EqQuaLiTYy
1 Equality

1.1 Syntax

1.1.1 Types

%datatype type
Y%name type T

T =
| unit
| T1L—> T2
1.1.2 Terms

%datatype term
Y%name term t

t

t1to
Ax: 7.t

0
|
|

%binding 1+~ 3

in )\|_|Z|_|.\_1

1.2 Typing judgment

%judgment |+ t:7

1.3 Values

m [of_empty]

{2} FaiT — Fta]:7’
Fax:r.tfz]:m— 7!

[of lam]

Fter—71' FtoT
l—tthZT/

[of _app]

%judgment ¢ value

<> value [value empty]

e Tt[ZE] value [value lam]

1.4 Algorithmic definition of equality

%judgment t;=ts



2 SECTION 1

o=0 -

{2} =2 — tlz]=t'[z]

Az 7.t[x) = Ae: 7.t 2] foqu_1
tl =e] tQ =€2
T 7 lequ_a]
(t1t2) = (e1€2)

1.5 Reflexivity is admissible (first attempt)

%lemma Vit:term Frep 3ID:t=t
%mode +t Fuf —-D

<> ; N [r_a]
.term ref [equ_u]
0=0"
o ) DaxU
{z} {U:2=2x} (t[z].term Fref 1] = t[a] ) l
D [r_1]
{2} =2 — tz]=t[x]
LT, : |_re equ
Aw: .tz term f Az T.t[x] = A 7.t )] foqu_1
. Dy . Dy
(tl. term  tref P ) (tg. term  Fref byt )
D D, [r_a]
ti=t1  ta=t2
tita): term Fpe equ ¢
( 1 2) f (tth):(tth) [q gd]
%block W, : block {x:term}{U:z=1x}
Y%worlds Wief) t Fres D
%terminates (t) t b D
Remark. Checking this totality assertion yields “Coverage error’
%total (t) ¢t bFps D
1.6 Reflexivity is admissible
%lemma Vit:term Frep 3ID:t=t
Y%mode +t b —D
<> ; " [r_u]
.term ref [equ_u]
0=0"
o ) U ) DxU
{z} {U:x =2z} (:L' term  bref . > — (t[:c].term Fref ] = t[2] )
D [r_1]

{2} =2 — tlz]=t[x]

(T t|xl: Fre
Aw: .tz term f Ax: T.t[x] = A 7.t [x]

lequ_1]
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(tlz term  Fref

D
” :1151 > (tg: term  Fref '

D>
2=12

Dl D2 [r_a]
ti=t1 ta=t2
ti1to): t l—re equ_a
(t1t2): term £ (1 t2) = (1 f2) [equ_a]
%block Wit block {z:termH{U:x=z}{: (x:term trof Uiz =1x)}
Y%worlds Wief) t Fres D
%terminates (t) t byt D
%total (t) t bFps D
1.7 Transitivity is admissible
Y%lemma t=r A r=s bty t=s
Y%mode +& A +& Fu —&3
lequ_u] A lequ_u] I lequ_u] e
0=0" 0=0 " =0
o Szl EaxxlU Ezx U
{2} {U:z=2} U N U Fyx U) — (t[:c]r[:c] A rlz] = sla] Fer ] = 5[] )
&1 & 53
Az 7. t[x) = Ae: T[] feau_1tl A Ax: T.r[z] = Aa: 7.s[x] fean 1l Fur Az: T.t[x] = Ax: 7.8[x] fequ_1
1]
&1 F1 - g1 & Fa L Ga
tr tr
ti=m r1 =51 t1=s51 to=r2 79 = S2 to =52 o al
tr a
&1 & F1 Fo G1 G2 -
ti=r1  ta=r2 A r1=81 Tra==52 L ti=s1 ta=s2
(trt) = (rira) (i) =(s152) =TT T ) = (ssg)
%block Wi, block {z:termi{U:z=z}H{,:U:z=2 AN Uz=x +ry Uiz=2x)}
Y%worlds Wy) & A & Fu &
%terminates (&) & A & by &3
%total (51) 51 AN 52 Ftr 53
1.8 Symmetry is admissible
Y%lemma t=r Fgy 1=t
Y%mode +& Fgm —&2
r [tr_u]
v lequ_u] sym v lequ_u]
0=0" =0
o u u iz lU ElxlU
{o} {Usw =2} (x:x Fam g ) - <t[x]:r[x] Faym rlz] =t[z] 1
tr
&1 &l o
{2} =2 — tz]=r[z] {2} =2 — rlx]=t[x]
[equ_1] Fsym [equ_]1]

Ax: T.t[x] = Aa: Tor[x]

Az T.r[z] = A 7.t ]



& u & & n &4
ti=nr VR =t to=r2 VR e =ty

& & &l &
t1i=rm1 to=r9 : |k r1=t1 ro =19
(tito)=(rira) =0 ™ T (rrg) = (i to)

[tr_a]

[equ_a]

%block Weym : block {z:termi{U:z=z}{ :U:z=2 Fem U:z=2x)}
%oworlds Weym) &1 Feym &

%terminates (£1) & Fgm &

%total (&1) &1 Fsym &2
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%%%%%%%%%% Start TeXmacs macros
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%%%%%%%%%% End TeXmacs macros

\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}}}}}

\end{document}


