(I[) The relationship between <,. and contextual equivalence

For all types ty, finite sets w of locations, and programs
e1,e2 € Progty (w)

e1 <ctx e2:ty iff e1 <;q, €2:ty
where id,, € Rel(w, w) is the identity state-relation for w:

idy = { (s,8) | s € St(w) }.

Hence e and ez are contextually equivalent iff both ey <;4, €2 :

and es <;4., €1 : ly.
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( :[) The simulation property of <,.

To prove e1 <,. es : ty, it suffices to show that whenever

(s1,82) €T

/

S1,€1 = V1, Sy
then there exists 7/ > r and va, 3’2 such that
/

S2y€2 = V2, S,

(s1,85) € 7'

and v1 <,s vy : ty.

This uses the notion of extension of state-relations:
r’ > 7 |holds iff r’ = r & 1’/ for some r’’—see Definition 5.1.
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( ) The extensionality properties of <,. on canonical forms

e Forty € {bool,int,unit}, v1 <, va: tyiff v1 = va.

e v1 <, vo:intrefiff lvy <, 'vg:intandforalln € Z,
(v1 :=n) <, (v2 :=n) : unit.

o V1 <, v2:ty, *ty,yifffst vy <, fst vy : ty, and
snd v1 <, snd v2 : ty,.

o v <, Vo : ty, —> ty, iffforall ¥’ > r and all v/, v/
> =~ Y1 Yo 1° Y2

/ /. ’ /.
V] Spr Vg ity D 0107 Spr V2 Vg 8 EY,

-The last property is characteristic of (Kripke) logical relations (Plotkin 1973;
O’Hearn and Riecke 1995).

20

Tre obvieus S\Nmkgta/ :

5] —takw (T) o e dWhinton o} <, om
X PRSSINS v M J(Sf S, N nont Ll 'ﬁm‘ns

~d141‘m < N W ovicad ~ormng loy, indin i o
on W Stuctwre o Types, USV. (ID
Bu dmis definton & < fals fo sohisfy, (
Q(Dmloalla\w.

\




. a larger one
(]}l)e relation 9

is a with better
i ntggs?;% in retract of structural
properties.
I ¢ N
\/
States
States X
X C Frame Stacks
Programs _ X
Programs
(s,e)l <S,Id,€>

(s, Fsle]) ~ (s, Fs,e)

17

own —

\ijbﬁc\)b\/iws S’kagta/ ;
—uge <8, 55,0058 T e opeabioved
Somantics st c\f€ S,e >V, ¢

— w < ame stadks os el
%@xpm&’{vﬁ? Sffcmvxw\{covk AJoms




(11) Log:'cal simulabion relabion
for all words @, 1, , Shode- redahons re Ral(w, ;)
e ypes '%4/‘ e define

0 < < Pvn%(f(w\)x PW%(WL)
&) W(B(ﬂ c M*Y(N')XSM{}}(W”>
\3) \/U‘L? () ¢ \/O\L{y/(w\) X Vafléf ((,J&)

(1) nd i s ot (2) ol ‘ imultaneous
(ﬂ%ﬂv\% n %3(33 }fr "y 1 *
¢ 3) deh i M o S ol

's simmuw\gy) ) (S]t 127/ (o

Definition of the logical simulation relation

er <rez:ty =
Vr! > r, (s, s5) € v’y (Fs1, Fsz2) € Stacky, (r').
(sh y Fs1,e1)\y D (85, Fsa, e2)\y
where
(Fs1, Fsa) € Stacksy, (r') =
vr' >, (s7,85) € r", (v1,v2) € Valy (r").
(87 5 Fs1,v1)\¢ D (8 5 Fsa, v2)\y

and where Valy, (7") is defined in terms of — <,.» — : ty by
induction on the structure of ty Qg %vnow $...
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( ﬂ) The extensionality properties of <,. on canonical forms

e Forty € {bool,int,unit}, v1 <, va: tyiff v1 = va.

e v1 <, vy :intrefiff lv; <, !'vg:intandforaln € Z,
(v1 :=n) <, (v2 :=n) : unit.

o V1 <, v2:ty, *ty,yifffst vy <, fst vy : ty, and
snd v1 <, snd v2 : ty,.

o vy <, vy ty —> ty,ififorall v’ > 7 and all v, vy
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The last property is characteristic of (Kripke) logical relations (Plotkin 1973;
O’Hearn and Riecke 1995).
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( I) The simulation property of <,.

To prove e1 <, es : ty, it suffices to show that whenever

{(31, S2) ET

/

S1,€1 = V1, Sy

then there exists 7’ > r and v3, s} such that
/

{323 €2 = V2, S,

(s1,82) € 7/

and v1 <, va : ty.

This uses the notion of extension of state-relations:
r’ > r holdsiff v’ = r ® 7"’ for some r’’—see Definition 5.1.
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(W\ The relationship between <,. and contextual equivalence

For all types ty, finite sets w of locations, and programs
e1,e2 € Progty (w)

e1 <ctx e2:ty iff e1 <;q, €2:ty
where id,, € Rel(w, w) is the identity state-relation for w:

idy = { (5,8) | s € St(w) }.

Hence e and ez are contextually equivalent iff both ey <;4. €2 : ty
and es <;4., €1 : ly.
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