
Syntax: indices and terms

%datatype index

%name index n α

n :: = 0

| n+1

%datatype term

%name term t

t :: = n

| t1 t2

| λt

| catch t

| throw α t

t :: = n

| t1 t2

| λt

| get-context t

| set-context α t



Definition of Safety: vectors and tables

%datatype vector

%name vector I

I :: = [ ]

| n; I

%datatype table

%name table Iµ

Iµ :: = [ ]

| I; Iµ

Member and fetch

%judgment n∈I
%judgment I(n1)=n2

%judgment Iµ(n)= I



Example of definition (fetch)

%judgment I(n1)=n2

(n; I)(0)=n
[

fetch1
I
]

(n; I)(n1+1)=n2

[

fetch2
I
]

when I(n1)=n2

%mode +I(+n1)=−n2

%worlds () I(n1)=n2

%terminates n1 I(n1)=n2

%unique +I(+n1)=−1n2

Example of properties

%lemma k ∈I ⇒ I(n)= k for some n [domain]

%lemma I(n)= k ⇒ k ∈I [target]



Example of proof

%lemma k ∈I ⇒ I(n)= k for some n [domain]

Proof.

n∈ (n; I) [member1] ⇒ (n; I)(0)=n
[

fetch1
I
]

[domain]
[&1]

D1

k ∈I
⇒

D2

I(n)= k
[domain]

D1

k ∈I

k ∈ (k ′; I)
[member

2
] ⇒

D2

I(n)= k

(k ′; I)(n+1)= k

[

fetch
2

I
] [domain]

[&2]

%mode +D1 ⇒ −D2
[domain]

%worlds () D1 ⇒ D2
[domain]

%total (D1) D1 ⇒ D2
[domain]

%lemma I(n)= k ⇒ k ∈I [target] (same realizer with different modes)



Definition of Safety

%judgment Safe
n

I ,Iµ(t)

Safe
n

I ,Iµ(g) [safe1] when n
.

g= k, k ∈I

Safe
n

I ,Iµ(t u) [safe2] when Safe
n

I ,Iµ(t), Safe
n

I ,Iµ(u)

Safe
n

I ,Iµ(λt) [safe3] when Safe
n+1
(n+1; I),Iµ(t)

Safe
n

I ,Iµ(catch t) [safe4] when Safe
n

I ,(I; Iµ)(t)

Safe
n

I ,Iµ(throw α t) [safe5] when Iµ(α)= I ′, Safe
n

I ′
,Iµ(t)



Translation from local indices to global indices

%judgment ↓
n

I ,Iµ(t1)= t2

↓
n

I ,Iµ(l)= g
[↓1] when n

. I(l)= g

↓
n

I ,Iµ(t u)= t′u′ [↓2] when ↓
n

I ,Iµ(t)= t′, ↓
n

I ,Iµ(u)=u′

↓
n

I ,Iµ(λt)=λt′
[↓3] when ↓

n+1
(n+1; I),Iµ(t)= t′

↓
n

I ,Iµ(get-context t)= catch t′
[↓4] when ↓

n

I ,(I; Iµ)(t)= t′

↓
n

I ,Iµ(set-context α t)= throw α t′
[↓5] when Iµ(α)= I ′, ↓

n

I ′
,Iµ(t)= t′

%lemma ↓
n

I ,Iµ(t)= t′ ⇒ Safe
n

I ,Iµ(t′) [↓·safe]

%lemma Safe
n

I ,Iµ(t′) ⇒ ↓
n

I ,Iµ(t)= t′ for some t [safe·image]



Example

λ

get-context

λ

@

0 set-context 0

0

↓0
[],[]� λ

catch

λ

@

0 throw 0

1

%solve _ :

↓0
[ ],[ ](λget-context λ(0 (set-context 0 0)))=λcatch λ(0 (throw 0 1))

%solve _ : d1: Safe 0
[ ],[ ](λcatch λ(0 (throw 0 1)))

⇒ ⊔ : ↓0
[ ],[ ](t)=λcatch λ(0 (throw 0 1)) [safe·image]
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{\slide{Syntax: indices and terms}}





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

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



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

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



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

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



\begin{multicols}{2}
  {\metadeclgrammar{{\tvar{{\unary}}}}{{\term}}}
  
  {\metadeclentry{{\tapp{{\termone}}{{\termtwo}}}}{$\term$}}
  
  {\metadeclentry{{\tlam{{\term}}}}{$\term$}}
  
  {\metadeclentry{{\tcatch{{\term}}}}{$\term$}}
  
  {\metadeclentry{{\tthrow{{\unaryalpha}}{{\term}}}}{$\term$}}
  
  {\metadeclgrammar{{\tvar{{\unary}}}}{{\term}}}
  
  {\metadeclentry{{\tapp{{\termone}}{{\termtwo}}}}{$\term$}}
  
  {\metadeclentry{{\tlam{{\term}}}}{$\term$}}
  
  {\metadeclentry{{\tcatch{{\term}}}}{$\term$}}
  
  {\metadeclentry{{\tthrow{{\unaryalpha}}{{\term}}}}{$\term$}}
\end{multicols}



{\slide{Definition of Safety: vectors and tables}}



{\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}}}

\subsection{{\tmem{Member and fetch}}}

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

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

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

\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}

{\slide{Example of definition (fetch)}}



{\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}}}}}



\subsection{{\tmem{Example of properties}}}



{\metadeclrev{{\target{{\sub{{\mathcal{I}}}{n}{k}}{\hspace{1em}}$\metacomment{\tmop{for}
\tmop{some} n}$}{{\member{k}{{\mathcal{I}}}}}}}{{\metatypelemma}}}

{\metadeclrev{}{{\metatypelemma}}}$\sub{\mathcal{I}}{n}{k} \hspace{1em}
\Rightarrow \hspace{1em} \member{k}{\mathcal{I}} \hspace{1em}^{\left[
\tmop{target} \right]}$



\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}

{\slide{Example of proof}}



{\metadeclrev{{\target{{\sub{{\mathcal{I}}}{n}{k}}{\hspace{1em}}$\metacomment{\tmop{for}
\tmop{some} n}$}{{\member{k}{{\mathcal{I}}}}}}}{{\metatypelemma}}}

\paragraph{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{2}}}}{{\metaterm{{\member{k}{{\mathcal{I}}}}}{{\mathcal{D}}\tmrsub{1}}}}}}{{\target{{\metarule{{\metaterm{{\sub{{\mathcal{I}}}{n}{k}}}{{\mathcal{D}}\tmrsub{2}}}}{{\sub{{\metaparen{{\unariescons{k'}{{\mathcal{I}}}}}}}{{\unaryS{n}}}{k}}}{fetch\tmrsup{{\mathcal{I}}}\tmrsub{2}}}}{{\metarule{{\metaterm{{\member{k}{{\mathcal{I}}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\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}}}}}



{\metadeclrev{}{{\metatypelemma}}}$\sub{\mathcal{I}}{n}{k} \hspace{1em}
\Rightarrow \hspace{1em} \member{k}{\mathcal{I}} \hspace{1em}^{\left[
\tmop{target} \right]}$ {\tmem{(same realizer with different modes)}}

{\slide{Definition of Safety}}





{\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}}}}}





{\slide{Translation from local indices to global indices}}





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



{\metadefnleft{{\metarulewhen{{\compute{n}{{\mathcal{I}}}{l}{g}}}{{\lboxone{{\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'}}}}}{{\lboxone{{\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'}}}{{\lboxone{{\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'}}}{{\lboxone{{\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'}}}}}{{\lboxone{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{{\tthrow{{\alpha}}{t}}}{{\tthrow{{\alpha}}{t'}}}}}}}{{\downarrow}\tmrsub{5}}}}}





{\metadeclrev{}{{\metatypelemma}}}$\litogi{\mathcal{I}}{\mathcal{I}_{\mu}}{n}{t}{t'}
\hspace{1em} \Rightarrow \hspace{1em}
\safe{\mathcal{I}}{\mathcal{I}_{\mu}}{n}{t'} \hspace{1em}^{\left[ \downarrow
\cdummy \tmop{safe} \right]}$

{\metadeclrev{{\upsafe{{\litogi{{\mathcal{I}}}{{\mathcal{I}}\tmrsub{{\mu}}}{n}{t}{t'}}{\hspace{1em}}{\metacomment{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}

{\slide{Example}}


\begin{eqnarray*}
  \includegraphics{slides-tm-1.eps} & \begin{array}{l}
    \downarrow^{\left[ \right], \left[ \right]}_0\\
    \Longrightarrow
  \end{array} & \includegraphics{slides-tm-2.eps}
\end{eqnarray*}
{\metasolve{}}

{\hspace{4em}}{\litogi{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{0}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryZ}}}}}}}}}}}}}}}}}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{0}}}{{\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}}}}}}}}}}}}}}}}}}}}{{\metawildcard}}}}{{\metatermbefore{{\safe{{\unariesempty}}{{\itableempty}}{{\unaryZ}}{{\tlam{{\tcatch{{\tlam{{\metaparen{{\tapp{{\tvar{{\unaryZ}}}}{{\metaparen{{\tthrow{{\unaryZ}}{{\tvar{{\unaryone}}}}}}}}}}}}}}}}}}}}{d\tmrsub{1}}}\\
{\hspace{2em}}{\hspace{2em}}{\hspace{2em}}{\hspace{2em}}{\hspace{2em}}}}
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