SECOND SIMULATION (SOUNDNESS)

1 Second simulation (soundness)

1.1 Syntax

1.1.1 Index, indices and tables

%datatype index
%name index n

n == 0
| n+1

%datatype wvector
Y%name vector T

Z == ]
| n:Z

%datatype table
Y%oname table I,

Z, == ]
| I:1Z,

1.1.2 Term

%datatype term
Y%name term t

t = n
| tits
| At
| get-contextt
| set-context at

1.2 Subtraction
%judgment n; - no=mng3

1 [minus;]

ny—0=n

(n1+1) = (ng+1) =ng ™nuszl yhen

Y%mode +n;— +ng=-n3
%worlds () n;~no=ns
%terminates (n1) ni-—no=ns

Y%unique +n; -~ +ny=—1ng

%lemma VYn - n-n=0 [minusequals]

1.2.1 Fetch (indices)
%judgment Z(n;)=ns

nléngzng



2 SECTION 1

(n:7)(0)=n [fetchi)
(n:Z)(n1+1)=nq [fetchi]  y hen Z(n1) =ne

Y%mode +Z(+n1)=-ng
%worlds () Z(n1)=na
%terminates n; Z(ni)=ns
Y%unique +Z(4+n1)=—1ns

1.2.2 Fetch (table)

Y%judgment Z,(n)=1
(Z:7,)(0)=T [totens]
(II::IM) (a n 1) T [fetchzu]

%mode +7,(+a)=—
Y%oworlds () Z,(a)=
%terminates o Z,(a)=T
Younique +7,(+a)=

1.2.3 Compute
%judgment n; - Z(ny)=ns

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

Y%mode +ny— +Z(+n2)=—ng3
%worlds () n1=Z(ng)=ns
%terminates {} n;—Z(n2)=ns
Y%unique +n; =~ +Z(+n2)=—1ng

1.2.4 Closure, environment and stack

%datatype clos Y%name clos c
%datatype I-env %name l-env L
Y%datatype I-table  Y%mname I-table L,
%datatype k-env Y%oname k-env &,
%datatype stack Y%name stack S

c = (t,L,L,,E)
L == ()
| (L)
Ly == ()
| L;L,
En == ()
| (S584)
S u= |
| ¢S

%datatype state
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Y%name state o

o u= (t,L,Lu,ELS)

1.3 Judgments

1.3.1 Fetch a local closure

%judgment L(n)=c

(c:.£)(0) = et
(¢'; L) (n+1)=clfetehal  yhen L(n)=c
%mode +L(+n)=—c
Y%worlds () L(n)=c
Y%terminates L L(n)=c
Y%unique +L(+n)=—1c
1.3.2 Fetch a local environment

%judgment L, (n)=L

(65 £,)(0) = £ IFeens
(L5 L) (n+1) = bfetehalyhen £, (n)=L
%mode +L,(+n)=-L
Y%oworlds () Lu(n)=L

%terminates £, L,(n)=L
Younique +L,(+n)=-1L

1.3.3 Fetch a stack
%judgment E,(n)=3S

(856,)(0) = 5 et
(8% E)(n+1) =8 fetehd]l  yhen €,(n)=8
Y%omode +E,(+n)=-8
%oworlds () &,(n)=S8
%terminates &, E,(n)=S8
Yunique +E&,(+n)=-18
1.3.4 Evaluation rules

%judgment o~ oo

(ky L, Ly €y S) o (8, L1, L0, €, SY Y] when L(k)= (¢, L, £},,E]L)

<(ﬁu)’ £7 £N75H78> ~ <ﬁ; £7 £N75H7 (’LL, ,C, £M75u) ;;8) [k-app]

N L, L1ty €y 5:8) = (8 (65 £), Ly, € ) 1

(get-context t, L, L, E,,S)~ (t, L, (L; L), (S;E,),S) lecatehl

<Set-contextat,[,,ﬁmgl“3>w <ta£/a£ua5ua8/> [le-throw] when Eu(a):£/7 SM(Q)ZS/
%mode +01~ —03

Y%worlds () o1~ 02
Y%unique +o~ —10g



1.4 Abstract machine for safe A .-terms

1.4.1 Syntax

%datatype clos

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

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

%name stack S

c n= (t7naI7IM5g’gﬂ)

Oy
I
—
N~—

Oy
=
I
—

%datatype state
Y%name state &

G = <t,n,I,IM,5~,5~u,c§>

1.4.2 Fetch a closure
%judgment &€ (n)=¢

(&:8)(0) = & e
c

%mode +&(4+n)=—¢
Y%worlds () £(n)=¢

%terminates~ £ f:‘(n):
Y%unique +&(+n)=-1¢

1.4.3 Compute

%judgment g(nl “ng)=c

E(n k)= ¢ licomputerl] ypepn

%mode +&(4n - +k)=—¢

%worlds () E(n—k)=¢

%terminates {} E(n-k)=¢é

Y%unique +E&(+n - +k)=—1¢

1.4.4 Fetch a stack
%judgment E,(n) =8

)
(@5 E)(n—+1)=¢ lfetchal  yhen €(n)=

o,

™

SECTION 1



TRANSLATION

: #)(0) =S [i-fetch!’]
("€ )(n+1)=8 Ffetehil  yyhen E,(n)=8
%mode +&,(+n)=-S
%worlds () Eu(n)=S8
Y%terminates &, &,(n)=
Younique +E&,(+n)=-1S8

2 Evaluation rules
%judgment &1~ do

(1,n,I,L,,E,8,,8)~ (t,n', 1T, 1;,E" £, S) v
when n=I()=g, &(9)=(t,n",7",7,,E'E,)

<(tu)’n’I’Iu’g7gH5‘§> ~ <tan7I7Iu7675u7 (U,n,I,IH,(é;’gu) ::S~> [i-app]

<)‘tanaIaIuag;gu;6::t§>“"’<t,7’b+1 (n—|—1 I) ( fj) SN S> [i-abs]
<get-conteXtt’n7I’Iﬂ7g7gﬂ7S~> ~ <t,7’L,I, (I::I#)agv (Sag#)7$~> [i»catch]

(set-context at,n,Z,Z,,&,E,, ~> o (0, T T, €€, Sy irthrov]
when Z,(a)=1", é‘( ) =8

Y%mode +01~ —09
Y%worlds () o1~ 02
%unique 401~ —109

3 Translation

%judgment c°=c

%judgment S°=S

%judgment E£,°=&,

%judgment flattenn € T=L
%judgment map (flatten n 5) I,=L,

(t,n,I,Iu,g,gu)oz(t,ﬁ,ﬁu,gu)[CIOSO] when flattenn € T=L, map (ﬂattennfj)

Ho _ [] [stack$]

(6::5)020::8[“&01‘5] when é°=c, S°=S8

flatten n € =0 [Aatten:]
flattenn € (k=T) = (c; £) 4=l when E(n+k)=¢, ¢ =c, flattenn & I=L

map (flattenn €) [| = () [map1]

map (flatten n 5) (Z=Z,)=L;L, (map2]  yhen  flattenn € T=L, map (flatten n 5~) 7

Zp=Ly,

:EN



6

%mode
+c°=—c
+8°=-8
+ES° ==&

flatten +n +& +I~:—£
map (ﬂatten +n +5) +1,=—-L,

Y%worlds ()
c’=c
s
guO: En
flattenn € I=L
map (ﬂatten n é‘) Z,=L,

Remark. To do.

%terminates (¢ S f:'u 71,)
c®=c

s='s

EL=E,

flattenn E IT="L

map (flatten n’ 5/) I,=L,

%unique
+c=—lc
+8°=-18
+&°=—1E&,

flatten +n +& +I1=-1L
map (ﬂatten +n +5) +1,=-1L,

%judgment &°=o

G
1, T, T, £, €0, S) =t L, Ly, Eu, S) BT when (t,n,T,1,,E,8,)° =1L, L4, E), S°

Y%mode +5°=-—0
%worlds () ¢°=0
%unique +5°=-10

4 Soundness

%lemma n-k=g = (n+1)-k=g+1

%lemma V&' - flattenn € T=L = flatten (n+1) (¢';E) T=L [veakenflatten]

%lemma V&' - map (flatten n 5) I, = L,
Eu [weaken-map]

%lemma map (flattenn £) I,=L, N I, (a)=I'

L’ [map-sound]

%lemma Z() =k A Emn-k)=¢ AN flattenn€E T =L =

c [fetch-sound]

= flattenn ET' =L’

SECTION 4

map (flatten (n + 1) (¢'; €)) I, =

A Lyla) =

L(l) =

S



SOUNDNESS

%lemma glﬁ = 5‘” A z»f“(a) =S = SQ =S A 5H(a) =S [fetch#-sound]

%theorem &61~+62 A 6:1°=0; = o01~09 A 06°=09 [soundness]



