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
%name vector T

Z ==
| n:Z

%datatype table
Y%name table I,

Z, == |
| =7,

1.1.2 Term

%datatype term
%name term t

t n=n
| t1to

| At

| get-contextt

| set-context at

1.2 Subtraction
%judgment n; - ny=ns

ni—0=mn, [minusi]

(n1+1) = (ng+1) =ng ™2l when ng = no=ng

Y%mode +4ni - +no=-ns
%worlds () ni1-—ng=ns
%terminates (n1) n3-no=ng
Y%unique +n; - +no=—1ns

%lemma VYn - n-p=( [Mminusequals

Proof.
&
0: index - 0 - (0=( [minusi]  [minus-equals] (&1]
) . [minus-equals]
n: index =0
&2
D [&2]
non=l [mi 1s]
1: ) d . minus minus-equals
n+ 1:index (n+1)é(n+1)=0[ ol
%mode +n - —D [minus-equals]

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

1.2.1 Fetch (indices)
%judgment Z(ni)=no

(n::7)(0) = p lFeteh]
(n:Z)(n1+1)=ng [fetch3]  1yhen Z(n1) =ne

Y%mode +Z(+n1)=-—ns
%worlds () Z(n1)=n2
%terminates n; Z(ni)=ns
Y%unique +Z(+n;)=—1ny

1.2.2 Fetch (table)
%judgment Z,(n)=1T
s
(I::Iﬂ)(O) 7 {fetchlu]

fetchg“]

(I’::IM)(a—i—l):I{ when ZT,(a)=T

Y%mode +Z,(+a)=-7
Y%oworlds () Z,(a)=T
Y%terminates o Z,(a)=7
Yunique +7,(4+a)=-1Z

1.2.3 Compute
%judgment n;—Z(ng)=ns

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

%mode +n; -~ +Z(+nz)=—-n3
%worlds () ni1—Z(n2)=ns
%terminates {} ni;-—Z(n2)=n;
Y%unique +n; -~ +Z(+ng) =—1ng

1.2.4 Closure, environment and stack

%datatype clos Y%name clos ¢
%datatype [-env Y%name l-env L
%datatype I-table Yoname I-table L,
%datatype k-env Y%oname k-env &,
%datatype stack Y%name stack S

c u= (t,L,L,,E)
L == ()
| (¢ L)
Ly == ()
| L";‘C,u
En = ()
| (8580
S ==
| ¢=S8

%datatype state
%name state o

o L= <t7['7[’#78#’8>

1.3 Judgments

1.3.1 Fetch a local closure

%judgment L(n)=c

(c; £)(0) = ¢ erehd

(¢; L) (n+1)=clleth2l  ywhen L(n)=c
Y%mode +L(+n)=—c

%worlds () L(n)=c

%terminates L L(n)=c
%unique +L(+n)=-1c

1.3.2 Fetch a local environment

%judgment L, (n)=L

(£5.£,)(0) = £ [Heens
(L5 L) (n+1) =L Leteha] yyhen £ (n)=L

%mode +L,(+n)=-L
%worlds () Lu(n)=L
Y%terminates L, L,(n)=L
Y%unique +L,(+n)=-1L

1.3.3 Fetch a stack
%judgment &,(n)=8

(8:€,)(0) = levend]
(85E)(n+1) =8 etehil  yhen £,(n)=8
%mode +E&,(+n)=-S
%worlds () Eu.(n)=S
Y%terminates &, &,(n)=S
Y%unique +E&,(+n)=-1S
1.3.4 Evaluation rules

%judgment o1~ 09

(koL Ly €0, S) o (1, L1, L E4,S) ™) when L(K)= (1, L', L}, EL)

(), £y Loy Ey S) ~ (8, Ly Loy Epy (u, £, L0, E,) 22 S) leapP]

<At,[’,£u,gu’ C::S> > <t, (C; ﬁ)’ﬁu’g#’8> [k-abs]

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

<Set-c0ntext @ t’ E’ [’#’ €#7$> ~ <ta ‘Cla ‘C#a gﬂa Sl> [le-throw] when [r,u(a) = L"I; 5#(a) :Sl

Y%mode 401~ —09
Y%worlds () o1~ 02
Y%unique +o1~ —1og

1.4 Abstract machine for safe A.-terms

1.4.1 Syntax

%datatype clos

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

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

%name stack S

¢ u= (t,n,1,1,,E.E,)
E == () )
| (&€)
gﬂ = ()~ )
| (S:€4)
S u=
| ¢:8

%datatype state
%name state &

o L= <t7nazazﬂagagﬂa‘§>
1.4.2 Fetch a closure
%judgment & (n)=¢é

(5; N)(O) —¢ [i-fetchq]
(¢'; (‘f)(n +1)=¢ [ifetchal  yhen

),
2
I
™



2 SECTION 4

%mode +E&(+n)=—

c
Y%worlds () E(n)=¢
%terminates £ £(n)=¢é

%unique +E(4n)=—1¢

1.4.3 Compute

%judgment € (n; -~ ng)=¢

E(n=k)=clicomputel yhen n k=g, E(g9)=¢

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

%unique +E&(4+n - +k)=—1é

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

(37 u)(o) :S~ [i-fetch}]
(3/; ga)(n +1)= S lfetchs] o hen gu(n) =S

Y%mode +&,(+n)=-S8
Y%worlds () &,(n)=S8

%terminates &,
%unique +E,(+n)=—-18

Oy
=
2

Il

O

2 Evaluation rules
%judgment G~ Go

(l,n,I,Iu,é,gu,S’)w<t,n’~,I’ 7,8 &,,8) vl

I 72)
when n-I()=g, E(9)=(t,n", T}, &)

(g 78}

((tu),n, 7,74, €,E,8)~ (t,n, T, Ty, €, Epy (uyn, I,L,,E,E,) 2 S ) lovp]
M0, T, L, €€, E:S) ~ (t,n+ 1, (n4+1:1),Z,, (6;€),E,, S) ekl

(get-context t,n,Z,Z,,E,E,,8)~ (t,n,T,(Z:1,),E,(S;E,),S) reatehl

(set-context at,n,Z,Z,,E,E,,8) ~ (t,n,T',1,,,&,E,,S") Fthrov]
when Ty(@)=T', &, (a)=8’

Y%mode 401~ —0y
%worlds ()
Y%unique +o07~ —10g

01~ 02

3 Translation

%judgment ¢°=c
%judgment S°=S8
%judgment E£,°=E,
%judgment flattenn £ T=L

%judgment map (ﬂatten n c‘:') Z,=L,

(t,n,I,Iu,g,gu)oz (t, L, Ly, E) 14T when  flatten n ETI=C,

[]o — H [stacks)]

(5::3)°=czzS[StaCkg] when ¢°=c, S°=8

flatten n € || = () [fatten]

flatten n € (k:T) = (¢; £) Watteral  yhen E(n-k)=¢, é&°=c,

map (ﬂatten n ff) =0 [mapi]
map (ﬂatten " ff) (Z:Zp)=L5 Ly (map2] - yhen flatten n ET= L,

%mode
+¢é°=—c
+8°=-8
+&.°=-E,

flatten +n +& +I=-CL
map (ﬂatten +n +€) +I,=—-L,

%worlds ()

c’=c
§o=38
Eu®=Ey

flattenn € T= L
map (ﬂatten n 8) Z,=L,

Remark. To do.

%terminates (6 S c‘fﬂ IIu)

SO

c’=c
§o=s
& =Ey

flatten n € T= £
map (flattenn' ') I, =L,

%unique
+ct=—lc
+80=-15
LEo= 16,

flatten +n +& +I1=-1L
map (ﬂatten +n —|—5) +7,=-1L,

%judgment o

<>:

map (ﬂatten n ff) L,=L,, E.L°=E

flattenn E I=L

map (ﬂatten n 5) Z,=L,

G
t.n,T,7,,€,8,,8)°=(t", L, Ly, €, S) B2 when  (t,n,1,1,,E,€,)° =", L,L,.,E)), S°=S8

%mode +6°=—0c
%worlds () ¢°=0
%unique +5°=-10

4 Soundness

[minus-succ]

Ylemma n-k=g = (n+l)-k=g+1

Proof.
i : - [&1]
n-0=n [minus:] = (’rL —+ 1) 0= (Tl + 1) [minus] [minus-succ]
Dl D2 [minus-succ]
n-k=g — (n+1l)—k=g+1
D D [&1]
! 2
n-k=g (n+1)~k=g+1 N
(n_|- 1) - (k_|_ 1) —g [minus,) (n_|_ 14+ 1) . (k:—|— 1) —g+1 [minus,)
%mode +D; = —Ds [minus-succ]
%worlds () D = D, [minus-succ]
%total ('Dl) D = Dy [minus-succ]

%lemma Vé' - flattenn € I=L = flatten (n+1) (¢5E) I=L

[weaken-flatten]

Proof.
¢! & [Hatten:] =1 & [Aatten] [weaken-flatten] (&1]
¢'iclos - flattenn & [|=() "*e) = flatten (n+1) (¢/;€) [ = () Hattem
¢’ clos - D23~ Ds ~ [weaken-flatten]
flattenn € T=L flatten (n+1) (¢E)IT=L
Dan Dy [minus-succ]
ntk=g = (n+1l)~k=g+1
D [&2]
212
Da11 Do1o Dy g(g):é foteh]
nik=g £(g)=¢c [A o Dos Doy n+1)~k=g+1 (e E)(g+1)=¢ 2 [A . Doo D3
En-k)=c PRAl Ge—c flattenn ET=C (@ E)(n+1=k)=é PR Ee=c flatten (n+1) (¢€) I=L
¢’: clos - = [Aatten,] = _ [Aatten,] [weaken-flatten]
flatten n € (k1) =(c; L) flatten (n+1) (¢5€) (k=I)= (¢ L)
%mode &’ - + D = —D, [weaken-flatten]
%worlds () ¢ Dy = Dy [weaken-flatten]
%total (Dl) ¢ Dy = Dy [weaken-flatten]

%lemma Vé' - map (ﬂatten n g) Z,=L, = map (ﬂatten (n+1

) (5’,5)) IP«:‘C/J« [weaken-map]

Proof.
. = - - [&1]
¢’ clos - map (ﬂatten n 5) =0 mapi] = pgp (ﬂatten (n+1) (¢ 5)) =0 [mapi]  [weaken-map]
c D1z Do weaken-ma;
¢’ clos - ~ - [ p]
map (flattenn €) T, =L, map (flatten (n+1) (¢";€)) Zu=Ly
¢’ clos - D11~ Ds N [weaken-flatten]
flattenn € T=L flatten (n+1) (¢5E)I=L
&2
D11 D1y Dy D, ] [&2]
A0 el flattenn € T=L  map (flattenn €) T, =L, map] flatten (n+1) (¢;€) I=L  map (flatten (n+1) (¢’;€)) Lu=L, U S—
C': CclLos - = ma = ma,
map (flatten n €) (Z:7,) = (L; L) v map (flatten (n+1) (¢;€)) (Z::Z,)=(L;L,) "
%mode +é’ - + D = — Dy [weaken-map]
%WOI‘ldS () él . Dl = D2 [weaken-map)
%total (Dl) ¢ - Dy = D, [weaken-map]
%lemma map (ﬂatten n (‘f) Z,=L, N I, o0)=I" = (flattenn ET'=L" A L(a)=L' [map-sound]
Proof.
D (&1]
11 :
flatten n ETI=L map (flattenn EYI.=LCL . D S
" ( ) I w mapy A (T2T.)(0)=T [fetchf ] 11 A (L L)(0) =L [l-fetchy]  [map d
map (flatten n €) (Z:7,) = (L; L) s flattenn € T=L
Dz ~ A Do D?: A Dy [map-sound]
map (flattenn €) T, =Ly, Zy(e) =1' flattenn £ T'=L' Lula)=L1 o
&2
P D12 ) Dy Dy
flattenn € T=L  map (ﬂatten n 5) Zu=Ly T.(a)=1" . Dy Lula)=L" e
3 [map,] A 7 [fetchzu] 5 , A - [l-fetchy) [map-sound]
map (flatten n €) (Z:7,)=(L; L) (Z:Z,)(a+1)=T flattenn € T'=L ;L) (a+1)=L
Y%mode +D; A +Dy = —D3 A —Dy [map-sound]
%worlds () Di AN Dy = D3 A Dy [map-sound]
Y%total ('DQ) Di AN Dy = D3 A Dy [map-sound]
%lemma Z()=k A Em=_k)=¢ A flattennEI=L = & =c AN L(l)=c etchsound
Proof.
&
_ Da D32 : (&1]
D, E(n—k)=¢ ¢é°=c  flattenn E IT=L D
kT =k [fetch] A . ~ AN = [Aatten,] = - 32 A 7£ 0) = [fetchq] [fetch-sound]
(k= 2)(0) E(n=k)=e flatten n &€ (k=)= (c; L) : ce=c (e£)(0)=¢
Duy A Do D33 = Dy A Ds [fetch-sound]
. = o =
I(l)=k En-k)=c flattenn € T=L c®=c L)=c
(&2]
D11 B D31 D32 D33~ Ds
)=k D Em—k)=c" ¢é°=c attenn £ IT=L £(]) =
Y, [fetch] A g Lo A . ! fatten = Dt __El)=c o fetchsound
(k=T)(1+1)=k ’ E(n—k)=c flattenn &€ (k'=:Z)=(c'; L) co=c (s L)(I+1)=c



SOUNDNESS

%mode +D; A +Dy A +D3 = —D, A —D etchsound]
%worlds () D, A Dy A D3 = Dy A Ds [fetch-sound]
%total (Dl) Dy N Dy N D3 = Dy AN D [fetch-sound] )
%lemma guozgu A gﬂ(a)zg = SOZS A gu(a):S [fetch#-sound]
Proof.
&1
~2)11 o [&1]
S§°=8 g,uO:g,u 5 5 =0 w D11 w Iz
— k-env A S:E)0)=8 [i-fetchf = - A S: £.)(0) = S lfetchi] [fetch#-sound]
Sy =(siey) (8:£)(0) §o=8 (83 €,)(0)
Dr2 Dy Ds Dy [fetch#-sound]
& AN s =>4 A
ELl=E, Enla) =S8 S°=8 Eula) =S8 w
2
: D12 Dy Ds
S=8  £r°=¢ E(a)=8 _
=7 = - £ [k-envg] A = ~M(a) ~[i-fetchg] = ~D3 A - gp’(a) S [fetch;‘] [fetch#-sound]
(S5Eu)°=(S"€L) (SHE)(a+1)= S§°=8 (ShE€)(a+1)=S
%mode +D; A +Dy = —D3 A —D, Letchsound]
% worlds () D1 N Dy = D3 AN Dy [fetch#-sound]
%total (Dy) Dy A Dy = D3 A D, [fetch®sound] D
%theorem d&1~+d2 A 61°=01 = o01~09 A °=09 [soundness]
Proof.
D112 D1
Py ) nek=9 Eg)= (el T T E L) i te,] A Donr _ Ds A D, [fetch-sound)
HO= En k)= (6. 12}, €8 N fattenn ET— T (60l TVTLELE) =Ll L) = (L L)
[&1]
D11y D112 Do1y Doz :
H=k nEhm [compute,] D flattenn ET=L  map (ﬂattennS)quﬁﬂ Enf=Ep [clos?] D22 Dy D3y Da2
; compute ~ ~1 =y - los® R 1 )
noIy=g 7 W= TLEL) (102,00 8,8,)° = (LL. £, E,) s-s CO=@L g T RE P S8
(,n,7,1,,,€,6,,S)~ (t,n", T, T,,E", ., S) (U,n,T,T,,6,6,.8)°=(,L,L,,E,,S) U Ly Ls €, S) ~ (U, L1, L1, €], S) W T T8 ) — W, L L) 1 S)
[&2]
D21} 7)212~ ~7)213
D21} D212~ ~D213 Do11 D212~ Dois flattenn € T=L  map (ﬂattennc‘:) ,=L, E&E.L°=¢&, close] Das
flattenn € T=L  map (flattenn €) Ty=Ly  E,°=E, felos?] Do flattenn € T=L  map (flattenn €) L,=L,  E,°=E, - (u,n,I,Iu,c‘f,cqu:(u,ﬁ,ﬁu,su) So_g "
- o tu),n, L, L, E,E,)° =((tu), L, Ly, E So=8 t1, L, L0, &, E0) = (8, L, L, & 1,7,,.6,):8) = :;
(Em T L0880 8) = (om T &, b (1 1T £, 8,) x5 B0 1 e el L ot et ] = ((E0), £, Ly EsS) o (6L Ly Epy (10, £, £y €)5:S) 0P A (60,720, 80)" =L L E) (e T T8 8)u8) = (L Ly £ =S A —
<(tu),n,I,Ip,5,5N,S><>:<(tu),£,£u,5u,5> <t7n’I7IN7g’g/1«’(u’n7I7IN7578N)::S>0:<t7‘c?’cu78ua(ua‘caﬁp,gp,)528>
n—+ 1: index - Dy [minus-equals]
' (n+1)=(n+1)=0
c: clos - ID21} D2 . [weaken-flatten]
flattenn € T=L flatten (n+1) (6;E€) =L
C Do Ds [weaken-map]
c: clos - = o P
map (flatten n £) I,,=L, map (flatten (n+1) (¢;€)) Zy=~L,
D1 - )
o __ ~ [i-fetch
(1) = (=0 (@E)O) =g bt Do D,
~ A ; = [i-compute, ] o o
o D2 Dt Doz Do (EE)(n+1)=(n+1) = | F=e faten(nt) GHI=L Ds Dais
flattenn E T=L  map (ﬂattennﬁ') Iu=L, &E.L°=Eu [clos?] c°=c 8°=S8 [stack?] flatten (n+1) (6;5) (n+1:7)=(c¢; L) 2 map (ﬂatten (n+1) (5;5)) T,=L, &°= - Dony
~ o~ ~ ~ ~ ~ 1. )\t,?’l,I,I 75,5‘ )Qz()\t L E 5) (5::3)0202:8 2 (t ’I’L—|—1 (n+11-) T (55-) g- )O:(t (C,C) L 8 ) clos SO—S
Mot T T €080 €5 8) o (o n b 1, (04 1:0), Ty (56, £ S) ( e statee] = (ML Lo E, 5 S~ (E, (6 L), Ly £y S) 8D A n+l, L (6:€), €)= (t, (1 £), L, Ep states] [soundness]
| e ( P () B N1, T, L, €,6,6:8)° = (M, L, Ly, Ey 2 S) < oG €580 (6 (6 L), Ly 8105 (t,n+1,(n+1:2), Ty, (85€), 60, 8)0 = (t, (¢ £), Ly 40y S)
[&4]
D21} Do12 ~ Da2 D213
Paul Doz Dz D11 flattenn € T=L  map (flattenn €) T, =L, map] S§°=S E.=¢&, oot
flattenn € T=L  map (flattenn €) Ty=L,  E,°=E, [clos®] Doy flattenn € T=L map (flatten n £) (L:1,)=(L; L) v (S:€.)°=(S;&,) ’ felose] Do
R e e get-context t,n,7Z,7,,E,E,)° = (get-context t, L, L, E,) §°=8 (t,n,Z,(T:1Z,) £, (S:€E )=, L, (L;L,),(S;E)) O 8e=s
ct-context 11,77y, &, 8, 8) - (t.n. T, (L3 T,).&.(§:8,),8) sl L | & staces] = (gebeconbext £, £, Ly EurS) o (1, L (L3 L), (S36,),S) Fenehl A L, B tn), 8,053 80)) = £ (L3 L), (55 tates] [soundness
¢ B FE S ) (get-context t,n,1,7,,&, &, 5)°= (get-context 1, L, L,,, €y, S) (get-contiexth, L, Ly, &y 5) > (£, (65 L), (5380, 5) (t,n,T,(T:1,),€,(S:€,),8)°=(t,L,(L; L), (S5 E.), S) [statee]
~D213 Diz ~, = ~/D32 A Dy [fetch#-sound]
EL=E, Eula)=8 Se=8' E(a)=8'
Doi12 ) A D1 2)5~ A Dg (map-sound]
map (flatten n £) L,=L,, Zy(a)=1" flattenn € T'=L' Lu(a)=L'
[&5]
P Doz Doz Ds Doz D213
D11 D12 flattenn &€ IT=L map (ﬂatten n 5) Zu,=L, EL=E, felos®] : De D, flattenn € T' =L/ map (ﬂatten n g) I,=L, 5u°=5u Dss
c S 5 & clos® ~ — clos® ~
I#(Ol):I/ M(a):S/ o | A (Set-COl’lteXtat,n,I,I,u78,gu)o:(Set'conteXtat,L,Lu,gu) Se=8 : , Lu(a)zﬁ/ 5N(a):S’ et | A (t,n,I',Iﬂ,g,(‘:M)oz(t,ﬁ’,ﬁﬂ,gﬂ) [ ] S/Q:S/ oundness]
——= = ——= = i-throw ——= = state® -throw ——= = state®
(set-context at,n,Z,7,,E,E,,8)~ (t,n,T",L,,E,&,,S") (set-context at,n,Z,7,,E,E,,S)° = (set-context a't,L,L,,E,,S) (set-context at, L, L,,E,,S)~ (t,L,L,,E,,S’) T T €80 8 o= (1, L/, Ly e S') [ ]
Y%mode +D1 A +Dy = —Ds A —Dy [soundness]
Y% worlds () Di AN Dy = D3 A Dy [soundness]
%terminates (D) Dy A Dy = Ds A D, [oundness
%total (Dl) Dy N Dy = D3 AN Dy [soundness] ]

[&3]




\documentclass{article}
\usepackage{geometry,amsmath,amssymb}
\usepackage{twelf}
\usepackage{kam_ct_3}
\geometry{a0paper}

%%%%%%%%%% Start TeXmacs macros
\newcommand{\cdummy}{\cdot}
\newcommand{\tmop}[1]{\ensuremath{\operatorname{#1}}}
\newcommand{\tmrsub}[1]{\ensuremath{_{\textrm{#1}}}}
\newcommand{\tmrsup}[1]{\ensuremath{^{\textrm{#1}}}}
\newenvironment{proof}{\noindent\textbf{Proof\ }}{\hspace*{\fill}$\Box$\medskip}
%%%%%%%%%% End TeXmacs macros

\begin{document}

\section{Second simulation (soundness)}

\subsection{Syntax}

\subsubsection{Index, indices and tables}

{\metadeclrev{{\unary}}{{\metatypedatatype}}}

{\metaname{{\unary}}{n{\hspace{1em}}{\alpha}}}



{\metadeclgrammar{{\unaryZ}}{{\unary}}}

{\metadeclentry{{\unaryS{{\unary}}}}{$\unary$}}



{\metadeclrev{{\unaries}}{{\metatypedatatype}}}

{\metaname{{\unaries}}{{\mathcal{I}}}}



{\metadeclgrammar{{\unariesempty}}{{\unaries}}}

{\metadeclentry{{\unariescons{{\unary}}{{\unaries}}}}{{\unaries}}}



{\metadeclrev{{\itable}}{{\metatypedatatype}}}

{\metaname{{\itable}}{{\mathcal{I}}\tmrsub{{\mu}}}}



{\metadeclgrammar{{\itableempty}}{{\itable}}}

{\metadeclentry{{\itablecons{{\unaries}}{{\itable}}}}{{\itable}}}



\subsubsection{Term}

{\metadeclrev{{\term}}{{\metatypedatatype}}}

{\metaname{{\term}}{t}}



{\metadeclgrammar{{\tvar{{\unary}}}}{{\term}}}

{\metadeclentry{{\tapp{{\termone}}{{\termtwo}}}}{$\term$}}

{\metadeclentry{{\tlam{{\term}}}}{$\term$}}

{\metadeclentry{{\tcatch{{\term}}}}{$\term$}}

{\metadeclentry{{\tthrow{{\unaryalpha}}{{\term}}}}{$\term$}}



\subsection{Subtraction}

{\metadeclrev{{\opminus{{\unaryone}}{{\unarytwo}}{{\unary}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\opminus{n\tmrsub{1}}{{\unaryZ}}{n\tmrsub{1}}}}{minus\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{$\opminus{n_1}{n_2}{n_3}$}{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}{n\tmrsub{3}}}}{minus\tmrsub{2}}}}}



{\metamode{{\opminus{+n\tmrsub{1}}{+n\tmrsub{2}}{-n\tmrsub{3}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{n\tmrsub{3}}}}}

{\metaterminates{{\metaparen{n\tmrsub{1}}}{\hspace{1em}}{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{n\tmrsub{3}}}}}

{\metaunique{{\opminus{+n\tmrsub{1}}{+n\tmrsub{2}}{-1n\tmrsub{3}}}}}



{\metadeclrev{{\minusequals{{\metabracesforall{n}}}{{\opminus{n}{n}{{\unaryZ}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\minusequals{{\metatermbefore{{\unary}}{{\unaryZ}}}}{{\metaruleaxiom{}{{\opminus{{\unaryZ}}{{\unaryZ}}{{\unaryZ}}}}{minus\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{{\minusequals{{\metatermbefore{{\unary}}{n}}}{{\metaterm{{\opminus{n}{n}{{\unaryZ}}}}{{\mathcal{D}}}}}}}{{\minusequals{{\metatermbefore{{\unary}}{{\unaryS{n}}}}}{{\metarule{{\metaterm{{\opminus{n}{n}{{\unaryZ}}}}{{\mathcal{D}}}}}{{\opminus{{\metaparen{{\unaryS{n}}}}}{{\metaparen{{\unaryS{n}}}}}{{\unaryZ}}}}{minus\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  
  
  
  
  {\metamode{{\minusequals{+n}{-{\mathcal{D}}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\minusequals{n}{{\mathcal{D}}}}}}
  
  {\metatotal{n{\hspace{1em}}{\minusequals{n}{{\mathcal{D}}}}}}
\end{proof}

\subsubsection{Fetch (indices)}

{\metadeclrev{{\sub{{\unaries}}{{\unaryone}}{{\unarytwo}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\sub{{\metaparen{{\unariescons{n}{{\mathcal{I}}}}}}}{{\unaryZ}}{n}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\sub{{\mathcal{I}}}{n\tmrsub{1}}{n\tmrsub{2}}}}{{\sub{{\metaparen{{\unariescons{n}{{\mathcal{I}}}}}}}{{\unaryS{n\tmrsub{1}}}}{n\tmrsub{2}}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{2}}}}}



{\metamode{{\sub{+{\mathcal{I}}}{+n\tmrsub{1}}{-n\tmrsub{2}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\sub{{\mathcal{I}}}{n\tmrsub{1}}{n\tmrsub{2}}}}}

{\metaterminates{n\tmrsub{1}{\hspace{1em}}{\sub{{\mathcal{I}}}{n\tmrsub{1}}{n\tmrsub{2}}}}}

{\metaunique{{\sub{+{\mathcal{I}}}{+n\tmrsub{1}}{-1n\tmrsub{2}}}}}

\subsubsection{Fetch (table)}

{\metadeclrev{{\tsub{{\itable}}{{\unary}}{{\unaries}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\tsub{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\unaryZ}}{{\mathcal{I}}}}}{fetch\tmrsup{{\mathcal{I}}\tmrsub{{\mu}}}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}}}}{{\tsub{{\metaparen{{\itablecons{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\unaryS{{\alpha}}}}{{\mathcal{I}}}}}{fetch\tmrsup{{\mathcal{I}}\tmrsub{{\mu}}}\tmrsub{2}}}}}



{\metamode{{\tsub{+{\mathcal{I}}\tmrsub{{\mu}}}{+{\alpha}}{-{\mathcal{I}}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}}}}}

{\metaterminates{{\alpha}{\hspace{1em}}{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}}}}}

{\metaunique{{\tsub{+{\mathcal{I}}\tmrsub{{\mu}}}{+{\alpha}}{-1{\mathcal{I}}}}}}



\subsubsection{Compute}

{\metadeclrev{{\compute{{\unaryone}}{{\unaries}}{{\unarytwo}}{{\unary}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhen{{\metahypscomma{{\sub{{\mathcal{I}}}{l}{k}}}{{\opminus{n}{k}{g}}}}}{{\compute{n}{{\mathcal{I}}}{l}{g}}}{compute\tmrsub{1}}}}}



{\metamode{{\compute{+n\tmrsub{1}}{+{\mathcal{I}}}{+n\tmrsub{2}}{-n\tmrsub{3}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\compute{n\tmrsub{1}}{{\mathcal{I}}}{n\tmrsub{2}}{n\tmrsub{3}}}}}

{\metaterminates{{\metabraces{}}{\hspace{1em}}{\compute{n\tmrsub{1}}{{\mathcal{I}}}{n\tmrsub{2}}{n\tmrsub{3}}}}}

{\metaunique{{\compute{+n\tmrsub{1}}{+{\mathcal{I}}}{+n\tmrsub{2}}{-1n\tmrsub{3}}}}}

\subsubsection{Closure, environment and stack}

{\metadeclrev{{\clos}}{{\metatypedatatype}}}{\hspace{8.2em}}{\metaname{{\clos}}{c}}

{\metadeclrev{{\lcenv}}{{\metatypedatatype}}}{\hspace{6.8em}}{\metaname{{\lcenv}}{{\lcenv}}}

{\metadeclrev{{\ltable}}{{\metatypedatatype}}}{\hspace{5.4em}}{\metaname{{\ltable}}{{\ltable}}}

{\metadeclrev{{\kenv}}{{\metatypedatatype}}}{\hspace{6.2em}}{\metaname{{\kenv}}{{\kenv}}}

{\metadeclrev{{\stack}}{{\metatypedatatype}}}{\hspace{6.6em}}{\metaname{{\stack}}{{\stack}}}



{\metadeclgrammar{{\closclosure{{\term}}{{\lcenv}}{{\ltable}}{{\kenv}}}}{{\clos}}}



{\metadeclgrammar{{\lcenvempty}}{{\lcenv}}}

{\metadeclentry{{\lcenvcons{{\lcenv}}{{\clos}}}}{$\lcenv$}}



{\metadeclgrammar{{\ltableempty}}{{\ltable}}}

{\metadeclentry{{\ltablecons{{\lcenv}}{{\ltable}}}}{{\ltable}}}



{\metadeclgrammar{{\kenvempty}}{{\kenv}}}

{\metadeclentry{{\kenvcons{{\kenv}}{{\stack}}}}{{\kenv}}}



{\metadeclgrammar{{\stackempty}}{{\stack}}}

{\metadeclentry{{\stackcons{{\clos}}{{\stack}}}}{$\stack$}}



{\metadeclrev{{\state}}{{\metatypedatatype}}}

{\metaname{{\state}}{{\sigma}}}



{\metadeclgrammar{{\statetriple{{\term}}{{\lcenv}}{{\ltable}}{{\kenv}}{{\stack}}}}{{\state}}}

\subsection{Judgments}

\subsubsection{Fetch a local closure}

{\metadeclrev{{\fetch{{\lcenv}}{{\unary}}{{\clos}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\fetch{{\lcenvcons{{\mathcal{L}}}{c}}}{{\unaryZ}}{c}}}{fetch\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\fetch{{\mathcal{L}}}{n}{c}}}{{\fetch{{\lcenvcons{{\mathcal{L}}}{c'}}}{{\unaryS{n}}}{c}}}{fetch\tmrsub{2}}}}}



{\metamode{{\fetch{+{\mathcal{L}}}{+n}{-c}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\fetch{{\mathcal{L}}}{n}{c}}}}

{\metaterminates{{\mathcal{L}}{\hspace{1em}}{\fetch{{\mathcal{L}}}{n}{c}}}}

{\metaunique{{\fetch{+{\mathcal{L}}}{+n}{-1c}}}}

\subsubsection{Fetch a local environment}

{\metadeclrev{{\lfetch{{\ltable}}{{\unary}}{{\lcenv}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\lfetch{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\unaryZ}}{{\mathcal{L}}}}}{l{\cdummy}fetch\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{n}{{\mathcal{L}}}}}{{\lfetch{{\metaparen{{\ltablecons{{\mathcal{L}}'}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\unaryS{n}}}{{\mathcal{L}}}}}{l{\cdummy}fetch\tmrsub{2}}}}}



{\metamode{{\lfetch{+{\mathcal{L}}\tmrsub{{\mu}}}{+n}{-{\mathcal{L}}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{n}{{\mathcal{L}}}}}}

{\metaterminates{{\mathcal{L}}\tmrsub{{\mu}}{\hspace{1em}}{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{n}{{\mathcal{L}}}}}}

{\metaunique{{\lfetch{+{\mathcal{L}}\tmrsub{{\mu}}}{+n}{-1{\mathcal{L}}}}}}



\subsubsection{Fetch a stack}

{\metadeclrev{{\kfetch{{\kenv}}{{\unary}}{{\stack}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\kfetch{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\unaryZ}}{{\mathcal{S}}}}}{fetch\tmrsup{{\mu}}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{n}{{\mathcal{S}}}}}{{\kfetch{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}'}}}{{\unaryS{n}}}{{\mathcal{S}}}}}{fetch\tmrsup{{\mu}}\tmrsub{2}}}}}



{\metamode{{\kfetch{+{\mathcal{E}}\tmrsub{{\mu}}}{+n}{-{\mathcal{S}}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{n}{{\mathcal{S}}}}}}

{\metaterminates{{\mathcal{E}}\tmrsub{{\mu}}{\hspace{1em}}{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{n}{{\mathcal{S}}}}}}

{\metaunique{{\kfetch{+{\mathcal{E}}\tmrsub{{\mu}}}{+n}{-1{\mathcal{S}}}}}}

\subsubsection{Evaluation rules}

{\metadeclrev{{\evaluation{{\stateone}}{{\statetwo}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhen{{\fetch{{\mathcal{L}}}{k}{{\closclosure{t}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}'\tmrsub{{\mu}}}}}}}{{\evaluation{{\statetriple{{\tvar{k}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\statetriple{t}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}'}{{\mathcal{S}}}}}}}{k{\cdummy}var}}}}

{\metadefnleft{{\metaruleaxiom{}{{\evaluation{{\statetriple{{\metaparen{{\tapp{t}{u}}}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\statetriple{t}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\stackcons{{\closclosure{u}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}{{\mathcal{S}}}}}}}}}{k{\cdummy}app}}}}

{\metadefnleft{{\metaruleaxiom{}{{\evaluation{{\statetriple{{\tlam{t}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\stackcons{c}{{\mathcal{S}}}}}}}{{\statetriple{t}{{\lcenvcons{{\mathcal{L}}}{c}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}}}{k{\cdummy}abs}}}}

{\metadefnleft{{\metaruleaxiom{}{{\evaluation{{\statetriple{{\tcatch{t}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\statetriple{t}{{\mathcal{L}}}{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\mathcal{S}}}}}}}{k{\cdummy}catch}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{L}}'}}}{{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{S}}'}}}}}{{\evaluation{{\statetriple{{\tthrow{{\alpha}}{t}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\statetriple{t}{{\mathcal{L}}'}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}'}}}}}{k{\cdummy}throw}}}}



{\metamode{{\evaluation{+{\sigma}\tmrsub{1}}{-{\sigma}\tmrsub{2}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\evaluation{{\sigma}\tmrsub{1}}{{\sigma}\tmrsub{2}}}}}

{\metaunique{{\evaluation{+{\sigma}\tmrsub{1}}{-1{\sigma}\tmrsub{2}}}}}

\subsection{Abstract machine for safe $\lambda_{\tmop{ct}}$-terms}

\subsubsection{Syntax}

{\metadeclrev{{\iclos}}{{\metatypedatatype}}}

{\metadeclrev{{\icenv}}{{\metatypedatatype}}}

{\metadeclrev{{\ikenv}}{{\metatypedatatype}}}

{\metadeclrev{{\istack}}{{\metatypedatatype}}}

{\metaname{{\iclos}}{\tilde{c}}}

{\metaname{{\icenv}}{\widetilde{{\cenv}}}}

{\metaname{{\ikenv}}{{\ikenv}}}

{\metaname{{\istack}}{\widetilde{{\stack}}}}



{\metadeclgrammar{{\iclosclosure{{\term}}{{\icenv}}{{\unary}}{{\unaries}}{{\itable}}{{\ikenv}}}}{{\iclos}}}



{\metadeclgrammar{{\icenvempty}}{{\icenv}}}

{\metadeclentry{{\icenvcons{{\icenv}}{{\iclos}}}}{{\icenv}}}



{\metadeclgrammar{{\ikenvempty}}{{\ikenv}}}

{\metadeclentry{{\ikenvcons{{\ikenv}}{{\istack}}}}{{\ikenv}}}



{\metadeclgrammar{{\istackempty}}{{\istack}}}

{\metadeclentry{{\istackcons{{\iclos}}{{\istack}}}}{$\istack$}}



{\metadeclrev{{\istate}}{{\metatypedatatype}}}

{\metaname{{\istate}}{\tilde{{\sigma}}}}



{\metadeclgrammar{{\istatetuple{{\term}}{{\icenv}}{{\unary}}{{\unaries}}{{\itable}}{{\ikenv}}{{\istack}}}}{{\istate}}}



\subsubsection{Fetch a closure}

{\metadeclrev{{\ifetch{{\icenv}}{{\unary}}{{\iclos}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\ifetch{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}}}}{{\unaryZ}}{\tilde{c}}}}{i{\cdummy}fetch\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\ifetch{\tilde{{\mathcal{E}}}}{n}{\tilde{c}}}}{{\ifetch{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\unaryS{n}}}{\tilde{c}}}}{i{\cdummy}fetch\tmrsub{2}}}}}



{\metamode{{\ifetch{+\tilde{{\mathcal{E}}}}{+n}{-\tilde{c}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\ifetch{\tilde{{\mathcal{E}}}}{n}{\tilde{c}}}}}

{\metaterminates{\tilde{{\mathcal{E}}}{\hspace{1em}}{\ifetch{\tilde{{\mathcal{E}}}}{n}{\tilde{c}}}}}

{\metaunique{{\ifetch{+\tilde{{\mathcal{E}}}}{+n}{-1\tilde{c}}}}}

\subsubsection{Compute}

{\metadeclrev{{\icompute{{\icenv}}{{\unaryone}}{{\unarytwo}}{{\iclos}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhen{{\metahypscomma{{\opminus{n}{k}{g}}}{{\ifetch{\tilde{{\mathcal{E}}}}{g}{\tilde{c}}}}}}{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{i{\cdummy}compute\tmrsub{1}}}}}



{\metamode{{\icompute{+\tilde{{\mathcal{E}}}}{+n}{+k}{-\tilde{c}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}}

{\metaterminates{{\metabraces{}}{\hspace{1em}}{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}}

{\metaunique{{\icompute{+\tilde{{\mathcal{E}}}}{+n}{+k}{-1\tilde{c}}}}}

\subsubsection{Fetch a stack}

{\metadeclrev{{\ikfetch{{\ikenv}}{{\unary}}{{\istack}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\ikfetch{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\unaryZ}}{\tilde{{\mathcal{S}}}}}}{i{\cdummy}fetch\tmrsup{{\mu}}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\ikfetch{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{n}{\tilde{{\mathcal{S}}}}}}{{\ikfetch{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}'}}}{{\unaryS{n}}}{\tilde{{\mathcal{S}}}}}}{i{\cdummy}fetch\tmrsup{{\mu}}\tmrsub{2}}}}}



{\metamode{{\ikfetch{+\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{+n}{-\tilde{{\mathcal{S}}}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\ikfetch{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{n}{\tilde{{\mathcal{S}}}}}}}

{\metaterminates{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}{\hspace{1em}}{\ikfetch{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{n}{\tilde{{\mathcal{S}}}}}}}

{\metaunique{{\ikfetch{+\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{+n}{-1\tilde{{\mathcal{S}}}}}}}

\section{Evaluation rules}

{\metadeclrev{{\ievaluation{{\istateone}}{{\istatetwo}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhenbelow{{\metahypscomma{{\compute{n}{{\mathcal{I}}}{l}{g}}}{{\ifetch{\tilde{{\mathcal{E}}}}{g}{{\iclosclosure{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}}}}}}}{{\ievaluation{{\istatetuple{{\tvar{l}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\istatetuple{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}}}{i{\cdummy}var}}}}



{\metadefnleft{{\metaruleaxiom{}{{\ievaluation{{\istatetuple{{\metaparen{{\tapp{t}{u}}}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\istatetuple{t}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\istackcons{{\iclosclosure{u}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}}}{\tilde{{\mathcal{S}}}}}}}}}}{i{\cdummy}app}}}}



{\metadefnleft{{\metaruleaxiom{}{{\ievaluation{{\istatetuple{{\tlam{t}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\istackcons{\tilde{c}}{\tilde{{\mathcal{S}}}}}}}}{{\istatetuple{t}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}}}}{{\unaryS{n}}}{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}}}{i{\cdummy}abs}}}}



{\metadefnleft{{\metaruleaxiom{}{{\ievaluation{{\istatetuple{{\tcatch{t}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\istatetuple{t}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{\tilde{{\mathcal{S}}}}}}}}{i{\cdummy}catch}}}}



{\metadefnleft{{\metarulewhenbelow{$\metahypscomma{\tsub{\mathcal{I}_{\mu}}{\alpha}{\mathcal{I}'}}{\ikfetch{\tilde{\mathcal{E}}_{\mu}}{\alpha}{\tilde{\mathcal{S}}'}}$}{{\ievaluation{{\istatetuple{{\tthrow{{\alpha}}{t}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\istatetuple{t}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}'}}}}}{i{\cdummy}throw}}}}





{\metamode{{\ievaluation{+{\sigma}\tmrsub{1}}{-{\sigma}\tmrsub{2}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\ievaluation{{\sigma}\tmrsub{1}}{{\sigma}\tmrsub{2}}}}}

{\metaunique{{\ievaluation{+{\sigma}\tmrsub{1}}{-1{\sigma}\tmrsub{2}}}}}

\section{Translation}

{\metadeclrev{{\triclos{{\iclos}}{{\clos}}}}{{\metatypejudgment}}}

{\metadeclrev{{\tristack{{\istack}}{{\stack}}}}{{\metatypejudgment}}}

{\metadeclrev{{\trikenv{{\ikenv}}{{\kenv}}}}{{\metatypejudgment}}}

{\metadeclrev{{\comp{{\unary}}{{\icenv}}{{\unaries}}{{\lcenv}}}}{{\metatypejudgment}}}

{\metadeclrev{{\map{{\unary}}{{\icenv}}{{\itable}}{{\ltable}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhen{{\metahypscomma{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\metahypscomma{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}}}}}{{\triclos{{\iclosclosure{t}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}}}{{\closclosure{t}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}}}{clos\tmrsup{{\diamond}}}}}}



{\metadefnleft{{\metaruleaxiom{}{{\tristack{{\istackempty}}{{\stackempty}}}}{stack\tmrsup{{\diamond}}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\triclos{\tilde{c}}{c}}}{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}}}{{\tristack{{\metaparen{{\istackcons{\tilde{c}}{\tilde{{\mathcal{S}}}}}}}}{{\stackcons{c}{{\mathcal{S}}}}}}}{stack\tmrsup{{\diamond}}\tmrsub{2}}}}}



{\metadefnleft{{\metaruleaxiom{}{{\trikenv{{\ikenvempty}}{{\kenvempty}}}}{k{\cdummy}env\tmrsup{{\diamond}}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}}}{{\trikenv{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}}}{k{\cdummy}env\tmrsup{{\diamond}}\tmrsub{2}}}}}



{\metadefnleft{{\metaruleaxiom{}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\unariesempty}}{{\lcenvempty}}}}{flatten\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{{\metahypscomma{{\triclos{\tilde{c}}{c}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}}}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\unariescons{k}{{\mathcal{I}}}}}}}{{\lcenvcons{{\mathcal{L}}}{c}}}}}{flatten\tmrsub{2}}}}}



{\metadefnleft{{\metaruleaxiom{}{{\map{n}{\tilde{{\mathcal{E}}}}{{\itableempty}}{{\ltableempty}}}}{map\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\map{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{map\tmrsub{2}}}}}



{\metamode{\\
{\hspace{2em}}{\triclos{+\tilde{c}}{-c}}\\
{\hspace{2em}}{\tristack{+\tilde{{\mathcal{S}}}}{-{\mathcal{S}}}}\\
{\hspace{2em}}{\trikenv{+\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{-{\mathcal{E}}\tmrsub{{\mu}}}}\\
{\hspace{2em}}{\comp{+n}{+\tilde{{\mathcal{E}}}}{+{\mathcal{I}}}{-{\mathcal{L}}}}\\
{\hspace{2em}}{\map{+n}{+\tilde{{\mathcal{E}}}}{+{\mathcal{I}}\tmrsub{{\mu}}}{-{\mathcal{L}}\tmrsub{{\mu}}}}}}



{\metaworlds{{\metaparen{}}\\
{\hspace{2em}}{\triclos{\tilde{c}}{c}}\\
{\hspace{2em}}{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}\\
{\hspace{2em}}{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}\\
{\hspace{2em}}{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}\\
{\hspace{2em}}{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}

{\remark*{To do.



{\metaterminates{{\metaparen{\tilde{c}{\hspace{1em}}\tilde{{\mathcal{S}}}{\hspace{1em}}\tilde{{\mathcal{E}}}\tmrsub{{\mu}}{\hspace{1em}}{\mathcal{I}}{\hspace{1em}}{\mathcal{I}}\tmrsub{{\mu}}}}\\
{\hspace{2em}}{\triclos{\tilde{c}}{c}}\\
{\hspace{2em}}{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}\\
{\hspace{2em}}{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}\\
{\hspace{2em}}{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}\\
{\hspace{2em}}{\map{n'}{\tilde{{\mathcal{E}}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}}

{\metaunique{\\
{\hspace{2em}}{\triclos{+\tilde{c}}{-1c}}\\
{\hspace{2em}}{\tristack{+\tilde{{\mathcal{S}}}}{-1{\mathcal{S}}}}\\
{\hspace{2em}}{\trikenv{+\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{-1{\mathcal{E}}\tmrsub{{\mu}}}}\\
{\hspace{2em}}{\comp{+n}{+\tilde{{\mathcal{E}}}}{+{\mathcal{I}}}{-1{\mathcal{L}}}}\\
{\hspace{2em}}{\map{+n}{+\tilde{{\mathcal{E}}}}{+{\mathcal{I}}\tmrsub{{\mu}}}{-1{\mathcal{L}}\tmrsub{{\mu}}}}}}



{\metadeclrev{{\tristate{{\istate}}{{\state}}}}{{\metatypejudgment}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\triclos{{\iclosclosure{t}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}}}{{\closclosure{t'}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}}}{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}}}{{\tristate{{\istatetuple{t}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\statetriple{t'}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}}}{state\tmrsup{{\diamond}}}}}}



{\metamode{{\tristate{+\tilde{{\sigma}}}{-{\sigma}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\tristate{\tilde{{\sigma}}}{{\sigma}}}}}

{\metaunique{{\tristate{+\tilde{{\sigma}}}{-1{\sigma}}}}}

\section{Soundness}



{\metadeclrev{{\minussucc{{\opminus{n}{k}{g}}}{{\opminus{{\metaparen{{\unaryS{n}}}}}{k}{{\unaryS{g}}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\minussucc{{\metaruleaxiom{}{{\opminus{n}{{\unaryZ}}{n}}}{minus\tmrsub{1}}}}{{\metaruleaxiom{}{{\opminus{{\metaparen{{\unaryS{n}}}}}{{\unaryZ}}{{\metaparen{{\unaryS{n}}}}}}}{minus\tmrsub{1}}}}}}{\&1}}
  
  }}
  
  
  
  
  
  {\metadefnleft{{\metarule{
  
  {\minussucc{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\opminus{{\metaparen{{\unaryS{n}}}}}{k}{{\unaryS{g}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\minussucc{{\metarule{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{1}}}}{{\opminus{{\metaparen{{\unaryS{n}}}}}{{\metaparen{{\unaryS{k}}}}}{g}}}{minus\tmrsub{2}}}}{{\metarule{{\metaterm{{\opminus{{\metaparen{{\unaryS{n}}}}}{k}{{\unaryS{g}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\opminus{{\metaparen{{\unaryS{{\unaryS{n}}}}}}}{{\metaparen{{\unaryS{k}}}}}{{\unaryS{g}}}}}{minus\tmrsub{2}}}}}}{\&1}}
  
  }}
  
  
  
  
  
  {\metamode{{\minussucc{+{\mathcal{D}}\tmrsub{1}}{-{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\minussucc{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{1}}}{\hspace{1em}}{\minussucc{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
\end{proof}

{\metadeclrev{{\weakenflatten{{\metabracesforall{\tilde{c}'}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}}{{\mathcal{L}}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\weakenflatten{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metaruleaxiom{}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\unariesempty}}{{\lcenvempty}}}}{flatten\tmrsub{1}}}}{{\metaruleaxiom{}{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\unariesempty}}{{\lcenvempty}}}}{flatten\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{
  
  {\metahypsabove{
  
  {\weakenflatten{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{23}}}}{{\metaterm{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{3}}}}}}{{\minussucc{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{211}}}}{{\metaterm{{\opminus{{\metaparen{{\unaryS{n}}}}}{k}{{\unaryS{g}}}}}{{\mathcal{D}}\tmrsub{4}}}}}}}
  
  }{{\weakenflatten{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metarule{{\metahyps{{\metarule{{\metahyps{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{211}}}}{{\metaterm{{\ifetch{\tilde{{\mathcal{E}}}}{g}{\tilde{c}}}}{{\mathcal{D}}\tmrsub{212}}}}}}{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{i{\cdummy}compute\tmrsub{1}}}}{{\metahyps{{\metaterm{{\triclos{\tilde{c}}{c}}}{{\mathcal{D}}\tmrsub{22}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{23}}}}}}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\unariescons{k}{{\mathcal{I}}}}}}}{{\lcenvcons{{\mathcal{L}}}{c}}}}}{flatten\tmrsub{2}}}}{{\metarule{{\metahyps{{\metarule{{\metahyps{{\metaterm{{\opminus{{\metaparen{{\unaryS{n}}}}}{k}{{\unaryS{g}}}}}{{\mathcal{D}}\tmrsub{4}}}}{{\metarule{{\metaterm{{\ifetch{\tilde{{\mathcal{E}}}}{g}{\tilde{c}}}}{{\mathcal{D}}\tmrsub{212}}}}{{\ifetch{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\unaryS{g}}}{\tilde{c}}}}{i{\cdummy}fetch\tmrsub{2}}}}}}{{\icompute{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\unaryS{n}}}{k}{\tilde{c}}}}{i{\cdummy}compute\tmrsub{1}}}}{{\metahyps{{\metaterm{{\triclos{\tilde{c}}{c}}}{{\mathcal{D}}\tmrsub{22}}}}{{\metaterm{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{3}}}}}}}}{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\metaparen{{\unariescons{k}{{\mathcal{I}}}}}}}{{\lcenvcons{{\mathcal{L}}}{c}}}}}{flatten\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  {\metamode{{\weakenflatten{+\tilde{c}'}{+{\mathcal{D}}\tmrsub{1}}{-{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\weakenflatten{\tilde{c}'}{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{1}}}{\hspace{1em}}{\weakenflatten{\tilde{c}'}{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
\end{proof}

{\metadeclrev{{\weaken{{\metabracesforall{\tilde{c}'}}}{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\map{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\weaken{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metaruleaxiom{}{{\map{n}{\tilde{{\mathcal{E}}}}{{\itableempty}}{{\ltableempty}}}}{map\tmrsub{1}}}}{{\metaruleaxiom{}{{\map{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\itableempty}}{{\ltableempty}}}}{map\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{{\metahypsabove{{\weaken{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metaterm{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{12}}}}{{\metaterm{{\map{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\weakenflatten{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{3}}}}}}}}{{\weaken{{\metatermbefore{{\iclos}}{\tilde{c}'}}}{{\metarule{{\metahyps{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\map{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}}}{map\tmrsub{2}}}}{{\metarule{{\metahyps{{\metaterm{{\comp{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metaterm{{\map{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\map{{\metaparen{{\unaryS{n}}}}}{{\icenvcons{\tilde{{\mathcal{E}}}}{\tilde{c}'}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}}}{map\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  
  
  {\metamode{{\weaken{+\tilde{c}'}{+{\mathcal{D}}\tmrsub{1}}{-{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\weaken{\tilde{c}'}{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{1}}}{\hspace{1em}}{\weaken{\tilde{c}'}{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
\end{proof}

{\metadeclrev{{\simmap{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}'}{{\mathcal{L}}'}}}{{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{L}}'}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\simmap{{\metarule{{\metahyps{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\metawildcarddots}}}}}}{{\map{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}}}{map\tmrsub{2}}}}{{\metaruleaxiom{}{{\tsub{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\unaryZ}}{{\mathcal{I}}}}}{fetch\tmrsup{{\mathcal{I}}\tmrsub{{\mu}}}\tmrsub{1}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaruleaxiom{}{{\lfetch{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\unaryZ}}{{\mathcal{L}}}}}{l{\cdummy}fetch\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{{\simmap{{\metaterm{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{12}}}}{{\metaterm{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}'}{{\mathcal{L}}'}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metaterm{{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{L}}'}}}{{\mathcal{D}}\tmrsub{4}}}}}}{
  
  {\simmap{{\metarule{{\metahyps{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\metawildcarddots}}}}{{\metaterm{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\map{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}}}{map\tmrsub{2}}}}{{\metarule{{\metaterm{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\mathcal{D}}\tmrsub{2}}}}{{\tsub{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{{\unaryS{{\alpha}}}}{{\mathcal{I}}'}}}{fetch\tmrsup{{\mathcal{I}}\tmrsub{{\mu}}}\tmrsub{2}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}'}{{\mathcal{L}}'}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metarule{{\metaterm{{\lfetch{{\mathcal{L}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{L}}'}}}{{\mathcal{D}}\tmrsub{4}}}}{{\lfetch{{\metaparen{{\ltablecons{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}}}{{\unaryS{{\alpha}}}}{{\mathcal{L}}'}}}{l{\cdummy}fetch\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  
  
  {\metamode{{\simmap{+{\mathcal{D}}\tmrsub{1}}{+{\mathcal{D}}\tmrsub{2}}{-{\mathcal{D}}\tmrsub{3}}{-{\mathcal{D}}\tmrsub{4}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\simmap{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{3}}{{\mathcal{D}}\tmrsub{4}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{2}}}{\hspace{1em}}{\simmap{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{3}}{{\mathcal{D}}\tmrsub{4}}}}}
\end{proof}

{\metadeclrev{{\simfetch{{\sub{{\mathcal{I}}}{l}{k}}}{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\triclos{\tilde{c}}{c}}}{{\fetch{{\mathcal{L}}}{l}{c}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\simfetch{{\metaruleaxiom{}{{\sub{{\metaparen{{\unariescons{k}{{\mathcal{I}}}}}}}{{\unaryZ}}{k}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{1}}}}{{\metaterm{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metarule{{\metahyps{{\metaterm{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{{\mathcal{D}}\tmrsub{31}}}}{{\metahyps{{\metaterm{{\triclos{\tilde{c}}{c}}}{{\mathcal{D}}\tmrsub{32}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\metawildcarddots}}}}}}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\unariescons{k}{{\mathcal{I}}}}}}}{{\lcenvcons{{\mathcal{L}}}{c}}}}}{flatten\tmrsub{2}}}}{{\metaterm{{\triclos{\tilde{c}}{c}}}{{\mathcal{D}}\tmrsub{32}}}}{{\metaruleaxiom{}{{\fetch{{\lcenvcons{{\mathcal{L}}}{c}}}{{\unaryZ}}{c}}}{fetch\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  
  
  {\metadefnleft{{\metarule{{\simfetch{{\metaterm{{\sub{{\mathcal{I}}}{l}{k}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{33}}}}{{\metaterm{{\triclos{\tilde{c}}{c}}}{{\mathcal{D}}\tmrsub{4}}}}{{\metaterm{{\fetch{{\mathcal{L}}}{l}{c}}}{{\mathcal{D}}\tmrsub{5}}}}}}{{\simfetch{{\metarule{{\metaterm{{\sub{{\mathcal{I}}}{l}{k}}}{{\mathcal{D}}\tmrsub{11}}}}{{\sub{{\metaparen{{\unariescons{k'}{{\mathcal{I}}}}}}}{{\unaryS{l}}}{k}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{2}}}}{{\metaterm{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{\tilde{c}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metarule{{\metahyps{{\metaterm{{\icompute{\tilde{{\mathcal{E}}}}{n}{k'}{\tilde{c}'}}}{{\mathcal{D}}\tmrsub{31}}}}{{\metahyps{{\metaterm{{\triclos{\tilde{c}'}{c'}}}{{\mathcal{D}}\tmrsub{32}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{33}}}}}}}}{{\comp{n}{\tilde{{\mathcal{E}}}}{{\metaparen{{\unariescons{k'}{{\mathcal{I}}}}}}}{{\lcenvcons{{\mathcal{L}}}{c'}}}}}{flatten\tmrsub{2}}}}{{\metaterm{{\triclos{\tilde{c}}{c}}}{{\mathcal{D}}\tmrsub{4}}}}{{\metarule{{\metaterm{{\fetch{{\mathcal{L}}}{l}{c}}}{{\mathcal{D}}\tmrsub{5}}}}{{\fetch{{\lcenvcons{{\mathcal{L}}}{c'}}}{{\unaryS{l}}}{c}}}{fetch\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  
  
  
  
  {\metamode{{\simfetch{+{\mathcal{D}}\tmrsub{1}}{+{\mathcal{D}}\tmrsub{2}}{+{\mathcal{D}}\tmrsub{3}}{-{\mathcal{D}}\tmrsub{4}}{-{\mathcal{D}}\tmrsub{5}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\simfetch{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{3}}{{\mathcal{D}}\tmrsub{4}}{{\mathcal{D}}\tmrsub{5}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{1}}}{\hspace{1em}}{\simfetch{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{3}}{{\mathcal{D}}\tmrsub{4}}{{\mathcal{D}}\tmrsub{5}}}}}
\end{proof}

{\metadeclrev{{\simkfetch{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}{{\ikfetch{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\alpha}}{\tilde{{\mathcal{S}}}}}}{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{S}}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\simkfetch{{\metarule{{\metahyps{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}{{\metawildcarddots}}}}}}{{\trikenv{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}}}{k{\cdummy}env\tmrsup{{\diamond}}\tmrsub{2}}}}{{\metaruleaxiom{}{{\ikfetch{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\unaryZ}}{\tilde{{\mathcal{S}}}}}}{i{\cdummy}fetch\tmrsup{{\mu}}\tmrsub{1}}}}{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaruleaxiom{}{{\kfetch{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\unaryZ}}{{\mathcal{S}}}}}{fetch\tmrsup{{\mu}}\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  
  
  {\metadefnleft{{\metarule{{\simkfetch{{\metaterm{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{12}}}}{{\metaterm{{\ikfetch{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\alpha}}{\tilde{{\mathcal{S}}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metaterm{{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{4}}}}}}{{\simkfetch{{\metarule{{\metahyps{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}'}{{\mathcal{S}}'}}}{{\metawildcarddots}}}}{{\metaterm{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\trikenv{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}'}}}{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}'}}}}}{k{\cdummy}env\tmrsup{{\diamond}}\tmrsub{2}}}}{{\metarule{{\metaterm{{\ikfetch{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\alpha}}{\tilde{{\mathcal{S}}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\ikfetch{{\ikenvcons{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}'}}}{{\unaryS{{\alpha}}}}{\tilde{{\mathcal{S}}}}}}{i{\cdummy}fetch\tmrsup{{\mu}}\tmrsub{2}}}}{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metarule{{\metaterm{{\kfetch{{\mathcal{E}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{4}}}}{{\kfetch{{\kenvcons{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}'}}}{{\unaryS{{\alpha}}}}{{\mathcal{S}}}}}{fetch\tmrsup{{\mu}}\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  
  
  {\metamode{{\simkfetch{+{\mathcal{D}}\tmrsub{1}}{+{\mathcal{D}}\tmrsub{2}}{-{\mathcal{D}}\tmrsub{3}}{-{\mathcal{D}}\tmrsub{4}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\simkfetch{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{3}}{{\mathcal{D}}\tmrsub{4}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{2}}}{\hspace{1em}}{\simkfetch{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{3}}{{\mathcal{D}}\tmrsub{4}}}}}
\end{proof}

{\metadeclrev{{\simulation{{\ievaluation{\tilde{{\sigma}}\tmrsub{1}}{\tilde{{\sigma}}\tmrsub{2}}}}{{\tristate{\tilde{{\sigma}}\tmrsub{1}}{{\sigma}\tmrsub{1}}}}{{\tristate{\tilde{{\sigma}}\tmrsub{2}}{{\sigma}\tmrsub{2}}}}{{\evaluation{{\sigma}\tmrsub{1}}{{\sigma}\tmrsub{2}}}}}}{{\metatypetheorem}}}

\begin{proof}
  
  
  {\metadefnleft{{\metarule{{\simfetch{{\metaterm{{\sub{{\mathcal{I}}}{l}{k}}}{{\mathcal{D}}\tmrsub{111}}}}{{\metarule{{\metahyps{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{112}}}}{{\metaterm{{\ifetch{\tilde{{\mathcal{E}}}}{g}{{\iclosclosure{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}}}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\icompute{\tilde{{\mathcal{E}}}}{n}{k}{{\iclosclosure{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}}}}}{i{\cdummy}compute\tmrsub{1}}}}{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{211}}}}{{\metaterm{{\triclos{{\iclosclosure{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}}}{{\closclosure{t'}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}'\tmrsub{{\mu}}}}}}}{{\mathcal{D}}\tmrsub{31}}}}{{\metaterm{{\fetch{{\mathcal{L}}}{l}{{\closclosure{t'}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}'\tmrsub{{\mu}}}}}}}{{\mathcal{D}}\tmrsub{4}}}}}}{{\simulation{{\metarule{{\metahyps{{\metarule{{\metahyps{{\metaterm{{\sub{{\mathcal{I}}}{l}{k}}}{{\mathcal{D}}\tmrsub{111}}}}{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{112}}}}}}{{\compute{n}{{\mathcal{I}}}{l}{g}}}{compute\tmrsub{1}}}}{{\metaterm{{\ifetch{\tilde{{\mathcal{E}}}}{g}{{\iclosclosure{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}}}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\ievaluation{{\istatetuple{{\tvar{l}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\istatetuple{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}}}{i{\cdummy}var}}}{{\metarule{{\metahyps{{\metarule{{\metahyps{{\metaterm{{\comp{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}}{{\mathcal{L}}}}}{{\mathcal{D}}\tmrsub{211}}}}{{\metahyps{{\metaterm{{\map{n}{\tilde{{\mathcal{E}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\mathcal{L}}\tmrsub{{\mu}}}}}{{\mathcal{D}}\tmrsub{212}}}}{{\metaterm{{\trikenv{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}{{\metawildcarddots}}}}}}}}{{\triclos{{\iclosclosure{{\tvar{l}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}}}{{\closclosure{{\tvar{l}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}}}}}{clos\tmrsup{{\diamond}}}}}{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{22}}}}}}{{\tristate{{\istatetuple{{\tvar{l}}}{\tilde{{\mathcal{E}}}}{n}{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\statetriple{{\tvar{l}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}}}{state\tmrsup{{\diamond}}}}}{{\metarule{{\metahyps{{\metaterm{{\triclos{{\iclosclosure{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}}}{{\closclosure{t'}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}'\tmrsub{{\mu}}}}}}}{{\mathcal{D}}\tmrsub{31}}}}{{\metaterm{{\tristack{\tilde{{\mathcal{S}}}}{{\mathcal{S}}}}}{{\mathcal{D}}\tmrsub{22}}}}}}{{\tristate{{\istatetuple{t}{\tilde{{\mathcal{E}}}'}{n'}{{\mathcal{I}}'}{{\mathcal{I}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{E}}}'\tmrsub{{\mu}}}{\tilde{{\mathcal{S}}}}}}{{\statetriple{t'}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}'}{{\mathcal{S}}}}}}}{state\tmrsup{{\diamond}}}}}{{\metarule{{\metaterm{{\fetch{{\mathcal{L}}}{l}{{\closclosure{t'}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}'\tmrsub{{\mu}}}}}}}{{\mathcal{D}}\tmrsub{4}}}}{{\evaluation{{\statetriple{{\tvar{l}}}{{\mathcal{L}}}{{\mathcal{L}}\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}}{{\mathcal{S}}}}}{{\statetriple{t'}{{\mathcal{L}}'}{{\mathcal{L}}'\tmrsub{{\mu}}}{{\mathcal{E}}\tmrsub{{\mu}}'}{{\mathcal{S}}}}}}}{k{\cdummy}var}}}}}{\&1}}}}
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