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The nu-calculus

Types Terms



   

The nu-calculus

Types Terms

Variables 
 
Names

name binder

variable binder

 free names:



   

Some typing rules



   

Reduction

●  S and S' are finite subsets of

●

●  t and t' are general (open) terms
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Evaluation and contextual equivalence

● Thm:  Reduction is SN to UNF modulo fresh names.

● Evaluation: 



   

Evaluation and contextual equivalence

● Thm:  Reduction is SN to UNF modulo fresh names.

● Evaluation: 

● for all closing contexts 



   

Sample (in)equivalences



   

Sample (in)equivalences



   

Proofs of (6)

● [Stark'94]: via Predicated Logical Relations

● [AGMOS'04]: Nominal Game Semantics

● [Benton&Koutavas'08]: Environmental Bisimulations
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Logical Relations

● Define spans: 
● Extend to:  



   

Logical Relations

● Define spans: 
● Extend to:  



   

Logical Relations

● Define spans: 
● Extend to:  



   

Complete at order 1

● For all T:

● For T of order 1 the converse holds too.



   

Predicated Logical relations

● Augmented spans:



   

Predicated Logical relations

● Augmented spans:



   

Proof of (6)

● For all T:

● Take
 

with



   

Proof of (6)

● For all T:

● Take
 

with

●

●  



   

~~

 
●  Simple robust method
●  Logical relations are derivable from spans

●  Complete only up to order 1 
●  Predicated version good for (6); ow?



   

AGMOS' Proof



   

Game Semantics with Names

Computation is a game between P and O 



   

Game Semantics with Names

● For each     construct a category of games       :

 

strategy arena

Computation is a game between P and O 



   

Game Semantics with Names

● For each     construct a category of games       :

●

 

strategy arena

Computation is a game between P and O 
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Examples

●

●



   

Full Abstraction

● Define semantic equivalence:

●



   

Proof of (6)

●



   

Proof of (6)

●

●



   

Proof of (6) (II)

● Recursive calls?



   

Proof of (6) (II)

● Recursive calls?

● Lemma: For any                                                     ,

                                                                                 .



   

Proof of (6) (II)

● Recursive calls?

● Lemma: For any                                                     ,

                                                                                 .

● Apply to:
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●  Full abstraction
●  Strategies derived from the syntax compositionally

●  Checking semantic equivalence not generally easy



   

Benton & Koutavas' proof



   

Benton & Koutavas' proof



   

Annotated relations

● Define annotated relations:

with 

●



   

Adequate Bisimulations Sets

● Examine sets       of annotated relations

●



   

Completeness

● Define flattening:

●



   

Proof of (6)
●



   

Check first rule



   

Check first rule

● Suppose 
● wlog:



   

Check first rule

● Suppose 
● wlog:

● Then

and 



   

Check second rule

● Suppose 
● wlog:



   

Check second rule

● Suppose 
● wlog:

● Then

● show:



   

Check second rule (II)

● Show:

● Note
● so:



   

Check second rule (II)

● Show:

● Note
● so:
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●  A complete method
●  Proofs can be checked

●  Bisimulation set needs to be guessed
●  Showing adequacy is not automatic



   

Last slide

● Several methods for contextual equivalence
● The language is simply difficult



   

Last slide

● Several methods for contextual equivalence
● The language is simply difficult

(is equivalence decidable?)

● Logical relations / bisimulations on strategies?
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