
1 Equality

1.1 Syntax

1.1.1 Types

%datatype type

%name type τ

τ :6
| unit
| τ1→ τ2

1.1.2 Terms

%datatype term

%name term t

t :6
| 〈〉
| t1 t2

| λx: τ .t

%binding 1� 3 in λ⊔ : ⊔ .⊔

1.2 Typing judgment

%judgment ⊢ t: τ

⊢ 〈〉:unit
[of_empty]

{x} ⊢ x: τ → ⊢ t[x]: τ ′

⊢ λx: τ .t[x]: τ→ τ ′
[of_lam]

⊢ t1: τ→ τ ′ ⊢ t2: τ

⊢ t1 t2: τ ′
[of_app]

1.3 Values

%judgment t value

〈〉 value [value_empty]

λx: τ .t[x] value [value_lam]

1.4 Algorithmic definition of equality

%judgment t1= t2
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〈〉= 〈〉
[equ_u]

{x} x= x → t[x] = t
′[x]

λx: τ .t[x] =λx: τ .t′[x]
[equ_l]

t1= e1 t2= e2

(t1 t2) = (e1 e2)
[equ_a]

1.5 Reflexivity is admissible (first attempt)

%lemma ∀t: term ⊢ref ∃D : t= t

%mode +t ⊢ref −D

〈〉: term ⊢ref
〈〉= 〈〉

[equ_u]

[r_a]

{x} {U :x=x}

(

t[x]: term ⊢ref
D x U

t[x] = t[x]

)

λx: τ .t[x]: term ⊢ref

D
{x} x= x → t[x] = t[x]

λx: τ .t[x] =λx: τ .t[x]
[equ_l]

[r_l]

(

t1: term ⊢ref
D1

t1= t1

) (

t2: term ⊢ref
D2

t2= t2

)

(t1 t2): term ⊢ref

D1

t1= t1

D2

t2= t2

(t1 t2) = (t1 t2)
[equ_a]

[r_a]

%block Wref : block {x: term}{U :x= x}

%worlds (Wref) t ⊢ref D

%terminates (t) t ⊢ref D

Remark. Checking this totality assertion yields “Coverage error”:

%total (t) t ⊢ref D

1.6 Reflexivity is admissible

%lemma ∀t: term ⊢ref ∃D : t= t

%mode +t ⊢ref −D

〈〉: term ⊢ref
〈〉= 〈〉

[equ_u]

[r_u]

{x} {U :x= x}

(

x: term ⊢ref
U

x= x

)

→

(

t[x]: term ⊢ref
D x U

t[x] = t[x]

)

λx: τ .t[x]: term ⊢ref

D
{x} x= x → t[x] = t[x]

λx: τ .t[x] =λx: τ .t[x]
[equ_l]

[r_l]
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(

t1: term ⊢ref
D1

t1= t1

) (

t2: term ⊢ref
D2

t2= t2

)

(t1 t2): term ⊢ref

D1

t1= t1

D2

t2= t2

(t1 t2) = (t1 t2)
[equ_a]

[r_a]

%block Wref : block {x: term}{U :x= x}{⊔ : (x: term ⊢ref U :x= x)}
%worlds (Wref) t ⊢ref D
%terminates (t) t ⊢ref D
%total (t) t ⊢ref D

1.7 Transitivity is admissible

%lemma t= r ∧ r= s ⊢tr t= s

%mode +E1 ∧ + E2 ⊢tr −E3

〈〉= 〈〉
[equ_u] ∧

〈〉= 〈〉
[equ_u] ⊢tr

〈〉= 〈〉
[equ_u]

[tr_u]

{x} {U :x= x} (U ∧ U ⊢tr U) →

(

E1 x U
t[x] = r[x]

∧
E2 x U

r[x] = s[x]
⊢tr

E3 x U
t[x] = s[x]

)

E1
λx: τ .t[x] =λx: τ .r[x]

[equ_l] ∧
E2

λx: τ .r[x] =λx: τ .s[x]
[equ_l] ⊢tr

E3
λx: τ .t[x] =λx: τ .s[x]

[equ_l]

[tr_

l]

(

E1
t1= r1

∧
F1

r1= s1
⊢tr

G1

t1= s1

) (

E2
t2= r2

∧
F2

r2= s2
⊢tr

G2

t2= s2

)

E1
t1= r1

E2
t2= r2

(t1 t2) = (r1 r2)
[equ_a] ∧

F1

r1= s1

F2

r2= s2

(r1 r2)= (s1 s2)
[equ_a] ⊢tr

G1

t1= s1

G2

t2= s2

(t1 t2)= (s1 s2)
[equ_a]

[tr_a]

%block Wtr : block {x: term}{U :x= x}{⊔ : (U :x= x ∧ U :x= x ⊢tr U :x= x)}
%worlds (Wtr) E1 ∧ E2 ⊢tr E3
%terminates (E1) E1 ∧ E2 ⊢tr E3
%total (E1) E1 ∧ E2 ⊢tr E3

1.8 Symmetry is admissible

%lemma t= r ⊢sym r= t

%mode +E1 ⊢sym −E2

〈〉= 〈〉
[equ_u] ⊢sym

〈〉= 〈〉
[equ_u]

[tr_u]

{x} {U :x=x}

(

U
x=x

⊢sym
U

x= x

)

→

(

E1 x U
t[x] = r[x]

⊢sym
E1
′
x U

r[x] = t[x]

)

E1
{x} x=x → t[x] = r[x]

λx: τ .t[x] =λx: τ .r[x]
[equ_l] ⊢sym

E1
′

{x} x= x → r[x] = t[x]

λx: τ .r[x] =λx: τ .t[x]
[equ_l]

[tr_l]
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(

E1
t1= r1

⊢sym
E1
′

r1= t1

) (

E2
t2= r2

⊢sym
E2
′

r2= t2

)

E1
t1= r1

E2
t2= r2

(t1 t2)= (r1 r2)
[equ_a] ⊢sym

E1
′

r1= t1

E2
′

r2= t2

(r1 r2)= (t1 t2)
[equ_a]

[tr_a]

%block Wsym : block {x: term}{U :x= x}{⊔ : (U :x= x ⊢sym U : x= x)}
%worlds (Wsym) E1 ⊢sym E2
%terminates (E1) E1 ⊢sym E2
%total (E1) E1 ⊢sym E2
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\begin{document}

\section{Equality}

\subsection{Syntax}

\subsubsection{Types}

{\metadeclzero{{\tp}}{{\metatypetwo}}}

{\metaname{{\tp}}{{\tau}}}



{\metadeclone{{\unit}}{{\tpzero}}}

{\metadecltwo{{\arrow{{\tpone}}{{\tptwo}}}}{{\tp}}}



\subsubsection{Terms}

{\metadeclzero{{\tm}}{{\metatypetwo}}}

{\metaname{{\tm}}{t}}



{\metadeclone{{\single}}{{\tmzero}}}

{\metadecltwo{{\app{{\tmone}}{{\tmtwo}}}}{{\tm}}}

{\metadecltwo{{\lam{{\tmx}}{{\tpzero}}{{\tmzero}}}}{{\tm}}}



{\metabind{1}{3}{{\lam{{\metawildcard}}{{\metawildcard}}{{\metawildcard}}}}}

\subsection{Typing judgment}

{\metadeclzero{{\typing{{\tmzero}}{{\tpzero}}}}{{\metatypeone}}}



{\metadefn{{\metarule{}{{\typing{{\single}}{{\unit}}}}{of\_empty}}}}





{\metadefn{{\metarule{{\metaall{x}{{\metaimp{{\typing{x}{{\tau}}}}{{\typing{{\metaappzero{t}{x}}}{{\tau}'}}}}}}}{{\typing{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\arrow{{\tau}}{{\tau}'}}}}}{of\_lam}}}}





{\metadefn{{\metarule{{\metahyps{{\typing{t\tmrsub{1}}{{\arrow{{\tau}}{{\tau}'}}}}}{{\typing{t\tmrsub{2}}{{\tau}}}}}}{{\typing{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}{{\tau}'}}}{of\_app}}}}



\subsection{Values}

{\metadeclzero{{\tmvalue{{\tmzero}}}}{{\metatypeone}}}





{\metadefn{{\metarulezero{}{{\tmvalue{{\single}}}}{value\_empty}}}}



{\metadefn{{\metarulezero{}{{\tmvalue{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}}}{value\_lam}}}}





\subsection{Algorithmic definition of equality}

{\metadeclzero{{\tmequal{{\tmone}}{{\tmtwo}}}}{{\metatypeone}}}



{\metadefn{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}}

{\metadefn{{\metarule{{\metaall{x}{{\metaimp{{\tmequal{x}{x}}}{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{t'}{x}}}}}}}}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{t'}{x}}}}}}}{equ\_l}}}}

{\metadefn{{\metarule{{\metahyps{{\tmequal{t\tmrsub{1}}{e\tmrsub{1}}}}{{\tmequal{t\tmrsub{2}}{e\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}{{\metaparen{{\app{e\tmrsub{1}}{e\tmrsub{2}}}}}}}}{equ\_a}}}}

\subsection{Reflexivity is admissible (first attempt) }

{\metadeclzero{{\equalref{{\metabracesforall{{\metatypedvar{t}{{\tm}}}}}}{{\metabracesexists{{\metatypedvar{{\mathcal{D}}}{{\tmequal{t}{t}}}}}}}}}{{\metatypezero}}}

{\metamode{{\equalref{+t}{-{\mathcal{D}}}}}}



{\metadefn{{\metarule{}{{\equalref{{\metatermzero{{\tm}}{{\single}}}}{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}}}{r\_a}}}}





{\metadefn{{\metarule{{\metaall{x}{{\metaall{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}{{\metaparen{{\equalref{{\metatermzero{{\tm}}{{\metaappzero{t}{x}}}}}{{\metaterm{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{t}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{D}}}{x}}}{{\mathcal{U}}}}}}}}}}}}}}}{{\equalref{{\metatermzero{{\tm}}{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}}}{{\metarule{{\metaterm{{\metaall{x}{{\metaimp{{\tmequal{x}{x}}}{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{t}{x}}}}}}}}}{{\mathcal{D}}}}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}}}{equ\_l}}}}}{r\_l}}}}





{\metadefn{{\metarule{{\metahyps{{\metaparen{{\equalref{{\metatermzero{{\tm}}{t\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{1}}{t\tmrsub{1}}}}{{\mathcal{D}}\tmrsub{1}}}}}}}}{{\metaparen{{\equalref{{\metatermzero{{\tm}}{t\tmrsub{2}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{t\tmrsub{2}}}}{{\mathcal{D}}\tmrsub{2}}}}}}}}}}{{\equalref{{\metatermzero{{\tm}}{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}}}{{\metarule{{\metahyps{{\metaterm{{\tmequal{t\tmrsub{1}}{t\tmrsub{1}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{t\tmrsub{2}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}}}{equ\_a}}}}}{r\_a}}}}





{\metablockdecl{{\mathcal{W}}\tmrsub{ref}}{{\metablock{{\metabraces{{\metatypedvar{x}{{\tm}}}}}{\metabraces{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}}}{}}}}

{\metaworlds{{\metaparen{{\mathcal{W}}\tmrsub{ref}}}{\hspace{1em}}{\equalref{t}{{\mathcal{D}}}}}}

{\metaterminates{{\metaparen{t}}{\hspace{1em}}{\equalref{t}{{\mathcal{D}}}}}}

{\remark*{Checking this totality assertion yields ``Coverage error'':\\
{\metatotal{{\metaparen{t}}{\hspace{1em}}{\equalref{t}{{\mathcal{D}}}}}}}}

\subsection{Reflexivity is admissible}

{\metadeclzero{{\equalref{{\metabracesforall{{\metatypedvar{t}{{\tm}}}}}}{{\metabracesexists{{\metatypedvar{{\mathcal{D}}}{{\tmequal{t}{t}}}}}}}}}{{\metatypezero}}}

{\metamode{{\equalref{+t}{-{\mathcal{D}}}}}}



{\metadefn{{\metarule{}{{\equalref{{\metatermzero{{\tm}}{{\single}}}}{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}}}{r\_u}}}}





{\metadefn{{\metarule{{\metaall{x}{{\metaall{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}{{\metaimp{{\metaparen{{\equalref{{\metatermzero{{\tm}}{x}}}{{\metaterm{{\tmequal{x}{x}}}{{\mathcal{U}}}}}}}}}{{\metaparen{{\equalref{{\metatermzero{{\tm}}{{\metaappzero{t}{x}}}}}{{\metaterm{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{t}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{D}}}{x}}}{{\mathcal{U}}}}}}}}}}}}}}}}}{{\equalref{{\metatermzero{{\tm}}{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}}}{{\metarule{{\metaterm{{\metaall{x}{{\metaimp{{\tmequal{x}{x}}}{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{t}{x}}}}}}}}}{{\mathcal{D}}}}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}}}{equ\_l}}}}}{r\_l}}}}





{\metadefn{{\metarule{{\metahyps{{\metaparen{{\equalref{{\metatermzero{{\tm}}{t\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{1}}{t\tmrsub{1}}}}{{\mathcal{D}}\tmrsub{1}}}}}}}}{{\metaparen{{\equalref{{\metatermzero{{\tm}}{t\tmrsub{2}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{t\tmrsub{2}}}}{{\mathcal{D}}\tmrsub{2}}}}}}}}}}{{\equalref{{\metatermzero{{\tm}}{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}}}{{\metarule{{\metahyps{{\metaterm{{\tmequal{t\tmrsub{1}}{t\tmrsub{1}}}}{{\mathcal{D}}\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{t\tmrsub{2}}}}{{\mathcal{D}}\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}}}{equ\_a}}}}}{r\_a}}}}





{\metablockdecl{{\mathcal{W}}\tmrsub{ref}}{{\metablock{{\metabraces{{\metatypedvar{x}{{\tm}}}}}{\metabraces{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}}{\metabraces{{\metatypedvar{{\metawildcard}}{{\metaparen{{\equalref{{\metatermzero{{\tm}}{x}}}{{\metatermzero{{\tmequal{x}{x}}}{{\mathcal{U}}}}}}}}}}}}}{}}}}

{\metaworlds{{\metaparen{{\mathcal{W}}\tmrsub{ref}}}{\hspace{1em}}{\equalref{t}{{\mathcal{D}}}}}}

{\metaterminates{{\metaparen{t}}{\hspace{1em}}{\equalref{t}{{\mathcal{D}}}}}}

{\metatotal{{\metaparen{t}}{\hspace{1em}}{\equalref{t}{{\mathcal{D}}}}}}

\subsection{Transitivity is admissible}



{\metadeclzero{{\equaltrans{{\tmequal{t}{r}}}{{\tmequal{r}{s}}}{{\tmequal{t}{s}}}}}{{\metatypezero}}}

{\metamode{{\equaltrans{+{\mathcal{E}}\tmrsub{1}}{+{\mathcal{E}}\tmrsub{2}}{-{\mathcal{E}}\tmrsub{3}}}}}



{\metadefn{{\metarule{}{{\equaltrans{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}}}{tr\_u}}}}





{\metadefn{{\metarule{{\metaall{x}{{\metaall{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}{{\metaimp{{\metaparen{{\equaltrans{{\mathcal{U}}}{{\mathcal{U}}}{{\mathcal{U}}}}}}}{{\metaparen{{\equaltrans{{\metaterm{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{r}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{E}}\tmrsub{1}}{x}}}{{\mathcal{U}}}}}}}{{\metaterm{{\tmequal{{\metaappzero{r}{x}}}{{\metaappzero{s}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{E}}\tmrsub{2}}{x}}}{{\mathcal{U}}}}}}}{{\metaterm{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{s}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{E}}\tmrsub{3}}{x}}}{{\mathcal{U}}}}}}}}}}}}}}}}}{{\equaltrans{{\metarule{{\mathcal{E}}\tmrsub{1}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{r}{x}}}}}}}{equ\_l}}}{{\metarule{{\mathcal{E}}\tmrsub{2}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{r}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{s}{x}}}}}}}{equ\_l}}}{{\metarule{{\mathcal{E}}\tmrsub{3}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{s}{x}}}}}}}{equ\_l}}}}}{tr\_l}}}}



{\metadefn{{\metarule{{\metahyps{{\metaparen{{\equaltrans{{\metaterm{{\tmequal{t\tmrsub{1}}{r\tmrsub{1}}}}{{\mathcal{E}}\tmrsub{1}}}}{{\metaterm{{\tmequal{r\tmrsub{1}}{s\tmrsub{1}}}}{{\mathcal{F}}\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{1}}{s\tmrsub{1}}}}{{\mathcal{G}}\tmrsub{1}}}}}}}}{{\metaparen{{\equaltrans{{\metaterm{{\tmequal{t\tmrsub{2}}{r\tmrsub{2}}}}{{\mathcal{E}}\tmrsub{2}}}}{{\metaterm{{\tmequal{r\tmrsub{2}}{s\tmrsub{2}}}}{{\mathcal{F}}\tmrsub{2}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{s\tmrsub{2}}}}{{\mathcal{G}}\tmrsub{2}}}}}}}}}}{{\equaltrans{{\metarule{{\metahyps{{\metaterm{{\tmequal{t\tmrsub{1}}{r\tmrsub{1}}}}{{\mathcal{E}}\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{r\tmrsub{2}}}}{{\mathcal{E}}\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}{{\metaparen{{\app{r\tmrsub{1}}{r\tmrsub{2}}}}}}}}{equ\_a}}}{{\metarule{{\metahyps{{\metaterm{{\tmequal{r\tmrsub{1}}{s\tmrsub{1}}}}{{\mathcal{F}}\tmrsub{1}}}}{{\metaterm{{\tmequal{r\tmrsub{2}}{s\tmrsub{2}}}}{{\mathcal{F}}\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{r\tmrsub{1}}{r\tmrsub{2}}}}}}{{\metaparen{{\app{s\tmrsub{1}}{s\tmrsub{2}}}}}}}}{equ\_a}}}{{\metarule{{\metahyps{{\metaterm{{\tmequal{t\tmrsub{1}}{s\tmrsub{1}}}}{{\mathcal{G}}\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{s\tmrsub{2}}}}{{\mathcal{G}}\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}{{\metaparen{{\app{s\tmrsub{1}}{s\tmrsub{2}}}}}}}}{equ\_a}}}}}{tr\_a}}}}





{\metablockdecl{{\mathcal{W}}\tmrsub{tr}}{{\metablock{{\metabraces{{\metatypedvar{x}{{\tm}}}}}{\metabraces{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}}{\metabraces{{\metatypedvar{{\metawildcard}}{{\metaparen{{\equaltrans{{\metatermzero{{\tmequal{x}{x}}}{{\mathcal{U}}}}}{{\metatermzero{{\tmequal{x}{x}}}{{\mathcal{U}}}}}{{\metatermzero{{\tmequal{x}{x}}}{{\mathcal{U}}}}}}}}}}}}}{}}}}

{\metaworlds{{\metaparen{{\mathcal{W}}\tmrsub{tr}}}{\hspace{1em}}{\equaltrans{{\mathcal{E}}\tmrsub{1}\tmrsub{}}{{\mathcal{E}}\tmrsub{2}}{{\mathcal{E}}\tmrsub{3}}}}}

{\metaterminates{{\metaparen{{\mathcal{E}}\tmrsub{1}}}{\hspace{1em}}{\equaltrans{{\mathcal{E}}\tmrsub{1}}{{\mathcal{E}}\tmrsub{2}}{{\mathcal{E}}\tmrsub{3}}}}}

{\metatotal{{\metaparen{{\mathcal{E}}\tmrsub{1}}}{\hspace{1em}}{\equaltrans{{\mathcal{E}}\tmrsub{1}}{{\mathcal{E}}\tmrsub{2}}{{\mathcal{E}}\tmrsub{3}}}}}

\subsection{Symmetry is admissible}

{\metadeclzero{{\equalsym{{\tmequal{t}{r}}}{{\tmequal{r}{t}}}}}{{\metatypezero}}}

{\metamode{{\equalsym{+{\mathcal{E}}\tmrsub{1}}{-{\mathcal{E}}\tmrsub{2}}}}}



{\metadefn{{\metarule{}{{\equalsym{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}{{\metarule{}{{\tmequal{{\single}}{{\single}}}}{equ\_u}}}}}{tr\_u}}}}





{\metadefn{{\metarule{{\metaall{x}{{\metaall{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}{{\metaimp{{\metaparen{{\equalsym{{\metaterm{{\tmequal{x}{x}}}{{\mathcal{U}}}}}{{\metaterm{{\tmequal{x}{x}}}{{\mathcal{U}}}}}}}}}{{\metaparen{{\equalsym{{\metaterm{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{r}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{E}}\tmrsub{1}}{x}}}{{\mathcal{U}}}}}}}{{\metaterm{{\tmequal{{\metaappzero{r}{x}}}{{\metaappzero{t}{x}}}}}{{\metaapp{{\metaapp{{\mathcal{E}}'\tmrsub{1}}{x}}}{{\mathcal{U}}}}}}}}}}}}}}}}}{{\equalsym{{\metarule{{\metaterm{{\metaall{x}{{\metaimp{{\tmequal{x}{x}}}{{\tmequal{{\metaappzero{t}{x}}}{{\metaappzero{r}{x}}}}}}}}}{{\mathcal{E}}\tmrsub{1}}}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{r}{x}}}}}}}{equ\_l}}}{{\metarule{{\metaterm{{\metaall{x}{{\metaimp{{\tmequal{x}{x}}}{{\tmequal{{\metaappzero{r}{x}}}{{\metaappzero{t}{x}}}}}}}}}{{\mathcal{E}}'\tmrsub{1}}}}{{\tmequal{{\lam{x}{{\tau}}{{\metaappzero{r}{x}}}}}{{\lam{x}{{\tau}}{{\metaappzero{t}{x}}}}}}}{equ\_l}}}}}{tr\_l}}}}





{\metadefn{{\metarule{{\metahyps{{\metaparen{{\equalsym{{\metaterm{{\tmequal{t\tmrsub{1}}{r\tmrsub{1}}}}{{\mathcal{E}}\tmrsub{1}}}}{{\metaterm{{\tmequal{r\tmrsub{1}}{t\tmrsub{1}}}}{{\mathcal{E}}'\tmrsub{1}}}}}}}}{{\metaparen{{\equalsym{{\metaterm{{\tmequal{t\tmrsub{2}}{r\tmrsub{2}}}}{{\mathcal{E}}\tmrsub{2}}}}{{\metaterm{{\tmequal{r\tmrsub{2}}{t\tmrsub{2}}}}{{\mathcal{E}}'\tmrsub{2}}}}}}}}}}{{\equalsym{{\metarule{{\metahyps{{\metaterm{{\tmequal{t\tmrsub{1}}{r\tmrsub{1}}}}{{\mathcal{E}}\tmrsub{1}}}}{{\metaterm{{\tmequal{t\tmrsub{2}}{r\tmrsub{2}}}}{{\mathcal{E}}\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}{{\metaparen{{\app{r\tmrsub{1}}{r\tmrsub{2}}}}}}}}{equ\_a}}}{{\metarule{{\metahyps{{\metaterm{{\tmequal{r\tmrsub{1}}{t\tmrsub{1}}}}{{\mathcal{E}}'\tmrsub{1}}}}{{\metaterm{{\tmequal{r\tmrsub{2}}{t\tmrsub{2}}}}{{\mathcal{E}}'\tmrsub{2}}}}}}{{\tmequal{{\metaparen{{\app{r\tmrsub{1}}{r\tmrsub{2}}}}}}{{\metaparen{{\app{t\tmrsub{1}}{t\tmrsub{2}}}}}}}}{equ\_a}}}}}{tr\_a}}}}





{\metablockdecl{{\mathcal{W}}\tmrsub{sym}}{{\metablock{{\metabraces{{\metatypedvar{x}{{\tm}}}}}{\metabraces{{\metatypedvar{{\mathcal{U}}}{{\tmequal{x}{x}}}}}}{\metabraces{{\metatypedvar{{\metawildcard}}{{\metaparen{{\equalsym{{\metatermzero{{\tmequal{x}{x}}}{{\mathcal{U}}}}}{{\metatermzero{{\tmequal{x}{x}}}{{\mathcal{U}}}}}}}}}}}}}{}}}}

{\metaworlds{{\metaparen{{\mathcal{W}}\tmrsub{sym}}}{\hspace{1em}}{\equalsym{{\mathcal{E}}\tmrsub{1}}{{\mathcal{E}}\tmrsub{2}}}}}

{\metaterminates{{\metaparen{{\mathcal{E}}\tmrsub{1}}}{\hspace{1em}}{\equalsym{{\mathcal{E}}\tmrsub{1}}{{\mathcal{E}}\tmrsub{2}}}}}

{\metatotal{{\metaparen{{\mathcal{E}}\tmrsub{1}}}{\hspace{1em}}{\equalsym{{\mathcal{E}}\tmrsub{1}}{{\mathcal{E}}\tmrsub{2}}}}}
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