SAFE A -TERMS

1 Safety, local indices and translation

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 == ]
| nuZT

%datatype table
Y%name table I,

Z, == []
| =7,

1.1.2 Term

%datatype term
%name term t

t n=n
| tito
| At
| catcht
| throwat

Remark. Syntax of safe A.-terms:

t = n

ti1t2

At

get-context ¢
set-context ot

1.2 Subtraction

%judgment ni-—ns=ns

ny— 0= ny [minus;]|

(nl + 1) - (TL2 + 1) =mn3 [minuss] when niy—ng=ns
%mode +nj -~ +ns=—ng
%worlds () n;--na=ng
%terminates (n1) n;-—ny=n;3
Y%unique +n; -~ +no=—1ng
%lemma Vn:inder - n—n=0 [minusid]
Proof.
- — [&1]
0: inder - 0 (0= [minusi]  [minus-id]
2y . [minus-id]
n: index =0
&2
D [&2]
non=h [minus-id]
1: ) d . minus minus-I:
n+ 1:index CES é(n—|—1)=0[ 2]
%mode +n - =D [mir?usdcu
%worlds () n - D [n.llﬂus.-ld]
%total (n) n - D [minus-id]

Y%lemma n; = (na+1)=ng3

= nléngz(ng—kl)

[minus-succ]

Proof.
D [&1]
0= [minus] [minus-succ]
(n1+1)=0+1)=mn = (m+1)=0=(ni+1)
Dy Dy [minus-succ]
ni1 = (n2+1)=ns n1-—ng=(n3+1)
D1 Dy
n1 = (n2+1) =n3 n1~n2=(nz+1) - ]
minus. = minus minus-succ
(A )= (D + D=y (D)= (a4 )=(ma 1) "
%mode _|-D1 = _ 'D2 [minus-succ]
%worlds () D1 = Do [minus-succ]
Y%total D1 D1 = D, [minus-succ]
%lemma n; —ne=ng = N;--N3=ny [minus-swap)
Proof.
D S
21 . [minus-id]
ni:index n =0
D [&1]
ny — 0= ny [minus1] = [minus-swap]
ni—n1=0
. Dl . D2 [minus-swap]
ny—mnz2=mns ni—ng=nmno
Do
ny-—mns3=n2 Dy .
[minus,] = . [minus-succ]
(“14—1)4(”3—1-1):712 (n1+1)—n3:(n2+1)
D, [&2]
ni-—ngs=mns Dy .
[minus,] = . [minus-swap]
(n1+1)4(n2+1):n3 (n1—|—1)—n3:(n2—|—1)
Y% mode _|_D1 = _ D2 [minus-swap)

%worlds () D,
%total Dl Dl

= Dy
= Dy

[minus-swap]

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

(n::T)(0) = n lfetehi]

[minus-swap]

(n:Z)(n1+1)=nq [fetchd]  yyhen Z(n1) =ns

Y%mode +Z(+n1)=—nq
Y%worlds () Z(n1)=mno
%terminates ny; Z(ni) =ns
Y%unique +Z(+n1)=—1ny
1.2.2 Fetch (table)

%judgment Z,(n)=1T

fetchf“]

(Z::7,)(0) :I[

fetch?‘]

(Z':Z,)(a+1) :I[

Y%mode +Z,(+a)=-7
%worlds () Z,(a)=
Y%terminates o Z,(a)=Z
Y%unique +7,(+a)=-17

1.2.3 Compute
%judgment n;—Z(ng)=ns

n 71(1) =g [computeq]

Y%mode +n; = +Z(4+n2)=-—n3
%worlds ()

%terminates

ny = I(ng) =Mns3
{} ni1 —I(TLQ) =ns3
%unique +nj -~ +Z(+n2) =—1ng

2 Safe A -terms

2.1 Safety
%judgment neZ
c (n . I) [memberi]
ne(n' =) Pemberal yhen nel

%mode +nc+Z
%worlds () neZ
%terminates 7 neZ

%lemma k€I = Z(n)=k for somen

when ZI(l)=k,

when ZI,(o)=T

[domain]

Proof.
— [&1]
n € (nuT)member] = (. T)(() =y lfetenf]  [domain]
D2 Dy [domain]
kel = I(n)=k
(&2]
Do D,
kel b = I(’I’L) =k fetchZ [domain]
ke(k'=T) [member,] (k'::I)(n—Fl):k[em 7
%mode _|-D1 = _ 'D2 [domain]
%worlds () D; = D, [domain]
%total (D;) Dy = D, [domain]
%judgment Safe”"x(t)
Safei’z“(g) [safeq] when nég:k‘, keT
Safes* (tu) wafesl when  SafeFr(t),  Safel"(u)
Safeg’z“()\t) [safes] 1 om Safe 5::4—11 ::I),Iu(t)
Safe®*r(catcht) lsafeal  yhen  Safe i,(I:: Zu)(t)
Safe-*r(throw at) Bafesl when T,(a)=1I', Safe fﬁzﬂ(t)

Y%mode Safe T u(+t)
%worlds () Safe’"x(t)
%terminates t Safe®"x(t)

2.2 From local indices to global indices

%judgment ¢i’z“(t1) =ty
2D =9

n
Z,Z, )
R (tu)=t'u

I,I,
n

I 7
I
1E () = M
1 (get-context t) = catch t’
I 7

L.1u(set-context o t) = throw o ¢/

Y%mode |11 (1t) =t/
%worlds () |Z2Te ()=t

)
%terminates t |27t(t)=1t’

Ml when n=Z()=g
L=, L) =u

Vsl when ¢£Ln++11::1)’1“(t):t’

Mol when

(bl hen J,i’(I“I“)(t)zt'

sl when Z,(a)=1T', igl’z“(t):t’

!/

[&2]



%unique ¢i£’+z“(+t) =1t

%lemma Safe i’I‘L(t/) = \I(I’I#(t) =t fOT' some t [safe-image]

n

Proof.
Do D111 [domain]
kel ~  I()=k
Ds D112 ;
[minus-swap]
[&1]
D111 D112
Ds Do () =k n-k=g .
n-g=k keI n=ZIZ(l)=g [compute,] foi
— [safe,] = — [, [safe-image)]
Safe,"(g) rl)=g
D1 D1y [safe-image]
SafeTTu(y T Iy =t/
Do D2 [safe-image]
Safei’l“(u') = i,Iu(u):u/
&2
D D, Dn D12 -
1.7, I,z T, .1 _
Safe n (t/) Safe n “(’U,/) safe = \I/n “(t) =t \Ln “(u) =u [safe-image]
T.T [safe,] T, (V]
Safe  (t'u’) o (tu) =t o
Dy = D [safe-image]
Safe gln++11 :: I)vIu(t/) \L;n+-4—11 B I>7I“(t) — -
Dy Du
Safe, 5 () Wi PO = eimagd
=7 [safeg] = T T N
Safe "+ (At') () = A
Dy Dn [safe-image]
Safe - T=Tu)(11) = l/I,(I::I#)(t) oy
n n [&4]
D1 Du
Sa eI,(I::Iu) t I,(Z=Ty) ) =1¢' .
fInI ( ) [afe] = — \I/n ( ) ] [safe-image]
Safe "+ (catcht’) 1" (get-context t) = catch ¢/
Do D12 -
[safe-image]
’ j ’
Safel Fr(t') b ) =t
(&3]
D11 D, D11 D12
Tu(a)=T"  Safel (1) () =T" 7P =t .
— n [safe] = — n (L] [safe-image]
Safe "+ (throw a t’) 1, " (set-context at) = throw a t’
%mode +D1 = _ D2 [safe-image]

%worlds () D; = D, [feima]
%total (Dl) Dl = D2 [Safe~image]

2.3 Examples

1 = 0+1.

2 = 141

3 = 2+1L

%solve _ : Safe ([)]’H(/\catch A(0 (throw 01)))

Remark. This example fails as expected:

%solve _ : Safe ([)]’H(/\catch A(1 (throw 00)))

%solve _ i([)]’[]()\get-context A(1 (set-context 0 0))) = Acatch A(1 (throw 0 1))

%solve di : Safellll(Acatch A\(0 (throw 01)))
%solve _ : dy: Safelll/(Acatch A(0 (throw 0 1)))

%query 0 *  Safe['l/(\catch A(1 (throw 00)))
%query 1 *  Safe B]’[]()\catch A0 (throw 01)))

%query 1 * dy: Safe %]’[]()\catch A(0 (throw 01)))

Remark.

= Dy %]’“(t) = Acatch A\(0 (throw 0 1)) [safe-image]

= Do |1(t) = Acatch A(0 (throw 0 1))  [safeimage]

A
cat|ch

|
by
|
Q

TN

0 throw 0

1
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\documentclass{article}
\usepackage{geometry,amsmath,amssymb,graphicx}
\usepackage{twelf}
\usepackage{kam_ct_0}
\geometry{a0paper}

%%%%%%%%%% Start TeXmacs macros
\newcommand{\tmem}[1]{{\em #1\/}}
\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{Safety, local indices and translation}

\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}}}}{$\term$}}

{\remark*{Syntax of safe $\lambda_{\tmop{ct}}$-terms:



{\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{{\minusid{{\metabracesforall{{\metatypedvar{n}{{\unary}}}}}}{{\opminus{n}{n}{{\unaryZ}}}}}}{{\metatypelemma}}}

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

{\metadeclrev{{\minussucc{{\opminus{n\tmrsub{1}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}{n\tmrsub{3}}}}{{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{{\metaparen{{\unaryS{n\tmrsub{3}}}}}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{}{{\minussucc{{\metaterm{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\metaparen{{\unaryS{{\unaryZ}}}}}}{n\tmrsub{1}}}}{{\mathcal{D}}}}}{{\metaruleaxiom{}{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\unaryZ}}{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}}}{minus\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{
  
  {\minussucc{{\metaterm{{\opminus{n\tmrsub{1}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}{n\tmrsub{3}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{{\metaparen{{\unaryS{n\tmrsub{3}}}}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\minussucc{{\metarule{{\metaterm{{\opminus{n\tmrsub{1}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}{n\tmrsub{3}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\metaparen{{\unaryS{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}}}}}{n\tmrsub{3}}}}{minus\tmrsub{2}}}}{{\metarule{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{{\metaparen{{\unaryS{n\tmrsub{3}}}}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}{{\metaparen{{\unaryS{n\tmrsub{3}}}}}}}}{minus\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  {\metamode{{\minussucc{+{\mathcal{D}}\tmrsub{1}}{-{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\minussucc{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metatotal{{\mathcal{D}}\tmrsub{1}{\hspace{1em}}{\minussucc{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
\end{proof}

{\metadeclrev{{\minuscommute{{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{n\tmrsub{3}}}}{{\opminus{n\tmrsub{1}}{n\tmrsub{3}}{n\tmrsub{2}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{{\minusid{{\metatermbefore{{\unary}}{n\tmrsub{1}}}}{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{1}}{{\unaryZ}}}}{{\mathcal{D}}}}}}}{{\minuscommute{{\metaruleaxiom{}{{\opminus{n\tmrsub{1}}{{\unaryZ}}{n\tmrsub{1}}}}{minus\tmrsub{1}}}}{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{1}}{{\unaryZ}}}}{{\mathcal{D}}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{
  
  {\metahypsabove{{\minuscommute{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{n\tmrsub{3}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{3}}{n\tmrsub{2}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\minussucc{{\metarule{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{3}}{n\tmrsub{2}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\metaparen{{\unaryS{n\tmrsub{3}}}}}}{n\tmrsub{2}}}}{minus\tmrsub{2}}}}{{\metaterm{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{n\tmrsub{3}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}}}{{\mathcal{D}}\tmrsub{3}}}}}}}}{{\minuscommute{{\metarule{{\metaterm{{\opminus{n\tmrsub{1}}{n\tmrsub{2}}{n\tmrsub{3}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}{n\tmrsub{3}}}}{minus\tmrsub{2}}}}{{\metaterm{{\opminus{{\metaparen{{\unaryS{n\tmrsub{1}}}}}}{n\tmrsub{3}}{{\metaparen{{\unaryS{n\tmrsub{2}}}}}}}}{{\mathcal{D}}\tmrsub{3}}}}}}{\&2}}}}
  
  
  
  
  
  {\metamode{{\minuscommute{+{\mathcal{D}}\tmrsub{1}}{-{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\minuscommute{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
  
  {\metatotal{{\mathcal{D}}\tmrsub{1}{\hspace{1em}}{\minuscommute{{\mathcal{D}}\tmrsub{1}}{{\mathcal{D}}\tmrsub{2}}}}}
\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}}}}}

\section{Safe $\lambda_{\tmop{ct}}$-terms}

\subsection{Safety}

{\metadeclrev{{\member{{\unary}}{{\unaries}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metaruleaxiom{}{{\lbox{{\member{n}{{\metaparen{{\unariescons{n}{{\mathcal{I}}}}}}}}}}}{member\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\member{n}{{\mathcal{I}}}}}{{\lbox{{\member{n}{{\metaparen{{\unariescons{n'}{{\mathcal{I}}}}}}}}}}}{member\tmrsub{2}}}}}



{\metamode{{\member{+n}{+{\mathcal{I}}}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\member{n}{{\mathcal{I}}}}}}

{\metaterminates{{\mathcal{I}}{\hspace{1em}}{\member{n}{{\mathcal{I}}}}}}



{\metadeclrev{{\target{{\sub{{\mathcal{I}}}{n}{k}}{\hspace{1em}}{\metaignore{{\text{{\tmem{for
some $n$}}}}}}}{{\member{k}{{\mathcal{I}}}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  {\metadefnleft{{\metarule{}{{\target{{\metaruleaxiom{}{{\sub{{\metaparen{{\unariescons{n}{{\mathcal{I}}}}}}}{{\unaryZ}}{n}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{1}}}}{{\metaruleaxiom{}{{\member{n}{{\metaparen{{\unariescons{n}{{\mathcal{I}}}}}}}}}{member\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  {\metadefnleft{{\metarule{
  
  {\target{{\metaterm{{\sub{{\mathcal{I}}}{n}{k}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\member{k}{{\mathcal{I}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\target{{\metarule{{\metaterm{{\sub{{\mathcal{I}}}{n}{k}}}{{\mathcal{D}}\tmrsub{1}}}}{{\sub{{\metaparen{{\unariescons{k'}{{\mathcal{I}}}}}}}{{\unaryS{n}}}{k}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{2}}}}{{\metarule{{\metaterm{{\member{k}{{\mathcal{I}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\member{k}{{\metaparen{{\unariescons{k'}{{\mathcal{I}}}}}}}}}{member\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  {\metamode{{\target{-{\mathcal{D}}\tmrsub{2}}{+{\mathcal{D}}\tmrsub{1}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\target{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{1}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{1}}}{\hspace{1em}}{\target{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{1}}}}}
\end{proof}



{\metadeclrev{{\safe{{\unaries}}{{\itable}}{{\unary}}{{\term}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhen{{\metahypscomma{{\opminus{n}{g}{k}}}{{\member{k}{{\mathcal{I}}}}}}}{{\lboxonetwo{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tvar{g}}}}}}}{safe\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{u}}}}}{{\lboxonetwo{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tapp{t}{u}}}}}}}{safe\tmrsub{2}}}}}

{\metadefnleft{{\metarulewhen{{\safe{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\unaryS{n}}}{t}}}{{\lboxonetwo{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tlam{t}}}}}}}{safe\tmrsub{3}}}}}

{\metadefnleft{{\metarulewhen{{\safe{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{n}{t}}}{{\lboxonetwo{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tcatch{t}}}}}}}{safe\tmrsub{4}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\safe{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}}}}}{{\lboxonetwo{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tthrow{{\alpha}}{t}}}}}}}{safe\tmrsub{5}}}}}



{\metamode{{\safe{+{\mathcal{I}}}{+{\mathcal{I}}\tmrsub{{\mu}}}{+n}{+t}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}}}}

{\metaterminates{t{\hspace{1em}}{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}}}}



\subsection{From local indices to global indices}

{\metadeclrev{{\litogi{{\unaries}}{{\itable}}{{\unary}}{{\termone}}{{\termtwo}}}}{{\metatypejudgment}}}



{\metadefnleft{{\metarulewhen{{\compute{n}{{\mathcal{I}}}{l}{g}}}{{\lboxtwozero{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tvar{l}}}{{\tvar{g}}}}}}}{{\downarrow}\tmrsub{1}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{u}{u'}}}}}{{\lboxtwozero{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tapp{t}{u}}}{{\tapp{t'}{u'}}}}}}}{{\downarrow}\tmrsub{2}}}}}

{\metadefnleft{{\metarulewhen{{\litogi{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\unaryS{n}}}{t}{t'}}}{{\lboxtwozero{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tlam{t}}}{{\tlam{t'}}}}}}}{{\downarrow}\tmrsub{3}}}}}

{\metadefnleft{{\metarulewhen{{\litogi{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{n}{t}{t'}}}{{\lboxtwozero{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tcatch{t}}}{{\tcatch{t'}}}}}}}{{\downarrow}\tmrsub{4}}}}}

{\metadefnleft{{\metarulewhen{{\metahypscomma{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\litogi{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}}}{{\lboxtwozero{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tthrow{{\alpha}}{t}}}{{\tthrow{{\alpha}}{t'}}}}}}}{{\downarrow}\tmrsub{5}}}}}



{\metamode{{\litogi{+{\mathcal{I}}}{+{\mathcal{I}}\tmrsub{{\mu}}}{+n}{+t}{-t'}}}}

{\metaworlds{{\metaparen{}}{\hspace{1em}}{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}}

{\metaterminates{t{\hspace{1em}}{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}}

{\metaunique{{\litogi{+{\mathcal{I}}}{+{\mathcal{I}}\tmrsub{{\mu}}}{+n}{+t}{-1t'}}}}





{\metadeclrev{{\upsafe{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}{\hspace{1em}}{\metaignore{{\text{{\tmem{for
some
$t$}}}}}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t'}}}}}{{\metatypelemma}}}

\begin{proof}
  
  
  
  
  {\metadefnleft{{\metarule{{\metahypsabove{{\target{{\metaterm{{\sub{{\mathcal{I}}}{l}{k}}}{{\mathcal{D}}\tmrsub{111}}}}{{\metaterm{{\member{k}{{\mathcal{I}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\minuscommute{{\metaterm{{\opminus{n}{g}{k}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metaterm{{\opminus{n}{k}{g}}}{{\mathcal{D}}\tmrsub{112}}}}}}}}{{\upsafe{{\metarule{{\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}}}}{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tvar{l}}}{{\tvar{g}}}}}{{\downarrow}\tmrsub{1}}}}{{\metarule{{\metahyps{{\metaterm{{\opminus{n}{g}{k}}}{{\mathcal{D}}\tmrsub{3}}}}{{\metaterm{{\member{k}{{\mathcal{I}}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tvar{g}}}}}{safe\tmrsub{1}}}}}}{\&1}}}}
  
  
  
  
  
  
  
  {\metadefnleft{{\metarule{{\metahypsabove{{\upsafe{{\metaterm{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t'}}}{{\mathcal{D}}\tmrsub{1}}}}}}{{\upsafe{{\metaterm{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{u}{u'}}}{{\mathcal{D}}\tmrsub{12}}}}{{\metaterm{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{u'}}}{{\mathcal{D}}\tmrsub{2}}}}}}}}{{\upsafe{{\metarule{{\metahyps{{\metaterm{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{u}{u'}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tapp{t}{u}}}{{\tapp{t'}{u'}}}}}{{\downarrow}\tmrsub{2}}}}{{\metarule{{\metahyps{{\metaterm{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t'}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{u'}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tapp{t'}{u'}}}}}{safe\tmrsub{2}}}}}}{\&2}}}}
  
  
  
  
  
  
  
  {\metadefnleft{{\metarule{{\upsafe{{\metaterm{{\litogi{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\unaryS{n}}}{t}{t'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\safe{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\unaryS{n}}}{t'}}}{{\mathcal{D}}\tmrsub{1}}}}}}{{\upsafe{{\metarule{{\metaterm{{\litogi{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\unaryS{n}}}{t}{t'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tlam{t}}}{{\tlam{t'}}}}}{{\downarrow}\tmrsub{3}}}}{{\metarule{{\metaterm{{\safe{{\metaparen{{\unariescons{{\unaryS{n}}}{{\mathcal{I}}}}}}}{{\mathcal{I}}\tmrsub{{\mu}}}{{\unaryS{n}}}{t'}}}{{\mathcal{D}}\tmrsub{1}}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tlam{t'}}}}}{safe\tmrsub{3}}}}}}{\&3}}}}
  
  
  
  
  
  
  
  {\metadefnleft{{\metarule{{\upsafe{{\metaterm{{\litogi{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{n}{t}{t'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\safe{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{n}{t'}}}{{\mathcal{D}}\tmrsub{1}}}}}}{{\upsafe{{\metarule{{\metaterm{{\litogi{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{n}{t}{t'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tcatch{t}}}{{\tcatch{t'}}}}}{{\downarrow}\tmrsub{4}}}}{{\metarule{{\metaterm{{\safe{{\mathcal{I}}}{{\metaparen{{\itablecons{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}}}}}{n}{t'}}}{{\mathcal{D}}\tmrsub{1}}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tcatch{t'}}}}}{safe\tmrsub{4}}}}}}{\&4}}}}
  
  
  
  
  
  
  
  {\metadefnleft{{\metarule{{\upsafe{{\metaterm{{\litogi{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}{{\mathcal{D}}\tmrsub{12}}}}{{\metaterm{{\safe{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t'}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\upsafe{{\metarule{{\metahyps{{\metaterm{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\litogi{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}}{{\mathcal{D}}\tmrsub{12}}}}}}{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tthrow{{\alpha}}{t}}}{{\tthrow{{\alpha}}{t'}}}}}{{\downarrow}\tmrsub{5}}}}{{\metarule{{\metahyps{{\metaterm{{\tsub{{\mathcal{I}}\tmrsub{{\mu}}}{{\alpha}}{{\mathcal{I}}'}}}{{\mathcal{D}}\tmrsub{11}}}}{{\metaterm{{\safe{{\mathcal{I}}'}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t'}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\safe{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tthrow{{\alpha}}{t'}}}}}{safe\tmrsub{5}}}}}}{\&5}}}}
  
  
  
  
  
  
  
  {\metamode{{\upsafe{-{\mathcal{D}}\tmrsub{2}}{+{\mathcal{D}}\tmrsub{1}}}}}
  
  {\metaworlds{{\metaparen{}}{\hspace{1em}}{\upsafe{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{1}}}}}
  
  {\metatotal{{\metaparen{{\mathcal{D}}\tmrsub{1}}}{\hspace{1em}}{\upsafe{{\mathcal{D}}\tmrsub{2}}{{\mathcal{D}}\tmrsub{1}}}}}
\end{proof}

\subsection{Examples}

{\metaabbrev{{\unaryone}}{{\unaryS{{\unaryZ}}}}}

{\metaabbrev{{\unarytwo}}{{\unaryS{{\unaryone}}}}}

{\metaabbrev{{\unary}}{{\unaryS{{\unarytwo}}}}}



{\metasolve{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}}

{\remark*{This example fails as expected:

{\metasolve{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryone}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryZ}}}}}}}}}}}}}}}}}}}}}}}

{\metasolve{{\litogi{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryone}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryZ}}}}}}}}}}}}}}}}}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryone}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}}



{\metasolvenamed{d\tmrsub{1}}{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}}



{\metasolve{{\upsafe{{\metatermbefore{{\litogi{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{t}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metatermbefore{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}{d\tmrsub{1}}}}}}}



{\metaquery{0}{*}{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryone}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryZ}}}}}}}}}}}}}}}}}}}}}

{\metaquery{1}{*}{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}}



{\metaquery{1}{*}{{\upsafe{{\metatermbefore{{\litogi{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{t}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}{{\mathcal{D}}\tmrsub{2}}}}{{\metatermbefore{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}{d\tmrsub{1}}}}}}}



{\remark*{


\[ \includegraphics{main-tm-1.eps} \]}}

\end{document}


