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HIGHER-ORDER CALL-BY-VALU
LANGUAGES WITH STATE
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x € {HOSC, GOSC, HOS, GOS}

My =7 M,

M, Ms cannot be distinguished by x-contexts.




A IE SEMANTICE

* Interaction modelled as an exchange of moves
between two players (O-context, P-term)

» Constraints on contexts can be expressed as
restrictions on the shape of play for O-moves.



Results from the 1990s: Abramsky, Jagadeesan,
Malacaria, Hyland, Ong, Laird, Honda, McCusker
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CONSTRAINTS ON O-PLAY

+ O-visibility (violation)
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» O-bracketing (violation)
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LTS-BAS

D ACCOUNT

Theorem (Jaber, M. (ESOP’21)). Let Try(M) be the set of traces
generated by M in Ly, where x € {HOSC, GOSC, HOS, GOS}.

M1 - M2 if and only if TI'X(Ml) — TI'X(MQ)



(04)

(0Q)

<M7C777¢7h7HF7HC> _1_> <Nac,777¢7h/7HF7HC>
when (M, c,h) — (N, h')
c(A)

<V76777¢7h7HF7HC> e <7'7/7¢&JV(A>7h7HF7HC7F;AL-UV(A)7C])§A>
when ¢ : o, (A,7") € AVal, (V)

f(A,c
<K[fV],C,’}/, ¢7 ha }IFU}IC>M> <’7 ] ,7/ ) [C/ e (K7 C)],th’ﬂ qb/ahaHFaHC?Fl}éQ & V(A>7C]}-§’Q & {C/})>
when f:0 — o', (A,7') € AVal,(V), ¢ : ¢/ and ¢/ = v(A) W {c'}

(v, ¢, b, Hp, Ho, Fn, Cn) 2% (K[A], ¢, v, 6w v(A), b, Hr - [V(A) = Fnl, Ho - [V(A) = Cn])

(
when c € Cn, c: 0, A: o, v(c) = (K,
(

C
<77 ¢7 haHFaHC'7Fn7 Cn> ﬂi) VA7C7’V7¢H-J¢/7h7 Hp - [¢/ = Fn]a HC ’ [¢/ = Cn]>

when f € Fn, f:0 =0, A:0,c:0',v(f) =V and ¢' = v(A) W {c}



LTS INSTANTIATION
X Fpa CPa FJ}D(Q C}{’Q
HOSC | ¢pr | opc OpF dpc
GOSC | Hr(c) | He(e) | He(f) | Ho(f)
HOS | ¢pr | He(c) | opr 0
GOS | Hp(c) | Ho(c) | Hr(f) | ©




TOWARDS K
-ORM BIS

RIPKE NORMAL-

MULATIONS

« The LTS can be used off the shelf prove equivalences via

trace equivalence and bisimilarity.

- To achieve robustness, we will employ a combination of
Kripke-style reasoning about heap Invariants (Pitts, Stark,
Ahmed, Dreyer, Rossberg, Neis, Birkedal) and normal-form/

open bisimulations (Sangiorgi, Stovring, Lassen, Levy, ...).

+ Uniform treatment of all four languages.



WORLD TRANSITION
Rl mid i

Definition. A world transition system (WTS) A is a triple
(Worlds, Eqq, Egas L), where Worlds is a set of states (worlds), Eqq.
Coa are binary reflexive relations on Worlds, and Z : Worlds —
P(Heap x Heap) is the invariant assignment that associates a set
of pairs of heaps to any world.

Two accessibility relations
e w Cyq w': functions available to O in w are available in w'

e w4, w' continuations available to O in w are available in w’



) B & X X X
A-KNFB: (VX, K%, %)
° (Vl,VQ,w,H) c Vi
Vw' J5q w. VA, ¢ (fresh). (V1A ¢, VoA, c,w', H[v(A),c— w']) € £}

o (Ki,c1, K5, c0,w,H) € K¥
Vw' JGa w. VA (fresh). (K;[A], ¢1, K3[A], eo,w', H[V(A) — w']) € EX

> (M17617M27627w77'[> c (c/’jfl
\v/(hlah2) c I(w) PDiv V PPA \/PPQ



(My,c1,h) v A (Mg, ca, he)

3%7‘/2767 h/17h/27w/'

(M, c1,h) —=* (Vi,c,hy) N (Ma,co, ho) = (Va,c, hy) A
(hy, hY) e Z(w') A (Vi, Vo, w', H) € Vi A

(w,H) C* w'

ElKla‘/laK%‘/Q)C,pC/Qaf) w/'

(My, 1, hy) =" (K[ fVa], ¢, hy) A (Ma, co, ho) —* (Ko fVa], ¢y, h5) A
(hy, hY) e Z(w') AN (Vi, Vo, w',H) € Vi N (Ky,c), Ko, ch,w', H) € KX A
(w,H) EF v’



L% and L%
X Fpy PA FJ’DCQ 1}-5)@

HOSC | ¢pr | ¢@prc OpPF ¢pc

GOSC | Hp(c) | He(e) | Hr(f) | He(f)

HOS | ¢pr | Hc(c) | ¢pF )

GOS | Hr(c) | Hc(c) | Hr(f) | 0

X (w,?—[) Lo (w, H) CF w'

HOSC w C Qw iy gy, @it wEOQw’/\wEOAw’
SO @m0 H(O oL v | H) Eooll i =
HOS w Egq W’ /\H() L w Egq w'
GOS | H(c) Egq w' A H(c) Ega v’ H(f) Eoq W'




FULL ABSTRACTION




Comparison with Kripke logical relations:
B Neis, Dirkedal (ICFP' [0, JFP 201 2)




SUMMARY




