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Game semantics: from PCF to ML

Full Abstraction for PCF (early 90's)

Games for variants of Idealized Algol

 Non-determinism, exceptions, probability,
concurrency, polymorphism, ...

Nominal game semantics (2004-)

* Use names for dynamic resource generation
— fragments of ML, CML, C, now Java



The need for names

References as pairs:

ref int = (unit — int) x
(1nt — unit)

— (1-2)x(Z—-1)

* Theoretically attractive

e but: mkvar(R,H), allR, H
(bad variables)




The need for names

References as pairs: References as names:

ref int = (unit — int) x

(int — unit) ref int = base type

— (1>Z)x(Z—1) — A (reference names)

* Notion of resource (name):

* Theoretically attractive :
e atomic values

e but: mkvar(R, H), allR, H « infinitely many
(bad variables) « comparable for equality




GOOD-VARIABLE SOLUTIONS
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Interface Middleweight Java (IMJ)

interface ident.
Types 6@ ::= void | int | 7 field identifiers

Interface definitions method identif.

® = 0| (F:0),0] (m:0-0)06

Interface tables

A= 0| (7:0),A]| (I{I):0)A

Object calculus based on MJ [Bierman, Parkinson, Pitts]
* Objects, inheritance, casting, interfaces



Interface Middleweight Java (IMJ)

Terms
M:=skip| n|lnul|x|i| MM |ifMMM

| letx=MinM | M=M | (I)M

| new(x: M) | MF | MF=M | Mm(M)

Method implementations B
M:=¢ | (m: x.M),M

Object calculus based on MJ [Bierman, Parkinson, Pitts]
* Objects, inheritance, casting, interfaces



IMJ example™

let u = new(VarEmp) In
new( M;) :Cell

. get: M). w.val,

set: Ay. u.val =y

A = Empty: Q,
Cell: (get: void — Empty,
set: Empty — void),
Var, (val: Empty),
Var, : (val: int)




IMJ example™

A = Empty: Q,
: _ : Cell: (get: void — Empty,
M;: let u=new(Var, )in St Bty — vt
new(M;) :Cell Var,_: (val: Empty),
M, : get: A(). u.val, Var,;: (val: int)
set: Ay. u.val =y
M, : let b=new(Var, )in M, : get: A). if b.val

et u; =new(Var_ ) in

et u, = new(VarEmp) Ip
new( M,) : Cell

then b.val :=0; u;.val

else b.val :=1; u,.val,
set: Ay. u,.val :=y;
uxval .=y

* Koutavas & Wand, 2007



Game Semantics

Computation is modelled as a 2-player game between:
* Opponent (the environment, )

* Proponent (the program, /)

Qualitative games ( # Game Theory)
Computations = plays of a specified game
Programs = strategies for

Strategy composition — categories of games



Plays, strategies
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Plays : sequences of moves-with-store
call n.set(12) @~ IntCel val=s) =

Strategies : sets of plays

moves have polarities (O/P), which alternate
P calls methods of O, and viceversa; dually for returns

calls and returns obey the object interfaces
strategies are closed wrt to O-name subtyping




IMJ example: game semantics

M;: let u=new(Var, )in
new(M;) :Cell

M,: get: A). u.val,
set: Ay. u.val =y

A = Empty: Q,
Cell: (get: void — Empty,
set: Empty — void),
Var_ (val: Empty),
Var, : (val: int)

[M;] = = n=0

2;={nw—(Cel,®)} U{nm Empty9), ] =j=i}



IMJ example: game semantics

M;: let u=new(Var, )in
new(M;) :Cell

M,: get: A). u.val,
set: Ay. u.val =y

A = Empty: Q,
Cell: (get: void — Empty,
set: Empty — void),
Var_ (val: Empty),
Var, : (val: int)

[M,] = * n*° (call n.get()=? ret n.get(nul)=? )*

2;={nw—(Cel,®)} U{nm Empty9), ] =j=i}



IMJ example: game semantics

M;: let u=new(Var, )in
new(M;) :Cell

M,: get: A). u.val,
set: Ay. u.val =y

A = Empty: Q,
Cell: (get: void — Empty,
set: Empty — void),
Var_ (val: Empty),
Var, : (val: int)

[M,] = * n*° (call n.get()=? ret n.get(nul)=? )*

call n.set(n;)*! ret n.set()=

2;={nw—(Cel,®)} U{nm Empty,®), ] =j=<i}



IMJ example: game semantics

M;: let u=new(Var, )in
new(M;) :Cell

M,: get: A). u.val,
set: Ay. u.val =y

A = Empty: Q,
Cell: (get: void — Empty,
set: Empty — void),
Var_ (val: Empty),
Var, : (val: int)

[M,] = = n =<0 (Calln.get()ZO retn.get(nul)zo )*
call n.set(n;)*! ret n.set()=
(call n.get()*! ret n.get(n;)=! )*

2;={nw—(Cel,®)} U{nm Empty,®), ] =j=<i}



IMJ example: game semantics

M;: let u=new(Var, )in
new(M;) :Cell

M,: get: A). u.val,
set: Ay. u.val =y

A = Empty: Q,
Cell: (get: void — Empty,
set: Empty — void),
Var_ (val: Empty),
Var, : (val: int)

[M,] = * n=° (call n.get()=? ret n.get(nul)=?)*
call n.set(n,;)=! ret n.set()=
(call n.get()*! ret n.get(n;)=!)*
call n.set(n,)=? ret n.set()=2 ...

2;={nw—(Cel,®)} U{nm Empty,®), ] =j=<i}



IMJ example: game semantics

M, : let b=new(Var, ) in M, . get: A).if b.val
et u; = new(Var,, ) in then b.val :=0; u,.val
et u, = new(VarEmp) in else b.val .= 1; u.val,
new( M, ) : Cell set: Ay. u;.val :==y;
uzval ==y

[M,] = * n=° (call n.get()=? ret n.get(nul)=?)*
call n.set(n;)*! ret n.set()=

(call n.get()=! ret n.get(n;)=!)*
call n.set(n,)*? retn.set()=2 ... = [M,]

2;={nw—(Cel,®)} U{nm Empty9), ] =j=i}




Full abbstraction for IMJ

Lemma. The game model is sound
Lemma. Every Finitary strategy is IMJ-definable

Theorem. The game model is fully abstract

PCP' < [P]C[P]




Related work on objects

TAOOP'94

Domain models
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e recursive definitions (datatypes and methods)

e storage of method-carrying objects in fields

e “higher-order” types
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HIGHER-ORDER TYPES
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AUTOMATA THEORY o
OVER INFINITE ALPHABETS | ™

n]_ # n2 « o o o o o n/’"
e RA
language equivalence (det) co-NP-complete [LICS’15]
bisimilarity PSPACE-complete [LICS’15]
e PDRA
emptiness EXPTIME-complete |[MFCS’14
bisimilarity undecidable LICS’15]
HO emptiness wundecidable MFCS’14
e FPDRA

emptiness FEXPTIME-complete [ICALP’12, MFCS’14]



CONEQCT (ATVA'I 5)

f IMJA Compiler h f FPDRA Builder A ( \
Input

( \ FPDRA
Automaton
IMJA
IMJ* terms Automata I
9 Automaton \ FPDRA P——
\. 4 Generator \. / Converter Reachability
U ) Checker

—\

IMJ2A
Converter

Canonical form
Converter

- 4
& J

[POPL14] IMFCS’14] ICALP’12)
[ATVA’15] [ATVA’15] IMFCS’14]

Andrzej S. Murawski, Steven J. Ramsay, Nikos Tzevelekos: A Contextual Equivalence
Checker for IMJ *. ATVA 2015: 234-240
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