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NLI is a task requiring systems to determine inferential relationship 
(entailment, contradiction, or neutral) between premise(s) and a 
hypothesis

Natural Language Inference (NLI)
1. Introduction
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We propose an Japanese inference system based on CCG (Combinatory 

Categorial Grammar; Steedman 2000) and DTS (Dependent Type Semantics; Bekki 2014), in 
which we connect the CCG/DTS parser lightblue with the automated 
theorem prover Wani.

Natural Language Inference Pipeline
1. Introduction
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Combinatory Categorial Grammar（CCG; Steedman 2000）
2. Theoretical Background
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- a  lexicalized grammar that describes syntactic structures using 
lexicon and combinatory rules 

- Well-suited for computational implementation and empirical 
verification

- Parsing errors can be traced to specific lexical items

Keats ⊢ 	 𝑁𝑃	
eats  ⊢ (𝑆 ∖ 𝑁𝑃)/𝑁𝑃
apples ⊢ 𝑁𝑃

Keats

!"

eats

# ∖ !" 	/		!"
apples

!"
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#
>
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lexical items CCG Syntactic Structure 



Dependent Type Semantics (DTS; Bekki 2014, Bekki and Mineshima 2017) 5

2. Theoretical Background

- A framework of natural language semantics
- Proof-theoretic semantics : entailment relations are characterized as 

provability relations between semantic representations
- Allows types (= propositions) to depend on terms ( = proofs)
→ DTS can represent propositions (types) that contain a reference to a 
proof from a preceding discourse.

Curry

- Handles anaphora resolution and presupposition binding via proof search
- Type checking ensures well-formedness of semantic representation

Main features Curry-Howard Correspondence 

		"			 ∶ 				 	$: &	'($) 		
Logic 

Type Theory Types 

Propositions 

Term 

Proof 
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Overview of the inference pipeline
3. Inference Pipeline
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CCG/DTS parser : lightblue (Bekki and Kawazoe 2016)
When sentence is given as an input, lightblue outputs its CCG syntactic 
structure and DTS semantic representation.

DTS semantic representation CCG syntactic structure

Syntactic/ Semantic Analysis
3. Inference Pipeline

John NOM

run NONPST
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Type Checking 9

3. Inference Pipeline



Type Checking 10

CCG/DTS parser : lightblue (Bekki and Kawazoe 2016)
type checking is employed to verify whether a semantic representation 
obtained through semantic composition hold semantic felicity condition 

semantic felicity condition (SFC)
A guarantee that the semantic representation of sentence has 
the type type in DTT

3. Inference Pipeline



Proof Diagram of Type checking 11

Type Check Query

⊢ 	
𝑥!: 𝑒𝑛𝑡𝑖𝑡𝑦

𝑟𝑢𝑛	 (𝑥!, 𝑡𝑎𝑟𝑜)
∶ 𝑡𝑦𝑝𝑒	?

Proof Diagram

3. Inference Pipeline
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Anaphora Resolution with lightblue 12

3. Inference Pipeline



Anaphora Resolution with lightblue 13

Premise1: A man entered.
Premise2: He whistled.

3. Inference Pipeline

𝑣: 	𝑢 ∶
	𝑥: 𝑒𝑛𝑡𝑖𝑡𝑦	
𝑚𝑎𝑛 𝑥 	

𝑒𝑛𝑡𝑒𝑟 𝜋!𝑢
⊢ 𝑤@

𝑥: 𝑒𝑛𝑡𝑖𝑡𝑦
𝑚𝑎𝑙𝑒(𝑥)

𝑤ℎ𝑖𝑠𝑡𝑙𝑒 𝜋!𝑤
: 𝑡𝑦𝑝𝑒	?

Type Check Query



Anaphora Resolution with lightblue 14

Underspecified types are resolved by rewriting them using 
the proof terms obtained through proof search.

Proof search with 
automated theorem prover Wani

𝑣: 	𝑢 ∶
	𝑥: 𝑒𝑛𝑡𝑖𝑡𝑦	
𝑚𝑎𝑛 𝑥 	

𝑒𝑛𝑡𝑒𝑟 𝜋!𝑢
	

⊢ 𝑤ℎ𝑖𝑠𝑡𝑙𝑒 𝜋!𝜋!𝑣 : 𝑡𝑦𝑝𝑒

3. Inference Pipeline

𝑣: 	𝑢 ∶
	𝑥: 𝑒𝑛𝑡𝑖𝑡𝑦	
𝑚𝑎𝑛 𝑥 	

𝑒𝑛𝑡𝑒𝑟 𝜋!𝑢

  ⊢ 𝑤@
𝑥: 𝑒𝑛𝑡𝑖𝑡𝑦
𝑚𝑎𝑙𝑒(𝑥)

𝑤ℎ𝑖𝑠𝑡𝑙𝑒 𝜋!𝑤
: 𝑡𝑦𝑝𝑒

Premise1: A man entered.
Premise2: He whistled.



Automated theorem prover: Wani 15

- Wani is an automated theorem prover for DTS
Input：set of premises and a hypothesis
Output : DTT proof diagram

- Wani conducts proof search by combining forward and backward 
reasoning
Forward reasoning ：expanding the consequences by applying 
elimination rule to proposition contained in the premises
Backward reasoning ：apply the rules to the conclusion first and 
calculate what is necessary to prove it

3. Inference Pipeline



Forward and Backward Reasoning 16

Forward Reasoning Backward Reasoning
process of constructing a natural 
deduction-style proof tree from 
top to bottom.

process of constructing a proof tree 
from bottom to top.

𝑀	 ∶ 	 	𝑥: 𝐴	𝐵
	? : 𝐴

By applying the Σ𝐸  rule,  
𝝅𝟏 𝑴  is obtained as a proof for “	? 	”

𝐴: 𝑡𝑦𝑝𝑒
𝑥: 𝐴
︙

𝑀:𝐵
	𝜆𝑥.𝑀 ∶ 𝑥: 𝐴 → 𝐵

By applying Π𝐼 	rule,  it is 
determined that      is required to 
derive  𝜆𝑥.𝑀 ∶ 𝑥: 𝐴 → 𝐵

𝑖

3. Inference Pipeline



Restriction of Wani 17

Proof search in Dependent Type Theory is undecidable
→ Introduce restrictions on proof search
1. Time and depth limits 

Parameters are set for computation time and the number of backward reasoning 
steps

2. Forward and backward reasoning
Forward reasoning is used for Σ-elimination , and backward reasoning is used for 
all other rules

3. Pruning
Pruning is applied during certain backward reasoning steps

3. Inference Pipeline
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Proof search with Wani 18

3. Inference Pipeline
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- Wani checks whether a proof term of type 𝑀#	(the semantic 
representation of the hypothesis) can be constructed from the semantic 
representations of the premise sentences.

- If proof term is found, Wani returns a proof diagram as an output

Proof search with Wani
3. Inference Pipeline
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3. Inference Pipeline

Proof search with Wani
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Based on the output from Wani, lightblue assigns one of three 
inference label

yes  : A proof term of 𝑀#	is constructed 
      (i.e., the hypothesis is entailed)
no   : A proof term of type ¬𝑀! is constructed
      (i.e., contradiction)
unknown : No proof term is constructed.

3. Inference Pipeline

Proof search with Wani
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Output of an inference system 22

3. Inference Pipeline



Dataset : JSeM 
4.Evaluation Experiment
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- JSeM (Kawazoe et al., 2015) is a dataset for Japanese  Natural 
Language Inference

- Each problem consists of premises, a hypothesis, an inference label 
(yes, no, unknown, undef*) and is organized into sections 
categorized in accordance with linguistic phenomena.

* Unacceptable sentences.



24Experimental Setup : ccg2lambda
4.Evaluation Experiment

ccg2lambda (Mineshima et al., 2015)
- A formal inference system grounded in CCG
- Uses semantic templates to construct higher-order logical forms
- Applies theorem proving with Coq to verify inference
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Our system 
(lightblue + Wani) ccg2lambda

Syntactic Parsing

Semantic Analysis

Theorem Prover

CCG (parser：lightblue）

DTS（parser：lightblue）

Wani

CCG (parser：depccg）

Higher-order Logic

Coq

- modification of
 the lexicon

needs retraining 
using valid treebank

SFC can be checked with
 Type checking

- Anaphora resolution

- Consistency of the 
semantic representation No SFC

Easy to modify
lexical items

Comparison between our system and ccg2lambda
4.Evaluation Experiment

- Output of proof 
diagrams 



26Experimental Setup
4.Evaluation Experiment

Evaluation Target
 36 problems in the Verb section of JSeM

Metrics
 - Accuracy, Precision, Recall, F1
 - Parsing success rate : 
  Proportion of problems for which a complete syntactic structures are  
  obatained
 - Type checking success rate：
  Measures whether semantic representations are well-typed



27Result
4.Evaluation Experiment

macro
reflects performance across all classes equally

weighted
accounts for class imbalance and reflects the overall performance more realistically.



28Result
4.Evaluation Experiment

Key difference from GPT
- returns "yes(entailment) " only when a proof term is constructed
 → Ensures formal verification rather than guesswork
 → Inference is treated as proof construction, not mere classification



Error Analysis – External knowledge 29

P：ITELは1988年から1992年までAPCOMを所有していた。
   ( ITEL owned APCOM from 1988 to 1992.) 
H：ITELは1990年にAPCOMを所有していた。
   ( ITEL owned APCOM in 1990. ) 
Ground Truth：Yes 
Prediction   ：Unknown

It requires temporal world knowledge that 1990 falls within the range from 1988 to 
1992 - which is not explicitly encoded in the system.

4.Evaluation Experiment
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the parser failed to correctly recognize kara (“from”) in the passive 
construction as semantically corresponding to the dative in the active 
counterpart.

太郎は  次郎から 花子を   紹介さ  れ   た
Taro-wa Jiro-kara  Hanako-o  shokaisa re   ta
Taro-NOM Jiro-from Hanako-ACC introduce passive  PST
(Taro was introduced to Hanako by Jiro )

Error Analysis – Parsing Error
4.Evaluation Experiment



Conclusion 31

- Proposed a linguistically-motivated NLI system, integrating 
syntactic parsing, semantic composition, type checking, and proof 
search.

- Achieved improved inference accuracy over existing systems.
- This system will contribute to refining and verifying theoretical 

assumptions
Syntactic / Semantic 

Analysis 

lightblue  

Type  Checking 

Γ ⊢ # ∶ %&'(	?! ∶ #

Input 

Premise 1 
 
Premise n 

…

Hypothesis 

wani 

Γ ⊢	? : &
Proof Search 

Output 

Inference Result 

- CCG Syntactic  Structure 
- DTS Semantic Representation 

- Type Check Query 
- Proof Search Query 
- Proof Diagrams  

(Type Check, Proof Search) Anaphora Resultion 

'!:(!, … , '":(" ⊢? :(#

Proof Search 

Inference Result   
−	#$%&'()*$%
−	+,$%-&.'/%',$
−	0*1%-&(

Inference 



Confusion Matrix 
Appendix
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Syntactic Structure of Error 2
Appendix
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