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ML-LIK

e Creation

e Assignment

e Dereferencing

e Equality
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OCAML SESSION

Ground storage '

# let rO=ref(());;
el O mit ref = {contents = (F

# let ri=ref(3);;
Gl i e f = {contents = 3F

Reference storage

# let r2=ref(rl);;
Ao int ref ref = {contents = {contents =i
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MORE OCAML

Higher-order storage

Sl s —ret (fun (x:int ref) —> x—nl)

val r3 : (int ref -> bool) ref

# (1r3)(rl1);;
- : bool = true

5 (CaeE)) (e (Ehhias
- : bool = false

AR ———

= {contents = <fun>}
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Mg —  unit | int | refd [ RS




i €7 a € (unAy)
u, ' = () : unit u, ' 4 :int u,I'~a:retd

(x:0) el u,I' = M : int u, ' = My : int
U= : O u, ' = My & My :int

gl int u. TE Ny : 0 o, s
u, ' = if M then Ny else Ny : 6

u, ' M :ref 0 u, ' =M :refl0  u, Bz NEIE

a0 = WA 5 u, ' M :=N :unit
v I = e u, ' = M :retf  u, Fiz NoSrele
u, ' refg(M) : ref 0 T IS = 1Y : it

RNV 0 0 o FF N9 u, B0l
an, T = AR £ O w, TN’ M:0—>¢

Fig. 1. Syntax of RefML.




- XPRESSIVITY

B miVeroerice

let y = refunit—unit(- -+ ) in
g o= Qe gl

* Recursion

)\f(91—>92)—>(91—>92).|ety — ref91_>92(. ! ) in
yi= O (e

Qlbiccts, aspects, ...




SEMANTICS

I' - M;:0and I' = M : 0 are equivalent
if and only if
they are not distinguishable by any context.

For all contexts C[—] such that F C[M;], C|M-)]
C|M] || if and only if C[Ms] .

Full Abstraction
&= M1 = M2 if and only if [[F s Ml]] — [[F - MQ]]




REYNOLDS APPROACH

ref = (unit — ) x (6 — unit)

Issues

* Disconnect between reads and writes.

 Reading and writing can produce unrestricted side-effects.




LACK OF FULL A

35 TRACTION

Some basic equivalences are not validated by the model.
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NOMINAL GAM

-MANTICS

|[ref (9]] — A@




-MANTICS

[ 11
U

GAM

<+ Models programs as strategies in games between programs
and potential contexts.

/N 7\ i

q1 q2 05 q2 qs3 q2 15 135
O = O 2 O /B O P

< The plays can be viewed as an abstracted account of
interaction (“‘only observable behaviour is revealed™).




SOME NOMINAL PLAYS

f :refint — unit F  letn = refin(0)in (fn);n : refint
f :refint — unit = letng = ref;,:(0) in

let no = refin(0) in
(fn1); (ne :=!n1);ng : refint

*/n(n,O)—*(n,k) n(n,k) . ngnh())—*(nl,k) ngnhk),(ng,k)




MOVES WITH STORE

mZ

What is the content of X7 Pairs (¢, ---) of four kinds.

(’no, *) (nl, 3) (ng, 711) (ng, *)

cf. OCAML interpreter

# let r=ref (fun (x:int) -> x);;
val r : (int -> int) ref = {contents = <fun>}




HIGHER-ORDER STOR

* We cannot reveal higher-order values in the store. This would
jeopardize full abstraction!

* The properties of stored values will be revealed during play
thanks to the use of special pointers to the store (in previous
game models, pointers could only point at other moves).

m(afkf:\n()
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R STOR

x : ref (int — int) F 1z : int — int

a(a,* 7‘((a,*) 1(a,*) 1(a,*) S(a,*) 3(0,,*)

z : ref (int — int) - AR™.(12)h : int — int

a(a,*) 7‘((a,,*) 1(&,*7\1(0,,*) 3(0,,*) S(a,*)
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POSITION

Giveno: A— Band7: B — C,
the strategy o;7: A — C is defined to be

(o llg 7) \ B.

The two strategies play each other in 5.




REFIN

D COMPOSITICHS

What if one strategy accesses a location
that the other has no access to! Copycat!
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* Sequences of moves with store that point to
other moves or stores of other moves.

» Composition is parallel composition with
copying plus hiding.

I' - M; &2 M, if and only if

N

IT

- M) = [ F Ms]
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LICS'07

Full abstr action fOr nomina gener q] references
Nikos Tzev elekos
Oxford University Computing Laboratory

AbStl‘aCt yariables jead to UOW anted pehaviors an

of equality tests for references:
semantics has been yused with conszderable SUC- In this papet we obtain the first full—ak
o e fully abstract semantics for languages a staticall _scoped languag® with gener
. 1. cange Of computa- yariables and reference—equality tests, |
! flects the practice of real programminy
n alternative (nom'me
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* Connections with LTS semantics

[Jeffrey & Rathke, LICS99]

[Laird, ICALP

07]

* Polymorphism and recursive types

* Algorithmic game semantics




