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Compositional Semantic Relation Recognition between Sentences
by Combining Conditional Random Fields and Natural Logic

Abstract: In the task of recognizing semantic relations between sentences such as paraphrase, entailment
and contradiction, RTE systems are required to consider various linguistic phenomena that affect semantic
relations, and combine all of them appropriately to derive correct semantic relations. In order to to so, it
would be effective to introduce compositionality to RTE models. In this paper, we propose a statistical
compositional model for RTE that unifies discriminative learning framework and Natural Logic, logic over
natural language. In the proposed model, alignment edits between sentences and its semantic relations are
treated as hidden variables, and appropriate assignments of them are learned by semantic relations between
sentences and compositional rules of Natural Logic. We evaluated the proposed model on a dataset which in-
cludes examples of various linguistic phenomena. The experimental results show that the proposed model has
ability to estimate plausible alignments and its semantic relations from semantic relations between sentences.

Keywords: Recognizing Textual Entailment, Natural Logic, Conditional Random Fields

1. O0O0oon

1
2
a)
b)
<)
d)

Vol.2012-NL-208 No.6

2012/9/2

gobooboobbooobooboboobbooboo

gooooooobooboobobon
ooooooooooo obooo
yotaro-w@ecei.tohoku.ac.jp
junta-m@ecei.tohoku.ac.jp
okazaki@ecei.tohoku.ac.jp
inui@ecei.tohoku.ac.jp

2012 Information Processing Society of Japan

gboooboobooooooooooobooobobobon
gbgbopoobooboboobobooboboobgo
00 000 Recognizing Textual Entailment (RTE) [4]00



gogoooooood
IPSJ SIG Technical Report

00000000000 ONTCIR-9 Recognizing Inference
in TExt (RITE) [17] 000000000000 0O0O0OO
gobooboobobooboobuoobooobboob
gobooooobooon

goobobobooobobd ngramODOOoooonoo
O0oo0oo0oo0oooO fmooo0ooooooo
OO0 (D00 [25)000000000000o0ooooO
goboobooobbooboobuooboboboboob
goboobooboboobdooboooboboooboon
gobooboobbooboboobooboobobooo
gobooboobobooboobouoobooobobooo
gobooboobboooboobuooboobobooo
goboodobobooboooo

gbboobbooooobbooobobobooooboboo
gobboboooobobbooooouobboboooooo
00O0oo (2,19, [20000000000000 [16)0
Markov Logic Networks (MLN) [5|0 000000000
gobooboobbooboobooboooboboon
gobooboobboooboobuooboboooboob
goboobooboboooboobooboooboboon
gbooobobooobobooooboboooboboobooo
goboobooboboooboobooboooboboon
goooooo

MacCartney 0000000000000 ODOOOOOO
0000000000000 00 Natural Logic [10) 00O
O0o0000o0oU0oOoooOoo ¥uoooooooo
doboobooobobooboobouoobobooboon
obobobobobobobobobobobuobobo
dobooboobboobobooboobooboboon
doboobooobooboboobooboooboboon
oooobobobobbbooooooooobbbboooa
dobooboobobooboobuoobobobobooo
doboobooobobooboobouooboboobooo
dobooboobobooobooboobooobobooo
godobobbbboooooouoobobobbboooooog
dobooboobobooboobuoobobooboon
dobooboobobooboobuoobobooboon
dobooboobobooboobuoobooobobooo
dobooobooboobobooboobooobobooo
goboooboboobooboboooog

goboooboboobobooboobuooboboooboo
oo0oooobdboboboobooobobobooooo
dobooobooboboobooboobooooboon
doboobooobooboboobooboooboboon

© 2012 Information Processing Society of Japan

Vol.2012-NL-208 No.6
2012/9/2

gooooooooooboooon
(1) T DOoOooOOOOOoOoOOOOO0,0000000

H ODO00000000000,00,

goobooooobooboboboT, b H,HyOOOO
gogboobbobboobooboobbooboboon
gogboobbobboobooboobbobboon
gogboobboboboobooboobbooboboon
gogboobboobboobooboobbooboon
gboooobobobobooboboboboooobo
goboobooboobboobooboooboboo
gogboobboobboobooboobboboboon
gogboobbobboobooboobbooboboon
00000000000 00000D000D00 MacCartney
0 [13]000000000 Natural LogicDOOOOOOO
gogboobbobboobooboooboooboon
OO00ONatural Logic 000000000000 O00DOO
ggbooobgooboon
gobooboobooobooboboboooboo
000000000 Natural LogicOO OO0 2000000
gg3bboobooboobooboobbooboon
obb40000000050000D00D00DOOOOO
ggbebUooboobbooobooboooboo

2. Natural Logic

Natural Logic 0 000 Lakoff 1000000000
monotonicity calculus 0 0 0000000000 0OO0O
00 O O van Benthem [22], [23] O Sénchez Valencia [21]
gobboooooboobboooobbooooon
O0000OMacCartney [13]| 0000000000000
0000000000000 Stimpy is a cat | Stimpy is
not apoodle 100000000000 000[12], [13]0
Natural Logic 0O O OO0OOO0OOOO

goboobooboobboobooboooboo
gbooooooobbooboboobooboobobon
goooobobbbbooooooobobbbbbooooo
gbobboboboboboooobobooobobon
00000000 (equivalence, =), 00000 (forward-
entailment, ), 000000 (backward-entailment, ),
00 (negation, A), OO (alternation, |), 00O (cover, U),
00 (independent, #) 0 700000*0

gobooboobooobooboobbooboo

*1 DOo00000000000OMacCartney O [13] 000000
ooooooooo




gogoooooood
IPSJ SIG Technical Report

ooo0o0ooooooo(ooo0,o0oo)yoooo
0000000000 (m)yoooooooooooooo
0000000 downward-monotone D 00000 (00O
00000000 o000oo0o0ooo )ooooo
oo00oo0ooo0o0oooo0o0oooooooooooooo
000000000000 000000 (projection) OO
o0o0o0ooo0o0obo0o0ooooooooooooo
oo0oo0boo0o0ooooo0o0oooooooooooooo
oo00o0ooo0o0ooo0o0ooooooooo

o0oo00ooo0o0ooo0o0ooooooooooo
O000oo0o0ooo0o0ooooooooooooo
o0o0o0oo0ooOoooooooOooooooooooo
O300000000000700000000000 RO
€ ROr, e ROODOOOOO0O0OOOM,Xr; =rCR
O000=XC=CcU00CXA=|00000000000
000000000000 M= U=Cc,o,,#000
ooooooO0o0ooooo0o0oooooooooooooo
ooooooo0ooooooooooooooooooo
Oo00oo000000004#000000000000O
0 O2

3. Natural LogicOOOOOOOOOOOO
O000000ooooooon

o0oo0oU0oOooOoOooooOoo(rmyooo (H)o
cooooooooboocOoooooOooobobocOooooooo
cooooooooocooboooOoooocOoobooooo
coboooooooocoooooOoooOobocOoobooooo
coooOoooooooobooooooooobooooo
coooObooooooooooooooboocOoobooooo
ooooooooooooboooo

ubooooooooobooobooocbooocboooo
0000 MacCartney 0 [12], 1300000000000
Natural LogicO0 OO0 OO0OO0O0O0O0O0O0O0O0O0OCOODOO
coooboooooooobooooooOobooobooooo
OO0000000000000MacCartney0ODOOOO
OO0roco HoooooOo0oDOoO0OoO0OoO0oDOO0o000aon
00000000 (Substitution)d O O (Deletion)O O O
(Insertion) 0 30 000000000000 OOOOO
cooooooooocoobooooooOobocOoobooooo
00000200000 Natural LogicOOOOOODOO
Or70o00oboOoOoOooboOocOoOoboOoOoOooboOoOoOon
coobooooooocooboooooooooboooo

2 000000D0O0O00000000000000000000
0000000 (12100000000

© 2012 Information Processing Society of Japan

Vol.2012-NL-208 No.6
2012/9/2

goooooobooooooooooooooobooooo
goooooooooooon

O0000000C0C0OO0000O0000000Natural
LogicOOOOODODOODOOOOOOOOOOOOOOO
gobooboooooooooboocoooooooboooo
goooooobooooooocooooooooboooo
goooooobooooobooooooooboooo
goooooobooooooocooooooobooooo
goooooobooooooocoooooooobooooon
goooocooo

goobooooooocOoooooooboooooooa
uboobooobOooboobOoobOOoboOoooooao
ubooooocbooooooOooboooboocboooao
oobooooboooooboooooooOooboooo
O000000000000000 MacCartney O [11]0
00000000 MANLIDOOOOOOOOOOODOoOO
OOO0O0D0OO0O0ON-bestOOOODODOOOOOOOOO
goooocooo

3.1 00O
cooboooooboocOoobooooooooooooa

oooooooooooooOoOoOoOoOOOOOOOooo

oobooooooooooboocoooooooboooo

ple, re,rf,rc|x; A) = ﬁ exp <§ Wy (e, re,rf,rc,x; A))
(1)
O000e={e}0000000000000000O0
000 e =(h)0070000000000000 tO
HOODOOOOOOOOOOOOOOOOOOOt#¢0
Oh#¢0000000t#£¢00h=¢0000000
t=¢00h+#£¢000000000000000r,00
0000000000000000000 7, €re000
Oe00000000D0000D0rY0D0000DOO0
000000 0000000000000 000000
downward-monotoned 0 00000 O00O00O0OOO0O0O
000000000o0o0o0oooooooooooooonon
000000000000« 00000000000
000000000o0o0oo0ooooooooooonooonon
00000000o0o00o0ooooooooooooon
000000o000o0ooooooooooooonooonon
000000000000000000000000 %
00000078 er0000r. 00000000
00 -0000070000000000000
0000000000000 DDDOOONatural Logic



gogoooooood
IPSJ SIG Technical Report

ooooooooooooooboooOoooboo/(ooooo
ooooooooooooooo

=2 X

(e,re)€€rl rCirf=1

p(rT - l|X A p(ea reyré):rC'x; A)

(2)

0()00 Vv, 000000000000000000
00000000000000000000000000
0000000000 40000000000
00000000 ¥, 7,HOODODOOODODOOOOD

0000000 e0000e000000D0D0ODOD
000000000V, =X-fale,xp,xg) 0000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000

000000000000 ¥s: 0000000000
0000000000000Vs = X-fs(e,re, X1, Xzr)
000000000000000000000000
000000000000000000000000
oo.

00000000 ¥pe: O00e0000000000O00
O0r000000000000000000000
000000Wp =X-fp(re,rl xp,xy) 000000
0 0 00 O 0 monotonicity (upward, downward, non)
000000000000000000000d7.0
00000000000000000

00000000 ¥e: 0O00DO0D0O0D0O0OO0DOODOO
000000000000000000000000
0000000%g, =X-f(r& 1,7 78 xp,xy) OO
000000000000000000000000
00000000000000000000000 [12]
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000 (#)000000000000000

3.2 ODOOOOO
gogboooboboobuobboobuooboooboo

gobooboobboooboobuooboobboon

0000O00000O0ooOooobDOoDbOooD ADODOOoDoo

Lx=> logp(r§

=1"x"A) ®3)

© 2012 Information Processing Society of Japan

Vol.2012-NL-208 No.6
2012/9/2

oooooooooo 00000000000D0000

(e ¥ ¥

(esre) €€ rirG =l

exp (Z ‘Ilk(e7 rear§7rc7x)> 8? 1Og Z( )> (4)

k

0000000000 e000000000O0O0O0 r00
0000000000 YY000000000000000
00000000 \»$00000000000000
0000000000000000000r 0001,
00000000V, 000 ¥oOOOOODOOOO0O00
0000000000000o0ooooooooooon
0000000000000000000 (3)00000
00000000000000000000000000
0@3)000000000000000000 ¥,00
0000000000000 ¥gOOO0OO0oooooao
00000000000000000000000000
000000000 (er; 0000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
MANLIOOOOOO [11]00000000000000
00000000000000000000000000
00000000000000000000000000
ooooo

3.3 U00OO00OOO0OoOooOoOoOooooa
000000000000 000o00oooog (xe,xH)

oooooOoOoOO0OO0O00 AOO0OO0OODOOOOOOoO

goooocoooogono (e,E‘QDDDDDDDDDD

€,re) = arg ma
< > & (e, re;ég Z
<ei7"”ei>€<eare>

+ Z ‘Ifs(ehreivX; A) (5)

(ei,rei>€<e,re)

\I,A (eia X5 A)

0oooée0ooooooooooooooooooon
ooooooooooooboocoboooooobooon
OO00OMacCartney 000000000 MANLIOODOO
OO0 [11]00000000MANLIODOODOOOOOOO
oboooooboooooooobooboooboboooo
O00O00OOMANLIOOOOOOOOOOOOOOOOO
ooboooooobooooooooooboooooboooo
gooboooooboooooboooooooboooo <e,Are>



gogoooooood
IPSJ SIG Technical Report

Algorithm 1 0000000000 OCOODOO

input

an example (x1, xp)
number of iterations I
max size of edits M
number of N-bests N
score difference §
score function s(e)
initialize
e < ¢
Ver € x1 €9 + egUe(zr, DEL, )
Vzy € xu €0 < e Ue(zy, NS, 1)
all alignments £ < eg
while (iter < I) do
top alignments E;op
max SCOre SCOT€argmax
repeat
get top alignment e, from £
if s(etop) > scoreargmas then
scoreargmaz < S(€top)
end if
Etop < Erop U €top
until s(scoreargmaz) — s(€top) >= 6
get successors S; = {e}}; for e; € Eiop
E—EU; S
end while
return &

ooooo
oobooooooooooboooobobooooooono
coooboooooooooboooooobooobooooo
coooooooooooboobooooooobooooo
00000 N-bestOOOOODOOOOOODOOOODO
ooooo
O000O0oooooooooOooooooo Algo-
rithm 1 0000000000O0O0COOO0O0O0OOOO0
oooooooboboooodbeOO0OOOOOOOOO
coooboooooooobooooooooobooooo
coboooooooocooobooooooboboooobooooo
coboboboooooocoooboooooboobooooboooon
oooooooooooooboobooooooooooon

3.4 000000000

0000000000000 00D00000000 re O
0000000 v,0 ¥.0000000000000D0
000o0ooooooooo L0000 000000
Jo0o00o00o0o0o0o0o0o0o0ooooooooooon
Jo0o00o00o0o0oo0oooooooooooooon

© 2012 Information Processing Society of Japan

Vol.2012-NL-208 No.6
2012/9/2

goooobooooooooooooooobddren
goooooooooooboooooooooboooo
goo

4. 0000

41 00O
0000000000000000000000000
0000000000000000000000000
000000000000000000000000000
00000000000000000000000000
000000000000002700000000000
0000000000 (B O0O0O0O0O0 (F)OOOo (C)0o
00 ()0000000000000Natural Logic 000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000 Natural
Logic0O0OOODODDOOOOOOOOOOOOO0000
00000000000000 13500

4.2 00O0OO
gooOoOoOoOoOoOoOoOoOoOOOOOOOOOOODOO
O00o0ooo0opDooOooooooooooooooo
O000ooOOoo0oooooUooooooOOo 135000
00000000000 Natural LogicOOOOOO 70
gooooOopoOoooooooooOoopoOoopooooo
0400000000000000O0OO0ODOOODDODODO
D000ooOo (C)ooooooo{A,}o00o IO
000 {u,#}00000000000000O0OCO
gooOooOoOoOoOoOoOoOoOOOOOOO30O0OOoOO
oooooooooood
Initial Weight 0000000000000 OOCOO
goooooo
Alignment Supervised Natural LogicOODOOOO0O
goooOoOoOoOoOoOoOoUoOoOoOoOoOoUOOoOooooo
goooOoOoOoQoOoOoOoOoOoOoOoOoOoOUoUOUoo
goooOoOoOoOoOoOoOoOoOoOoOoOOoUOUoObDOoo
ooo0ooU0oUooOoDUooooOooOoooooo
oooU0oo0poo0oo0ooOooUooUoDoooOoo
Oo000o0oooU0oooUoOoooooooooooo
Lx =7, logp(e,relx™;A) 0000
Weakly Supervised 0000000 000OO0DODOOO
goooOoOooOooOoOoooopoooo
O000000oooooooOodvpO veOOODOOO



gogoooooood
IPSJ SIG Technical Report

Vol.2012-NL-208 No.6
2012/9/2

01 00000000000

[ 0o [ooooo [ ooo Description
A\ DEL, INS | TYPE ooooo
SIZE oooooooooo
SAME_GA_IN_{T,H} DELINSO0000000000000000000000000000000o0o0n
gpoooooooo
SAME_CASE_IN_{T,H} DEL,INSOOO00O00000O00DO0D0O00O00D00000O0000000000
{T,H}_CONTAINS_{H,T} . LEMMA | 0000000000000000O0DDOO
POS_SEQ DEL, INSOOOO0O0O00D00
HEADPOS DEL, INSOOOOOOOOODOO
W4 SUB TYPE ooooo
SIZE goooooooobo
NUM_SHARED_ARGS 000000000000000000000000000O0000O0
PARTICLE_SAME goooooooo
RESOURCE Japanese WordNet [1], Wikipedia 0000000000000 [18, 000000
00 [6) 000000000 [15]000000000
PARENT_NUM_SHARED_ARGS 000000000000000000000000000O0000O0
BOTH_HAVE_A_ROLE 00o0o0o0o0oo0ooo0o0ooooo0ooooooooo
BOTH_HAVE_THE_SAME_ROLE gooooooobooooooboboooobo
HEAD_POS_SAME THOOOOODODOOOOODOOODOOoOOO
POS_SEQ-SAME THOOOODOOOODOOOOODOOOOO0OO00000000D0
EXACT_MATCH THOODODODOOOODOOOOODOODOOoOoooooo
UNIGRAM_COSINE THOOOOODODOOOOOOOOO Unigram 0000000000 0O0OODOODO
Ug DEL, INS | SIZE oooooooooo
HEAD_LEMMA gooooooobobooog
HEAD_WORD_CLASS oooooooo
NEGATION 00o0o0oo0ooooooooon
Ug SUB SIZE oooooooooo
HEAD_POS_PAIR oooooo
HEAD_LEMMA _SAME gooooooobooog
POS_SEQ-SAME THOOOOODDODODOOOOODODODOOOOOoooooooooo
RESOURCE Japanese WordNet, Wikipedia 0000000000000, 00000000, O
00o00o00o0o0ooooooooon
vp — MONOTONE_PROJ 00000 upward-monotone 0 00 0 O downward-monotone 0 000
QUANTIFIER_PROJ 0000000000000000000000000000000000O000000
ooo
CONDITION_PROJ gooooooobooooooobooobobooobooboboobooboo
N\ 5] - COMPOSITION_RULE 30000000000000, [12]00000000000000000DOODOOO0
oo

00000000000000000000000000
000000 o0000D0000D000 —10.0000000
00000000 v,000000000000000
vs000000000000000000000000
0oooooooo*o
000000000000000000 ¥,00000
000000000 ¥g000000000000000
00000000000000000 ¥Yp0000000

* 0pD0000000000D00000000000000000
Oo0oo0Oo0OD00O00000000W, 0 PARTICLE.SAME
0o0ooO0o0o0oOooo 0.20vs 0 RESOURCEOOOOOODO
00000 |DA0ODO0O0ODO0OO0OOO0DODO0ODOD 10000
ooooo

© 2012 Information Processing Society of Japan

00 ¢0000000000000000000000
00000000000000000000000000
000 10000000000000000000000
oooo

0000000000000000000000000
0040000000000000 N-bestOO 100000
00000000000000000000000000
000000000000000 (=),00000 (£),0
00000 (2),00 (A), 00 ()0500000000
00000000000000000000000000
0ooooo

0000000000000 10000



gogoooooood
IPSJ SIG Technical Report

0 2 Closed Test 000

Vol.2012-NL-208 No.6
2012/9/2

Alignment (Unlabeled) | Alignment (Labeled) | Sem. Rel.
Prec. ‘ Rec. ‘ F1 Prec. ‘ Rec. ‘ F1 Acc.
Initial Weight 62.9 77.5 69.5 59.8 73.7 66.0 34.8
Alignment Supervised 73.3 70.8 72.0 66.8 64.5 65.6 53.3
Weakly Supervised 71.8 69.2 70.5 64.1 61.9 63.0 76.3
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Alignment Supervised 76.5 (13/17) 46.4 (13/28) | 57.8 | 50.0 (45/90) | 86.5 (45/52) | 63.4
Weakly Supervised 100.0 (14/14) | 50.0 (14/28) | 66.7 | 74.2 (49/66) | 94.2 (49/52) | 83.5
C I
Prec. Rec. F1 Prec. Rec. F1
Initial Weight 80.0 (4/5) 9.8 (4/41) | 17.4 | 16.5 (13/79) | 92.9 (13/14) | 28.0
Alignment Supervised 75.0 (9/12) 22.0 (9/41) 34.0 21.4 (3/14) 21.4 (3/14) 21.4
Weakly Supervised 73.3 (33/45) | 80.5 (33/41) | 76.7 | 77.8 (7/9) 50.0 (7/14) | 60.9
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