Paraphrase)
T, 1s a paraphrase of 7, if and only if

(¢T1 N B) ): ¢’T2 and (éTQ N B) ): (;b'Tl

2013 st AR E S2tst= L 2| (2013/06/26) 11
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Overview of Textual Entailment (10/11)

» Textual Entailment O A|
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Id Task Text Hypothesis Entailment
Sunday's earthquake was felt in the southern Indian city of Madras on the
13l E mainland, as well as other parts of south India. The Naval meteorological office |The city of Madras is located in VES
A =) -
in Port Blair said it was the second biggest aftershock after the Dec. 26 Southern India .
earthqualke.
Although they were born on different planets, Oscar-winning actor Nicolas
. ' _ i e o o Nicolas Cage's son is called Kal-
61| IE |Cage's new son and Superman have something in common, both were named ; YES
el.
Kal-el .
) ‘ o . ) ' Verizon Communications Inc.'s $6.7
Verizon Communications Inc. said on Monday it would buy long-distance s ,
- _y o o "y billion takeover of long-distance
133 |SUM|telephone company MCI Communications Inc. in a deal worth $6.75 billion, . ” NO
: ; ; i . ; provider MCI Inc. transformed the
giving Verizon a foothold in the market for serving large corporations. ;
telephone industry.
307| IR [|Napkins, invitations and plain old paper cost more than they did a month ago. |The cost of paper is rising. YES
The main library at 101 E. Franklin St. changes its solo and group exhibitions Doolev F o din Dool
L_ ooley Foyer is located in Dooley
534| IE [|monthly in the Gellman Room, the Second Floor Gallery, the Dooley Foyer and ¥ ”Q 2 9 NO
all .
the Dooley Hall .

201
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Overview of Textual Entailment (11/11)

» MIAE T Z 0l 7yt Of

Types

Examples

S AF 013 (Lexical synonymy)

» article, paper, publication

AHAE-F 25X O|HE (Morpho—-syntactic
variants)

« Oswald killed Kennedy. / Kennedy was killed by
Oswald.

« Edison invented the light bulb. / Edison's
invention of the light bulb.

M K| AFR(PP-attachment)

« aplant in Alabama / the Alabama plant

Hw=2 9 %|AZ2(Comparatives v.s.
superlatives)

* be better than anybody else / be the best

=M Ol Chs 2% (Subordinate clauses
vsS separate sentences linked by anaphoric

pronouns.)

 The tree healed its wounds by growing new
bark. / The tree healed its wounds. It grew new
bark.

=2 (Inference)

e The stapler costs $10. / The price of the stapler
is $10.

« Where is Thimphu located? / Thimphu is capital
of what country?

(Composition)
013 B+ AT E ZEHEA 3| (2013/06/26)

« Oswald killed Kennedy. / Kennedy was

13assassinated by Oswald.




ea Institute of = .
ence and Technology Information LS InSciTe

SHEFTEL:

&."\3

D

Textual Entaillment Recognition (1/21)
» (Wang and Neumann, 2007)

= O =2

o Nl=

Recognizing Textual Entailment using a Subsequence Kernel Method
he

T2 EEE A NO|Z= AUHEE 800 VA =S

7| ko] B AE BFO| Al 43

SolMoz SN B AN Yo THoj AN HES ME
=M X 7|

T(text)Of| = H(hypothesis)& FFol=0 =&
(&)
=

YAIRH EAPR A E|E £T) ChojSol
X 7|50] UL 5B HAE 7+ OJ0|X K0S T

2013 SFL A ZE{ =Bt [ 3| (2013/06/26) 14
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Textual Entailment Recognition (2/21)
» (Wang and Neumann, 2007)

A E H| T
7| Aet&50| oot 0| 2l & & (binary classification)
S
&= 229 dependency relation T L X| M
= DXO| Lol UX| AT
Tree Skeleton 7|HIO| 2XIZF QAL 74
HO||AM BAIRL SALE 7[HIC 2 St= 7| ] E
0| & A Z3SI Tree Skeleton(TSy) 7+
TSyE 7|HtO 2 TS & 74 (grammatical alignment)
&= TS9| Spine DifferenceE =510 XA ZE /™

L

2013 stz AR EH Setst=Cl 2| (2013/06/26) 15
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Textual Entailment Recognition (3/21)
» (Wang and Neumann, 2007)

M HFEH
HL O H
Tree Skeleton 7|Bto| 22Xt QALE 7H E(XHE)

Id=61 Entailment=YES - LSPr i RNt | Rﬂh\

()Blls/#“"me \#\( .
O =

2;?},‘,{ X# \
cal I Vit
Nicnlas_l_(fagc /"“OBH \]’)r&,( N Kal- :cl :N
licolas. Cagarh | Nkal-el:N
Nico! as_(,age.N -— LSPr i RNw i RSPw

LSD : LSD(...) ## LSD,((NULL)
RSD : RSD(NULL) ## RSD,(NULL)

LSD2t RSD= F TS2| X0| & LIEIL = AE=A FdE.
7 A2
Verb Consistency(VC), Verb Relation Consistency(VRC)

2013 stz AR EH Setst=Cl 2| (2013/06/26) 16
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Textual Entailment Recognition (4/21)
» (Wang and Neumann, 2007)

IS Rl =
Entailment Patterns of TS and TSy
<LSD, RSD, VC, VRC>
LSD and RSD are either NULL or CCS sequences.

VC is a Boolean value.
VRC has a ternary value

Subsequence Kernels (LSD, RSD)

K e TS me)
subsequence

ITIIT o |H||§'i i
=X X K, (CCS,.CCS.)+ X X K

(€Cs,.608 )
i=li'=1 j=1j'=1 £

cCsS

Composite Kernel
K Composite =akK Subsequence F ﬂK Collocation I )K vc 5 {SKVRC

y and ¢ are learned from the training corpus; a and S are set equal to each
other, and currently both are 1.

2013 st AR E S2tst= L 2| (2013/06/26) 17
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Textual Entailment Recognition (5/21)

» (Wang and Neumann, 2007)
22 S A

= 230 TEREE BHHSt Subsequence Kernel T4 g &) of
ChOFSHAITHE! M E MBS0 M5 7)Mol OfX| 7t U

2013 st AR E S2tst= L 2| (2013/06/26) 18
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Textual Entailment Recognition (6/21)
» (Hickl, 2008)
== M=
Using Discourse Commitments to Recognize Textual Entailment
=M X 7|
S BAE(T, H)Q| 0|7} I 2D BRELD 7| Z0| Th EAH

do JEe 950/ 02 BH .

a. Text: “The Extra Girl” (1923) is the story of
a small-town girl, Sue Graham (played by Ma-
bel Normand) who comes to Hollywood to be in
the pictures. This Mabel Normand vehicle, pro-
duced by Mack Sennett, followed earlier films
about the film industry and also paved the way
for later films about Hollywood, such as King Vi-
dor’s “Show People™ (1928).

b. Hypothesis: “The Extra Girl” was produced by
Sennett.

“Mack Sennett was involved in producing a Mabel Normand vehicle”
“The Extra Girl” and the Mabel Normand vehicle refer to the same film.

2013 st AR E S2tst= L 2| (2013/06/26) 19
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Textual Entailment Recognition (7/21)

» (Hickl, 2008)

A E H|D W

Lexical alignment 7|2 0f 2
= T=otY 7| A=tz 7|8t e

A "’
HL od

Discourse Commitment

O B B I N | — -1 1l x — N1 AL

&\ InSciTe
SN -

DC M= T} MEJE DC WO A A

Text: "The Extra Girl" (1923) is a story of a small-town girl, Sue Graham (played by Mabel Normand) who comes to
Hollywood to be in the pictures. This Mabel Normand vehicle, produced by Mack Sennett, followed earlier
films about the film industry and also paved the way for later films about Hollywood, such as King Vidor's

"Show People” (1928).

el —— — ] a ~ 1 1 Ll L e . | [ | [ B o | H_IK1|

T1

T2
Ta.
T4.
Ts.
T&.
7,
Ta.
Ta.
10.

. "The Extra Girl" [took place in] 1923.

"The Extra Girl" is a story of a small-town girl.
"The Extra Girl" is a story of Sue Graham.
Sue Graham is a small-town girl.
Sue Graham [was] played by Mabel Normand.

Sue Graham comes to Hollywood to be in the pictures.
Sue Graham [was located in] Hollywood.

A Mabel Normand vehicle was produced by Mack Sennett.
"The Extra Girl" was a Mabel Normand vehicle.

"The Extra Girl" [was] produced by Mack Sennett.

T11. Mack Sennett is a producer.

T12. A Mabel Normand vehicle followed earlier films about the film industry.
T13. A Mabel Normand vehicle paved the way for later films about Hollywood.
T14. [There were] films about the film industry [before] a Mabel Normand vehis
T15. [There were] films about Hollywoed [after] a Mabel Normand vehicle.
T16. "The Extra Girl" followed earlier films about the film industry.

T17. "The Extra Girl" paved the way for later films about Hollywood.

T18. [There were] films about the film industry [before] "The Extra Girl".

T19. [There were] films about Hollywood [after] "The Extra Girl".

T20. King Vidor [was asscciated with] "Show People™.

T21. "Show People” [took place in] 1928.

T22. "Show People” was a film about Hellywood.

Selected Commitment

Hypothesis (4):

"The Extra Girl" was produced by Sennett.

s

£} 2| (2013/06/26)

Positive Instance of Textual Entaliment
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Textual Entailment Recognition (8/21)
» (Hickl, 2008)
N1 HiH
HL_- O H-
Discourse Commitments based RTE Framework
Text Commitments
L e o ()
Preprocessing | Commitment |/ & Commitment | | Entailment |YES
—=  Extraction “*uo J- Selection Classification
Hyp Hyp Commitmenis ™ NO )
DC ==
=AFENE, ZHAE Q1A =& O|E Tk, o|0| & O & i, A|ZtES H1t
o LH 0 M|, ZAF=E 52 S == QijgS 7|Hez A
o YXHL=E ==
Chofot 2| AEIA 7| S8 X8
DC A Ef
Lexical Alignment 7| 8 2| & & 2l Maximum Weighted Matching Problem= A}
2

o

Large Margin Structured Prediction Model (Taskar et al., 2005b)

2013 st AR E S2tst= L 2| (2013/06/26) 21



®  Korea Institute of

o o= .
: Kl l Science and Technology Information LS InSciTe

Textual Entailment Recognition (9/21)
» (Hickl, 2008)

o B E
Discourse Commitments based RTE Framework
MEE DC pair®f A Xt & ==
Alignment Features

Dependency Features
Semantic/Pragmatic Features

F=E| XA & 7|89 2 Decision Tree 7|8t 2= =3l
242 % M
M 2 455 LIErd
CHFSDCS FETORM HAEO LT 0|0 Z2ES BANOR
=
Large Margin Structured Prediction ModelO| 2 8M S 1IE EH ¢
DC =Z7| & 0| 2oLy, Ofof Ciet MFX 2l o &
DC MEH7|HO| AFEE O[T EZ 0| CHot MMt D& e
Large Margin Structured Prediction Model

M

2013 st AT E Sotst= 0 2| (2013/06/26) 22
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Textual Entailment Recognition (10/21)
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i
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» (Bar-Haim et al., 2009)
== M=
Efficient Semantic Deduction and Approximate Matching over
Compact Parse Forests

He

TEQ| Q8|2 £Hel 20| OfL|2t R TBHT, H)2
Otol £2| 72 511 22 7| 7S AR AsHA £ of

2013 st AR E S2tst= L 2| (2013/06/26) 23
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Textual Entaillment Recognition (11/21)
» (Bar-Haim et al., 2009)
A HEHH
HL. od
Inference
Text(T)E 7|8t O 2 CIYSH entailment &S M E510] %|CH St
Hypothesis(H)2t 7 AFSHE = B 5= by
Compact Forest
A& o|ZE Bt HHEl EC|E SAI0| 2o &+ U= AR
SES
Crot Al S HE0 et HdE= B2 HEEL E HE AR X2
7

EgAHES HESH|7t 2l -K(T, Ty
Disjunction Edges (d-edges)
Specify choice among multiple source nodes, as well as choice among multiple target
nodes.
A d-edge has a set of source nodes, S; and a set of target nodes, T.

A disjunction edge represents a set of disjoint dependency edges, whose endpoints are
given by the cartesian product S; x T, and the dependency relation of each edge is
determined by the source node (given by the rel function).

2013 st AT E Sotst= 0 2| (2013/06/26) 24
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Textual Entailment Recognition (12/21)
» (Bar-Haim et al., 2009)

<1 HEHH

HL O Hd
Compact Forest « Since a dependency edge is a special case

RODD of a d—edge (with a single source and

target), transforming a dependency tree
into a compact forest is trivial.

* The set of individual trees encoded by the
forest can be recovered by traversing F
starting from the root, and for each

i\ outgoing d—edge d choosing one of the

G\D\) Q’;‘dD Ma@ target nodes in T.
p -n J

pcom nod — Beautiful Mary was seen by John yes

— John saw beautiful Mary yesterday

\o hD (’l;;aun’ﬁD

T

2013 st AR E S2tst= L 2| (2013/06/26) 25
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Textual Entailment Recognition (13/21)
» (Bar-Haim et al., 2009)

I—I:L H | EH
L o d

Ae| THA
Text2f Hypothesis& T X 2| &AM
Augmented Dependency Tree (T, H)

TextOf| CHSH A Inference =& (Entailment Rule M &)
Cfot & Tet=S M8
TextOj| CH 3t Compact Forest 44 44

XA === 49! entailment 2=

GEIPNES
Coverage/Polarity Features

T2 A
Predicate—Argument Features
Modified Dependency Tree Kernel

2013 stz AR EH Setst=Cl 2| (2013/06/26) 26
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Textual Entailment Recognition (14/21)

» (Bar-Haim et al., 2009)
HAE QAE ST YH

Of2[H, =58 FALE At&

ujo
fo
Ofo
Of
N
N
9'_|-
>
~
L
HI
|

—_ - -
Forest
M2 A S eHEZS MBI L 450 =X ES
TextE HAS= HHHEO| ot A H
Hypothesis5 B =25 A TextQ| LEOIS =X o 2 X 2|5l O0F &

2013 st AR E S2tst= L 2| (2013/06/26) 27
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Textual Entailment Recognition (15/21)

» (Haghighi et al., 2005)
=z M=
Robust Textual Inference via Graph Matching
he
=2l 90| & o|E 28 7|del Qdi== 7
Odef= Zt0| LA =X

o
E‘” A E O-” |:H of 7 El_H IT IF "I‘_;| Subj (Agent) Obj (Patient)
Synonym
Dependency Parsing i 3'33?“04 o
(person)

Collapse Collocations and NE

Exact
Match

Dependency Folding i A8 Subj (Agen

Hyponym
Obj (Patient) i Maich
! Cost: 0.0

Semantic Role Labeling In (Temporal)

. Amazon.com
Co-reference Links ‘?;,;";,‘;“

2013 stz AR EH Setst=Cl 2| (2013/06/26) 28
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Textual Entailment Recognition (16/21)

» (Haghighi et al., 2005)
Graph Matching

Matching Cost
EOgEE UXA|Z7| =0 EL HIR2E AT}

MatchCost(H,T") = min Cost(M)
MOPRSE Dy e o
Cost(M): 2= &X | HIEH 0| CH3t H| & (Vertex/Relation Matching Cost)
Vertex Matching Cost

Normalized cost for each of the vertex substitutions in M
Minimal Cost Bipartite Graph-Matching

1
VertexCost(M ) = — Z w(v)VertexSub(v, M (v))
Vertex Z veHy
Gives us a cost in 10, 1], for substituting vertex v in H for M(v) in T.
w(V)
Represents the weight or relative importance for vertex v.

Based on the part—of-speech tag of the word or the type of named
entity or TF=IDFs.

2013 st AR E S2tst= L 2| (2013/06/26) 29
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Textual Entailment Recognition (17/21)

» (Haghighi et al., 2005)
Graph Matching

Relation Matching Cost

Relation Matching
v—oVv EHg = M(v) > M(¥V’) € Tg.
Approximate Isomorphism

1 41 - A4 .t . _C 1. A _ __V1_ait___ T _TTY

Pen- _
RelationCost(M ) = % Z w(e)PathSub(e, dpr(e))

ecHE

¢,(e) : Path from M(v) to M(v’) in T for an edge e = (v, v’) € H.
PathSub(e, ¢,,(e))

Assess the “cost” of substituting a direct relation e € Hc for its
counterpart, ¢,(e) under the matching.

2013 stz AR EH Setst=Cl 2| (2013/06/26) 30
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Textual Entailment Recognition (18/21)

» (Haghighi et al., 2005)
Graph Matching

Final Matching Cost
Cost(M) = a - VertexCost(M) + (1 — a) - RelationCost(M).
Approximation in Finding Optimal M
Efficiently find the matching M* which minimizes VertexCost(-)

Perform local greedy hill-climbing search, beginning from AM*, to approximate the minimal
matching.

The allowed operations are changing the assignment of any hypothesis vertex to a text one,
and, to avoid ridges, swapping two hypothesis assignments.

Checks

Upwards Monotonocity

If T entails H then adding more words to 7 should also give us a sentence which entails H.
GML 2 3 Z& = Y= L7 Het 22X

Negation Check

Factive Check

Superlative Check

Antonym Check

Numeric Mismatch

2013 st AR E S2tst= L 2| (2013/06/26) 31
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Textual Entailment Recognition (19/21)

» (Haghighi et al., 2005)
VertexSub(v,M(v)) Model

Exact Match: v and M(v) are identical words/phrases.

Stem Match: v and M(v)’s stems match or one is a derivational form of the other;
e.g., matching coaches to coach.

Synonym Match: v and M(v) are synonyms according to WordNet (Fellbaum,
1998). In particular we use the top 3 senses of both words to determine synsets.

Hypernym Match: v is a “kind of” M(v), as determined by WordNet. Note that this
feature is asymmetric.

WordNet Similarity: v and M(v) are similar according to WordNet::Similarity
(Pedersen et al., 2004). In particular, we use the measure described in (Resnik,
1995). We found it useful to only use similarities above a fixed threshold to ensure
precision.

LSA Match: v and M(v) are distributionally similar according to a freely available
Latent Semantic Indexing package,2 or for verbs similar according to VerbOcean
(Chklovski and Pantel, 2004).

POS Match: v and M(v) have the same part of speech.
No Match: M(v) 1s NULL.

2013 st AT E Sotst= 0 2| (2013/06/26) 32
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SHEFTEL:

» (Haghighi et al., 2005)
PathSub(v—v’, M(v)—M(v’)) Model

Exact Match: M(v)—M(v’) 1s an en edge in T with the same label.

Partial Match: M(v)—M(v’) 1s an en edge in T, not necessarily with the
same label.

Ancestor Match: M(v) is an ancestor of M(v'). We use an
exponentially increasing cost for longer distance relationships.

Kinked Match: M(v) and M(v') share a common parent or ancestor in
T. We use an exponentially increasing cost based on the maximum of
the node’s distances to their least common ancestor in T.

HEE oSt &3] (2013/06/26) 33
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Textual Entailment Recognition (21/21)

» (Haghighi et al., 2005)
22 3 N2
JEm 7| B AE X2 7|0 Chet (HEXQ
gz X0 Z2|= AlZHO| =X
Ms0| 12| £X %2
Vertex @} Relation= 74| 11248 Approximate Matching 7| 20| & @ ot
(V>V)E EXAZ = U= LehS Z+5H{oF &

=
—

=
L

2013 st AFEHSeat=0 2| (2013/06/26) 34
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Inference Pattern Extraction (1/18)

» (Zhao et al., 2008)

=z M=
Pivot Approach for Extracting Paraphrase Patterns from Bilingual
Corpora

he
=g ol= dd S AZ0| 2ect Lot EESHEY S
bilingual corpus= O|&or0] =&iot= Y HE X e

Pivot Approach

Aoz #olEl & A Z(TE)O[, CHE A2
of §Z=CtH, = o ET2 Iy Z0|=

=X A 7|
78 Xt S5
B g=tot i =2 o[= & =8 22

2013 st AT E Sotst= 0 2| (2013/06/26) 35
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Inference Pattern Extraction (2/18)
» (Zhao et al., 2008)
A bl
mE x= 7||=é10| DA 2 GA|MO| HIAE H| I i oS
N [ I:II- |:H
H
2K 73 S
3-5 HE ESX A8 (BT E pivot2 2 & -8)
£H0f 7] B 2 48 (Gizat)
Dependency Parsing =2 (MaltParser (Nivre et al., 2007))
%:l O-I 'LI'H EI_-I X% Te take STg(take)
DE 7t58HPST(e)E =5 ey}
$%E| lLH E'—-I 0” EH O'—I- '7_|-_+_2|- _Jlk_é_o We/t;S;;ke 111a1£3t c;sideration
“take NN 1nto consideration” T
> —_ . o oo clennnd into ta}ii PSTg(take)
S = 0] If{ El(pivot pattern) == ;N —
7|‘ o O'I .|.|.H E- _I O‘” S| EE:| EI_I % E‘ O'I EH EI_'I % : market consideration e
consideration

2013 st AT E Sotst= 0 2| (2013/06/26) 36
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Inference Pattern Extraction(3/18)

» (Zhao et al., 2008)
M e

Paraphrase Pattern Extraction
UE F OB el, 27t 3L O X THE o2 YEE| US W, eldfe2
S mjeizmeo|= HHY H5H0| &L

=
Log-linearn " ' " | N
score(eg|e) = Zexp[z Aihi(e1,e2,¢)] (3)
c =1

hi(ey, es,¢) = scoreprp(cler) 7 scorepri(cle) = logpure(cle)
ha(e1, ez, c) = scorepg(ezc)
hs(eq,ea,c) = scorepw (cler)

ha(e1,ea,c) = scorepw(e2|c)
scorepy (cle) =
- Zl S wleiles) ) A o (©6)
wic;|e; S wicg @j = — 7
1{71(2,5) € a}| v(in)ea i ch count(c;, e;)

. where a denotes the word alignment between ¢ and, e
* n is the number of words in c.
*.c;and e; are words of c and e.

2013 stz AR EH Setst=Cl 2| (2013/06/26) 37

count(c;, ) is the frequency count of the
aligned word pair (c;, ) in the corpus.
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SHEFTEL:

Inference Pattern Extraction (4/18)

» (Zhao et al., 2008)
Z2 Yo
2 HESAE 7|2 ot I EHFE HWE2 0T EH A =&

—_

0j0 O

& (alignment) 50| TH &0 71 B2 &S &
== M=oz I H 2 & H
H| o CHAM 2A Z= 0| SILKH =2 T)0f| CHSHA] T El 7|Ht S 23l

CILSHA BHA =l =82 7|HFOE S ALE =S L Syntactic Parse

Tree ForestS —T—L* ‘6}01 7| HEt&0| ML
= 2| ORX[ 8 £ Z0f JTHHEEﬂOI" 70 CHoi A =4

2013 st= A FE Setst=L[ | (2013/06/26) 38
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Inference Pattern Extraction (5/18)

» (Bhagat et al., 2007)
=232

LEDIR: An Unsupervised Algorithm for Learning Directionality of
Inference Rules

=X A 7|
7| £ Inference(Entailment) rule2| 2F2FM (directionality) £ XH
(XeatsY) © (X likesY) =2 (X eats Y) = (X likes Y)

2013 st AR E S2tst= L 2| (2013/06/26) 39
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SHEFTEL:

Inference Pattern Extraction (6/18)

» (Bhagat et al., 2007)
IS S

Directionality Hypothesis
Ry, Ry7h H|= J 204 A0l A Z=3135F 10 (plausibility), R, 0| R,EC} O B
S DOH0j| A =3 S| B (directionality), R,7} R, 2 2 A|(imply)gt 4= 9|q
“Xeats Y = “X likes Y” (more general, more frequent)

Relational Selectional Preference(RSP) 2l =
E ™ relation p(predicate) 2} AtFE S&SI= FTH ZUMS ==
RSPs of “X likes Y™
{individual, social_group---} for X
{individual, food, activity:--} for Y
JRM(Joint Relational Model), IRM(Independent Relational Model)
pQt Z 0| LIEtLIE Bt E S £85I 0 22 3HC(x) : semantic class of x)
p2t C(x) AFO| Q] Pointwise Mutual Information A| At
=2 PMIE LIEtL = c(x) =22 W

2013 SFL A ZE{ =Bt [ 3| (2013/06/26) 40
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Inference Pattern Extraction (7/18)

» (Bhagat et al., 2007)
7 1 "} HH
HL_- O H-
Inference Rule2| Plausibility A| At

p;2t p; 72| Overlap Coefficient

& B0, B E. If sim(p;, p) = a then we conclude
] 25 J
D the inference is plausible.

Sr'nz(pf,pj) =

111111( i

1. Nl ™~ i 1. L Td
Inference Ru If ‘C _p!?nc-}-‘ we conclude p; < p;

else if m . L weconclude p; = p;

else we conclude p; < p;

2013 3t 2 H ZE Z5H5HA TS| (2013/06/26) 41
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Inference Pattern Extraction (8/18)

» (Bhagat et al., 2007)
SAE QALE B 7|
L 2t A (Inference Rule) AFO| 2| S AL £ Selectional Preference =
O|-85}t0] A4t
42 3 A
HEE80Qd HAEN ML M= 7o 7rof ghahd HE

o
_ —
HEE 2= T+ J5t= Predicate?t MaX #S Td0t=

o|njH EA S TEE =+ US.

INE=RCIEN ST

2013 st AR E S2tst= L 2| (2013/06/26) 42
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Inference Pattern Extraction (9/18)

» (Barzilay and Lee, 2003)
=2 3=

Learning to Paraphrase: An Unsupervised Approach Using Multiple-
Sequence Alignment

He

S CHQ I ZEo|= MM Qo T2 IHE F= 7| H
H &

-_—

| I—
Comparable CorporaS 0|29t H& 7|H =l
B3 2 X| L AIERO| BX} o|O| et 7|

oL - o

=0
JEm |g 2 B
2013 st= A FE Setst=L[ | (2013/06/26) 43
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Inference Pattern Extraction (10/18)
» (Barzilay and Lee, 2003)

-I:LI:II-I:H
HL.- od

(H =8 S2H2HE

CHOY n-gram & S ALE 7| Bl hierarchical complete-link clustering =2H
(2) I & § & (Pattern Induction)

Multiple-Sequence Alignment (MSA)

ot4o| ZZ&0f| CHot O Tt HE =
THO| n—gram 7|Eto 2 EE1AE1 12 7| 20 21t US.
271 O|Ao| 2% HEO: HE Jts (Thedt 22| E)
Word Scoring Function
s Hof 38 18
ME2 o] & 0.018
ChE Cho] M @ -0.5%
MSA d1t2 2™ Ol word lattice 7| A1 A =l

2013 SH2 A BE| F St S CH 3] (2013/06/26) 44
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Inference Pattern Extraction (11/18)
» (Barzilay and Lee, 2003)

A HEHH
HLT o d
(2) I & § & (Pattern Induction)
Multiple—Sequence Alignment (MSA)

- (njuring) e,
\§ (’” e _‘E@JE on g DATE killing NU&D;ETher people ﬁ‘\ gﬁu&%ﬁ!ﬂ
<EH|C|%mME%SWn )—(aastgb -\{‘Ei/}\_ 5 _/<1/'\ /—\LW — % >
= {3 P&

- asH well HasHhimsel
aiesuman —(garden}—={cafe] ; ..t Tl i s

/;’/“_ s _ﬁuthi@

seftlement

———iCentre)
Py

— \ . v " \@U"f@‘ SLOT4 | -(end
alestinian Zheleicie S T
sta)f\ )@mde\@_mhe blew hims | @\'@ } ! (on}” other DEODI n \5\ =

pJ L SLOT1 onr SLOT2 H\ﬂl:ng\ SLCI'TE T - T oundlng

Argument Determination (Slot-Induction)
Areas of large variability in the lattice should correspond to arguments.
Backbone nodes (commonality)

Nodes shared by more than 50% of the cluster’s sentences.

2013 st AR E S2tst= L 2| (2013/06/26) 45
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Inference Pattern Extraction (12/18)
» (Barzilay and Lee, 2003)

I—I:L H | EH
L o d

(2) I & § & (Pattern Induction)

Argument Determination (Slot-Induction)

Backbone node AtO|Of X SF= 7HH M (variability)0| 2 Y2 =X (slot)
o2 X|H
= 7HX| &9 7HHH M (variability)
A/ =l LH l—l//\.--....--_-.l./ﬁl . .
(a) Argument variability (b) Synonym variability __Preserve both nodes:
N ) =" 3outof 7 (43%)
- Veg et of the sentences
L i lead to these nodes
| AmnjuredE=t_
— === i | — —F / Ty =
g[mJ . T ; — [ e }E :[Wﬁ‘l'f-‘| '1 Zwounded L,E[ i |E
o— \\[ (g/}_, —: | J 3 ¢ J
. 1'earauranr]/
storel” ___.-----Replace with a slot: ;
' S no more than 2 out of 7 (28%) STt Delete:
of the sentences lead only 1 out of 7 (14%)

to the same node of the sentences lead here

2013 3t 2 H ZE Z5H5HA TS| (2013/06/26) 46
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Inference Pattern Extraction (13/18)
» (Barzilay and Lee, 2003)

S
Lattice Matching
7 corpus HZE T =l MSA 7|l latticeES 7|BFS 2 corpus 7t lattice &
E lattice®| S Z(slot) g2 H| S0 S AFSHH SFLEQO lattice = TH

! Training

corpus 1 corpus 2

¢ ¢

Plattice ] <X D~ A X D latticea |
lattice? <X > - TRCTCTTD lattice b
Plattice 3 X ¥ C_ XD latticec |

latice 1 < X  o=-----=¢C_ xX_ > latticeb

new sentence paraphrase

Paraphrase Generation

2013 st AR E S2tst= L 2| (2013/06/26) 47
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Inference Pattern Extraction (14/18)

» (Barzilay and Lee, 2003)
42 3 A
Alignment 7|2t0| =2 IfH == I T2 = 0|= 440 Clzt
x| Zo| A4 At
Cheot FALE SE7|E0| Qo 2 SHAHE 22 QISHA| Cf
2 MetERN I ==
Argument Determination 17 0| A Lattice L} 0| A{ 2| Variability 2}

CommonalityS 1 2{st M2 o|0|7} /S

2013 st AT E Sotst= 0 2| (2013/06/26) 48
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Inference Pattern Extraction (15/18)
» (Szpektor et al., 2004)

aE."‘

D

=2 52

Scaling Web-based Acquisition of Entailment Relations
he

WO A FMO| F2 HEHES AHEOE FH/4E

ChehEl Q0 O3t CHYSE Q0| RAF HEEIS 3
A HEHH

HL od
2! & (Lexicon Entries, Pivots)

29 ¢¢

“prevent”, “reduce”,

= = (Templates)

A set of pairs of templates which are dependency parse tree fragments with
variable slots at some tree nodes

‘X € (subj) prevent (obj)=2> Y’

‘X €& (subj) reduce (obj)=> Y risk’

2013 SFL A ZE{ =Bt [ 3| (2013/06/26) 49
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» (Szpektor et al., 2004)
Anchor Set Extraction (ASE)

AnChor ASE ALGORITHM STEPS:

For each pivot (a lexicon entry)

(13 bR L R 14 29
( aspirin -, headache )’ 1. Create a pivot template, T,

E=| _|_|_H E : ‘X é(subj) prevent (Ob_])e Y’ 2. Construct a parsed sample corpus S for T),:

E=| E O _ _._I_ L El X|‘ 7-| AH (a) Retrieve an initial sample from the Web
H 1= Ol- (b) Identity associated phrases for the pivot

A_|I.| EI_I E EI-O“A-I W O-I”El)—l' “EI‘| O_I” H A|__—I_|_ (c) Extend S using the associated phrases

3. Extract candidate anchor sets from S:

E %Ar—_ll MI‘O‘” I:'H Ol- = E-I 2| =~ OH (a) Extract slot anchors

(b) Extract context anchors
X|= anchor set =2t

_|>|. o\ |'|'O |'|'O

=

Filter the candidate anchor sets:
(a) by absolute frequency

(b) by conditional pivot probability

N
e
w
rot
M
N
3H
ok
1
)

etot= 2| (2013/06/26) 50
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Inference Pattern Extraction (17/18)

» (Szpektor et al., 2004)
Template Extraction (TE)

ASEO| Al =& El anchor set=2 HIE O 2 CiA| &l 4

£, InSciTe

A e

A 38

AM 0| CHoi M "SR dd

SAM2l gl ZEEl
Bz stop P : stop Gy : stop(1,2)

subj obj subj obj by subj(1,2) obj(1,2) y(2)
N 4 T iz i
\ 20T N - ~

X Y X i absorbing Xl 2 ¥ (1.2 absorbing(2)

20130}% I E. %E‘)‘I-'é'l-’\

otot= Ll 2| (2013/06/26) 51
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» (Szpektor et al., 2004)
2 gl /o
ol 7|H X2 IHE XX J|H 52
71 BEEA FAL
Binary Relation Template =&

22510 21 220 A SFLFe| = AIA Ol Information Nugget® 2 2HE
7ts

2013 stz AR EH Setst=Cl 2| (2013/06/26) 52
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SHEFTEL:

Paraphrase Recognition (1/11)
» (Quu et al., 2006)

== XM=
Paraphrase Recognition via Dissimilarity Significance Classification

7H E Preprocessing:
HH H 02| (Information Nuggets) Charniak
& entence Pairs

BHIAE LYo A 2| 2|0 & A (semantic content AsERT
PR by Identifying Shared Information Nugge1 Toples abeled
Similarity "aaphassfml{: -—
= BE30| 4Est 7| 4=9| information nuggets= Dmc::dm —
Dissimilarities are extraneous e e a2y
35 E|X| -2 information nuggetsO| & Q 5} X| Phase 2. §
pissimilarity
Classitier

Paraphrase
Judgement

2013 st AT E Sotst= 0 2| (2013/06/26) 53
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Paraphrase Recognition (2/11)
» (Quu et al., 2006)

A "’
HL od

Information Nugget(IN)2| ¥ 34 dtH
%O‘I ——L'l_:_CICSJI' —_|'|'_7|<_ (Predicate—Argument SthturC:target( predicate):  hurt

L

a0 - A
24 9 ojnjg Y 43

Similarity Detection and Pairing

£.InSciTe

SHEFTEL:

SU LA e

arg0: ayoung man
argl: Richard Miller

Modification 1: paraphrase

Model Sentence

Modification 2: non-paraphrase

Richard Miller was hurt by a
young man.

Authorities said a young man in-
jured Richard Miller.

Authorities said Richard Miller injured
a young man.

target:  said

argl:  Authorities

argl: a young man injured
Richard Miller

__Eu_llge_t;_asaicl

argl:  Authorities

argl: Richard Miller injured a
young man

target:  hurt
argl:  ayoung man
argl:  Richard Miller

| ftarget: injure d

argl:  a young man
argl:  Richard Miller

target: injured
arg0:  Richard Miller
argl: ayoung man

ZH=0[ =8| 0| =, =0 Ot .
S8 INS N2 SROIEE 50| RAIR7t &5

HEE oSt &3] (2013/06/26) 54
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Paraphrase Recognition (3/11)
» (Quu et al., 2006)

A "’
HL od

Similarity Detection and Pairing
T 8= 738ot= N8 INY 250 TS A w AL Al
Pairing
2 20N M2 FAStINE FE
Unpaired INO|| Cl{ 3t = Q &= £ X (significance classification)
ARt R
Syntactic path from unpaired tuple(target) to paired tuple(target)

Predicate
sta et et s
RTE %I'%Il 0‘”A‘| said

[PS] &= 2%0| PPO| 1L S}LE| EZFO| A T unp: NP

[NS] &= E%t0| PPZ} OfL| X unpaired tupleO] NIV NTP ;D NP
PS tuple : Insignificant tuple Richard  Miller injured
NS tuple : Significant tuple

2013 st AR E S2tst= L 2| (2013/06/26) 55
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Paraphrase Recognition (4/11)

» (Quu et al., 2006)
HAE AL H| W gt
PAS 7|8t @ ALE + Unpaired PAS 58 & 7|8t It
2 X M
Paired INO|| CH{oF S AL 7|HF Oj2{= 80| = AlH
Unpaired INC| S = 7|HI mfj2{ = 2| 0| = Al ‘=E”

Paraphrase2 Tt | X| %2 G|O|HO|| CHst MH XfF E A0 &
A SH
T o
s

B AN K2 HAOAMS 2F HItof Ciet Y 7| E0| 8la
TSN U SRL 97} 02 215 450] 2P 0/
IN 7t0] RALE S| 31747} LS

2013 st AT E Sotst= 0 2| (2013/06/26) 56
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Paraphrase Recognition (5/11)
» (Malakasiotis, 2009)

== M=
Paraphrase Recognition Using Machine Learning to Combine Similarity

Measures
o e
=8 O|0|Eo = AFEoX| G, Chefet HEHS| Theot RAE 7
e IS S FF > MEo| 58
Feature vectors
oo M <SS > e 0| F 28 7| FALE ZS™EK|E LIEY =

Zt

X} ATeE] Y o' 9|-E|
{(<v,y>, ..., <V, yn>} are given as input to the ME classifier, which learns
how to classify new vectors v, corresponding to unseen pairs of sentences <S,,

S,>.
M ZHX| EF7Fe| AHE 48
= AFE FAFZ(INIT)
WordNet 7|8t = 92|0{ H2|(WN)
o|ZEFH A & HE(DEP)

etot= 2| (2013/06/26) 57
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Paraphrase Recognition (6/11)

» (Malakasiotis, 2009)
M e

2t fALE
SME 53

Levenshtein distance (edit distance)

Jaro-Winkler distance
Manhattan distance
Euclidean distance

£, InSciTe

SHEFTEL:

> ” M IFTEL leefoe

<s% s%) : two strings consisting of the original tokens of 51
and Sa, respectively, with the original order of the to-

. . 3

kens maintained;”

<s? s%) : as in the previous case. but now the tokens are
replaced by their stems;

<a§’ a%) : as in the previous case, but now the tokens are
replaced by their part-of-speech (POS) tags;

<s‘%, s%) : as in the previous case, but now the tokens are
replaced by their soundex codes:*

5 < G g e
<s‘{, s%) : two strings consisting of only the nouns of S1 and
S, as identified by a Pos-tagger, with the original or-
der of the nouns maintained;

Cosme 31m11ar1ty, n-gram dlstance (Wlth n= {aﬁ' eﬁ) : as in the previous case, but now with nouns re-

Matching coefficient,
Dice coefficient

-220| & 107 APESHEREFRT 20| AT 5
g M8 (90)

- =% ZO| X0 sfZE Tt substring 7|8 RALE =
gt ©g (+40)

- 7|E} negation, length ratio Xt& (+3)

2013 st AR E S2tst= L 2| (2013/06/26) 58

placed by their stems;

{s{,55> : as in the previous case, but now with nouns re-
placed by their soundex codes;

{si, sﬁ) : two strings consisting of only the verbs of S and
Sa, as identified by a pos-tagger, with the original or-
der of the verbs maintained;

[ Ly N . o
(‘:f s~f;> : as in the previous case, but now with verbs re-
placed by their stems;

{s}D.séﬂ> : as in the previous case, but now with verbs re-
placed by their soundex codes.



P )

® ®  Korea Institute of . .
: Kl 5 I I science and Technology Information L5 InSciTe
~ www.kisti.re.kr

llllllll e}

S WA e

Paraphrase Recognition (7/11)
» (Malakasiotis, 2009)

<1 HEHH
HL O Hd
WordNet 7|2t =2|0{ X2

WordNet0| synset@ £ 5 &6t= O E =4t CtO| 2 CIASI 7 At

A QALE B S

o|FFHatA A Bk

Grammatical relations of S;

R common dependencies
1 |S1 dependencies
1 aep

|common dependencies

2 Sy dependencies
_ 2-Ri-Ro
F'Ri.R2 = TR

S1: Gyorgy Heizler, head of the local disaster unit, said the
coach was carrying 38 passengers.

Sa: The head of the local disaster unit, Gyorgy Heizler, said
the coach driver had failed to heed red stop lights.

Ry = 0.43, Ry = 0.32, Fr, .r, = 0.36
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mod(Heizler-2, Gvorgy-1)
arg(said-11. Heizler-2)
mod(Heizler-2. head-4)
mod(head-4, of-5)
mod(unit-9, the-6)
mod(unit-9, local-7)
mod(unit-9, disaster-8)
arg(of-5, unit-9)
mod(coach-13, the-12)
arg(carrying-15. coach-13)
aux(carrying-15. was-14)
arg(said-11. carrying-15)
mod(passengers-17. 38-16)
arg(carrying-15. passengers-17)
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Grammatical relations of S,

mod(head-2. The-1)
arg(said-12. head-2)
mod(head-2, of-3)
mod(unit-7, the-4)
mod(unit-7, local-5)
mod(unit-7, disaster-6)
arg(of-3, unit-7)
mod(Heizler-10. Gyvorgy-9)
mod(unit-7. Heizler-10)
mod(driver-13. the-13)
mod(driver-15. coach-14)
arg(failed-17, driver-15)
aux(failed-17, had-16)
arg(said-12, failed-17)
aux(heed-19. to-18)
arg(failed-17, heed-19)
mod(lights-22, red-20)
mod(lights-22, stop-21)
arg(heed-19. lights-22
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Paraphrase Recognition (8/11)

5

3

P

g

» (Malakasiotis, 2009)

A "’
HL od

a7’ HE

= 136700 RFE! oM =3 XFElS MeEs}7| 8 M Hill Climbing
Al=RESES
YA QAR B
FALE XA 7|8 7| Ae=0] 2ot 2&/F
22 8 H &
A AL CHE I ALl SYSHAL =2 452 LIEHE
MSRPCE= 7| A ML= (1=l ESX|0|E=E FALE 7|8 HH O
== d5= LIEE = g de{L A 5HQl o0|F=Z0| Hest
o =e0|= AHO|= 217t 82 = U=
HMEE0] ofjg{=zf|o|= Alo| ot HtRHZ MBS JHX|[7} U=
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Paraphrase Recognition (9/11)

» (Rus et al., 2008)
== M=
Paraphrase Identification with Lexico-Syntactic Graph Subsumption
A HEHH
HL o d

Textual Entailment by Subsumption
T-HHES o|E A A== 57

= a7l rUARL ccaénilaasncat nnnwen =2 HIAL o
N tv??f'%"c-()-}ve(.T H ) — (f'-l' % ZV}: eVy mary,eve? .?'?’(_t'fC}z'(ph- 1t)
e [V
3. E,cEy MATE,eBysynt_match(Ey, E;)
X L= -
|EH]|

3

+7) X

(l 5B (_1)#neg_rel)
2

entscore(A, B) + entscore(B, A)
2

Bi-direc paraph(A. B) =
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Paraphrase Recognition (10/11)
» (Rus et al., 2008)

TEXT HYPOTHESIS
| PHASE I \ / | | PHASEII :
: ~ : ™
! Preprocessing | ! : i
| I | I Vertex Matching i
i |(tokenization. lemmatization, parsing) o I
i | : | | |
I ! I !
i I | I
o : i : ;
i Dependency Graph Generation : i [ Dependency Matching ‘ :
: \ : 1 . :
| |
: ! : : ! |
1 ! 1 e 1
o i ! ; : |
| Final Graph Generation } ! i { Negation Handling J |
1
ik I | I
i | } :
I I
T P : '3 :
| Scoring } :
- I
1 |
I ]‘ :
1
________________________________ |
DECISION
(TRUE or FALSE)
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Paraphrase Recognition (11/11)
» (Rus et al., 2008)

BIAE QAR =™ 7| H
12l ZOf vertex @t edge Zf 4 0f Lot £ S A4t
AZ ol JyoA
30| MK EX| Ba
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Paraphrase Generation (1/7)
» (Quirk et al., 2004)

=3 XK=
— — 1

Monolingual Machine Translation for Paraphrase Generation
he

SMT-based Paraphrase Generation

Identify the optimal naranhrase T* of a sentence S by finding:
fy P T* = argmax{P(T' | S)} 4 e

T
= arg max{P(S | T) P(T)}
T

T and S being sentences in the same language
oM =8 =+ A= HEZH 2| & 7t5 T comparable corporal| &
M=z Qo SMT 7|2ho| o 2 = 8| O] = ‘4§ 0| 7t &t
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Paraphrase Generation (2/7)
(Quurk et al., 2004)

e
HOIH =&
|E0 HEHLE SAHYE =& &8

http://news.yahoo.com
http://news.google.com
http://uk.newsbot.msn.com

= 294 A
|_IO|-IC_)| :|_|_OI.I

Edit Distance 7|8t SAIE £
5 139,000 2| & ﬂ =

2d AS
cHo B 43

Gizat++= 0| &
—H& X|2t H| 0| = ‘4 g (phrase renlacement table)
CHol B E £ 2R oM PEIT)= LS AT ghcept 7]

—

TH K3 28 A ~[T P10

t=eT =5
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Paraphrase Generation (3/7)
(Quurk et al., 2004)

& 1 HfEH
HL o d
T 2{ 2| 0| = A A

olzd DXL CHSIA B E 7St 1™ K|S 4388L0 0|2 lattice 2
HY

people in the smoking car

slightly ijured

seriously injured
injured victims

source told

israell missile

israali

t]le israali

that the

security source said

 still-niysterious source

source told

security source

Figure 2. A simplified generation lattice: 44 top ranked edges from a total 4.140
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Paraphrase Generation (4/7)
» (Quirk et al., 2004)

E—'llﬁE _IQI_M.E = 7|I:H
Edit Distance0]| O|St SAIE =™
42 51N o

Comparable CorporaS O| &%t Ifj2{ = 2{|0|= MM 7|H
2 13X HOo|l22 dH5IH M EE0] of2{=yo|= AlH
o *f%%‘ = UZ.
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Paraphrase Generation (5/7)
» (Zhao et al., 2009)

-
== XM=
Application-driven Statistical Paraphrase Generation
he
Crget S80Ml D=8 o]= 4-d
Sentence compression
A YR e 232 £0[7f B 0rof 2.
Sentence simplification
A= 2 2L H LU0 X3 Svist= #20| R SHOF &

Sentence similarity computation
Ed Y200 tet FAIR7 A

rhr
MO

SELCHH =O0tof &

0
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Paraphrase Generation (6/7)
» (Zhao et al., 2009)

M I:II-I:H
HL o

/,—
S entence P'u aphl ase Paraphrase ) t
S 1ep1 m.essmg thun.q Generation Y.

Multiple Paraphrase Tables

Sentence preprocessing
oA

Paraphrase planning
2 20 CHe unitS A E4SED PTOA T2 Z 20| =& 1 &Y
Paraphrase generation

S0 K= =M Ij =2 0|= & d
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» (Zhao et al., 2009)
ZH2 gl 5o
= 0|= dd HES /N8 SEAILEL A0 M2f
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y HIAE ==
S AE ZHAS QAR 7|H o
HAE o[t QAAA(RTE)O|L} T Z 20| = A8 BE FAE
Eg8
M &E(Alignment) 7| Bt 2&F QAR 0| o|ot HIAE =
=2

2| ™ ™ H(Lexical Alignment)
Surface Matching with Semantic Information (WordNet, ...)

=X 74 = (Syntactic Alignment)
Dependency Relation Matching

=0-=g X 8 &8 (Predicate-Argument Structure Alignment)
—T—L—'?'——'?'—&',', SRL, Anaphora Resolution 5= Sl == =l PAS 7|Ht9| H|
ul

O|Z= = 7|9 SAIE =X
Graph Isomorphism A} EHE S %'ﬂ BIAEZI QAR =H
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Concluding Remarks

» HAE FTE HA0| Q4
AR A=l 2EMS A ANZ| 7|z LA
T B AE 7hO| The QAR A0 A EHT|Sto] 245 ©
0| Z Ltetstd O] & 7to| M| 2=2t=l 2HA E 2l Al
2™ oz AIEtEl K| Xf 10140| QHEl A4 ¢171 2o}

- "1 71—

Crfot 38 Z0F XY
2Ol SH, 32 4, 7[A HY o
HMAXCz A7 20| e AS Recognizing

http://www.nist.gov/tac/tracks/index. html Ba@iNiciBe

http://www.cl.ecei.tohoku.ac.jp/rite2/doku.php

»
35 PASCAL AL
Q Pattern Analysis, Statistical Modelling and
Computational Learning
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