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This Lecture 

• The connection between language, sets and 
logic 

 

• Semantic Parsing 

 

• Combinatory Categorial Grammars (CCGs) 

 

• How to query KBs using NL 

 

 

 

 



Language to Meaning 

 



Lambda Calculus 

• Formal system to express computation 

• Allows high-order functions 

[Church 1932] 



Lambda Calculus 
Base Cases 

• Logical constant 

• Variable 

• Literal 

• Lambda term 



Lambda Calculus 
Logical Constants 

 

• Represent objects in the world 



Lambda Calculus 
Variables 

• Abstract over objects in the world 

• Exact value not pre-determined 



Lambda Calculus 
Literals 

• Represent function application 



Lambda Calculus 
Lambda Terms 

• Bind/scope a variable 

• Repeat to bind multiple variables 



Lambda Calculus 
Lambda Terms 

• Bind/scope a variable 

• Repeat to bind multiple variables 



Capturing Meaning with 
Lambda Calculus 
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Capturing Meaning with 
Lambda Calculus 

 



Capturing Meaning with 
Lambda Calculus 

 

• Flexible representation. 

 

• Can capture full complexity of natural 
language. 



Constructing Lambda 
Calculus Expressions 

 

Semantic Parsing 



Combinatory Categorial 
Grammars 

• Categorial formalism. 

 

• Transparent interface between syntax and 
semantics. 

 

• Designed with computation in mind. 



Combinatory Categorial 
Grammars 

 

[Steedman 1996, 2000] 



Formalism 

• X/Y: The kind of word or phrase that combines 
with a following Y to form an X. 

 

 

• X\Y: kind of word or phrase that combines 
with a preceding Y to form an X. 



Determiners 

• Determiner: word that combines with a following N 
to give an NP, i.e., an NP/N. 



Prepositions 

• Preposition: word that combines with a 
following NP to give a PP, i.e., a PP/NP. 



Derivation 

 



Verbs 

 



CCG Categories 

 

 

 

 

 

• Basic building block. 

• Capture syntactic and semantic information 
jointly. 



CCG Categories 

 

 

 

 

 

• Basic building block. 

• Capture syntactic and semantic information 
jointly. 



CCG Categories 

 

 

 

 

 

• Primitive symbols: N, S, NP, ADJ and PP. 

• Syntactic combination operator (/,\). 

• Slashes specify argument order and direction. 



CCG Categories 

• λ-calculus expression. 

• Syntactic type maps to semantic type. 



CCG Lexical Entries 

 



CCG Lexical Entries 

 



CCG Lexicons 

 



Parsing with CCGs 

 



CCG Operations 
Application 

 

 

 

 

 

• Equivalent to function application 

• Two directions: forward and backward 

– Determined by slash direction 



Parsing with CCGs 

 



Parsing with CCGs 

 

Combine categories using operators 



Parsing with CCGs 

 

Combine categories using operators 



CCG Operations 
Composition 

 

• Equivalent to function composition 

• Two directions: forward and backward 



Querying Databases 

 

[Zettlemoyer and Collins 2005] 



Querying Databases 

 



Querying Databases 
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Querying Databases 

 



Querying Databases 

 



Referring to DB Entities 

 



Noun Phrases 

 In this context 



Noun Phrases 

 



Verb Relations 

 



Verb Relations 

 



Nouns 

 



Nouns 

 



Nouns 

 



Prepositions 

 



Prepositions 

 



Prepositions 

 



Function Words 

 



Function Words 

 



Definite Determiners 

 



Definite Determiners 

 



Definite Determiners 

 



Definite Determiners 

 



Definite Determiners 

 



Indefinite Determiners 

 

[Steedman 2011; Artzi and Zettlemoyer 2013b] 



Superlatives 

 



Superlatives 

 



Superlatives 

 



Superlatives 

 



Representing Questions 

 



Representing Questions 

 



Representing Questions 

 



Spatial and Instructional Language 

 



Neo-Davidsonian Event 
Semantics 

• Vincent shot Marvin in the car accidentally 

[Parsons 1990] 



Summary 

• The connection between language, sets and 
logic 

 

• Semantic Parsing 

 

• Combinatory Categorial Grammars (CCGs) 

 

• How to query KBs using NL 
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