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Entailment and contradiction relations between two sentences can be calculated based on Natural Logic. However,
this approach is not sufficient for recognizing conditional entailment and contradiction. For example,“ Coffee is
good for the health” can be inferred from the sentence” Drinking at most 3 cups of coffee is good for the health”
without considering the condition of* at most 3 cups” . Previous research focused on such additional content and
defined such a relation as confinement. However, it is not clear whether a sentence is conditioned by additional
content. In this paper, we extend the calculation rules of Natural Logic to recognize confinement by focusing on
the strength of a condition, the degree of additional content, and the difference of relation between words. In the

evaluation, 0.83 in f-score of sentence pairs are recognized as confinement by our scheme.

1. 0OOoOd

dooooooooooooooooooooboooboo
goooooooooooooooooooooboooboooon
gboobooboobooboobbooobooboob
0000000000 [Dagan 050 00000000000
0000000000000000000 [Giampiccolo 07]0
O000000O0o0oo0oO0oooOooUooOoO NTCIR-11
RITE-VAL [Matsuyoshi 14! 0 0000000000000
gooa.

MacCartney O O ONatural Logic [Lakoff 72 000000
gbooooooo3boooooooobooooobooooon
gooooooooocooboooooocoooooooooon
000000 [MacCartney 07, MacCartney 09]0 00000
goboooooooooooooooooboboooooooon
gboobooboboooboobobooobooobooboob
gobooooooooboooooooon

(1) HOoOooOoooOooOoOo
T ODOoOO0O0OO0OO0O0oOoooooo
T2 0000000000000

gooo0O0TO HOOOOODODOODOODODODODOOOOD
goooooooTrooobobooooboooboogooooo
ooooooooooooooooobooooooboooobooo
gooooobooooooboooobooocoboobooooooon
(confinement) D0 OO0 [OO 10, Ohki 11]J000002.0
gobobooooooboooooooboooobooaoo
OO0000OONatural LogicOOOODOOOOOOOOCOO
goooooooooooooooooboooobooooboooon
gooooooooboooooooooooOoOoooooooon
gooooooboooooooobooooooooooboooon
gooooobooooooooboooboooooooooo
pgobobooobobooobboooa

ooobo: OO0 bODOoOobOoooooObObooooobbo0oo

taka.oe@ecei.tohoku.ac.jp
x1 https://sites.google.com/site/ntcirl1riteval/

2. 000D

Dzikovska OO O000OO0ODODOOOCOCOOOOOOOOO
gobooboooboooboooboooooboobooobooo
0000 (Partial Entailment) 00000 [Dzikovska 13]0

(2) H The main job of muscles is to move bones.
T Muscles generate movement in the body.*?

000 (200 TO HOODOOOmuscles O move 0000
TOOHOOOOOOOOmoveO bonesO0 OO0 OOOONO
doUdoo0d0oo0oOooO0DOoOooUOoooooooooo
0000 Partial Entailment OO0 000000 O0OO0DOOOO
000000000000 00D0D000000000 Partial
Entailment 0 0000000000000 DOOOO0DOOOO
Jodo0o0oo0odooooodoooooooooooogT
Jdooodoooooooo0ooooooooogooooo
oooooooooooooooooooooog
0000o0TOoO0oDDODOoDDOOoO0O0O0Oooooooooog
000000000000 000000000ooooon
000000 [0DO 10,0hki 11]0[00 10000 10000
Jdoooooooooooo0ooooooooogoooo
00000o000o0oo0o0ooUOo(l) D HO TOOODOO
oooooopooooooooTODOOOOOOoOoOoOooo
00o0oDooooUooooooooooooooooTO H
Oo0ddoooooooooooboooooboooooooon
oooog
J000000od0o0o0ooU0ooooooDoooooog
O0000o00o0o0oo0o0ooU0oUoOoUoooo o0 130
000000000000000000000000 000
000oo0o00ooooooooomooooooooo
Jo0d0oooo0o0doooooooOooooUoogoooo
J0oooooooooooooooooooooooooo
00oooooooooo0ooooooooooooooo
00oooooooooooooooooooooooooon
00oooooooooooooooooooooooooo
goooooooobooon
*2 [Levy 130000

x3 O0O0OO0OO0O0OOOOOOOOOO0OOObOOOobOOooOooooo
ooooooooooobooogo




The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

0 1: Natural LogicO0 OO OOOOOOO

02 000000000000

gooo od projectivity

00 (equivalence) = connective ‘ = c I N | -  #
00000 (forward entailment) C negation (not) = 3 cCc N < | #
000000 (reverse entailment) | conjunction (and) / intersection | = C 3 | | # #
00 (negation) A disjunction (or) = C I — # — #
00 (alternation) | conditional(if) (antecedent) = 3O °C # # # #
00 (cover) — conditional(if) (consequent) = C O | | # #
00 (independence) # biconditional (if and only if) = # # N H#  H #

[MacCartney 09] Table 6.1 0O 00O
B B ocoooooooooooobOoooooooOobooboOooo
T 1H3MOO—E—Z8RO EERICEWL gobooboooboooobooooooooooooobooo

—— [1B83#] ZHik

183#FoaI—t— C O—kt—
SZHEXHFROT C(F T (CHE HifE B
H O—E—ZROERRICEWN

0 1: Natural LogicODOODOODOODODO
13RO — - & B EBRICEVLS LLY
D — — T J

E S BEOE  WEEOR

Nad—t—=moe [ EECEC
B e

02 00000000000000000
3. Natural LogicO OO

3.1 Natural LogicOOOOOOODOO
MacCartney O 0 O Natural Logic 00000000000
00000000000 [MacCartney 07)000000000
01000 700000oo0oo0oOoooooooooo 3
oo0ooooo0ooooooOooooooooOoooOooo
0000000 100000TOOD HOODODOOOOOD!
030000000000o0o0bD103000000 OO
ooooooOoooOoOooOoOooOooOooOoooOoooooog
ooooooO0oo 20000 o000000O00000 TO
HOOOO DO00O0O0OODOOO0OoOo
0200000000000D00D00O0D0OODOODO
o00o0o0o0o0oooOoU0oOoOooOoU0ODooOoooooo
o0oooOoO0o0o0o0oO0O0oooOooOoO0OO0O0 200000
oo0o0ooooO0o0oooO0oooooooooooOooo

3.2 0O00O0O0OO0OOOO0OO0OOOOobOOoO

Natural Logic0 00000000000 OOOOCOOOO
goboooooooooooboooobooboo 20000000
oooooO0O0o0oO0o0HO TOOOOOOOOOOODOOD
gbooooboooboooooooooobooooboooooboo
gooooooooooobooboooouoobooooooooon
goooooooooboobooooboboooobooogooD
goooooooooooooooooooobooooaD
TOOoO0O0ooooooooooooooooooooooo
goobooooooooobooooooooooo 3000
ooobOoooooob0o0oooobo0 2000000000TO
HOOOOO1O0300000000000000DO0O0C0OO
gooooooooooooooooooTooooDooooD
ooooooooooooobooooHODODODOOOOOOO
oooooooooooooooooobooHOOOO0OOT
ooo0oo0oooooooooooooTO HOOOOOO0O0O
goooobooooooooooboboobobooooooooo
judbobooooooooooboboooono

[oDOoD0]00o0ooO0ooDO0oo0ooO0ooooooooDooo
gooooooooooooooboooobooooooon

gooooooooboooooooobooooobooboooooo
gobooooooooooooobooooooboooooo
gooooooo

(3) HOODOOODOOODO
T1103000000000000
T2 0000000000000

T3 0000000000000000

T4 OOOOOOOOOOOOOODCDOD

(3)0b00O0o0TIOUOO1O3000ULO0OUOOUODOOOO
goboooooooooooooooooboobobooooooo
goooooooooooboobooooooooooooooo
goooooT20 HOOoOOoOoooooooooooooo
goooooooooooooobooooooooboooooon
goboooobooooboooboooooooobooooooo

ooooo0o0oT2000000000000D0C0O00O00O
T3, T4000000000000000O0T30000000
cooooboobooboooboboooboooooboooT4000
goooooooooooobobooboooboooooooo
goboooooboooTdoboooboboooooooooon

[DOO0O0]o0DoU0oO0oUOO0DO0mUOomWoUoon
obtoooooooooobobOobooboooooooboOobooo

(4 HOODOOODOOODO
T1 000000000000
T2 0000000000000

(4)00000TI00000O0DODO0OO0OOOODOOO
obobooooomooboooboooboooooboooboon
0000000000HO0000000o0o0o0o0ooooooo
T20000000000000000O0C000O0COHDO
gooooobooobooooooooooooooooooo
gobooooboooobooooooobooo
[booooloDo0oOoOoOoDOoDOo0OUOOODOOOOO
goooboooooooooooooooooobooooooo
ooboooooooooooboooooobooooooo
goooooooboooooooooooooboooooooo
gooooooooooooooooooooboooobooo
gobooooobooooboooobooooo

(5) HOODOOOODOOODO

T1 0000000000000000

T2 000000000000D0000000
(5)000T1I000000000000000000000
000D000ND00000D00000D0000000000
00D0000D000O0HODOOOODOO00O0D00000O

goor2ooo0ooooooooobooboooooboooon
oooooooooHOOOOOOOOOOOOOO



The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

U3 0o0ooooooboooobood

oooo ogoog goog

T H gooo gooo oooad oooo ogoood oono

od goooo1g 3d oooo C O O - - oooo

ood ooooog goooo = - - O C oood

0 4: 00000000000
0000 | 0000 | 0000 0000
0o nfja) (0o) (00) 0000 00000 || 00(T) 00 (H) 0o
=0C 00 - * ooo p 0000000000000000000 oooooooooan 0
= =0C 00 * 0 * 000000000000 dooooooooon 0
J0< - * ] p 0000000000000000 000000000000 0
=0 000 ] 0 * 00000 103000000000000 oooooooooo 0
CO 000 0 0 * 0000010300000000000000 0ooooooooo 0
=0C 00 | 000 a] 000 * 00000 10300000000000000 ooooooooon 0
=0C 00 0 u] * * 00000 103000000000 dooooooooon 0
=0C 00 0 a] 0oo p 00000000000000000000 0ooooooooo 0
C =0C 00 0 a] 0 * 0000000000000000 oooooooooon 0
=0Cc 00 | 000 u] 000 P 00000 10300000000000000000 |0000000000 0
0oooo
=0C 00 | 000 a] 0 * 00000 10300000000000000000 |0000000000 0
30— 0 a] 0 * 00000 10300000000000 0oooooooooo 0
J0— 0 a] ] p 00000000000000000000 000000000000 0
30— 000 a] 0 * 00000003000000000000 000000000000 0
J0— 000 ] 0 p 00000 10300000000000000000 |000000000000 0
oooo

=0C 00 * ooo P 00000000000000 0oooooooooo 0
| =0C 00 * 0 * oooooooooon oooooooooon 0
J0— * 0 P 00000000000000 000000000000 0
=0 ] ] * 00000000000000 0oooooooooan 0
=0 a] * * 00000000000 dooooooooon 0
=0 0oo 0,0 * 00000000000000000 0ooooooooo 0
- [ 000 * * 0000000000000 oooooooooon 0
[ u] 000 P 0000000000000000000000 dooooooooon 0
[ a] 0 * 000000000000000000 0ooooooooo 0
J0— 000 0 * pEEEEEEEEEE 000000000000 0
J0— a] 0 P 00o0000000000000000000 dooooooooon 0

3.3 ooooooobog
040000000000000O000O0OCOOOODOOO
000 0MacCartney O Natural LogicO0OOOO0OO0O00OODO
70000000000 10000000 [0,0,00]0300
00000 [0,0,00]0300000000 [Certain(C),
Probablly(P)|0 2000000000000000O0O0OOO
000000 [D0oo,000)02000000000000
O MacCartney 0000 TOO HOOOOODOOOO
JoooOTO HOODDODOOODOOO

(6) HOOODOOUDOOOOO

T OOOO0OD10300000000D000

0000000 (6)000D00400000000DDOOO
gobooO0o03000oOoTO HODOOODOOODOOOD
oooooUoooTOODOOOO103000oooooooo
0000000000o000D00 [C)oo0o0TO HOOO
oooo0ooo0oooo0o0ooooooUo [mooooo
joodo100300000000000o0oo00ooon
ooo0oUoUU0oUOooUooOoo o)juTUOOOUOOO
oo0o0ooooooooOoOoooooOooOoooooooog
000000 [D)j0o00obO0oo0oO0oOoUoUobDo
0000000000000 TOODODODODOOOoOOooooo
[0D0]0 [ClooUoooooo
00oo00o0o0ooooooOoooo4000000ooO00T
0HOOODOOOOUOOoOoOooooooooooooooo
oooo0oood(e o TOHOOODOOOOODODOOOOO
ooooooood

4. 0oggng

ooooooooobooooboooooooooooboobooo
gbooooooooboooooboooboooboooboocooboo

gooooooooooobooboboooooooooooo
gooooooooo1mooo110oboo0ogooooooo
goooooooooooooooooooboooooooon
gooooooooocoooobooooooboboooooo
ooooooooobooboooooooboooooooooo
goooooooooboodooboooooooboboooooo
goooooboooooooooooboooooboboO 2000
gloooooooooboooooboooboobooooboon
oooooooobooooooooooobocoooooooo
oo

4.1 0O0O0O0O

0o0o0oo0o0oobD00oo0ooooo0Oo 0o 1Mooo
gooooooobooooboooooooooooooboo 50
gooooooooooooboooboogolsoboboooobooon
10 7%00000000000000C0O0O0O0O0O0O0OOOO
goooooooooobooooooboooboboooooooo
goooooooooooooooboooooob 20 OO0
gooooooooboobooobooooooboooboooooo
gboooooboooooooboboooooooobooooon
goboooooooooooboooooooboooboooooo
goboooooooooooooooooooooooooo
gobooooboooboooboooo

0000000000 ADBOOOOOODOODADOOOO
gooooooooooooooooooobobooooooon
ooooOo0o0oO0oooooOobOOoBOOOOOOODOODOOOO
goooooooooooooboooooOooooobooboooo
gooooooooooooooooooboboooooooo
gobooooooooboooooboooooooboobbooooo
goooboooooooooobooooooooooooo
gboooooooobobooooboooobooooobooobooon



The 29th Annual Conference of the Japanese Society for Artificial Intelligence, 2015

s 0o0gbboooboooooooogoon

googo ‘ Precision Recall F1
goo 1 0.88(35/40) 0.63(35/56) 0.73
oog 2 0.83(20/24) 0.63(20/32) 0.71
Oe6:00200000
goooo oooo Precision Recall F1
0oo 1 oooo 0.85(28/33)  0.51(28/55)  0.64
god 0.88(36/41)  0.65(36/55) 0.75
0oo 2 gooo 0.82(14/17) 0.45(14/31) 0.41
ood 0.8(8/10) 0.26(8/31) 0.39

gboooml. oboo2 oooooooooooos. ooo
oo0o0ooooooooobD4. OO0O0O0O00004000
ooo0ooo0oo0oO0ooUOoo0oOooOoooOoo/Oooooo
oo0ooo0o0l020000/0000000000003
g4000000000000000O0O00O0DOCO0OODOO

4.2 001

000 AQ000O0OODO 102000000000000000
oooooobooooooobooooobobob 4000000
gooooooooooobooobooooooooooooon
goboooooooooonosoooo

oooooooooooooobobooooOOoboOoOooooo
gboooooboooobooooooobooboobooooboooooboo
gobooooooooooooooooooooooooon
gooooooboooobooooooooooboboboooooon
gobooooooobooooooooooooo

4.3 00O 2
obooooodoboobooocoooobooobooboobo
BOOOOOOOOOODODOOOOOOOOOOOOOOOO
40000000000000CAQCODOOOOOODOOO
goooooooooooooobooobooboboooooooon
gooooobooooboennonOnO
gobo1l1o0o0obooboooobocobooooboooooo
gooooooocoooboobocooooooooooooon
gooooooooooooooboooboboooooooooo
gooooobooooooooboo 2000000000
gboooooboooooobobO 200000000000
goooooooooooboooooooocoooooooon
goooboooooooooooobooboooooooooon
gboooobooooooooooboobooooooooooboa
gooooooooooobooooboooooooooooon
goooooooooooon

4.4 00O0O0OO

udooooooboooobooooodooooooooo
gooooooo

() HOoOoOooOooOoooooooo

T ODODOODODODODODOOODOOoOoOoOooOooDODODOD
gobooooobooooo

(D ADODDODDODODOOODOOUODOOODOODOOO0OO
gbooooooobooocoooooobooobooooTo
goboooooooobooooooooooOooooooooon
gooooobooooooooboooooooooooooon
gooooboooooooboooboooooooooooon
gobooooooo

(8) HOODDODODODDOODOODODO
T OOOO0DODOO0O0OoOooOoOoooooooo

000@®0O0000000o00ono0ooooooooooo
goooooooooooooooToooooooooan

goboooobooooboooobobboooooboouoobooo

oooooooooboooooooooobooboooooooboooo
gbooooooobooobooooboobooooooon

gobooooooboocoobooooobooOooboooobooooo
ooooooobooooooooooocobobocooooo
gooooooooooooobooooooboobboooooo
gobooooooobo

5. UOoon

OO0O00OO0ONatural Logic0OODOOOOO0OOOOO0OOO
gooooooboooooooo 3oobooooobooon
oooooooooooocooooooooooooooon
gobooooooooooooobooooooooooooo
gooooooooooooooooooooboooooooo
goooooooooooooobooobooboboooooo
gobooooboooboooooooooobobooooDooo

ERN

OOooOoOO0JSTOOOOOOODOOOOOCRESTOOOO
gobooooobo232400180 0000000000000
oooao

goobo

[Dagan 05] Dagan, I., Glickman, O., and Magnini, B.: The PAS-
CAL Recognising Textual Entailment Challenge, in Proceedings.
of the First PASCAL Machine Learning Challenges Workshop,
pp. 177-190 (2005)

[Dzikovska 13] Dzikovska, M. O., Nielsen, R. D., Brew, C., Lea-
cock, C., Giampiccolo, D., Bentivogli, L., Clark, P., Dagan, I.,
and Dang, H. T.: SemEval-2013 task 7: The joint student re-
sponse analysis and 8th recognizing textual entailment challenge,
Technical report, DTIC Document (2013)

[Giampiccolo 07] Giampiccolo, D., Magnini, B., Dagan, I., and
Dolan, B.: The Third PASCAL Recognizing Textual Entailment
Challenge, in Proc. of the ACL-PASCAL Workshop on Textual
Entailment and Paraphrasing, pp. 1-9 (2007)

[Lakoff 72] Lakoff, G.:
(1972)

[Levy 13] Levy, O., Zesch, T., Dagan, I., and Gurevych, I.: Rec-
ognizing Partial Textual Entailment, in Proceedings of the 51st
Annual Meeting of the Association for Computational Linguis-
tics (Volume 2: Short Papers), pp. 451-455 (2013)

[MacCartney 07] MacCartney, B. and Manning, C. D.: Natural
logic for textual inference, in Proceedings of the ACL-PASCAL
Workshop on Textual Entailment and Paraphrasing, pp. 193—
200Association for Computational Linguistics (2007)

Linguistics and natural logic, Springer

[MacCartney 09] MacCartney, B.: Natural language inference, PhD
thesis, Stanford University (2009)

[Matsuyoshi 14] Matsuyoshi, S., Miyao, Y., Shibata, T., Lin, C.-J.,
Shih, C.-W., Watanabe, Y., and Mitamura, T.: Overview of the
ntcir-11 recognizing inference in text and validation (rite-val) task,
in Proceedings of the 11th NTCIR Conference (2014)

[Ohki 11] Ohki, M., Nichols, E., Matsuyoshi, S., Murakami, K.,
Mizuno, J., Shouko, M., Inui, K., and Matsumoto, Y.: Recogniz-
ing Confinement in Web Texts, in Proceedings of The 9th Inter-
national Conference on Computational Semantics (IWCS2011),
pp- 215-224 (2011)

[0O 11) OO0 00,00 OO0, 0000 OODOOO,00,0 000,00
0 ooooooooooooooDbOOoooooOooOo,oooobooo00O0,
Vol. 52, No. 12, pp. 3408-3422 (2011)

[00 13) OO 0OO,00 00,00 00,00 O0O0,0 0000000
joo0o00o0O0ooO0oOoO0O00o0ODbOOD,0b00oDUOob00O 19000000
0000, pp. 948951 (2013)

[D0 10) DO 00,00 00,00 0,00 00,0 000,00 OO0
gooooooooooo,0D00000000O0. 0000000000
0, pp. 1-9 (2010)



