FIRST SIMULATION (SOUNDNESS)

1 First simulation (soundness)

1.1 Syntax

1.1.1 Index, indices and tables

%datatype index
Y%name index n «

n == 0
| n+1

%datatype wvector
Y%name vector I

I == ]
| nuZ

%datatype table
Y%oname table I,

I, == 1]
| Z:Z,

1.1.2 Term

%datatype term
Y%name term t

t = n
| t1to
| At
| catcht
| throwat

Remark. Syntax of safe A.i-terms:

t = n
| t1to
| At
| get-contextt
| set-context ot

1.2 Subtraction
%judgment n; - n,=ns
ny—0=mn, [minus;]
(n1+1) = (ng+1) =ng ™2l yhen ny = ny=ns

%mode +n;— +ng=-n3

%worlds () ni1—ns=ns



2 SECTION 2

%terminates (n1) ni-—na=ns
%unique +n; -~ +ns=-—1ng

%lemma Vn:indexr - n-—n=0 [minusid]

%lemma n; - (ng+1)=n3 = n3-ng=(ng+1) [minussuc

%lemma ni—ng=n3 = N1-—N3="nN9 [minus-swap)

1.2.1 Fetch (indices)
%judgment Z(ni)=ns

(n:7)(0)=n [fetchi]
(n::T)(ny+ 1) =ny TN yhen  T(ng)=ny
Y%mode +Z(+n1)=-ng
%worlds () Z(n1)=na
Y%terminates n; Z(ni)=ns
Y%unique +Z(4+n1)=—1ns
1.2.2 Fetch (table)
%judgment Z,(n)=T

(Z:7,)(0)=T [tetens]

fet ch?” ]

(I'::IM)(a—i—l):I[ when T,(a)=1

%mode +7 ( a)=-T
Y%worlds () Z,(a)=T
%terminates o« Z (a) z
Younique +7,(+a)=

1.2.3 Compute
%judgment n; —Z(ny)=ns

n=I(l)=glomeutel yhen T()=k, n-k=g

%mode +nj— +Z(+ng2)=—n3
%worlds () ny—=Z(ng)=ns3
%terminates {} n;—Z(n2)=ns
%unique +nj - +Z(+n2)=—1ns

2 Safe A -terms

2.1 Safety
%judgment neZ

(7’L . I) [memberi]

ne(n':7) [membera] yyhen pel
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%mode +ne+T
%worlds () neZl
%terminates Z neZl

%lemma I(n) —k = ke7 [target]

%judgment Safe®"x(t)

SafeZ Tu(g) afei]  when n-g=k, kel

SafeZ Lu(tu) [safe2]  yhen SafeI’Z“(t), Safeg’z“(u)
SafeI Lu(t) Bsafes]  yhen  Safe n”++11 DZu(t)

Safe, L. Zu(catch t) [safea]  yyhen Safeg (T I“)(t)

SafeI Lu(throw at) [safes]  1yhen Z,(a)=T', Safe i'vIu(t)

%mode Safe Il tTr(+t)
%worlds () Safelx(t)

%terminates t SafelTn(t)

2.2 From local indices to global indices
%judgment |27 (1) =t,

Y%mode ¢+I () = —
%worlds () |- I“( t)=
%terminates t Ve )

%unique ¢+I Fou(41) flt’

%lemma i,g’zu(t) =t = Saf@i’z“(t/) [{-safe]

2.3 Examples

1 = 041
2 = 1+1.
3 = 241
%solve _ : Safe B]’H()\catch A(0 (throw 01)))

Remark. This example fails as expected:

=Uu

in T = I when n=Z()=g

ﬁfﬂ(tu) =t'u' Vol when |n(8)=t!, |27 (u)
VETe () = At/ R R (3
|E7r(get-context t) = catch t/ b4 when ¢£’(I: L4y =¢/

1521 (set-context a t) =throw ot/ M5l when Zy(a)=T", ¢g/’z“(t) =t

/



Y%solve _ Safeg]’[]()\catch)\(l(throwOO)))

%solve

%solve dy ¢[0]’H()\get-context A(1 (set-context 00))) = Acatch A(1 (throw 0 1))

%solve

dy =

2.4 Closure, environment and stack

E]’[](Aget-context A(1 (set-context 00))) = Acatch A\(1 (throw 0 1))

D, [{-safe]

%datatype clos Y%name
%datatype c-env Y%name
%datatype k-env  %mname
%datatype stack  Y%name
c u= (t,&,€&)
E == ()
| (&€)
Ew = ()
| (S Eu)
S ==
| ¢S
%datatype state
Y%name state o
o = (t,£,E4S)

2.5 Judgments

2.5.1 Fetch a closure

%judgment E(n)=c

(c;€)(0) = e fetet]

clos ¢
c-env &
k-env &,
stack S

(¢;E)(n+1)=clletehal  yhen E(n)=c

Y%mode +E&(4+n)=—c
Y%worlds () &(n)=c
%terminates &£ &(n

)=c

Y%unique +&(+n)=-1c¢

2.5.2 Fetch a stack

%judgment E,(n)=3S

(S5£,)(0) =& lfetehi]

(8 E)(n+1) =8 letbsl yhen  €,(n)

Y%mode +E&,(+n)=—
Y%oworlds () Eu(n)=

S
S

%terminates &, E,(n)=S8
Y%ounique +E&,(+n)=-1S8
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2.5.3 Evaluation rules

%judgment o1~ 0o

(k,E,Eu,8)~(t,E,E,,S) levarl  yhen (k) = (t,£, L)
(tu),&,Eu,8) > (t,E,Ep, (u,E,E) 2 S) [k-app]

(A, E,E,c:8)~ (t,(6E),E, S) [k-abs]

(catcht,E,E,,8) ~ (t,£,(S;E,),S) lkeateh]
(throwat,£,£,,8)~ (,€,£,,8") [lethrow]  yyhen Eula) =8’

Y%mode o0y~ —0y
%worlds () o1~ 09
%unique 401~ —109

2.6 Abstract machine for safe A -terms (with indirection tables)

2.6.1 Syntax

%datatype clos

%datatype c-env
%datatype k-env
%datatype stack
Y%name clos ¢

%name c-env &
%name k-env &,

%name stack S

¢ u= (t,n,I,IM,g,gu)
¢ om0
| (&€)
gu = ()
| (S‘;E‘H)
S u=
| é=S

%datatype state
Y%name state o

0‘~ = <t77’L,I,IM,(€,(€H,S~>

2.6.2 Fetch a closure
%judgment & (n)=¢

(¢;

é ~)(0) —é [i-fetchq]
(¢ 5)(7”0 +1)=¢ [ifetchal o)pep g(n) =é

%mode +E&(4+n)=—¢
Y%worlds () E(n)=¢
%terminates & &(n)=¢



%unique +&(+n)=—1¢

2.6.3 Fetch a stack
%judgment E,(n)=S

(S )( ) _ S [i-fetchf]

m
(8"5E,)(n+1) =8 fthsl yhen £,(n)=8

%mode +&,(+n)=—
Y%worlds () £,(n)=

%terminates &, &,(n)=S
Y%unique +E,(+n)=—18

3 Evaluation rules
%judgment & ~ &9

(U,n,T,L,,E,E.,,8)~ (t,n', 7,1, E,,S) vl

s s
when n=ZI()=g, 5(9) (tn Il,I;/ug 5)
<(tu),n,z,zﬂ,é7£‘w$‘>w(t,n,I,Iﬂ,E,E#,(u,n,I,Iﬂ,fj,g#)::3>[i‘app]

M1, T, T, E,E,E:8)~ (t,n+1,(n+1:1),Z,,(6E),E,,S) b

(get-context ¢, n,I,Iﬂ,g,gW‘ﬂ ~ (t,n,Z,(Z:1,), g, (37 gu)7(§> [i-catch]

(set-context at,n,Z,Z,,¢&, 1“
when Ty(a)=T', Eua)=8

> (t,n, 7", Z,,E,E,,S ) lithrow]

Y%mode +o0q~ —09
%worlds () o1~ 09
%unique 401~ —109

4 Translation

%judgment ¢*=c
%judgment S*=S
%judgment E£*=&
%judgment E£,*=¢&,

(tanvzaIHa‘cj?gu) (U 5 g )[Clos when \Lg’zu(t):ua 5*257 gu*:gﬂ
H* [] [stacky]

( )—c::S[StaCkﬁ] when é*=c, S*=8

()*: () [crenvi]
(& E) =(c;E) il when ér=c, E*=€

(SQSM)*:(S;EM)DWHVE] when S§*=S§, fu*:f,‘“
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%mode
+c*=—c
+8*=-8
+E =-£
+E =—E,

Y%worlds ()
c*=c

S =8
x=¢

Ony Oy

*
|

W=Eu

%terminates (5 S & (‘fu)

c*=c
S*=S
Er=¢
Er=E,
Y%unique
+cr=—-1c
+8*=-18
+&*=-1&
+Er=—1E,
%judgment &*=c¢

o
t,n, T, T, &, €0, S) = (1, E,E,,S) BT when (t,n,Z,Z,,8,6,)" = (u,E,E,), S*=8

%mode +6*=-0
%worlds () 7*=0
%unique +5*=-1o

5 Soundness
%olemma E*=E A En)=¢ = & =c A Em)=c for somec [etchsound

%lemma &, =&, A Efa)=S = S§*'=S A Ea)=S for someS [eteh!sound]

* [soundness]

Y%theorem &1~dy A 61*=01 = o1~03 A 02*=09 for some oa



