o

aup

FALERE R 32N Fam IR (20264E3 )

LLM Z AW -HIEETDHRSIC L B

BIA

A
ALY

EH !

\E BHEER S X T L lightblue DILE

FR KA

P BRDIKLF RS

{tomita.asa, bekki}@is.ocha.ac.jp

=

AWFFE TR, ERERGRICHE D  BASEHR >
AT LBV THE L 12 2B AR O AR RIS
57z, KEBSFEET L (LLM) & AW NEHE)
ERFEERET 5, 1IBEFRIE. mEHGRS A7
2 lightblue 12 LLM %25 L. #Eam@fE TOEREE
BIVHGRD A% NEL Y UTEINCER - #5252
LT, AELRRMOMTE IR LoD, AFZ2N &
RV EEIN R HERR TS BB T 5, MR O
R, BEFZEOEMES X CiREHER BT 255k
M RE NIz,

1 ELHIC

BERAEKR@mICHE D < BARSGEH I Natural
Language Inference; NLI) > 2 7 & 1%, X D EK %
A e U THRMICRE T 22 2T, BET
AT RE R Him e EH T 2 HMHATH 5, HT
& . & HilE A (Combinatory Categorial Grammar;
CCO)[1,2] & EF&imEIc D { HEGR > 2 7 4 [3,4, 5]
. FERHEIEEPRIC R O WTHER R/ TS 2 2 T, &
WIEE 3 (Precision) 28T 2 USRI H 5, L
L. fEkommEEHERS X 7 213, BB ORI
B9 & HIke S HIER TR E 3 2 w2 + 0T 2
BNEWHHEZE LTV,

FREEHERR S 2 T A B WVWT, EERMN A HERR O H R
MG S 7= D12k, HesmEiE TR RTRE R B %
B RENCEBIN U7 L CHERR AT S WEDH 5, LD
L. #Ef> 27 ANDOREOBINIE, BARZHATH
T =2ty b OHH HHEERIHER AR D A % )
WKHHT 22 PRETHZ2 2 0H, WbWwd 7
L — AMEPTRES 5. FRIC. NELZRAHOE A
BERZEMOILREZSI & Z U, HEGmRL BRI
WY 52 DRI D 5 72, HIgkFHSE O HIENE
KW REHER S A T 2B 2EHERRET

— 2926 —

H5,

COMBITH LT, I ETHRA ROBEARTFIE
DPIRRINTE, FlZIE. WordNet [6] D K S 724
kT =X R—=X M L., HEEEOERAIBE R
HEOoWTRHEZ F v F~ > FICAERT 32 FikE (7] %.
FEH DRSS S HLERZFE L. BEERN
W RE S 2 RIS 2 E AT 2 FIER EDHE
T3 (8l £Blo7 Fu—Fr LT, AEHHEG
BRI AL, BNEZ BRI T 2 MGG BEAS
FEHERR S AT A IREINTVS [9], ZOFIET
. EREHERR S R T o KB R AR T — X X— R
WEEER T 2 D TR . HEEmIRERFERZ A
M2 L, N LTGEMS 52 8T, AERA
FROBEAZMETEZ L WS HERDH B, —/T.
AN OXEERRITEE T 5720, #im7T et 205
2 HELAREETDH 2 L WO HIIRD 5,

Z ZTARME TR, ANEoRE e L TRHRESEE
£ 7L (Large Language Models; LLM) % H\, G
HERR > A 7 2T L TR HEINISEIN S 2 Fik
PRET D, AFETIE, RS A7 LT
lightblue [10] % F\W . EHEEAEZR & LT wani [11] %
BHS %, LLM ZH#timL— I AR & & T,
HERR IS B TR GE B B 2 HI 2 RS )G U TisE LD
D, PERNMOMEEIHT 2 e 2HIET, Z
D &S BHHAZ XD FHEEMATE ORI & v S RS
WXL T—2oDERENZBEEEZ 2 &Iz, M
HERmICES D < EOCIBHRTREE Z AR L 72 £ . BE
HIHERRBE I DM ER K2 Z L SATRE L 72 %, ARHSE
TlE. FHERZ 8 U CTREFEO BN Z ML
35,

2 EERS AT L lightblue

AWFZE T AmPEHER S 2 7 4 2 LT lightblue %
W2, lightblue (&, FiaBHeEm e U CHl A EH#HiR
%, BEROE e U THRIFERIEER [12] 28 LT

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



Proposed
Method

Synlaclic/Sc.mamic Type Checking Axiom
Analysis . .

X ” > Construction
S:M I'+M:type? Module

Input lightblue Output

Inference Result - CCG Syntactic Structure
— Entailment - DTS Semantic Representation
— Contradiction

— Neutral

Premise 1

g Premise n

D Hypothesis

[

Anaphora Resultion

- Type Check Query
Q - Type Check Diagram
- Proof Search Query

- Proof Search Diagram

[ Inference Result ]

Inference

wani
Proof Search

re7:4

Proof Search

X1: My, o, Xt My B2 M),

B 1 lightblue % A\ 7z LLM-in-the-loop inference DX

BD. WEE - BERMATES [13] IRFRIERR [14] OE
HIZFEASS wani 26T % 2 ¥ THARSHEHMRET
9, lightblue DFFH Y LT, AT 2ERHERTDH
2 AR ARG A A IR I B RGO W TV B 1L
BEFOND, Zuck b, RIS RTEERIC
Iz, BEBROHEZDS DEIHER WS B
—DIEITRAETE %5, X1, BHERFRIIHNLT
BMEZITS 22T, ERFRROTESEMRH L,
AT LRROBERNEESEERIES 2 Z 2T
x5,
3 REFE

AT AOHENER 1 1R, 5. RiEXY
RS2 AJ1 e LTRITELD | lightblue % FWTHE
B BRI EIT S, VT, B oNERERIC
B U THBELZITV. BERETROBESEZMEES
%, ZOWET, BRFRICKIEEEIEZEN5
Ay TROLIBOMEIE - A R @SR RERIGEIC
. EHEERAZE wani W TREARER 2175 2 &
THRATFAZRFIET %, TERD lightblue Tl&, BRE
DI L 7%, B4R & RE S O B FROR % & FHAE
FHZRICE S Z e THARSHEBHERZIT S, Z4AuTHL
AL TR, ZOUBEOHFRNICABAREY 2 —v
ZRAA A, IR E R N R B AER Lz
T, HEERZEITS XSO R T L 2R T 5,

3.1 RNEBAERES -

NHAEROHEAZK 2 1TRT, IR, B
RERHI D A Z % BTz, ARESUZ TRERDY 7 v —
VEREN BEZenGERHle LTHED I
. Z OHERICHEL L 72 B N OB RGE R & BRE S
%o AREY 2 —I)LTIE, lightblue 1T & % sk - Bk
Rt s X UBIRE ORI R 2 VT, HamcpZEe 2
2B O BRGNS D DFEFEOM (ML

— 2926 —

N, Subgoal) ZffiHiL. KNEZAENT 2,

3.1.1 Subgoal DHE

¥9. M B LIRHXDERBRRICETEN
% 3R TDIEHE (constant symbols) IZDWT, ZDH
(signature) & XIS 2 #aEHIH (syntactic type) % filiH
T 5, K, B WEENTID— 3 2 EE DM %
ELTHIZEL, BEMOEKEFRZHANS DD
Subgoal Z KT %,

Z D, RIBEVTELIC—ET %8O/ H
LENT 2, ZHUTE D, FiIEX 2 ARG DT I
T 2 EHAGFR Y, UEBEER BAREEZER
T&%, $h. EHDHL Z MBI D —BUTEE
DWW 2 IR T 5 Z & T, [[— DB % £
DFEFL. TROB ML —HT 25EDOBFRED A
WIRE U CREBEM R HEGR 21T 5 T E DSA[REL 72 B,
X5, KRBT U THOBE R HF % ] iE X
BAHEEMT 2 2T, —HAOEEBRICKES
T, 2O FEDOEBREICOWTHHEEREITI. Z
UCTED, ThAZ) & Tor—y ) OBGREF TR
T =y1 228 THAZ ) NDHEGRHIREE L 72
G ETHIIETE 5,

3.1.2 HIFEOERCLIEERK

e T, % Subgoal IZXF L TRKHBZFEE T L
(LLM) %W CEERNZOEBEFROHEEITS, B
RINZIE, FEDRT (A,B) IZOWT, TA X BICE
GExNBh VIV EEZ, BE (Yes). T
(No). H37 (Unknown) DWENIZHFHEIXE S,
LLM O EfERICHIE, FRECHESI NS
BRI EERHE, FHELHEINHEICEE
ENHEAENRT 2, PILHEINEZEEIEN
MEAER LRV, 222 LLM 28 ThAZ) &
T 0=y ICERNCEEINS LHELLEGE

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



B2 (premise) {REEZ (hypothesis)
KEBDDASEBAZ + XKEBOII—VWEBAfZ

l 1. lightblue TAN X O - BHREN. BHRETOEREETS

lightblue
x:entity
u:|[ s y
[‘r/ SX

huj: 2275 (e, KER, my1.

2. EHDOE (signature) & Subgoal DR E

ZNDEDRENE (syntactic type) ZiHT 3

x:entity
uy l s:entity j
[7»-*‘7(:,)5)]
e:evt
[[u, % (e, /'.\l'JH,n‘uo)]]
#2(e)

((KER, entity), NP)
HifEX

((ﬁ/\% entity — entity

((TIL=Y, entity - entity > type),N)

((ﬁ/\'%w o, entity — entity — entity - type) ,S \ NPgq \ NP,,)

3. signature&syntactic typeM—H Y 3EEHET S

[ (DAS, ZIL=Y) , (TIL—=Y, DAS) 1]

4. FOVTOER | HROBEENEOER, |

DACEZIL—VCEEETN3H
II—=YiEbACEBETNZH

5. LLMZEFUH LSBRNRIERET S

[Yes, Unknown]

6. Yes/NoDIBEEFERNNEELERT B
(UnknownDIFE [F R DERZEITHIXL)

BEONIE  (xentity) - (sientity) - (u: ) A Z(s,%)) » 74— (s,x)

2 REAEROTN LB

. (x:entity) — (s :entity) = (u: D AT (s,x)) —
TN—(s,x) LW NHEHMBMEINE, L. F
Bl hzEga81cid FEOREE LT,
(x : entity) — (s : entity) — (u : DAI(s,x)) —
7= (s,x) DBEMEI N5, ER I N2 NHEHEE
W, RS - R D ERFR & & HICEHEEAS
WhEZoh, BASEEMRCHW SN,

4 FHESRER

REFEOMREE (1) KRBSEET TV LLM) 2
B BEREZIEL CHETE 200, (2) AR
N7NEE WS 2 e TR s A 7 20 %
IEMEICATZ 200, & WS Bl OIS 2 EER 21T
5. FEBRIZIZ GPT-4o ZHH L 7=,

41 F—AR2tv bk

AEETIE, SEBEGRE#ROT—%ty b TH D
SICK [15] ZHEMRPHAGEWER L2772ty
I JSICK [16] ZHW%, FEENRE LT, JSICK D
train £ v MIEFN B8 5000 FFOTD S B, i

— 2927 —

R WAL DEGDHFADERDATH 2T — &
310 B, TV RAIZS0EEY > TV LT,
LA TR, EENHEER DI ERZ YT
%728, B E L RTINS E N 2 E@HEH D
—EEEELFNCEBLLTWS, JHu, B4
DPIEERICZ 1 S R FE O A U 25
OFNEME L, FEEMEOBFRMEICHED  HiRD A
ZiHliS 27D TH b, AR THEH LT —X
vy MZEENZXNOHIERE 1 ITRT,

4.2 LLM OFE=RIBERKESREES DT

4.2.1 RBRIRE

REFHRICH D = X417z Subgoal 191 FHIZH
LT, EAZEE - FEERRICHEDS K 3 HDIEM I N
JV (Yes/No/Unknown) % AF TG LT —&%IE
7 —X e LTHAL. LLM X % 3B O BERME
HIE DIEEHR % 5 L 2o

4.2.2 R

FERER2ITRT, REBROME. LLM 135E=M
DUEBRDPIRINZRIGE T —E DR E T T
X 5—7. FELHILOHEIZBWTRENE S
TWZ e DHER I N, K No (FJE) 77 AT
% Precision B & U F1 2K <, FEBZRDOHEENI T
BETH B ZEPRINTND,

NEZ Yes BE U No DHIEFERICEDSWTHER
b7, EEBOBEBEOHIERD R R
HOAERIZORD 2, EBHRED, Yes 77 R1Z
Recall 2HEEE <. TEBEFREEZLAMHTETY
%—7F T, Precision ZREMTHDH, BHITLHITAN
TOEEAHEIEWVEEEZR DL IEERA RV L
DRI NS, —J5T No 77 ATk, HILOBER
ZXIEEFHET AHBEELTED., RokFE
INBEDVAE R X LB ATREMEDYEV, F 72, Unknown 2
DHHINDEREFEERTITHLT Yes £721F No D
N EINZHE. REMEFNCAER S N5 ERK
b, PEXD, LLM & HWi-iEmBERHE RS
BEREoBEMERIC—EDENEZF>db DD, Z
DRI Y LTERHT %2 Z 2 3Gk T
HYH. FCTFERBOERIIHIE T 2 081D 5,

4.3 REBEMKICCBHE S HERMERED ST

LLM 23 LB oBBREoHER S 212
LR SN % lightblue [CHHAIAA, EHREA SR

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



R 1 ISICK 7—Xt vy b SEFOBEMRDAITON TV BN EMB L7e 7 — 2D, T »5I8%E 2 XAEHEX. H

D OURE B XXDMRETL TH %, Subgoal D v IXEE,

X IFEDOREBERL T2,

XDRT 2% Subgoal AR NI

T: b FDBICE-S>TND Entailment 5, 81 v (x : entity) — (s : entity) — (u :
H: EFA B> T 5 @, 55) 55(s,2)) = BI¥I(s.2)

T: KEEDY ¥ A4 2T > T3 Neutral ¥ HAE, b~ H)

H: KEf b~ 2P oTW0W3

(F= M, T HA4E)

T: KERIZA &b a

—%Z#EHZLTWVWS  Contradiction

(x : entity) — (s :

(FFAT, 4EL7) x REA (5..)) = AR (5. 2)

entity) — (u :

(B, 7F) x (x s entity) = (3

entity) — (u :

H: AHEA Y R o — B gra LT D

57 (s, %)) — —aFA] (s, x)

F2 LLMIC & 3 EERBOBZRIHIEDOMREDFER

Label Precision Recall Fl1

Yes 0.636 0.840 0.724
No 0.361 0.722  0.481
Unknown  0.939 0.764 0.843
Macro avg  0.645 0.776  0.683
Micro avg  0.770 0.770  0.770

PHWTHRZITO 22T, BRI AT L2ke
L COHERMERE R SIS 2, FRic. DNFOFAEM
MBI T & MR EIC 5 2 2 R % MGE
3_50

4.3.1 RERRTE

REFEOENEER 720, LLRD 2 DO —

AT7A4 Ve DHEBEITS,

1. Majority Baseline: 7 7 XA 77 i D D 1T X % 5%
Briils s, ZEHT7T— 2P omMEN 7
AL (Neutral) ZHICTHIT 5 Bk XN—2F
A

2. Vanilla lightblue: "FEAEKEY 2 — V% FHE
3. T 7 4L b D lightblue D A THEFRZ 1T S
R o

FHEC X, BIEICHW ISICK &idEf T — & 50
W5, FXTH LT, £73 lightblue 12X D
fieE - BRMEN B L ORBRE LTV, BEFHEI
BOTEBEZISC TREEREY 2 — %6
T 5, aHiifEIEE LTk, EE I X d 5 1E
A% (Accuracy) IZHIZ. &S (Precision), P
(Recall) Z W\ %,

4.3.2 #ER

FRERIITRT, BREFIEIZ Accuracy 0.72 % 3E
% L. Majority Baseline 3 & Cf Vanilla lightblue % -
M2 MHREZR L, ZOREDL? S, LLM OHIEIZ

— 2928 —

&3 HASEHERRIERED LLEHER

Method Precision Recall Accuracy
Majority Baseline — - 0.580
Vanilla lightblue ~ 0.898 0.262  0.600
E7E SRS 0.919 0.338  0.720

HOWTERI N 2B e #imafRIclAaAt 2 &
T, FEENRHER T & OOt 3 5 2RI e i
HREM A B3 2 2 e BER I Tz, RS, NEAERR
%474 72\ Vanilla lightblue & FE#g U TR A L L
TWARE, LLM 12 X 2 HERE5EDH 3 HERE

72 BRBLTWS, Hifi (4.2 fi) CHEIH
723D, LLM 12 X 2EEBBREEICITERD D EE
N300, EHIFHY 27 AIHET 2 Z LT,
2Re UCERN RGO LicHF5 352
DRI 7=,

5 £HDIC

ARG TIE. FRFEHERR S X 7 A TOHERRRFIC LLM
ZHOTRBEZEINCAER - BINS 2 FEEREL
Too REFIETIE. FMFEHER S R 7 4 lightblue & 7E
HEERH OHERR L — 712 LLM 2 AR T Z & T,
FEEAEKICE D  UEBRONEEZ LIS U TH
SET AR FEB L, FHMAEROER, 1REF
R NBA R 21T H 720 Vanilla lightblue % 1 [0] 2 #
MMMERER R LTz RIS, LLM IS X o T R XN
PRI NBEAS, FRHEHERIC BT 2 A EEH 2R
WHISELTWB 2 e AR I LTz,

AT, R & LLM X ANCiEz %
DTIF L, HACHRAES 2 2 & T, BRI
Zat X D EMNZBASEMMIAIEEE LD L
ZRLUTZ. SHROMEY LT, Ao wEEGk
e rE o3, EEEOBERNBEGREERZ S L5
WA FERIRT 2 Z e P o h 5,

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



g

ABFFLIE, IST ERENE 75 O Ftse s Kk O 1E
TR O B RCEE (LRI A SR)
JPMIBS2404, JST HRE&HIEIEIF ST HEHEH 3 CREST
JPMICR2565, 3 X X ISPS FHFE JP23H03452 DX
BEZIEZDIDOTH 5.

SE X

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

Mark Steedman. Surface Structure and Interpreta-
tion. The MIT Press, Cambridge, 1996.

Mark Steedman. The Syntactic Process. MIT Press,
2000.

Pascual Martinez-Gémez, Koji Mineshima, Yusuke
Miyao, and Daisuke Bekki. ccg2lambda: A composi-
tional semantics system. In Sameer Pradhan and Marianna
Apidianaki, editors, Proceedings of ACL-2016 Sys-
tem Demonstrations, pp. 85-90, Berlin, Germany,
August 2016. Association for Computational Linguistics.
Lasha Abzianidze. LangPro: Natural language theorem
prover. In Lucia Specia, Matt Post, and Michael Paul,
editors, Proceedings of the 2017 Conference on
Empirical Methods in Natural Language Process-
ing: System Demonstrations, pp. 115-120, Copen-
hagen, Denmark, September 2017. Association for Com-
putational Linguistics.

Hai Hu, Qi Chen, Kyle Richardson, Atreyee Mukherjee,
Lawrence S. Moss, and Sandra Kuebler. Monalog: a
lightweight system for natural language inference based on
monotonicity. In Allyson Ettinger, Gaja Jarosz, and Joe
Pater, editors, Proceedings of the Society for Com-
putation in Linguistics 2020, pp. 334-344, New York,
New York, January 2020. Association for Computational
Linguistics.

George A. Miller. WordNet: A lexical database for En-
glish. In Speech and Natural Language: Proceed-
ings of a Workshop Held at Harriman, New York,
February 23-26, 1992, 1992.

Pascual Martinez-Gémez, Koji Mineshima, Yusuke
Miyao, and Daisuke Bekki. On-demand injection of
lexical knowledge for recognising textual entailment. In
Mirella Lapata, Phil Blunsom, and Alexander Koller,
editors, Proceedings of the 15th Conference of the
European Chapter of the Association for Compu-
tational Linguistics: Volume 1, Long Papers, pp.
710-720, Valencia, Spain, April 2017. Association for
Computational Linguistics.

Hitomi Yanaka, Koji Mineshima, Pascual Martinez-
Goémez, and Daisuke Bekki. Acquisition of phrase cor-
respondences using natural deduction proofs. In Marilyn
Walker, Heng Ji, and Amanda Stent, editors, Proceed-
ings of the 2018 Conference of the North American
Chapter of the Association for Computational Lin-
guistics: Human Language Technologies, Volume
1 (Long Papers), pp. 756-766, New Orleans, Louisiana,
June 2018. Association for Computational Linguistics.

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

— 2929 —

Atsushi Sumita, Yusuke Miyao, and Koji Mineshima.
Talking with the theorem prover to interactively solve
natural language inference. In Kaibao Hu, Jong-Bok
Kim, Chengqing Zong, and Emmanuele Chersoni, editors,
Proceedings of the 35th Pacific Asia Conference
on Language, Information and Computation, pp.
411-420, Shanghai, China, 11 2021. Association for Com-
putational Lingustics.

Asa Tomita, Mai Matsubara, Hinari Daido, and Daisuke
Bekki. Natural language inference with CCG parser and
automated theorem prover for DTS. In Timothée Bernard
and Timothee Mickus, editors, Proceedings of the Sec-
ond Workshop on the Bridges and Gaps between
Formal and Computational Linguistics (BriGap-2),
pp. 1-7, Diisseldorf, Germany, September 2025. Associa-
tion for Computational Linguistics.

Hinari Daido and Daisuke Bekki.  Development of
an automated theorem prover for the fragment of DTS.
In the 17th International Workshop on Logic
and Engineering of Natural Language Semantics
(LENLS17), 2017.

Daisuke Bekki and Koji Mineshima. Context-Passing
and Underspecification in Dependent Type Seman-
tics, pp. 11-41. Springer International Publishing, Cham,
2017.

Daisuke Bekki and Ai Kawazoe. Implementing variable
vectors in a CCG parser. In Logical Aspects of Compu-
tational Linguistics. Celebrating 20 Years of LACL
(1996-2016), pp. 52-67, Berlin, Heidelberg, 12 2016.
Springer Berlin Heidelberg.

Per Martin-Lof. Intuitionistic Type Theory Vol. 1.
Bibliopolis, 1984.

Marco Marelli, Stefano Menini, Marco Baroni, Luisa Ben-
tivogli, Raffaella Bernardi, and Roberto Zamparelli. A
SICK cure for the evaluation of compositional distribu-
tional semantic models. In Nicoletta Calzolari, Khalid
Choukri, Thierry Declerck, Hrafn Loftsson, Bente Mae-
gaard, Joseph Mariani, Asuncion Moreno, Jan Odijk, and
Stelios Piperidis, editors, Proceedings of the Ninth In-
ternational Conference on Language Resources and
Evaluation (LREC’'14), pp. 216-223, Reykjavik, Ice-
land, May 2014. European Language Resources Associ-
ation (ELRA).

Hitomi Yanaka and Koji Mineshima. =~ Compositional
evaluation on Japanese textual entailment and similarity.
Transactions of the Association for Computational
Linguistics, Vol. 10, pp. 1266-1284, 2022.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



