SECOND SIMULATION (COMPLETENESS)

1 Second simulation (completeness)

1.1 Syntax

1.1.1 Index, indices and tables

%datatype index
Y%name inder n o

n == 0
| n+1

%datatype wvector
Y%name vector I

Z ==
| n:Z

%datatype table
Y%oname table I,

Z, == ]
| I:1Z,

1.1.2 Term

%datatype term
Y%name term t

t n=n
| tita

| At

| get-context ¢

| set-context ot

1.2 Subtraction

%judgment n; - n,=ns

ny—0=mn, [minusi]

(n1+1) = (ng+1) =ng ™2l yhen ny = ng=mng

Y%mode +n;— +ng=-n3

%worlds () ni;-—-ns=ns
%terminates (n;) ni;-—ng=ng
Yunique +n; - +no=—1ns
[minus-equals]

%lemma VYn - n-n=0

Proof.

[&1]

0:index - 0=-0=0 [minus1] [minus-equals]



2
. D ) X
n:index - . [minus-equals]
n-n=0
D [&2]
n-n=0 i “
n+ 1:index - minus,]  [Minus-equals
CES ENCES T R
%mode +n - —D [minus-equals]

%worlds () n - D [minus-equals]
%total n n - D [minusequals]

1.3 Equality

%judgment n;=ns,
n=n [refl]

Y%mode +n=+m
%worlds () n=m

%lemma n;-ny=n3 A nNi-nNo=mnhf = nN3=ns

Proof.

/ [minus-unique]

. A . =ng!
ny—mnz2=mnsg ny—ng2=ns n3=ns

%mode +D; A +Dy = —D;s [minus-unique]
%WOI‘ldS () Dl A D2 = D3 [minus-unique]
%terminates {} D; A Dy = D [minus-unique]
%total {} D1 AN Dy = D [minus-unique]

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

(n:Z)(0)=n [fetchi]

(n:Z)(n14+1)=nq [fetchZ]  yphen Z(n1) =ne
Y%mode +Z(+n1)=—ng
%worlds () Z(ni1)=ns

%terminates n; Z(ni)=nq
Y%unique +Z(+n1)=-1ng

1.3.2 Fetch (table)
%judgment Z,(n)=T

fecchf“}

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

[fetchf”]

Z':Z))(a+1)=T when T,(a)=1T

refl] [minus-unique]
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Y%omode +7,(+a)=-T
Y%oworlds () Z,(a)=T
Y%terminates o Z,(o)=7
Y%unique +Z,(+a)=-17

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

n=I(l)=glomeuteld  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

1.3.4 Closure, environment and stack

%datatype clos Y%name clos c¢
%datatype I-env Y%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 == ()
INCY
Ly 5= 0
| L:L,
5# = ()
| (S;€u)
S ==
| ¢S

%datatype state
Y%name state o

o = (t,L,L,,E.S)

1.4 Judgments

1.4.1 Fetch a local closure

%judgment L(n)=c

(¢ £)(0) = ¢ [fetetn]
(¢; L) (n+1)=cletrl yhen L(n)=c
Y%mode +L(4+n)=—c

Y%worlds () L(n)=c
%terminates L L(n)=c
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Y%unique +L(+n)=—1c

1.4.2 Fetch a local environment

Y%judgment L, (n)=L

(£: ‘CH) (0) —y [1-fetchy]
(L L) (n+1)=LIfeteha] yhen  £,(n)=L

Y%omode +L,(+n)=-L
%worlds () Lu(n)=L
%terminates L, L,(n)=L
Yunique +L,(+n)=-1L

1.4.3 Fetch a stack
%judgment &,(n)=38

(S5,)(0) = 8 ekt
(S E)(n+1) =8 letsl yhen €,(n)=8

%mode +E&,(+n)=-8
%worlds () Eu(n)=S
%terminates &, &,(n)=8
Yunique +E&,(+n)=-18

1.4.4 Evaluation rules

%judgment o1~ o9

(b, L, L0, Ey S)~ (8, L7, L, ), S) Bv when  L(k)=(t, L, L), E})
<(tu)a £’£H75#7S> ~ <t, L,ﬁ‘u’é‘#’ (u, ‘C’ﬁ#’é‘#) ::S> [k-app)

AL Ly EpyeS) ~ (t, (6 L), Ly Ep, S) Ieabs]

(get-context t, L, L, E,,S)~ (t,L,(L:L,),(S;E,),S) lkeateh]
(set-context at, L, L,,E,,S)~ (t, L' L, Eu, S"Y KV yuhen  L£(a)=L", Eu(a)=8

Y%mode +4o0q~ —09
%worlds () o1~ 02
%unique +o;~ —10,

2 Abstract machine for safe A\ -terms

2.0.5 Syntax

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

Y%oname k-env &,
%name stack S

c = (t,n,I,IM,g,fjﬂ)
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S0
|
—
S~—

O
=
I
—

%datatype state
Y%name state &

o u= <t,n,I,IH,g,gﬂ,<§>

2.0.6 Fetch a closure
%judgment &£ (n)=¢

(67 ~)(O) =¢ [i-fetchy]

(¢ E)(n+1)=¢lfetehal ypen E(n)=¢
% mode +5~(+n) -
%worlds () E(n)=
%terminates £ &(n)
%unique +E&(+n)=
2.0.7 Compute
%judgment g(nl “ng)=c

E(n—k)=clicomputed e nk=g, E(g)=

%mode +E&(+n-- +k)=—¢
Y%worlds () E(n-k)=¢
%terminates {} E(n-k)=¢é

Y%unique +E&(+n - +k)=—1¢

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

I
("€ )(n+1) =8 Ffetehl  yhen E,(n)=8

Y%oworlds () &,(n)
Y%terminates &, &,(n)

2.1 Evaluation rules

%judgment &1~ G

™



(1,n,I,L,,E,8,,8)~ (t,n' 1T, 1),E" E,,S) v
when n=ZI()=g, E(g9)=(t,n",7",1,,E" &)

<(tu),n,I,I#,g,g#,<§>w(t,n,I,I#,E,E#, (u,n,I,I#,g,g#)::c§> [i-app]

A, T, T, €€, E:8) ~ (t,n+1,(n+1:1),Z,, (& E),E,,S) [abs]

<get-context t’ n7I’Iﬂ7g7gﬂ7S~> ~ <t7n517 (I::I#)a gv (Sa gﬂ)75~> [i»catch]

(set-context at,n,Z,Z,,&

, ,~> s (0, T T, €€, Sy irthrov]
when Z,(a)=1", é‘( —

o
)
Y%mode Ho0q~ —09

Y%worlds () o1~ 02
Yunique +o;~ —10g

3 Translation

SO

%judgment c°=c

%judgment S°=S

%judgment E£,°=&,

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

(t,n,I,I#,f:',g#)O: (t, L, Ly, EL) [€1os°]  when flattenn € T=L, map (ﬂatten n f:') Z,=

Ho [] [stack$]

( ) c:SBakE]  yhep o=, §°=8

()°=() teeml

(S¢;) (&gwﬂwm% when S°=8, &ﬁ=6u

ﬂatten n g [] — () [flatteni]
fltten ¢ (k::2) = (e £) fattenslwhen g(” ~k)=¢, ¢°=c, flattenn ET=C

map (flattenn €) [| = () [map1]

map (ﬂatten n f:') Z:Z)=L:L, (mapa]  yhen  flattenn € T=L, map (ﬂatten n é‘) Z,=

%mode
+é°=—c
+8°=-8
+&€.°0=-€,

flatten +n +& +I=-L
map (ﬂatten +n —|—5) +I,=—Ly,

%worlds ()
c’=c

§o=s

Ef=E,

flattenn € I=L

map (ﬂatten n 5~) ,=L,
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Remark. To do.

%terminates (6 S 5~M T Iu)

~O

c’=c
o=
5MO:5M

flatten n € I=C
map (ﬂatten n 5) Z,=L,

Y%unique
+ct=—1c
+8°=-18
+&°=-1E,

flatten +n +& +I=-1L
map (ﬂatten +n —|—5) +I,=-1L,

%judgment &°=¢
t,n, T, 2., E,E,8) = (', L, Ly, Euy SY BT when (t,n,Z,Z,,E,,)° =L, L, E), S°=8

Y%mode +5°=—0
%worlds () ¢°=0c
%unique +5°=-1o

4 Completeness

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

%lemma Vé' - map (flattenn ) I, = L, =  map (flatten (n + 1) (¢'; £)) I, =
Eu [weaken-map]

%lemma map (flattenn €) I,=L, N Lula)=L" = flttennE L' =L A I, (a)=
T’ fOT' some T’ [map-complete]

%lemma flattenn E I=L A L(I)=c = Emn-k)=¢é¢ AN é&=c N I()=k for

some k.6 [fetch-complete]
)

%lemma &£,°=E, N Ea)=8 = S8°=S A Ea)=S for some S [etch-complete]

< .0

%theorem o1~02 A G61°=01 = G1~G2 A Go°=09 for some G, [completeness]



