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[base =

Preassociative

[base], [bracket * end bracket], [big bracket % end bracket], [math * end math],
[Aush left [+]], ], [y], 2], [[x > #]], [l = ], [pyK], [tex], [name, [prio], [«], [T],
[if (+, *, )], [+ = «]], [vall, [claim], [L], [f(x)], [(+)"], [F], [0], [1], [2], [3], [4], [3], [6],
(7], 8], [91, 01, 1], 2], [3]; [4], [5], [6], [7], [8], [9]; [al, [b], [c], [d], [¢], [f], [g], [h], [i], [i],
(], [, [m], [n], [o], [p], [al, [rl, [s], [t], [u], [v], [, [()™], [If (%, %, %)},
[array{*} * end array], [I], [c], [t], [empty], [(x | * :=#)], [M(+)], U(*)], U(+)],
[UM(%)], [apply (x, *)], [apply (*, *)], [identifier (+)], [identifier; (*, *)], [array-
plus(x, )], [array-remove(x, , x)], [array-put («, , %, *)], [array-add (x, *, *, %, *)],
[bit(x, *)], [bitq (x, *)], [rack], ["vector"], ["bibliography"], ["dictionary"],
["body"], ["codex"], ["expansion"], ["code"], ["cache"], ["diagnose"], ["pyk"],
["tex"], ["texname"], ["value"], ["message"], ["macro"], ["definition"],
["unpack"], ["claim"], ["priority"], ["lambda"], ["apply"], ["true"], ["if"],
["quote"], ["proclaim"], ["define"], ["introduce"], ["hide"], ["pre"], ["post"],
€05, %, )], [Ea(, %, %, %, )], [Ea(#, %, %, )], [E4 ¥, %, %, )], lookup(¥, ¥, )],
[abstract (s, =, )] [[¥1], Mk, 5, )], M, 5,5, 5)], M (5, £, )], [macro],



[zip(*, %)), [assocy (x, *, )], [(+)P], [self], [[x = A}, [[x = «]], [+ = «]]
R ), ([ 1 ], [ H [Priority_table[]], [M], [Ma(+)], [Ms

a0k %, %, )], [M (%, % *)] [Q(x, %, %)), [Qa (¥, %, %)], [Qa (%, %, %, %)], [Q" (%, %, )],
|, [aspect (+, )] [aspect (s, ), (4], [euple, (+)], [buple,(+)], lta , ).
hecks (x, x, *)],

So]

[x

(%)
lety (+, )], [ “2™ «]], [checker], [check (x, )], [checks (x, * *)] [c
check” (+, #)], [checks (x, , )], [[+] ], [+] ], [[+]°], [msg], [[+ "=* «]], [<stmt>],

€

[

[
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[

[

[ ¢

[stmt], [[* Slnt ||, [HeadNil'], [HeadPair'], [Transitivity’], [1L], [Contra'], [Tf],
[La], =], [A], [B], [C], [D], [€], [7], (6], [M], (2], 7], [K], [£], [M], V], [0, [P], (€],
(R, [S], (70, [U], V], V], (XD, (Y], [2], [ ] = )], [ |+ 2= )], [0], [Remainder],
[(%)Y], [intro(x, , *, *)], [intro(*, *, *)], [error(x, *)], [errorg(*,*)} [proof(, *, *)],
[proofs (, *)], [3(* )], [ (x,%)], [S% (,%)], [S 1( #, %), [T (%, %)), [ST (%, %, %)],
[S* (¢, )], [ST (%, %, #)], [S™ (, %)), [S (*,*,*)]7[5*( )], [ST (x, *)]

[S5 (%, %, %, %)), [5@(* )], [SP (%, %, %)), [S" (x, %)), [Sh (* *, % *)] (S (+, %)],
[ST (¢, %, 5, %)], [S™ (%, ¥)], [S1 (* #, %, %), [SF (%, %, %, *)] [S7(+, *)]
[ST (o, %, %, %)), [S7 (5, %)), [S (%, %, %)), [S5(+, %, %, %)), [T ( )] [claims (x, *, *)],
[c lalmSQ(* *, %)], [<proof>], [proof] [[Lemma *: %]], [[Proof of x*:x]],

[[* lemma x*: %], [+ antilemma x: «]], [ rule *: x]], [[* antirule x*: ]],
[Verlﬁer} [ ( )] [VQ(*a*)] [V3(*7*a*a*)] [V4(*a*)] [V5(*7*a*a*)] [VG(*a*v*v*)]v
[V7 (, %, #, )], [Cut(x, *)], [Headg (*)], [Tailg (x)], [ruley (x, *)], [rule(x, *)],

[Rule tactlc] [Plus(x, %)], [Theory x|], [theorys(x, x)], [theorys (x, *)],
[theory, (*, *, x)], [HeadNil"”], [HeadPair”], [Transitivity”], [Contra”], [HeadNil],
[HeadPair|, [Trans1t1v1ty] [Contra], [Tg], [ragged right],

[ragged right expansion ], [parm(x, *, x)], [parm* (x, *, )], [inst(x, )],

[inst™ (x, *)], [occur (x, *, *)], [occur®(x, %, *)|, [unify (x = *, *)], [u nlfy (x = *,%)],
[unifys (+ = *,*)], [La ]7[Lb]’[Lc]’[Ld]7[L] (L], [Lg], (L], [Lil, (L], (L], [La], (L],
L], [Lo], [L p]’[Lq]’[LrHLs]’[LtHLuHLv]’[LwHL J, [Ly), [L], [Lal, (L], L],
[L ] [ } [ } [LG] [LH]v [Ll]a [LJ]v [LK]v [LL]v [LM]v [LN]a [LO]v [LP]’ [LQ]’ [LR]7
[L ] [ ] [ ] [LV] [LW]a [LX]a [LY]v [LZ]v [L'?]v [ReﬂeXiVitY]a [ReﬂeXiVityl]a

[
[P

Commutativity], [Commutativity; ], [<tactic>], [tactic], [[* tactic ], [P(x, *, )],
*(%, %, %)], [po], [concludey (x, *)], [concludes (x, *, )], [concludes (x, *, *, )],
[conclude4(* ®)];

Preassociative

[e- L], (], ([ ], [ n]], [ n];

Preassociative

[ 7, [, [(+)*], [string() + #], [string(x) ++ ], [

*], [ ], (U], 7], [, (3], [Yox], [&ex], ], [(x], D], D], [+, [, #], [+], L], [/,
(0], [1 ][*],[3][ *], [5], (6], [T], [8+], [9%], [:], [; #], [<], [=#], [>+], [7],
(@], [Ax], [Bx], [Cx], [Dx], [Ex], [Fx], [G], [Hx], [I«], [J=], [Kx], [Lx], [Mx], [Nx],
(O], [P«], [Qx], [Rx], [Sx], [T, [Ux], [V], W], X, [Y], [Z], [[], [\s], [}%], ["#],
[#], [#], [ax], [b], [cx], [d=], [ex], [Ex], [gx], [h], [ix], [j], [k«], [1«], [m*] [n:], [ox],
[p], ], [r], [s], [t], [w], [v], [w], [x#], [y], [z, [{], [[+], (], 7],
[Preassociative x; x|, [Postassociative x; %], [[*], #], [priority * end],

[newline %], [macro newline «|;
Preassociative



[+0], [*1], [Ob], [*-color(*)], [*-color™ ()];
Preassociative
[ 7], [* ¢ *];
Preassociative
[, [T [V, 0, 4,
('], [+2], (%], [+7], [+°], [
Preassociative
[% - %], [* -0 *;
Preassociative
[* + *]a [* +o *]7 [* +1 *L [* - *]ﬂ [* -0 *]a [* -1 *];
Preassociative
[+ U {3, [+ U ], [\ {#}];
Postassociative
[ o], [ ], [okoo ], [ 2 ], [ 00 %], [ 425 %];
Postassociative
[*, *];
Preassociative
[*g*},[*g*],[*g*] [*g*] [*%*],[*:*},[*i*],[*é*],[*t:**],[*é*],
[¥ € *], [* Cr %], [* [* = %], [+ free in #], [* free in® ], [ free for * in ],
[* free for™ = in *], [* €. ], [ < *], [* <’ x|, [*x <’ «];
Preassociative
[—+];
Preassociative
[ A ], [ A ], [ A #], [ A s
Preassociative
e v e, s [ ], e o
Postassociative
[+ = #;
Postassociative
[% ], [*!x];
Preassociative
*

I;

Preassociative

[A* %], [Ax], [if * then * else %], [let x = x in x|, [let * = *x in x|;
Preassociative

(1], (21, BV B [ [+
Preassociative

[x @], [« > #], [« > =], [x > «];
Postassociative

[ b %], [* B %], [* Le. «];
Preassociative

[V: *];

Postassociative

[* & «[;
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Postassociative

[ #];

Preassociative

[* proves #;

Preassociative

[* proof of x: x|, [Linex* : * > *; %], [Last line* > % O],
[Line * : Premise > x; %], [Line x : Side-condition > *; x|, [Arbitrary > x; %],
[Local > * = #; *J;

Postassociative

[ then ], [x[ * |];

Preassociative

[x&e];

Preassociative

[ \\#]; ]

[base ™25 At.Ac. M(t, sg, €)]

clai .
[base “®5" checker A, verifier]

[base R “base”]

EXEY

Predef: proclaim

tex

[csay] '
[#1/tex name/tex.
\bowtie#2.

I”]

[x >y] Riy “proclaim * as * end proclaim”]

(13 2

*

Predef: hide

name
[ A(X” [43

\mbox{“}#1.
\mbox{"}”]

[ M2 At As At
[“X” tg( 44#1.77]

pyk : .
[“x” = “unicode start of text * end unicode text”]



[tg; “77]

ko .
[ “unicode end of text”]

* then x

name

[x theny "=~ “#1.
\mathrel{\mathrm{then}}#2.”]

[ theny & [#+]R :: [x:: [y::T] ]

tex

[x then y = “#1.#2.7]
[x theny = DYy

then "]

[X ] IlaIIle “#1

[y
{[}#2
3#3.7]
[X[ ] tex “#%1 ##2 %£37q

pyk

Xylz =

begin *

end *”]

Preassociative x; x

Predef: pre

ame

[Preassociativex;y =
\mathbf{Preassociative}\, #1.

: ##qu

[Preassociativex;y *=
\newline \mathbf {Preassociative} \newline #1.

#27]

“



o e pyk C .
[Preassociativex;y — “preassociative * greater than *”]

Postassociative x; x

Predef: post

ame

[Postassociativex;y "=
\mathbf{Postassociative}\, #1.

: #2.77]

[Postassociative x; y “
\newline\mathbf{Postassociative} \newline #1.

; #2.7]

N pyk —
[Postassociativex;y = “postassociative x greater than *”]

“

[], *

[X] name

[

[#1

1, \hnebreak [0] #2.7]
[[ ] tex «

[#1/tex name/tex.

|, \hnebreak [0] #2.7]

[[x],y 2 “priority * equal *”]

priority * end
[priority x end "53¢ «
\mathrm{priority} \, #1.
\, \mathrm{end}”]

“

[priority x end tex
[#1/tex name/tex.
I”]

. k .. -
[priority x end PV “priority * end priority”]



*

[

name
-

\newline #1.”]

[

tex
X — “

#1.7’]
[

pyk
X —

unicode newline *”]

[* tex «
\ast 7]

[* Iﬁ( “X??]

()"

(e e
#1.

{\bf t}”]
() 2 [+]R o [x:: T
()t “F “41 /tex name.”]
)

[
(#
)’
[(
[

[(x)* PV stext * end text”]

string(x) + *
[string(x) + y "2 «
\mbox{string} (#1.
)+#2.”]

tex

[string(x) +y —
\mathrm{#1/tex name.
H\newline#2.”]



[string(x) +y 2 ¥ Stext plus *”]

string(x) ++

name

[string(x) ++y —
J\mathrel{++}#2.”]

tex «

[string(x) ++y —
\mathrm{#1/tex name.
s {++H\newline{ }\qquad#2.”]

[string(x) ++ y DYX “text * plus indent "]

“\mbox{string } (#1

bracket * end bracket

name

[bracket x end bracket
\mbox{bracket $#1.$ end bracket}”]

tex

[bracket x end bracket — “$[#1.]$”]

[bracket x end bracket P “hracket * end bracket”]

big bracket x end bracket

name %

[big bracket x end bracket
\mbox{big bracket $#1.$ end bracket}”]

[big bracket x end bracket ey “$\left[#1.\right]$”]

[big bracket x end bracket Ry “big bracket * end bracket”]

math * end math

name “

[math x end math
\mbox{math $#1.§ end math}”]

tex

[math x end math — “$#1.8”]

hpy «

[math x end mat math * end math”]



flush left [x]

[flush left [x] "25° «
\mathbf{flush\ left\ }[ #1.

I”]
[flush left [x] ¥ «

\begin {flushleft}#1.
\end {flushleft}”]

[flush left [x] P “fiush left * end left”)

X
[thf «

\mathsf{x}”]

[x YK wyar x7]

y
S
\mathsf{y}”]

2 ey

z

[Z tex «
\mathsf{z}”]

[z By “var 7]

[ = %]

Predef: define

[ly %2 =

[#2/tex name/tex.
\stackrel{#1.
H\rightarrow } #3.
"]
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ly = 2] P define * of * as  end define”]

pyk

Predef: pyk

tex
“

[pyk
\mathrm{pyk}”]

k [49 Vb
[pyk =5 “pyk”]

tex

Predef: tex

t
[tex = «

\mathrm{tex}”]

[tex By “tex” |

name

Predef: texname

tex
[name —

\mathrm{name}”]

pyk
[name = “tex name”|

prio

Predef: priority

. tex
[prio =

\mathrm{prio}”]

[prio iy “priority”]

T

Predef: true

11



[T ti’; «
\mathsf {T}”]

T By “true” ]

if (s, %, %)

Predef: if

[if (¢, *, ) X «
\mathrm {if }(#1.
, \linebreak [0]#2.
, \linebreak [0]#3.
)]

[if (%, %, %) = PYE f & then * else  end if”]

[ = %]

Predef: introduce

] tex

[#2/tex name/tex.
\stackrel {#1.
H\Rightarrow }#3.
I”]

* pyk . .
[* = *] = “introduce * of * as * end introduce”]

val

Predef: value

[Val tcx «

\mathrm {val}”]

[val = Riy “value”]

claim

Predef: claim
[claim X «
\mathrm {claim}”]

12



pyk
]

[claim = “claim”

[ 5 Tame «
\linebreak [0]\ \hskipOem plus2.0em{}#1.”]
[ M tex ¢ #1.”]

pyk .
[ x = “unicode space *”]

I

[Ix 3 1.7

pyk . .
['x = “unicode exclamation mark *”]

7?*

[”X tg; “77#1.77]

pyk : .
[’x = “unicode quotation mark *”]

+ %

[#X nﬂle I
\#.#1.7]
x5 gt 41,71

pyk : .
[#x = “unicode number sign *”]

$x

[$X name

\$#1.7]
[$x 5 “$1.7]

[Bx VX “unicode dollar sign *”]

13



Tox

[Tox "2B© «

\%#1.7]
[ox X “%41.7)

ko .
[%x 25 “unicode percent *”]

& *

o ™22
\&#1.7]

[Sox & “&#1.7]

pyk .
[&x = “unicode ampersand *”]

Y%

[’X nz}ne «
\mbox {"}#1.”]
[,X tﬁ)( “’#1.”]

pyk .
[x = “unicode apostrophe *”]

(*

[(x = “(#1.7]

ko . .
[(x 2 “unicode left parenthesis +”]

)

Dx ' )41.7]

k . . .
[)x 25 “unicode right parenthesis *”

]
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k%

[#x name «
{x}#1.7]

o 5 a1 )

pyk . .
[*x = “unicode asterisk "]

-

name
—

[+x
{+}#1.7]
[—I—X 'E; “_,'_#1'77]

pyk . .
[+x = “unicode plus sign *”

, X

[,X 'E)‘ “ #1.33]

pyk :
[,x = “unicode comma *”]

=%

[_X na_n;le «
\mbox{-}#1.”]
[—X tex 4«_#1.77]

pyk
]

[-x = “unicode hyphen *”

K

[x 53« 41.7]

pyk . .
[x = “unicode period *”]

/%

[/x = /417

}
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[/x 2

O

“unicode slash *”]

[0x X “0#1.7]
[0x PYS “unicode zero 7]

[1x tex

2%

[2x tex

[2x Py

3%

tex

[3x =

[3x RE

4%

tex

[4x =

[4x RE

D

tex

[5x =

[5x A

“1#1.77]

Ko .
“unicode one |

(42#1.77]

“unicode two *”]

443#1.77]

“unicode three *”]

4(4#1.77]

“unicode four *”]

445#1.77]

“unicode five *”]
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O*

[6x “5 “641.7]

pyk . .
[6x = “unicode six *”]

Tx

[7x 3 “741.7]

pyk .
[7x = “unicode seven *”

8

[8x U “841.7]

k
[8x 5 “unicode eight *”]

9%

[Ox S “0#1.7]

pyk . .
[9x 2 “unicode nine *”

Tk

[ix "2BE «
{:}#1.7]

[:x bex “CHL

pyk
]

[:x = “unicode colon *”

; ¥

[;X tﬁf u; #1.”]

pyk . .
[;x = “unicode semicolon *”|
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<*k

name
—

[<x

{<}#17]
[<X tE}( LL<#1.77]

pyk .
[<x = “unicode less than *”]

—%

name
[:X —

{=}#17]
[ZX tﬁ; “:#1.”]

pyk : .
[=x = “unicode equal sign *”]

>%

name
—

[>x

{>}#17]
[>X tg; u>#1.n]

ko .
[>x 2 “unicode greater than "]

7

[7x X “o417)

pyk . .
[?x = “unicode question mark *”]

Qx*

(0x 15 s

pyk . .
[@x = “unicode commercial at *”]

Ax

[Ax X “A41.7]
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pyk . .
[Ax = “unicode capital a *”]

Bx

[Bx % “B#1.]

[Bx 2 “unicode capital b *”]
Cx

[Cx ¥ “C#1.7]

[Cx X “unicode capital ¢ *”]
Dx

[Dx S “D#1.7)

[Dx VX “unicode capital d #”]
B

[Ex "5 “E41.7]

[Ex P “unicode capital e 7]
F'x

[Fx S “F#1.7)

[Fx P “unicode capital { "]
G

[Gx " “G#1.7]

k(. .
[Gx 2 “unicode capital g *”]



Hx

[Hx S “H#1.7]

k . .
[Hx 25 “unicode capital h *7]

Ix

[Ix X “I#1.7]

pyk . cq
[Ix = “unicode capital i x”]

Jx

[Ix 5 «J41.7]

Ko . s
[Jx 25 “unicode capital j *”]

Kx

[Kx X “K#1.7)

ko . .
[Kx 25 “unicode capital k +”]

L

[Lx % “L1.7]

ko . .
[Lx 2 “unicode capital 1 %]

M

[Mx "% “M#1.7]

pyk . .
[Mx = “unicode capital m "

Nx

[Nx 3 “N#1.7]

]
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pyk . .
[Nx = “unicode capital n x|

Ox

[Ox = “O#1.7]

pyk . .
[Ox = “unicode capital o *”]

Px
[Px & “P#1.7]
[Px P “unicode capital p *”]
Qx
tex »”
[Qx = “QF#1.”]

K . .
[Qx 2 “unicode capital q *”]

R«

[Rx ' “Rt1.7]

[Rx V¥ “unicode capital r "]
Sk

[Sx ¥ “St1.7]

[Sx X “unicode capital s x”]
T

[Tx % “T#1.7]

koo . .
[Tx *5 “unicode capital t *”]
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Ux

[Ux 5 “U#1.7]

pyk - .
[Ux = “unicode capital u *”]

Vx

[Vx S5 «y1.7]

pyk . .
[Vx = “unicode capital v *”]

W

[Wx & “W1.7]

pyk . .
[Wx = “unicode capital w *”]

Xk

[Xx S “X#1.7]

ko . .
[Xx 25 “unicode capital x "]

Y *

[Yx 55 “y#1.7)

ko . .
[Yx 25 “unicode capital y +”]

/%

[Zx X “Z41.7]

[Zx VX “unicode capital z *”]
[

[ 1.7

22



[[x P “ynicode left bracket 7]

\ %

2

\mbox {$\backslash $}#1.”]
[\x & “\#1.7]

[\x P “unicode backslash 7]

E:

[ 1.7

[Jx VX “unicode right bracket #”]

A~

E S
[AX name
{\char94}#1.”]
[Axtgf “A#l.”]

~_ pPyk . .
["'x = “unicode circumflex *”|

[)( name
\-#1.7]
[)( tj’f 447#1'77]

pyk .
[x = “unicode underscore ]

Cx

[LX name
\mbox {‘}#1.”]
I:‘X tE)( “‘#1'77}
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[‘ pyk

x = “unicode grave accent *”]

ax

[ax tex “aftl.”]

pyk .
[ax = “unicode small a *”]

b

[bx X “h1.7]

[bx X “unicode small b 7]

C*

[ox S “e#1.7]

pyk .
[ex = “unicode small ¢ x”]

dx*

[dx ¥ “d#1.7]

[dx P “unicode small d 7|

ex

[ex S5 “et1.7]

pyk .
[ex =" “unicode small e x|

fx

[fx 3 417

[fx VY “unicode small £ *7]

24



gk

tex

[gx = “g#1.7]

[gx P “unicode small g *”]
hx

[hx 3 “h#1.7]

[hx P “ynicode small h 7]
1%

[ix 3 “ig1.7)

[ix VX “ynicode small i 7]
J*
[jX tg; “j#l.”]

. k . .
[jx 25 “unicode small j +”]

kx

[kx ¥ “k#1.7]

[kx P “umicode small k 7]
1x
[Ix % “1£1.7)

[Ix VX “ynicode small 1 7|

1k

[mx tex “m#1.7]

25



pyk :
[mx = “unicode small m *”]

n*

[nx & “n#t1.7]

pyk .
[nx = “unicode small n "]

O%

[ox tex “o#t1.7]

pyk .
[ox = “unicode small o *”]

p*

[px <5 “p#1.”]

ko .
[px 2 “unicode small p 7]

qx*

[qx tEf “q#l.”]

[ax X “unicode small q *7]

I'*

[rx S sr1.7]

pyk .
[rx = “unicode small r x|

Sk

[sx tex “s#1.7]

pyk :
[sx = “unicode small s x|
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tx

e

ko .
[tx 5 “unicode small t +”]

u*

[ux S5 “ust1.7]

pyk .
[ux = “unicode small u "]

V*k

[vx tex “v#£1.7]

pyk .
[vx = “unicode small v *”]

Wk

[wx tex “w1.7]

pyk .
[wx 25 “unicode small w +”]

Xk
[xx tex “x#1.7]
[xx X “unicode small x 7]
y*
tex )
[yx = “y#1.7]

ko .
[yx 25 “unicode small y 7]

VA

[2x X “q441.7]
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pyk :
[zx =" “unicode small z x|

{x
[{x "=° «

\#L)
[ (L)

[{x VX “unicode left brace *7]

E

[Ix 5 “|#1.7)

pyk . . .
[[x = “unicode vertical line *”]

}x

[px "5«
\}#1.7]

(x5 “341.7)

[}x VX “unicode right brace "]

*
[NX nﬂle «
\char126 #1.”]
[~X tex 44~#1.77]

~_ pyk . .
[x = “unicode tilde *”]

L

[J_V:>al()\x. [x7x])P (O [x7x])]]

[J_ tE; 43
\bot ”]

28



[L edy “bottom”]

f(x)

[£(x) P “function f of * end function”]

(+)!

[(X)I val ]
[()T = <
(#1.

{317

[(#)L 22 “identity * end identity”]

F

FRT.T
[F i«
\mathsf {F}”]

[F BYk “false”|
0
(R

[Q tE; «
\underline {0}”]

[0 RS “untagged zero”]

29



1

val

[1=F 42+ 0]

[l tE)( “

\underline {1}”]

1 Riy “untagged one”]

2

275 T +2¢ 1]

[2 tE; «
\underline {2}7]

2 Ri “untagged two”]

3

3% F 42« 1]

[3 tg( 43
\underline {3}”]

3 i “untagged three”]

4

(42T +2+¢ 2]

[4 t_e’)( 43
\underline {4}”]

[4 BYk “untagged four”]

5

52 F 42+ 2]

[é g( «“
\underline {5}"”]
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5 Riy “untagged five”]

6

6 T +2+ 3]
[ﬁt_e’)(u

\underline {6}”]

[6 Ry “untagged six”|

7

val

[7 — F +2x 3]
[7@544

\7underline {7}7]

[T = Riy “untagged seven”|

8

val

[8—>T+2*4]
SE(“

\:mderline {8}”]

8 Byy “untagged eight”]

9

val

[9 = F +2x 4]
gtgfu

\:mderline {9}7]

[9 Ry “untagged nine”|

0

DET. T
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[0 t_Q))( «“
077]

[0 By “zero” |

val

1 —F+2x0]
[1 t_e)f 14

177]

[1 YK wone”

2

val

2% T 424 1]

[2 g( «“
277]

2 2 “two”]

3

val

3= F +2x 1]

[3 @)( «“
377]

(3 Riy “three”|

4

val

(4T 424 9]
[4 tg( [13

477]

[4 Py “four”]

32



5

val

53 F +2+ 2]

[5 tﬁ)( “
577]

[5 By “five”]

6

val

[6 — T +2x% 3]

[6 tE)( 43
6”]

[6 By “six”]

7

val

[7—) F 4+2x% 3]

[7 tE)( “
777]

[7 By “seven” |

8

val

[8 — T +2% 4]
[8 tE( 13
87?]

pyk . . 9
[8 = “cight”]

9

val

(9% F 424 4]

[9 tE)( «“
97?]

[9 Py “nine” |
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d
[a tex &
\mathsf {a}”]

[a YK Gyar a’|

b
bt «
\mathsf {b}”]

[b YK wiar b”]

C
[C tex ¢
\mathsf {c}”]

c YK war c”]

d
[d =X«
\mathsf {d}”]

[d YK Gyar d”]

€
[e tex «
\mathsf {e}”]

[e DY Gar e”]

f

[f tex «
\mathsf {f}”]

[f Py “var 7]
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g
[ tex «
\mathsf {g}”]

pyk 9
[g = “var g”]

h

[h tg)( «
\mathsf {h}”]

[h 25 “var b]

[itg;«

\mathsf {i}”]

[i By “var 1”]

. tex

\mathsf {j}”]

[J Fﬁk “V&I‘ j??]

k
(=
\mathsf {k}”]

[k 25 “var k7]

|
[|tﬁ§u

\mathsf {1}"”]

[l By “var 17]
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m
[m tex «
\mathsf {m}”]

[m By “var m”]

n

[n tex «
\mathsf {n}”]

[n By “var n”]

(0]
[otﬁf“

\mathsf {0}”]

[o YK war 0”]

'E)‘ «
\mathsf {p}”]

pyk )
[p = “var p”]

q
Q' -
\mathsf {q}”]

pyk b
[ = “var q”]

r

[r tE)( «
\mathsf {r}”]

[r Py “var 1]
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S
[S tex
\mathsf {s}”]

s YK wgar 7]

tex

t =
\mathsf {t}”]

[t YK war 7]

u
[U tex «
\mathsf {u}”]

[u YK war u”]

\'%
[V tex «
\mathsf {v}”]

[v PYX “yar V7]

W
[W tex «
\mathsf {w}”]

[w BYX “yar w”]
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)M

()M = el “tagged parenthesis * end tagged”]

If (, *, *)

[T£(x,y,2) 2 if (<M, yM, 2M)]

[If (, *, *) e«

\mathrm {If}(#1.
, \linebreak [0]#2.
, \linebreak [0]#3.

)]

[Tf (¢, %, %) = By “tagged if * then x else x end if”]

array{*} x end array

[array{} * end array "25° “\mathrm {array}\{#1.

\}#2.
\mathrm {end\ array}”]

“

[array {*} * end array "=
\begin {array}{#1.
F2.

\end {array}”]

pyk .
[array{*} x end array = “array x is * end array”]

1
[1 tE)‘ «
1’7}

125 “eft”]

[Ctj’fu

"]

[c By “center” |

o
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T

[r

tex
=«

r?? ]

[r

pll; “I'ight”}

empty

name

[empty "=
\mathrm {empty}”]

[empty —

"]

tex

AR

[empty Py empty”]

(x| % 1= %)

[(*\*:*)ti’f “

\langle #1.

\,

{I}#2.

{:=1\, #3.
\rangle 7]

[(x ] % :=x) PV “substitute * set * to * end substitute”]

M(*)

M) 2@ [1.T]) A

[M(x) =
{\cal M}(#1.

)]

[M(x) dy “map tag * end tag”]

! Ql

(*)

(x) 2 if (x4, x, xT)]
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[t () =

\tilde {{\cal U}}(#1.
)]
[Z;{(*) P raw map untag * end untag”]

U(x)

() = UM)

() 5
){”\]cal UF(#1.

[U(*) fdy “map untag * end untag”]

apply (x, x)

val
[apply(f,x) = apply; (fM,xM)]

tex

[apply (x, ) —
\mathbf {apply}(#1.
s 2.

)]

[apply (x, x) el “apply * to x end apply”]
apply, (x, )

Xd
[apply; (f, x) = fd { ggxdzx)(fT ’X)J\/l(fT ) (XT)I)) ]

40



tex

[apply, (x, %) =
\mathbf {apply}-1(#1.
2.

)]

[apply; (%, *) dy “apply one * to % end apply”]

identifier(x)

lidentifier(x) % If (xt, 0, identifier; (x!, identifier(x})))]

[identifier(x) ¢

g‘ «
identifier( #1.
)]

[identifier(x) VX identifier * end identifier”]

identifier; (x, *)

lidentifier; (x,y) 2 TF(x0,y, x0 +2 [ x! +2% [x2 42% [x® 2% [x* 42« |
X +2% [F4+2¢ [TH2¢y] ] ] ]]] 1)

tex

[identifier; (x,y) =
identifier_{1}( #1.
, #2.

)]

[identifier; (x,y) P Sidentifier one plus id * end identifier”]

array-plus(x, )

T
Y'Y yhel Y
val o Xty
[array-plus(x,y) = x ]
th X
y? Xty
Xy

tex

[array-plus(x,y) =
array \mbox{-}\linebreak[0]plus( #1.
, #2.

)]

[array-plus(x, y) By “array plus # and * end plus”]
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array-remove(x, *, %)

[zaurray—remove(i,a,I)VHal [

iprpnfat] ] ]
T
[ah =i ] { T
ahc a ]
bit(l, i) array-plus(array-remove(i, a%, 1 4 1), a‘)
array-plus(a®, array-remove(i, at, | + 1))

EX «

[array-remove(i, a, ) =
array \mbox{-}\linebreak[0]remove( #1.
, #2.

. #3.

)]

; pyk »”
[array-remove(i, a,l) = “array remove * array x level x end remove”]

array-put (x, %, %, *)

[array-put(i, v, a,l) — vl [ ]

iitv
[ahai] ERY
]! [a*] ] jhe array-add(i, v, a, a%, I) ]
bit(l, i) array-put(i,v,a?, 1 +1) :: [a']
BRI P array-put(i,v,a®, | + 1)

ex «

[array-put(i, v, a,l) =
array \mbox{- }\hnebreak[O]put( #1.
, #2.

; #3.

» 4

)]

pyk |
[array-put(i, v, a, I) 2 “array put * value * array * level * end put”]

array-add (x, *, %, %, %)

[array-add(i, v, i, v/, 1) = v [ A T 41 T
. . array-a I v,| V1)
o bit(l, ) ()Mo (i [V ] M
blt(', I) ] ' , (I/ . [ V, ] ) ( V)M ]
bit(l, ") T :: array- add(l v, i,V 1+ 1)

42



[array-add(i, v, i, v/, I) ¥«

array \mbox{-}\linebreak[0]add( #1.
, H#2.

, #3.

, #4.

, #5.

)]
[array-add(i, v, i,V ) Ry “array add  value * index * value x level x end add”]

[bit1 (x,y) PYX “bit one * of * end bit”]

rack

[rack vel base[base[0]]]

tex
[rack —

rack”]

k
[rack 25 “example rack”]
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"vector"

["vector" ) identifier([ “vector” )]

tex
["vector" = ¢

\mbox {\tt \char34}\mathrm {vector}\mbox {\tt \char34}”]

pyk
["vector" = “vector hook”]

"bibliography"

["bibliography" w identifier([ “bibliography” )]

tex

["bibliography" —
\mbox {\tt \char34}\mathrm {bibliography }\mbox {\tt \char34}”]

["bibliography" By “bibliography hook”]

"dictionary"

["dictionary" ) identifier([ “dictionary” |)]

“

["dictionary" tex
\mbox {\tt \char34}\mathrm {dictionary}\mbox {\tt \char34}”]

c . k(e .
["dictionary" "5 “dictionary hook”]

n body n

["body™" ) identifier ([ “body” )]

[“bOdy" ti’; «
\mbox {\tt \char34}\mathrm {body}\mbox {\tt \char34}”]

["body" 2 “body hook”]

"codex"

["codex" ) identifier([ “codex”])]

tex
["codex" = “

\mbox {\tt \char34}\mathrm {codex}\mbox {\tt \char34}”]
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pyk
["codex" = “codex hook”]

"expansion"

["expansion" ) identifier([ “expansion” )]
["expansion" "% ¢
\mbox {\tt \char34}\mathrm {expansion}\mbox {\tt \char34}”]

. pyk .
["expansion" = “expansion hook”]

"code"

["code" ) identifier([ “code” )]

tex

["code" —
\mbox {\tt \char34}\mathrm {code}\mbox {\tt \char34}”]

pyk ]

["code" = “code hook”

"cache"

["cache" v identifier([ “cache” )]

tex
["cache" = ¢

\mbox {\tt \char34}\mathrm {cache}\mbox {\tt \char34}”]

pyk
["cache" = “cache hook”]

"diagnose"

["diagnose" s identifier([ “diagnose”|)]
["diagnose" ¥ «
\mbox {\tt \char34}\mathrm {diagnose}\mbox {\tt \char34}”]

["diagnose" fds “diagnose hook”]

Ilpykll

["pyk" b identifier([ “pyk”])]
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i 5
\mbox {\tt \char34}\mathrm {pyk}\mbox {\tt \char34}”]

["pyk" By “pyk aspect”]

IIteXII

["tex" ) identifier ([ “tex”])]

x5
\mbox {\tt \char34}\mathrm {tex}\mbox {\tt \char34}”]

["tex" PV wpex aspect” ]

"texname"

["texname" st identifier([ “texname” )]

tex
["texname" = ¢

\mbox {\tt \char34}\mathrm {texname}\mbox {\tt \char34}”]

pyk
["texname" = “texname aspect”]

"value"

["value" ) identifier([ “value”])]

tex
["value" = ¢

\mbox {\tt \char34}\mathrm {value}\mbox {\tt \char34}”]

pyk
["value" = “value aspect”]

"message"

["message" ) identifier([ “message”|)]
["message" Y«

\mbox {\tt \char34}\mathrm {message}\mbox {\tt \char34}”]

pyk
["message" = “message aspect”]
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"macro"

["macro" ) identifier([ “macro” )]

tex
["macro" = ¢

\mbox {\tt \char34}\mathrm {macro}\mbox {\tt \char34}”]

pyk
["macro" = “macro aspect”]

"definition"

["definition" w identifier([ “definition”])]
["definition" ¥ «
\mbox {\tt \char34}\mathrm {definition}\mbox {\tt \char34}”]

["definition" VX “definition aspect” ]

"unpack"

["unpack" ) identifier([ “unpack” )]
["unpack" <X «
\mbox {\tt \char34}\mathrm {unpack}\mbox {\tt \char34}”]

k
pl)u

["unpack" unpack aspect”]

"claim"

["claim" ) identifier ([ “claim” )]

["claim" ¥ «
\mbox {\tt \char34}\mathrm {claim}\mbox {\tt \char34}”]
w Pyk

["claim" = “claim aspect”]

"priority"

["priority" ) identifier ([ “priority”])]

["priority" ¥«

\mbox {\tt \char34}\mathrm {priority }\mbox {\tt \char34}”]

. kKo . .
["priority" "5 “priority aspect”]
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"lambda"

["lambda" ) identifier([ “lambda’” )]

["lambda" fex «

\mbox {\tt \char34}\mathrm {lambda}\mbox {\tt \char34}”]

["lambda" 2 “lambda identifier”]

n applyll

["apply" ) identifier([ “apply”])]

["apply" tg‘ “
\mbox {\tt \char34}\mathrm {apply}\mbox {\tt \char34}”]

["apply" el “apply identifier”]

"true"

["true" ) identifier([ “true” )]

t
["true" 3 «

\mbox {\tt \char34}\mathrm {true}\mbox {\tt \char34}”]

K . .
["true" 25 “true identifier”]

nifn

[if" ) identifier ([ “if”1)]

[uifn tﬁf «

\mbox {\tt \char34}\mathrm {if}\mbox {\tt \char34}”]

[if" PV wif identifier”]

n quotell

["quote" v identifier([ “quote”])]

["quote" < «

\mbox {\tt \char34}\mathrm {quote}\mbox {\tt \char34}”]

k . .
["quote" 2V “quote identifier”]

48



"proclaim"

["proclaim" it identifier([ “proclaim” )]

. tex
["proclaim" = ¢

\mbox {\tt \char34}\mathrm {proclaim}\mbox {\tt \char34}”]

. k . . .
["proclaim" 2 “proclaim identifier”]

"define"

["define" ) identifier([ “define”|)]

t
[udeﬁneu E)( «

\mbox {\tt \char34}\mathrm {define}\mbox {\tt \char34}”]

["define" 2 “define identifier”]

"introduce"

["introduce" w identifier([ “introduce” )]

“

["introduce" X
\mbox {\tt \char34}\mathrm {introduce}\mbox {\tt \char34}”]

. pyk . . .
["introduce" = “introduce identifier”]

uhideu

["hide" v identifier([ “hide”])]

["hide" < «
\mbox {\tt \char34}\mathrm {hide}\mbox {\tt \char34}”]

["hide" VX “hide identifier”]

Ilprell

["pre" v identifier([ “pre”])]
["pre" tEf «

\mbox {\tt \char34}\mathrm {pre}\mbox {\tt \char34}”]

["pre" Y “pre identifier”]
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n pOSt n

["post" v identifier([ “post”])]

tex
= “

[u ost"
\Igbox {\tt \char34}\mathrm {post}\mbox {\tt \char34}”]

k . .
["post" P “post identifier”]

E(*, %, %)

[E(t,5,0) B & (L, 1, 1,5,¢)]

[E(x, *, %) X«
{\cal E}(#1.
, H2.

, #3.

)"

[€(*, *, %) PYX Geval * stack * cache * end eval”|

g?(*) *, ok, ok, *)

. val . [ t! [slIf(r~ [c[0]],c,c[c[0]]["cache"][r]) ]
[52(1:7 r1,s, C) — 1 { gg(t, c[r]["code"][i], s, C) ]
[52(*7 *, ok, K, *) tE}( “
{\cal E}_2(#1.
, F#2.
3.
, #4.
, #5.
)]
[E2 (%, *, *, x, %) VX “eval two # ref # id # stack # cache * end eval”]

53(*7 *, K, *)

b{ abstract(t!,t2, s, c)
val . c [sH[tt] ]
[E5(t,f,s,0) = f cllookup(t,s, T) ]

Ea(f,t',s,0)



[53(*7 *, %, *) t_e); ¢

{\cal E}_3(#1.

L H2.

L #3.

,#4.

)]

[E3(x, *, %, %) PYX “eval three + function * stack * cache * end eval”|

84(*7 *, ok, *)

[Ea(f,a,5,¢) D If(a,s! [ c!f |, Ex(apply(f, £(a",s,c)),at,s, )]

[54(*7 *, *) tE))( ¢

{\cal E}_4(#1.
s 72

s 73

4.

)]

pyk
[E4(k, %, %, %) = “eval four % arguments * stack * cache * end eval”]

lookup (, *, *)

[lookup(v,s,d) ¥ v! [ dlIf(s,d, If(v = [shh ], s"t lookup(v,st,d))) ] ]

“

[lookup(x, *, *) tex
\mathbf {lookup}(#1.
, 2.
L #3.

)]
[lookup(x, *, *) Ledy “lookup * stack * default * end lookup”|

abstract(x, *, x, )

[abstract(v,t,s,c) ) [t [s! [clAMER, (viix)Miisie)] ] ]]

[abstract (x, x, x, %) - ¢

\mathbf {abstract}(#1.
s F2.
s #3.



#4.

)]
k
[abstract(x, *, *, x) P “abstract * term  stack * cache * end abstract”]

[*]
Predef: quote
[[+] =

\lceil #1.
\rceil 7]

[[*] o “quote x end quote”]

M (5, %, %)

[M(t,s,c) 2 sl [ clIf(t, t, My (t, aspect("macro", t, c), s, c)) | |

[M(x, %, %) e«
{\cal M} (#1.
72

7#3

)]

k
[M (%, %, %) 25 “expand # state * cache * end expand”]

M?(*a *, ok, *)

th o M*(t', s, c)

et ™o L L T L ) e )

[Ma (o, %, %, %) tex «
{\cal M}_2(#1.

, F#2.

, #3.

, F4.

)"

k "
[Ma(, %, %, %) 255 “expand two * definition * state * cache * end expand”]



M* (5, %, %)

[M*(a,s,¢) gl [ clIf(a, T, M(a",s,c) :: M*(a%,s,¢)) | ]

M (%, 5, %) <5 <
{\cal M} "x(#1.
, F#2.

,#3.

)]

k .
[M* (%, %, %) 25 “expand list * state * cache * end expand”]

macro

Predef: macro

tex
[macro —

\mathrm {macro}”]

pyk ”
[macro = “macro”]

S0

[s0 & M(AtAsAc.M(t,s,c)) :: T]

[SO tex «

S,O”]

pyk
[so = “macro state”]

Zip(*, *)

[zip(p, a) ™ allf(p, T, (p" :: [a" ] )M :: zip(pt,a"))]

[Zip(*, %) fex «

\mathbf {zip}(#1.
s 2.

)]
[zip(*, %) dy “zip * with * end zip”]



assocy (k, *, *)

. d![a®]
~ [ ah
[ I~ [ a } ] d'T }
4t assoc; (a", d*, i)
assoc; (a%, d", i)

[assoc;(a,d, i) v e ahe

[assocy (%, %, %) = «

\mathbf {assoc}_1(#1.

2.
73
)]

[assocy (*, *, %) = Py«

assoc one #* address x index * end assoc”]

(%)P
)P RO At As Ae. [t ] ]

[(x
[()P =5 (41,
)" {\mathbf {p}}”]

()P = A “protect * end protect”]

self

[self ™25 Xt.As.hc. [ (c[0]:: [0:: [t] ])::T]]

[self 25 “self”]

[x = y] "2 At.As. Ac. M (t)]

[

[ = %] <

[#1/tex name/tex.
\mathrel {\ddot {=}}#2.

[* = %] ¥ macrodefine x as enddefine]



= y] 0 A A Mt s, ¢, [[lx = y] = [(x)P = y]]T)]

] tex

[

[* = *] =
[#1/tex name/tex.
\mathrel {\dot {=}}#2.

I”]
[ = %] YK «yalue define * as * end define” ]

[x = y] "7 At As A Malt s, [[Ix £ v] = [(x)P 2 y]])]

tex

[
[#1/tex name/tex.
\mathrel {\acute {=}}#2.

1]
[* = %] PYX “intro define * as * end define” ]

5 2
2 y] M At As A Mt s ¢, [k y] = ()P 2 y])))]

[
[[ pyk ]tcx «
[#1/tex name/tex.
stackrel {\mathrm {pyk}}{=} #2/tex name.
]”}

I ] A “pyk define * as * end define”]

o & *]
0y MO At s AC Myt s, ¢, [[[x Zy] = [(x0)P = y]]])]

tex ] tex «

[[x

([

[#1/tex name/tex.

\”} tackrel {\mathrm {tex}}{=} #2/tex name.

]
[[* tex *] PYE “tex define * as * end define”]

%)



[[ name ] macro )\t./\S.)\C-M4(ta s, C, H[X name y] = [(X)p name Y]H)]
[[ name ] tex @
[

#1/tex name/tex.
\stackrel {\mathrm {name}}{=} #2/tex name.

I”]

name pyk
[[* = %] = “tex name define * as * end define”]

Priority table|x]

name
—

[Priority table|x]
\mathbf{Priority\ table} [ #1
I”]
[Priority table[x] 25" At.As.A\c.M4(t, s, ¢, [[Priority table[x] = [self prip
COPII]

tex

[Priority table[x] —
\mathbf{Priority\ table} #1.
\mathbf{End\ table}”]

[Priority table[x] — RE “priority table % end table”]
My
(M1 2 [[x ™29 At ds e Myl(t, s, ¢, [d])]]]

[Ml tex «
\tilde {{\cal M}}_17]

~ pyk
[M;1 = “macro define one”]

Ma(x)

(Mo(t) = ([x] 5 [0 ])M e [([d] )M T ]

(Mo (x) =5 <
\tilde {{\cal M}}_2(#1
)]

[MQ(*) BY¥ «macro define two * end define”]



M (%)

Ms(t) ™ O(t, My, Ma(t))]

(M) =5
\tilde {{\cal M}}_3(#1

)]

[Mg(*) BYX «macro define three  end define”]

M4(*7 *, ok, *)

[Ma(t,s,c,d) ™ M(Q(t,d?, zip(d'*, 1)), 5, )]

[M4(*, *, %, k) tex «
\tilde {{\cal M}}_4(#1
, F2.

, #3.

, #4.

)]

~ k .
[Ma(, %, %, %) 2 “macro define four * state * cache * definition * end define”]

M (%, %)

M(t,s,0) B U([ [s"“t] ‘s] ‘o)

[M (%, %, %) e «
\tilde {{\cal M}}(#1
7#2

7#3

)]

[/\/l(* *, k) — P Sstate expand * state * cache * end expand”]

O, %, %)

[Q(I’, t, S) ‘E)l QZ(rd, t, S)]

[Q(*, *, %) bex «
\tilde {{\cal Q}}(#1
s H#2.



L F3.
)77

[Q(*, *, %) Ldy “quote expand * term x stack * end expand”|

QQ(*; *, *)

[Da(r,t,5) © Os(r,t,5,lookup(t, s, T))]

[QQ(*7 *, %) tex «

\tilde {{\cal Q}}-2(#1.
7#2'

7#3'

)]

k
[Qa (%, %, %) ™5 “quote expand two * term * stack * end expand”]

QS(*; *, kK, *)

o val { (t:: [teor] )M QF(r,th,s) ]

(nts,v) = vy [t [slv] ]
Qs ) 5

\tilde {{\cal Q}}-3(#1.

7#2

7#3'

vy

)]

~ k
[Q3(*, *, *, %) 2 “quote expand three * term * stack * value % end expand”]

Q*(*, %, %)

. va Pt [sIT] ]
eyl G ey

[Q*(*, *, k) e «

\tilde {{\cal Q}}"*(#1.
7#2'

7#3'

)]

~ K
[Q* (x, *, *) P “quote expand star * term * stack * end expand”]



(*)

[(*) Ay “parenthesis * end parenthesis”|

aspect(k, *)

[aspect(a,c) = a°

val {C{O][a]. ]

[aspect(a, c) = ¢
\mathbf{aspect}( #1.
, #2.

)]

k
[aspect(a,c) 2 “aspect * subcodex * end aspect”]

aspect (x, *, *)

[aspect(a, t,c) v aspect(a, c[t’]["codex"][t*][t])]
[aspect(x, *, ) ¥«
\mathbf{aspect}( #1.

; #2.
; #3.
)]

k
[aspect(a,t,c) 2 “aspect % term * cache % end aspect”]

(*)

[(x) 257 At.As. Ac. M (tuple, (t), s, ¢)]

(1) 5 ¢

\langle #1.
\rangle ”]

[(x) By} “tuple * end tuple”]



tuple, (x)

l@z/@z

fbuple; (1) [t 2 [y ] {

tex

[tuple, (x) =
\mathbf {tuple}_1( #1.
)]

[tuple (t) ey “tuple one * end tuple”]

tuple,(x)

[buple,y(t) ™ [ [x]:: [t'] ] o [ [[y]::

tex

[tuple,(x) =
\mathbf {tuple}_2( #1.
) 7]

[tuple,(t) Riy “tuple two * end tuple”]

[letq (f,y) PYX et one * apply * end let”]
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[* Clgm *]

[ clalm } ngI‘O At./\S)\C../\;M(t, s, ¢, H[X cla:im y] = [X claﬁi}m yH—I)]

[
[[ clalm ]tex «
[

#1/tex name/tex.
\stackrel {claim}{=}#2.

I”]

[[x claim y] P “claim define * as * end define” ]

checker

[checker At Ac. check(t, c)]

[checker P schecker” ]

check(x, )

val

[check(t,c) ™ If(t's, c!T, checks(t, c, aspect("claim", t, c)))]
[check(x, *) 5 «

\mathbf{check}( #1.

» 2.

)]

[check(t, c) 2 “check * cache * end check”]

checks(x, *, *)

check3 (t, c, spect("deﬁmtlon" t,c))

[CheCkg(t C, d) \E} d{ ( [ ( ,C) } AC) }

[checks (*, *, *) ¥«
\mathbf{check}_2( #1
, #2.

, #3.

)]

[checks(t, c,d) = VX check two * cache * def * end check”]
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checks(x, *, x)

[checks(t, ¢, d) ™ If(d, check™ (t*, c),t! [ c!T | )]

[checks (*, *, *) e«
\mathbf{check}_3( #1
, #2.

, #3.

)]

[checks(t,c,d) = VX “check three  cache * def * end check”]

check” (x, *)

[check®(t, ) & Tf(t, c! T, check}(t", ¢, check(t", ¢)))]

[check™ (x, ¥) © «
\mathbf{check} "x( #1
, #2.

)]

[check™(t,c) P wcheck list * cache * end check”]

check; (x, *, x)

[check(t, c,v) 3 If(—v,t! [ clv | , check®(t, c))]

tex

[check? (x, *, %) —
\mathbf{check} " 2( #1.

;2.
; #3.
)]

[check;(t, c, V) VX “check list two * cache * value * end check”]
[+

[t " AeACIEU(E(, T, ), T, 1))

o ¢

\relax [ #1.
\relax |"{\cdot} ”]
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[[t] PV test # end test”]

[+

(X~ 5 A A (U(ERL, T, 0)),t, T)]

b
\relax [ #1.

\relax | {-} 7]

[[x]~ PV wfalse test + end test”]

[+)°

[[E]° "™ MACUE, T, )]
[¢]e 2% <

\relax [ #1.

\relax |"{\circ} 7]

[[t]° YK raw test  end test”]

msg

Predef: message
[msg ¥«
msg77]

pyk
[msg = “message”]

[+ "2 4]

msg

[ =2 y] P At As A Malt s ¢ [ =1 y] = (0P = y]]T)]
[[ msg }tex «

[#1/tex name/tex.

]\”s}tackrel {msg}{=} #2.

[Ix 5 y] 2

X =y message define x as * end define”)
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<stmt>

[<stmt> 2 [<stmt>]]

[ tex

<stmt> —
{<}stmt{>}"]

k
[<stmt> 25 “the statement aspect”]

stmt

[stmt =¥ <stmt>]

tex «

[stmt —
stmt”]

[stmt Ay “statement”]

2

) ] A As A Mt s, [k ] = [P V)]

[
[[ stmt }tex «
[

#1/tex name/tex.
\stackrel {stmt}{=}#2.

"]

bty 2

statement define * as * end define”|

HeadNil’

[HeadNil’ ™25 At.As.A\c. My(t, s, ¢, [[HeadNil’ = T" = T]])]

[HeadNil’ “ «
HeadNil"]

[HeadNil’ Ry “example axiom”|

HeadPair’

[HeadPair’ ™25 M\t.As.Ac. My (t,s, ¢, [[HeadPair’ = VA:VB: [ (A:: B)" = A
1]

64



[HeadPair’ © ¢
HeadPair”|

., pyk
[HeadPair’ = “example scheme”|

Transitivity’

[Transitivity’ ™5 At.As.A\c. M4 (t, s, ¢, [[Transitivity’ = VA:VB:VC: [ [ A=B]
FllA=Cc]F[B=C]] ]l

[Transitivity’” <
Transitivity’”]

e K
[Transitivity’ 2 “example rule”]

A

[1L v [1]R::T)
[«
{\makebox [0mm][l]{$\bot $}\, {\bot }}”]

[1L Ry “absurdity”]

Contra’

[Contra/ ™25 At As. Ac.My(t,s,c, [[Contra’ = [ [T::T] =T] F 1]])]

tex
[Contra’ = ¢

Contra’”]

pyk
[Contra’ = “contraexample”]

[T ™ [Th=T] & [ [VaVvh: [ [a::b]"=a] ] & [ [VavhVe [ |
a=b]F [[a=c]F[b=c]]]]@®[[[T=T] =T]ru]]]]
[T =
T {E}"]

K .
[Tk 25 “example theory primed”]
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Ly

Ly 3T, FVa:vb: [ [a=b] + [b=a] ]]

[Ll tex «

L,{ 1 }77 ]
[Ly VX “example lemma?”]

*

tex

[x = “\underline{#1.}”]

pyk
[x = “metavar x end metavar”]

A

[A 550 At As. Ae. Ma(t,s, ¢, [[A = a]])]
[A S “{\cal A}"]

[APL “meta a”]

B

B ™25 At As. Ae.Ma(t,s, ¢, [[B = b]])]
B tex = “{\cal B}”]

[B Py “meta b”]

C

[C macro \v 3o \c. M4(t s, C, HC Qﬂ)]
[C X “{\cal C}”]

i P “meta ¢ ']

D

[D ™25 At As.Ae. Ma(t, s, ¢, [[D = d]])]
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D bex “{\cal D}”]

[D Py “meta, d”}

£

[€ 20 At As e My (t, s, ¢, [[€ =
[€ "% “{\cal E}”]

[E By “meta €”]

f

[F magro )\t.)\S.AC.MAL(tySva [[F=

[F tex = “{\cal F}”]

[F P “rpeta £7]

g

[G 550 MAs. e My(t,s, ¢, [[G
(G ™ “{\cal G}"]

[g pl> “meta g’ ]

H

[H magro /\t.)\s.)\c./\;l4(t, $,¢ [[H =

[H tex “{\cal H}"]

[H 2K “hneta h”]

A

[T ™25 At As. Ae. Myt s, ¢, [[T =

[T T “{\cal 1}7]

Iz P “meta 17 ]

el])]

f1)]

= gll)]

h]7)

1))

)

67



J

[T "5 At As A My(t, s, ¢, [T = I
[T “f\cal J}7]

(7 pyk “meta j”]

K

[IC "5 A As A Ma(t, s, ¢, [IK = K1)
(K tex “f\cal K}7]

[ 25 “meta I

L

[£ ™59 At As. Ae My (t,s, ¢, [[£ = 1]1)]
ic L “{\cal L}"]

£ et 1]

M

M macro )\t,)\s.)\C-M4(t» s, ¢, [[M = m]])]
M tex = “{\cal M}”]

M PYE “neta m’ ']

N

WP At As Ade Ma(t, s, ¢, [V = n]])]
vV tex “I\cal N}"]

[N pyk “meta n”]

O

[0 ™29° At ds. e My(t,s, ¢, [[O = o]])]

68



(0" “{\cal O}

(@] VX “meta o’ ’]

P

[P "2 M As. e My(t,s, ¢, [[P
[P X «“{\cal P}"]

[P 2 “meta p”]

Q

[Q ™2 At s Ae. My (t, s, ¢, [[Q =
[Q = “{\cal Q}"]

[Q 2 “meta q’]

R

[R ™9 At As. A Ma(t,s, ¢, [R

[R X «{\cal R}"]

[R 2 “meta 1’ ’]

S

[S "2 Mt As. de. My(t,s, ¢, [[S
[S = “{\cal S}”]

[S = YK “rneta s”]

T

[T ™25 At As de. Myt s, c, [T =
[7 = “{\cal T}"]

[T = 2 “rpeta t”]

all)]

=1]1)]

=s]])]

)]
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U

U 250 At s Ac. /\/l4(t s, ¢, [[U = u]])]
U “{\cal U]

U 2 “meta u”]

)%

[V M2 At As. e My (t, s, ¢, [[V = v]])]
[V & “f\cal V}7]

[V 2 “meta v7]

w

W 28 At ds Ae. My(t, s, ¢, [V = w]])]
W X <0\ cal W}

w P “meta w’ ']

X

[ T2 At As. A My (t,s, ¢, [[X = x]])]
(X tex = “{\cal X}"]

(X P “rneta ! ']

y

[y macro At.)s. )\c. M4(t S, C, Hy :Xﬂ)]
[V tex “f\cal Y}”]

[V 2 “meta y7]
Z
(2 "5 A As de My (t,s, ¢, [[2 = 2]])]

70



[Z & «[\cal Z}"]

(Z P “rneta 7]

a s [als [ e=b) = T] ] )]
[(ax:=b) X «
\langle #1.
\, {\protect\vert }#2.

{==3\, #3.
\rangle 7]

[(a|x:=D) VX “sub x set * to * end sub”]

(" | % 1= %)

[(*a|x:=b) = [ blIf(a, T, (a® x:=b) :: (*at |x:=b)) ] ]

[(“axi= b) 1 &
\langle = { \ast } #1.
\, {\protect\vert}#2.

{:=1\, #3.
\rangle 7]

[(*a|x:=b) PYE “gub star  set * to % end sub”]

0

0% T)

[@ tg)( “
\emptyset ”]

[0 VX “the empty set”]
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Remainder

[Remainder ™25 At.As.Ac.My(t, s, ¢, [[Remainder = HeadPair’ @ |
Transitivity’ @& Contra’ | ]1)]

ex «

[Remainder —
Remainder”|

. pyk .
[Remainder = “example remainder”]

(

*

)V

name
()v 2T«

() "2 At s e Myt s, ¢, [[(x)Y = x]])]

[

(#

) {\bf v}l

()

[(x)Y tex = “41/tex name.”]
)

[(x)Y pyk “make visible * end visible”]

intro(, *, *, *)
[intro(x, i, p, t) "2 «

intro(#1.

, F2.

s #3.

4.

)]

[intro(x, i, p, t) "2 At As. Ac. My(t, s, ¢, [[intro(x, i, p, t) =

tex

math [x = p] end mathmath [x = t] end math]])]

[intro(x, i, p,t) = tex “Aindex{#2.: #3. Q#2.: §[#1/tex name/tex.|$ #3.}%
\index{pyk: #3. $[#1/tex name/tex.]$}%

\tex{

$[#1/tex name/tex.

\stackrel {\mathrm {tex}}{=} #4/tex name.

1$}8] #1/tex name/tex.%

|$\footnote{$[#1/tex name/tex.

\stackrel {\mathrm {pyk}}{=} #3/tex name.

13}7]
pyk .

[intro(x,i, p,t) = “intro * index * pyk * tex * end intro”]
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intro(, *, )
[intro(x, p,t) "¢ «

intro(#1.

, 2.

,H#3.

)]

[intro(x, p,t) ™25 At.As.Ac. My(t, s, ¢, [[intro(x, p, t) =

tex

math [x = Py p] end mathmath [x = t] end math]])]

[intro(x, p, t) tex “\index{\alpha #2. @\back \makebox[20mm][l]{$[#1/tex
name/tex.]$}#2.}%

\index{pyk: #2. $§[#1/tex name/tex.]$}%

\tex{

$[#1/tex name/tex.

\stackrel {\mathrm {tex}}{=} #3/tex name.

|$}$[ #1/tex name/tex.%

|$\footnote{$[#1/tex name/tex.

\stackrel {\mathrm {pyk}}{=} #2/tex name.

18}7]

. k . .
[intro(x, p,t) 2 “intro * pyk * tex * end intro”]

error (x, %)

[error(m, t) 257 At As. Ac. My (t, s, ¢, [[error(m, t) = errory([m],t)]])]

6X «

[error(m,t) =
error(#1/tex name.
s 2.

)]

[error(m,t) = Y«

error * term * end error”|

errors (k, *)

[errory(m, t) ¥ g color(m! [ [«
"'t ])]

[errorg(m, t) =5 «

(m,
error_{2}(#1/tex name.
s FF2.

)]
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) pyk

[errora(m,t) = “error two * term * end error”]

proof(, *, )

[proof(p, t,c) ) proofy(S(c, p), t)]

[proof(p, t,c) teX «
proof( #1.

, #2.

, #3.

)]

[proof(p, t, c) Riy “proof * term * cache x end proof”]

proofy (*, *)

[proofa(q, t) )

If(q", q,

If(= [ q° ] ,errora([ “Proof has at least one unresolved premise.
Lemma; premise reads:”],t; [ q°" | )
If (= [ q' ] ,errory([“Proof has at least one unresolved side condition.
Lemma; condition reads:”],t; [ q'" ] ),

If(q* < t, T,

errory ([ “Lemma does not match conclusion. Lemma; conclusion reads:” ], t; |

a® 1))

[proofa(q, t) ¥«
proof {2} ( #1.
, #2.

)]
[proofa(q, t) By “proof two * term * end proof”]

)

©
—
0
—+
~—
1E

If(t¥, t,

If(t = [«'],SY(c, 1),
If(t = [¥>], 8% (c, t),
If(t = [%V],S®(c, 1),
If(t = [+7],S%(c, 1),
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If(t = [+7],8 (c,t)

If(t = [#*],8%(c, t),
If(t = [*@x],S%(c, 1),
If(t = [+ %],S8 (¢, 1),
If(t = [+ I %], 8" (c, 1),
If(t = [ i.e. ¥], S (c,t),
If(t = [V: %],S87(c,t)
If(t = [*; %], Si(c, 1),

errors ([ “Unknown sequent operator:”1,t))))))))))))))]

[S(x,y) <
{\cal S}(#1.
) #2'

)]

k
[S(x,y) 2 “sequent eval * term * end eval”]

S'(x, %)

S, t) el [0 [0:: [tcolor(t F [t1])::T] ] 1]

[ST(x,y) 5
{\cal S} {T}(#1.
’ #2

)”]

[ST(x,y) RA “seqeval init * term * end eval”|

S” (x*, *)

5% (c,t) ¥ SF(c,t, S(c,t1)]

[S™ (x,y) =

{\cal S} {\rhd}(#1.
, F#2.

)]

[S®(x,y) VX “seqeval modus * term * end eval”|

(6]



ST (*, *, *)

val

57 (e t.a) el [

I(E

(2_[*|—ﬂ 0U{qm}:: [qt:: [g®2::T] ],
If(q% = [* I *],q O [qtud{g®'}:: [q*2::T] ],

errors ([ “The modus operation requires the conclusion of its argument to be an
inference or an endorsement” |, t)))) ] |

[SP (x,y,2) &

{\cal S}{1}"{\rhd}(#1
b #2

, F#3.

)]

pyk
[ST(x,y,z) = “seqeval modus one * term * sequent * end eval”]

SP(#, %)

[SE(c,t) ¥ SE(c,t, S(c, t1))]

[SP(x,y) =
{\cal S} {E}(#1
, #2.

)]

I
[SE(x,y) 25 “seqeval verify * term % end eval”]

SF(*,*,*)

[SE(c,t,q) & ! [ t!

If(q®, q,

If(= [ g2 = [ = %] | , errora([ “The verify operation requires the conclusion of
its argument to be an endorsement:”],t),

If (= [ %1€ | ,errora([ “The verify operation requires the side condition to
contain no metavariables. Term; condition:"],t; [ %! ] ),
EUMUM(E(Q?L,T,c) ‘c),q®:: [qbt:: [g?2::T] ],

errory ([ “False side condition:”1,t))))) ] ]

[SP(x,y,2) =

{\cal S} {1}"{E}(#1

, #2.

, F3.
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)]

K .
[SE(x,y,2) 2V “seqeval verify one  term x sequent * end eval”]

ST (*, *)

[S*(c,t) & S (e, t, S(c, t1))]

[SF(x,y) &«
{\cal S}"{+}(#1
b #2

)]

K
[ST(x,y) P “sequent eval plus # term * end eval”]

Sy (%, %)

[Si'(c.ta) el [
If(q 9

([ =[xkl ] A [ =[xk ],
[q%:: [q' s [teolor([q*' @ [q2'] ] - [@**2]):T] ] ],
errorg(f ‘Term; conclusion not fit for decurrying:”],t; [q%]))) ] ]
[Sl (Xa}/7 ) tex ¢

{\cal S}{1}"{+}(#1
, F#2.

) #3

)’]

K
(S (x,y,2) 2 “seqeval plus one # term * sequent * end eval”]

S (*, %)

[S™(c,t) & Sy (e, t, S(c, t1))]

(S~ (xy) 5 ¢
{\cal S} {-}(#1.
) F2.

)yl

[S™(x,y) iy “seqeval minus x term x end eval”]

T



St (%, %, %)

val

[Sl_(c,t,q) =cl [t

If(q 9

([ =[xkl A [P =[x+,

[q°:: [q":: [tcolor(q®™' F [k [@*2] ])::T] ] ],

errorg(f erm; conclusion not fit for decurrying:"],t; [ g2 ]))) ] ]
[8 (X y,z )tex «
{\cal S}{1}"{-}(#1
; #2.
» #3.
)]

- pyk .
[Sy (x,y,2) = “seqeval minus one * term #* sequent * end eval”]

S*(x, %)

[S*(c,t) ™ S¥(c,t, S(c, th))]

[S*(x,y) <=

{\cal S} {\ast}(#1
) #2

)]

[S*(x,y) RE “seqeval deref * term * end eval”]

S1(*, *, %)

[S7(c.t,q) el [t

If(q", q,

S;(c,t,q,aspect(<stmt>, q2,¢c))) ] ]
[St(x,y,2) 5 «

{\cal S} {1}"{\ast}(#1

, F2.

, #3.

)"]

Ik
[S3(x,y,2) 2 “seqeval deref one * term * sequent % end eval”|

8



Sy (k, %, %, %)

[S5(c.ta.d) el [ 11 g

If (d, errora ([ “Dereferencing construct that has no statement def:”],t),
[a®:: [qte: [d®:T] ] ])] 1]
[S5(c.t,q,d) =

{\cal S} {2}"{\ast}(#1.

, #2.

, #3.

; 4.

)]

[S5(c,t,q,d) Ri “seqeval deref two x term * sequent * def * end eval”]

S (%, *)

[5%(c.t) ™ SP(c,t, S(c, t1))]

(S (x,y) ¥

{\cal S} {\char64}(#1.
, F2.

)]

[S€(x,y) iy “seqeval at * term x end eval”]

Sy (%, %, )

[SC(c,t,q) Pl [t

If(q®, q,

If (= [ g% = [V*: %] ] , errory ([ “Quantifier elimination requires the conclusion of
its argument to be a quantifier:”],t),

If (= [ t2 free for ' in [ g%2 ] | ,errory([“Quantifier elimination leads to
variable clash:"],t),

[a%:: [qt e [(@®?[q®h=t%)::T] ] ])))]]

[SP(c,t,q) =

{\cal S}_{1}"{\char64}(#1.
, F2.

, 3.

)"

k
[S8(c,t,q) 2 “seqeval at one * term  sequent * end eval”]
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S" (%, *)

[SF(c,t) & Sh(c,t,t!, S(c, 12))]

(S (x,y) 5 ¢

{\cal S}"{\vdash}(#1.
) #2'

)]

[SF(x,y) By “seqeval infer * term * end eval”]

SY(*,*,*,*)

[SC(c,t,p,a) el [t [ p!

If(q", q,

[q®\{p}:: [q:: [tcolor(pt [q?>])::T] ] 1)]]]
(ST (x,y,2,u) 5

{\cal S}_{1}"{\vdash}(#1.
, 2.

pyk . .
[ST(x,y,z,u) = “seqeval infer one * term * premise * sequent * end eval”]

S* (%, %)

[SF(c,t) & SF(c,t, L, S(c, 12))]

[ (x,y) =«
{\;;a; S} {\makebox [0mm]|[l]{\scriptsize $\vdash $}\, {\vdash } }(#1.
N

[S*(x,y) i “seqeval endorse * term * end eval”]

Si”(*,*,*,*)

[SF(c,tp.a) et [t ] p!
If(q®, q,
[q%:: [a'\{p}:: [tcolor(pt= [q*])::T] ] ])] ]]
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STy, z,u) 5

{\;an S}-{1}"{\makebox [0mm][l]{\scriptsize $\vdash $}\, {\vdash }}(#1.
 #3
) #4'
)]

pyk .
[SF(x,y,z,u) =5 “seqeval endorse one * term * side * sequent * end eval”]

‘Si.e.(*7 *)

[S4(c, ) = S} (e, £, 12, S(c, t1)]

(57 (x,y) = ¢
{\cal S}~ {i.e.}(#1.
) #2'

)’]

[Ste(x,y) By “seqeval est * term * end eval”]

Si'e'(*, s, %, %)

[Sie(c,t,a,q) vl el [t!]al

(St (x,y, 2, u) & «

{\cal S}_{1}"{i.e.}(#1.
, #2

vy
, 4.
)”]

. pyk
[Si¢(x,y,z,u) = “seqeval est one * term * name * sequent * end eval”|

8%'6'(*, s, %k, ok, %)

[Sie(c,t,a,q,d) vl el [t [a!]q!

If(d, errory ([ “Referencing construct that has no statement def:”],t),

If(- [d3 < [q2] ],errory([“Reference; conclusion do not match:”],a; [ g2 ] ),
[a®:: [at e [a: T ] ]]
[Sie(c,t,a,q,d) <«

{\cal S}_{2}"{i.e.}(#1.
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) #2

, #3.

, F#4.

, #5.

)]

[Ske(c,t,a,q,d) pys “seqeval est two * term * name * sequent * def * end
eval”]

S7(x, %)

[8%(c,t) ™ SY(c,t,t, 8(c, 12))]

[S7(xy) < ¢

{\cal S}~ {\forall}(#1.
) #2'

)]

[SY(x,y) Ry “seqeval all * term * end eval”]

Slv(*,*,*,*)

[SY(c,t,v,q) Bl [t [

If(q", q,

If (= [ vV |, errory([ “Metageneralization over non-metavariable:” ], t),

If (v free in [ q° | ,errory([“Metageneralization over metavariable that occurs
free in some premise:”], t),

If (v free in [ q* | ,errory([ “Metageneralization over metavariable that occurs
free in some side condition:”],t),

[q%:: [qt i [teolor(W: [q® 1) T] ] 1)) ] ]]
[SY(ct,v,q) = <

{\cal S}_{1}"{\forall}(#1.

) #2

’ #3

) #4'

)]

[SY(c,t,v,q) By “seqeval all one * term * variable * sequent * end eval”]
S, )
Sic,t) ™ Si(c,t,S(c, th))]
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S (x,y) 5 «
{\cal S} {; }(#1.
b #2

)]

[Si(x,y) By} “seqeval cut * term x end eval”]

Si(, %, %)

[Si(ct,p) el [t
If(p®, p, Si(c, t, p, S(c, t2))) ] ]

(S} (x,y,2) & «

{\cal S}_{1}"{; }(#L
) #2

, #3.

)]

; pyk
[Si(c,t,p) = “seqeval cut one x term * forerunner * end eval”|

S5 (, %, *x, %)
[S3(c,t,p,q) el [ ¢! [ p!
1f(q%,q, [p"U [a\{p?}] ] :: [ [P'U [a'] ] :: [a®::T] ])] ]

[S3(c.t,p.aq) =
{\cal S}{2}"{; }(#1.
, #2.
, #3.
, #4.

)]
: K
[Sy(x,y,2z,u) 2 “seqeval cut two * term * forerunner * sequent * end eval”]

T (%)

[7 (x) it x!AXc.x]

[T (x) =
){”\]cal TH( #1.

[T (x) A “computably true * end true”]
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claims(x, *, %)

[claims(t, c, r) )

If (claimss (t, ¢, r), T, claimss (t, ¢, c[r]["bibliography"]!))]

[claims(t, ¢, r) & ¢
claims( #1.
, #2.
, #3.
)]
pyk

[claims(t, ¢, r) = “claims * cache  ref % end claims”]

claimsy (%, *, %)

[claimss(t, ¢, 1) i If(=[re],t![c!F],t e [ c[r]]["codex"][r][0][0]["claim"]® ] )]

[claimss(t, ¢, 1) ¥«

claims_2( #1.

, #2.
» 3.

)]
[claimss(t, ¢, r) P “claims two * cache # ref  end claims”]

<proof>

[<proof> ) [<proof>]

[<proof> % «
{<}proof{>}"]

[<proof> P “the proof aspect”]
proof
[proof =¥ <proof>]

[proof = «
proof”]

[proof Ry “proof”]
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[Lemma *: x|

macro

[Lemma x:y] = At.As.Ac. M4(t s, ¢, [[[Lemma x:y] = [x stgt ylI]

tex

[

[[Lemma x:y] =
[ \mathbf{Lemmal\ } #1.
\colon #2.

"]

[Lemma x:y] % ¥ “Jemma says * end lemma”

[Proof of x: x|

[Proof of x:y] ™5° At.As.Ac. My (t, s, ¢, [[[Proof of x:y] = [x progt ylID]

[

[[Proof of x:y] *< «

[ \mathbf{Proof\ of\ }#1/tex name/tex.
\colon #2.

I”]

[[Proof of x:y] = Y «

proof of * reads x end proof”]

[* lemma x*: x|

macro

[[x lemma y: 7] "5 At.As. Ac. M4 (t, s, ¢, [[[x lemma y: 7] = [y "2 x + Z]]])]

[[x lemma y: 7] ©% «

41
\mathbf{\ lemma\ } #2.
\colon #3.

"]

[[x lemma vy: 7] RS theory * lemma * says * end lemma”]

[* antilemma *: x|

macro

[[x antilemma y: z] "5 Mt.As.A\c. M4 (t, s, ¢, [[[x antilemma y: z] =

[x lemma y:z + 1]]])]
[

t
[x antllemma yiz] =5«

[ #
\mathbf{\ antilemmal\ } #2.
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\colon #3.
I”]

. k . . .
[[x antilemma y:z] 2 “in theory  antilemma * says * end antilemma”|

[* rule x: ]

[[x rule y:z] ™25 At.As. Ac. My(t, s, c, [[[x rule y: 7] =
[x lemma y: z][Proof of y: Rule tactic]]])]
[

x rule y: z] ©% «

[ #1.
\mathbf{\ rule\ } #2.
\colon #3.

"]
[x rule y: 7] Y i theory * rule % says % end rule”]

[x antirule x: x|

[[x antirule y: z] "2 At.As.Ac. My (t, s, c, [[[x antirule y: z] = [x rule y:z
AL
tex

[x antirule y:z] =
41,

\mathbf{\ antirule\ } #2.
\colon #3.

I”]
[[x antirule y: z] Y iy theory * antirule * says * end antirule”]

verifier

[verifier YA ()]

. pyk .
[verifier 25 “verifier”]

Vi ()

Vife) *=
16'61 ()\r
letq (Ax.
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letq (Ap.

let1 (Ad.

If(—d, d,

letl()\i.

M- (€], T,

errors ([ “Circular proof. Circle

includes:” ], pfi]™)), Vs(c.r, p.p))), Vs(c,r, p, T)), Va(c,x)), c[r]["codex"][r]), c[0])]

V() 5
j{”\]cal V31( #1.

Vi (c) Riy “verify one * end verify”]

Vs (, %)

[Va(c,p) ¥

If(p, T,

If(_‘ [ phc } 7V2(C7 ph) i VQ(C7 pt)v ph B

lety (Ad.

If(d, T,

lety (Ar.

If(r, errory ([ “Error in proof of”],d? [ [¢

"] ).n), S(e, UM [E(d%, T c)‘c] “p)))), aspect(<proof>,p"))))]
[VQ(Cv p) tE}c “

{\cal V}_2( #1.

, #2.
)]

[Va(c, p) Py “verify two * proofs x end verify”]

V3(*7 *, ok, *)

Va(c,r,p,d) S cl [ ! [ pl

If(~d, d,

If(p, T,

If(_‘ [ phc } 7V3(C7 r pt7V3(C7 r ph7T))7
letl()\i.

letq (Aqg.

If(q, T,

If(q",q,

If (= [ q* | , errory([ “Unchecked sidecondition:”], qt),
lety (Ad.
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If(d, errors ([ “Proof of non-existent lemma:”], q?),
If(= [q2 < [d®] ] ,errory([“Lemma/proof mismatch:"],d%; [q2 ] ),
Vi(c,q°))), aspect(<stmt>, c[r]["codex"][r][i]))))), p*),p")))) | ]

[V3(Ca rP, d) R
{\cal V}.3( #1.
, F#2.

, #3.

, 4.

)]

K . . .
[Vs(c,r, p,d) Y “verify three * ref % sequents * diagnose * end verify” ]

Vi (*, *)

Vile,p) ™ cl

If(p, T,

let; (Ad.

If(—d, d,

let1 ()\p

letq (Ar.

lety (Ai.

If (= [ c[r]["diagnose"] | ,

errors ([ “Reference to erroneous page”], p),

If (—claims([verifier], c, r),

errora ([ “Reference to unchecked lemma”], p),
If (aspect(<proof>, p, c),

errory ([ “Reference to unproved lemma”], p), T))), pt), p*), p")), Va(c, p*)))]

Va(c,p) <
{\cal V}_4( #1.
b #2

)"

[Va(c, p) Ry “verify four * premises * end verify”]

Vs (5, %, %, %)

[Vs(c,r,a,q) vl el [r!]a!

If(q%, q,

If(a, q,

If(—= [ aP© ], Vs(c,r,a%, Vs(c, r,a", q)),
V7(C7 rvah7q)))) ] ] ]
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) tex n

[Vs(c,r,a,q
{\cal V},5( #1.
, #2.

. #3.

, #4.

)]

[Vs(c,r,a,q) = edy “verify five x ref % array * sequents * end verify”|

VG(*a *, %k, *)
Vs(c,r,p.a) et [ ! [ pl
If(q°, q,

If(p,q,

letl()\q.

If(q°, q,

(= [r~ [p"] ],q,
V7(C, r, phla ))) Vﬁ(cv r, ptaq))))] ]]

Vs(c,r,p,q) = ¢

{\cal V},6( #1.
» 2.

; #3.

, #4.

)]

Vs(c,r,p,q) > 2y “verify six x ref * list % sequents x end verify”]

Vi (3, %, %, %)

[V7(c,r,i,q) val 1 [r!

letl()\v.

If(v,q,

If(v =~ 0,1,

If(v~1,q,

let1 (Aq.

1£(a", 0, ali—1), Vs(e, v, li—0])))), all) ] ]

Veleryivq)
{\cal V}.7( #1.
, #2.

, #3.

, #4.

)]
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. k . . .
Vr(c,r,i,q) 25 “verify seven * ref  id * sequents * end verify”]

Cut(x, *)

[Cut(a, b) 2 If(b, a, a; b)]
[Cut(a, b) &3 «

[Cut(a, b) P “eut # and * end cut”|

Headg ()

[Headg(s) ™ [s'F [s2F [s!>] ] ]+

[Headg(s) & «

Head_{\oplus} ( #1.

)]

[Headg (s) VX “head * end head”]

Ta;ﬂ@ ( *)

[Tails(s) ™ [s'F [s21] ]+

[Tailg (s) = ¢
;{:za]bil,{\oplus} ( #1.

[Tailg (s) 25 “tail * end tail”]

rule; (%, )
[rule; (s, t) vl
If(s=t,T,
If(-[t=[x®y]],0,

letq (Ap.

If(= [ p¢ |, Cut(Headg (t), p),
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letq (Ap.
If (= [ p¢ | , Cut(Tailg(t), p), 0), rule; (s, t2))), rule; (s, t1))))]

[rule; (s, t) 2 «
rule_1( #1.

, F#2.

)]

[rule; (s, t) P ule one theory * end rule”]

rule(x, )

[rule(c, p) el
letq (As.
If (s, [ “Rule has no statement aspect”],
If(~ [s = [xFy] | ,errory([“Rule has invalid statement aspect”],s),
letl()\t.
If(t, [ “Theory has no statement aspect”],
letl()\r
If(r¢, errora (| “The theory does not assert the given rule”],s;t),
[ s Cut(st>* r) |
), rule; (s2, t))),aspect(<stmt> st,c)?))), aspect(<stmt>, p*)3)]
[

tex

rule(c, p) —
rule( #1.

; #2.

)]

[rule(c, p) ¥ ryle # subcodex * end rule”|

“

Rule tactic

[Rule tactic bt Ac. Ap.rule(c, p)]

“

[Rule tactic =¥
Rule\ tactic”]

. k .
[Rule tactic 25 “rule tactic”]

Plus(*, *)

[Plus(a, b) ™ Tf(b, a,a & b)]
[Plus(a, b) % «
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Plus( #1.
, 2.
)]

[Plus(a, b) R “plus x and * end plus”]

[Theory x|

macro

[Theory n] "— " At.As.Ac.theorys(t, c)]

[

[[Theory n] = «
[ \mathbf{Theory\ } #1.
]

7]

[[Theory n] iy “theory * end theory”]

theorys (x, *)

[theorya(t, c) )
letq (An.
let1 ()\S

Ot, [[n™2°x]1,s), [[n]::n] =2 [ [[x]::theorys(c,n)] ::

tex

[theorys(t, c) =
theory_2( #1.
, #2.

)]
vk

[theorys(t, c) 25 “theory two * cache * end theory”]

theorys(x, %)

[theorys(c, n) |
letq (Ar.
theoryy(c[r]["codex"][r],n, T), c[0])]

tex

[theorys(c,n) =
theory_3( #1.
, F2.

)]
[theorys(c, n) Ry “theory three * name * end theory”]
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theory, (x, *, )

[theory,(c,n,s) !

If(c,s,

If(— [ cPe ], theoryy(ct, n, theory,(c®, n,s)),

If (- [ aspect(<proof>, ct)® £ [Rule tactic] | ,s,
let; (Ad.

If(-=[d'£n],s,

Plus(d?,s)), aspect(<stmt>, c*)?))))]

[theory4(c,n,s) ¥«
theory 4( #1.

, H#2.

, #3.

)]

[theory4(c,n,s) P “theory four * name * sum * end theory”|

HeadNil”

[HeadNil” P Rule tactic]
[HeadNil” 3 To b [Th =T ]

[HeadNil” & «
HeadNil"™]

[HeadNil” iy “example axiom lemma primed”|

HeadPair”

[HeadPair” P Rule tactic]
[HeadPair” 3" T, - Va:vb: [ [a::b]P=2a]]

[HeadPair” 3 «
HeadPair”|

. 1 pyk .
[HeadPair” = “example scheme lemma primed”]

Transitivity”

e £ .
[Transitivity” "= Rule tactic]
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[Transitivity” *3° T4 b Va:Vb:Ve: [ [a=b] b [ |

[Transitivity” <X
Transitivity””]

" pyk «

[Transitivity” = “example rule lemma primed”|

Contra”

" proo

[Contra
[Contra” "2 T4+ [ [ [T::T] =T] F1]]

" tex «

Rule tactic]

[Contra” =
Contra””]

pyk .
[Contra” = “contraexample lemma primed”]

HeadNil

[HeadNil P Rule tactic]
[HeadNil "2 T+ [Th =T ]

[HeadNil %% «
HeadNil”]

[HeadNil Ry “example axiom lemma”|

HeadPair

TOO:

[HeadPair "= " Rule tactic]

stmt

[HeadPair *= Tg FVa:Vb: [ [a::b]P=a]]

[HeadPair = «
HeadPair”]

. pyk
[HeadPair = “example scheme lemma”]

Transitivity

- f .
[Transitivity "~ Rule tactic]

[Transitivity stmt TgFVa:Vb:Ve: [ [a=b] F [ ]

a

[

J



“

[Transitivity "%
Transitivity”)

s k
[Transitivity "5 “example rule lemma”]

Contra

[Contra P Rule tactic]

stmt

[Contra — Tt [ [ [T::T] =T] F1]]

te
[Contra = “

Contra”]

pyk
[Contra = “contraexample lemma”]

T

T3 [ [ [T::T] =T]FL] & [ [Vavbk: [ [a::b]h=a] ] &[]
Va:vb:ve: [ [a=b] F [ [a=c]F [b=c] ] ] @ [T'=T]]]]

[T 5 «

T_E"]

[Tk VX “example theory”]

ragged right

name
—

[ragged right
ragged\ right”]
[ragged right X«
\raggedright”]

[ragged right ey “ragged right”]

ragged right expansion

ame

[ragged right expansion "%
ragged\ right\ expansion)\ ”]

[ragged right expansion "5 At.As.Ac.My(t,s, c, [[ragged right expansion =
ragged right]])]
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[1%2 }

[ragged right expansion tex

K
[ragged right expansion 25 “ragged right expansion”]

parm(, *, )

[parm(t, s, n) !
If(t = [Vxy],Vn:parm(t2, [t'::n] ::s, T 4+2%n),

lety (Am.

If (=m, m, t® :: parm*(t*, s, n)), lookup(t,s, T)))]
[parm(t,s, n) X«

parm(#1.

, H2.

, 3.

)]

K
[parm(t, s, n) P “parameter term  stack x seed * end parameter” |

parm® (, %, )

[parm*(t,s, n) | [ nlIf(t®, T, parm(t", s, n) :: parm*(t',s,n)) | |

[parm*(t,s,n) =5 «
parm " (#1.

, H2.

L #3.

)]

K
[parm*(t,s, n) Y “parameter term star * stack * seed * end parameter”]

inst(x, *)

[inst(t,s) 2 Tf(t°, inst(s[t], s), t® :: inst*(t!, )]

tex

[inst(t,s) —
inst(#1.

s H2.

)]

[inst(t, s) 2 ]

- “Instantiate x with * end instantiate”
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inst* (, *)

[inst*(t,s) b, SIIf(t?, T, inst(t?,s) : : inst*(t,s))]

[inst*(t,s) ¥
inst " (#1.

L H2.

)]

: k : : . .
[inst*(t,s) 25 “instantiate star * with % end instantiate”]

occur (k, *, *)

[occur(t, u,s) v sITf (u®, If (t & u, T, occur(t, s[u], s)), occur* (t, u®, s))]

[occur(t, u,s) < «
occur(#1.

, F#2.

,#3.

)]

pyk . s
[occur(t,u,s) = “occur * in * substitution * end occur”]

occur® (, *, *)

[occur*(t, u,s) ) [ s!Tf(u?, F, If (occur(t, u, s), T, occur*(t, ut,s))) | |

[occur* (t, u,s) = «
occur” *(#1.
s 72
43,
)]
K : N
[occur® (t,u,s) 25 “occur star * in * substitution * end occur”

unify (% = *, %)

val

[unify(t = u,s) = t! [ u!
If (s, s,
If(t°, unifys (t = u, s),
If (u, unify, (u = t, s),
(

TF(t £ u, unify* (£ = ut,s),0)) ] ]
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tex

[unify(t = u,s) =
unify (#1.

—49.

7#3'

)]
[unify(t = u,s) R “unify * with * substitution * end unify”]

unify* (x = *, )

val

[unify* (t = u,s) = ullf(t®, s, unify*(t' = ut, unify(t" = u,s)))]
[unify*(t = u,s) ¥«
unify " (#1.
-y
, #3.
)]
pyk

[unify*(t = u,s) = “unify star * with * substitution * end unify”]

unifys(x = *, )

[unifys(t = u,s) b
If(t =~ u,s,
letl()\t'.

(= [t ] ,unify(t’ =u,s),
If(occur(t, u,s), 0, s[t—ul)),s[t]))]

[unifys(t = u,s) = «

unify _2(#1.

=#2.

L #3.

)]

[unifys(t = u,s) R “unify two % with % substitution * end unify”]

La

[La name “T, 87 ]

[La tﬁ; «
\if \relax \csname lgwprooflinep\endcsname L_a \else
\if \relax \csname lgwella\endcsname
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\global \advance \lgwproofline by 1
\xdef \lgwella {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwella \fi ”]

Lo 22 ell a”]

Ly,

[Lb hame “1, b? }

Ly <«

\if \relax \csname lgwprooflinep\endcsname L_b \else

\if \relax \csname lgwellb\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellb {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellb \fi 7]

Ly, 22 el b”)

Le

[LC nz}nc “1, e ]

L -

\if \relax \csname lgwprooflinep\endcsname L_c \else

\if \relax \csname lgwellc\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellc {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellc \fi 7]

[Lo 25 <ell ¢

Lq

[Ld ngne “I,d” }

[Lg ™«

\if \relax \csname lgwprooflinep\endcsname L_d \else

\if \relax \csname lgwelld\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwelld {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwelld \fi 7]

[La 22 <ell d7]
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Le

[Le name “L,e”]

[Le tE)( «

\if \relax \csname lgwprooflinep\endcsname L_e \else

\if \relax \csname lgwelle\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwelle {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwelle \fi 7]

[Lo 25 “ell o]

L¢

[Lf nz}nc “T, 7 }

[Lg &«

\if \relax \csname lgwprooflinep\endcsname L_f \else

\if \relax \csname lgwellf\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellf {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellf \fi 7]

Ly 25 el £7]

Lg

[Lg nﬂ‘e “L,g” ]

L

\if \relax \csname lgwprooflinep\endcsname L_g \else

\if \relax \csname lgwellg\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellg {L\ifnum \lgwproofline <10 O\fi \number \lgwproofline }
\fi \lgwellg \fi 7]

[Ly 25 el g7]

Ly,

[Lh na_nge “L,h”]
[Lh tex «
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\if \relax \csname lgwprooflinep\endcsname L_h \else

\if \relax \csname lgwellh\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellh {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellh \fi 7]

Ly 2 ell b”)

L

[Li name “T, 17 ]

[Li tex «

\if \relax \csname lgwprooflinep\endcsname L_i \else

\if \relax \csname lgwelli\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwelli {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwelli \fi 7]

[L; 2 el 7]

L

[LJ ngne “ijﬂ ]

L

\if \relax \csname lgwprooflinep\endcsname L_j \else

\if \relax \csname lgwellj\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellj {L\ifnum \lgwproofline <10 O\fi \number \lgwproofline }
\fi \lgwellj \fi 7]

[L; 22 ell 7

Ly

[Lk nﬂle “1, k7 ]

Ly <«

\if \relax \csname lgwprooflinep\endcsname L k \else

\if \relax \csname lgwellk\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellk {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellk \fi 7]
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(L 22 el k7]

L

[Ll nae “IL 17 ]

[Ll ti))( «

\if \relax \csname lgwprooflinep\endcsname L_1 \else

\if \relax \csname lgwelll\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwelll {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwelll \fi 7]

Ly 25 el 17]

Lin

[Lm nai{le “I,m” ]

[Lm tex «

\if \relax \csname lgwprooflinep\endcsname L_m \else

\if \relax \csname lgwellm\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellm {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellm \fi 7]

[Lin By “ell m”]

Ly

[Ln ngne “I,.n” }

[Ln tex «

\if \relax \csname lgwprooflinep\endcsname L_n \else

\if \relax \csname lgwelln\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwelln {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwelln \fi 7]

Ly 22 ell n7]
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Lo

[Lo name “1, 07 ]

[Lo tﬁ; «

\if \relax \csname lgwprooflinep\endcsname L_o \else

\if \relax \csname lgwello\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwello {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwello \fi ”]

[Lo ™2 “ell 07]

Lp

[Lp ngne “L,p” }

Ly =

\if \relax \csname lgwprooflinep\endcsname L_p \else

\if \relax \csname lgwellp\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellp {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellp \fi 7]

L, 2 <ell p7]

Lq

L "5 L
L, ¢

\if \relax \csname lgwprooflinep\endcsname L_q \else

\if \relax \csname lgwellq\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellq {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellq \fi ”]

[Lq By “ell q”]

Ly

[Lr nﬂle “L,I‘”]
[L tex «
r
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\if \relax \csname lgwprooflinep\endcsname L_r \else

\if \relax \csname lgwellr\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellr {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellr \fi 7]

L, 2 el 1]

L,

[Ls name “1, g7 }

[Ls tex «

\if \relax \csname lgwprooflinep\endcsname L_s \else

\if \relax \csname lgwells\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwells {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwells \fi ”]

1 Pl )

Ly

[Lt name “T, ¢ ]

L1

\if \relax \csname lgwprooflinep\endcsname L_t \else

\if \relax \csname lgwellt\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellt {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellt \fi 7]

[Le 25 ell 7]

Ly

[Lu hame “I,u” }

L,

\if \relax \csname lgwprooflinep\endcsname L_u \else

\if \relax \csname lgwellu\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellu {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellu \fi 7]
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[L, 2 el u”]

Ly

[Lv n%ﬂe LLL7V77]

[Lv tg)( «

\if \relax \csname lgwprooflinep\endcsname L_v \else

\if \relax \csname lgwellv\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellv {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellv \fi 7]

[L, 2 el v7]

Ly

[LW name “T, w” ]

[Lw tex «

\if \relax \csname lgwprooflinep\endcsname L_w \else

\if \relax \csname lgwellw\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellw {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellw \fi 7]

Ly 2 el ]

Ly

[Lx nine “L){”]

[Ly <«

\if \relax \csname lgwprooflinep\endcsname L _x \else

\if \relax \csname lgwellx\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellx {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellx \fi 7]

Ly 25 <ell x7]

105



Ly

[Ly nﬂle “L,y”]

Ly =

\if \relax \csname lgwprooflinep\endcsname L_y \else

\if \relax \csname lgwelly\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwelly {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwelly \fi 7]

Ly, 2 el y)

L,

[LZ nz}ne LLLiz??]

L,

\if \relax \csname lgwprooflinep\endcsname L_z \else

\if \relax \csname lgwellz\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellz {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellz \fi 7]

L, 25 “ell 2]

La

[LA name “LA”]

Ly 5«

\if \relax \csname lgwprooflinep\endcsname L_A \else

\if \relax \csname lgwellbiga\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbiga {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbiga \fi ”]

[La 25 “ell big a”]

Ly

[LB “ﬂ]e “L,B”]
[LB tex «

106



\if \relax \csname lgwprooflinep\endcsname L_B \else

\if \relax \csname lgwellbigh\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigb {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigh \fi ”]

[Lp 25 “ell big b”]

L¢

[LC name “1, Q7 ]

[Lo & «

\if \relax \csname lgwprooflinep\endcsname L_C \else

\if \relax \csname lgwellbigc\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbige {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigc \fi 7]

[Le 22 “ell big ¢”]

Lp

[LD nﬂle “1,.D” ]

[Lp & «

\if \relax \csname lgwprooflinep\endcsname L_D \else

\if \relax \csname lgwellbigd\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigd {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigd \fi "]

[Lp 2 ell big d]

Lg

[LE name 1, E” ]

[Lg < «

\if \relax \csname lgwprooflinep\endcsname L_E \else

\if \relax \csname lgwellbige\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbige {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbige \fi 7]
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[Lg By “ell big e”]

Lr

[LF name “I, F» }

[LF ti))( «

\if \relax \csname lgwprooflinep\endcsname L_F \else

\if \relax \csname lgwellbigf\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigf {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigf \fi 7]

[Lp ™5 “ell big 7]

Lg

[LG name “1, @7 ]

[Lg =5 «

\if \relax \csname lgwprooflinep\endcsname L_G \else

\if \relax \csname lgwellbigg\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigg {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigg \fi 7]

Lo 25 “ell big g7

Lu

[LH name LLLHH]

[Ly 2«

\if \relax \csname lgwprooflinep\endcsname L_H \else

\if \relax \csname lgwellbigh\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigh {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigh \fi ”]

L 2 “ell big h7]
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Ly

[LI name .1 ]

[LI tE)( «

\if \relax \csname lgwprooflinep\endcsname L_T \else

\if \relax \csname lgwellbigi\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigi {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigi \fi ”]

Ly 2 “ell big i”]

Ly

[LJ nﬂ)nc “L,J”]

1y

\if \relax \csname lgwprooflinep\endcsname L_J \else

\if \relax \csname lgwellbigj\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigj {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigj \fi *]

[Ly 2 “ell big j”]

Lk

[LK ngne “I, K ]

Ly 5«

\if \relax \csname lgwprooflinep\endcsname L_K \else

\if \relax \csname lgwellbigk\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigk {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigk \fi 7]

[Lic ™ “ell big k"]
Ly

[LL nai?e “LL”}

tex

Ly —
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\if \relax \csname lgwprooflinep\endcsname L_L \else

\if \relax \csname lgwellbigl\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigl {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigl \fi 7]

Ly 2 “ell big 17]

Lnt

[LM na_n;e “I, M ]

[Ly &«

\if \relax \csname lgwprooflinep\endcsname L_M \else

\if \relax \csname lgwellbigm\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigm {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigm \fi 7]

[Lar 2 “ell big m”]

Lx

[LN narme LLLNH]

[Ly 2«

\if \relax \csname lgwprooflinep\endcsname L_N \else

\if \relax \csname lgwellbign\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbign {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbign \fi *]

[Ly 2 “ell big n”]

Lo

[LO hame “1,.0” ]

[Lo &«

\if \relax \csname lgwprooflinep\endcsname L_O \else

\if \relax \csname lgwellbigo\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigo {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigo \fi ]
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Lo P wel) big 0”]

Lp

[LP name “I, P ]

[L tex N

\if \relax \csname lgwprooflinep\endcsname L_P \else

\if \relax \csname lgwellbigp\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigp {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigp \fi ”]

[Lp 22 “ell big p”]

Lq

[LQ ni)ne LLL7Q77 ]

[LQ tex «

\if \relax \csname lgwprooflinep\endcsname L_Q \else

\if \relax \csname lgwellbigq\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigq {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigq \fi 7]

Lo 2 ell big q7]

Lr

[LR name “I, R” ]

[Lg 2«

\if \relax \csname lgwprooflinep\endcsname L_R \else

\if \relax \csname lgwellbigr\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigr {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigr \fi ”]

Ly 22 “ell big 7]
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Lg

[LS hame “1,.§” }

[LS tg)( «

\if \relax \csname lgwprooflinep\endcsname L_S \else

\if \relax \csname lgwellbigs\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigs {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigs \fi ”]

[Ls 25 “ell big 57

Lt

[LT nz}nc LLL7T77]

Ly -

\if \relax \csname lgwprooflinep\endcsname L_T \else

\if \relax \csname lgwellbigt\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigt {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigt \fi 7]

Ly 2 “ell big t7]

Ly

[LU ngne “1,.U” ]

[Ly &5«

\if \relax \csname lgwprooflinep\endcsname L_U \else

\if \relax \csname lgwellbigu\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigu {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigu \fi ”]

[Ly 25 “ell big u”]
Ly

[LV name “T, V7 ]

tex

Ly =
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\if \relax \csname lgwprooflinep\endcsname L_V \else

\if \relax \csname lgwellbigv\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigv {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigv \fi 7]

[Ly 2 “ell big v"]

L

[LW name “L,W"]

Ly &«

\if \relax \csname lgwprooflinep\endcsname L_W \else

\if \relax \csname lgwellbigw\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigw {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigw \fi *]

[Lw 2 “ell big w”]

Lx

[LX narme uan]

[Lx 2«

\if \relax \csname lgwprooflinep\endcsname L_X \else

\if \relax \csname lgwellbigx\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigx {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigx \fi 7]

[Lx 2 “ell big x”]

Ly

[LY name “I,Y” }

[Ly &«

\if \relax \csname lgwprooflinep\endcsname L_Y \else

\if \relax \csname lgwellbigy\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigy {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigy \fi ”]
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Ly 2 “ell big y”]

Lz

[LZ name “I,.77 }

[LZ t_E))( «

\if \relax \csname lgwprooflinep\endcsname L_Z \else

\if \relax \csname lgwellbigz\endcsname

\global \advance \lgwproofline by 1

\xdef \lgwellbigz {L\ifnum \lgwproofline <10 0\fi \number \lgwproofline }
\fi \lgwellbigz \fi 7]

[Lz 2 “ell big #7]

Lo

(L, "25¢ «,_77)

L, &5 «

\if \relax \csname lgwprooflinep\endcsname L_? \else
\global \advance \lgwproofline by 1

L\ifnum \lgwproofline <10 0\fi \number \lgwproofline

\fi ]

[Le PV el dummy”]

Reflexivity
[Reflexivity "% [Tg - Va: [ [ [ HeadPair™*> @a] @a]; [ [ [ |
Transitivity'™*> @ [ [a::a]?] | @a] @a]®>] |7]

[Reflexivity 3" T +Va: [a=a]]

“

[Reflexivity *=
Reflexivity”]

. k o
[Reflexivity ™5 “sequent reflexivity”]

Reflexivity

[Reflexivity; ™% Ae Ax.P([Tg F Va: | [ HeadPair> | [a::a]"=a
[ Transitivity > [ [a::a]P=a] | > [ [a::a]l=a]] > [a=
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~|7p0’ C)]
[Reflexivity; stmt Tk Va: [a=a]]

“

[Reflexivity; "%
Reflexivity_17]

. k : .
[Reflexivity; "5 “tactic reflexivity”]

Commutativity
Commutativity progf [T FVa:vb: [ [a= F [ [ Reflexivity™™*> @a | ; [
1111

[ a=b]
[ [ [ Transitivity!>*> @a] @b] @a]>> |
[ b] +

Commutativity sty T Va:Vvb: [ [a=

[b=a] ]]

[Commutativity e«

Commutativity”|

. k .
[Commutativity 2> “sequent commutativity”]

Commutativity;

[Commutat1v1ty1 0 A Ax. P([Tg F Va: Vb:
[a=a] ]; [ [ [Transitivity > [a=
~|7 Po, C)]

[Commutativity; stogt Tk Va:vb: [ [a=b] F [b=a] ]]

[a=b] F [ [Reflexivity; >
] > [b=a] ]]]

43

[Commutativity; -
Commutativity_17]

. k . o
[Commutativity; 5 “tactic commutativity”]

<tactic>

[<tactic> bt [<tactic>]]

[<tactic> 5 «
{<}tactic{>}"]

. k .
[<tactic> "5 “the tactic aspect”]
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tactic

[tactic ™ <tactic>]
[tactic ° ¢
tactic”]

[tactic Ri “tactic”]

[* tactic *]

[ 2y T AAs Ae Mt s, [[[x S y] = (0P S y)
[[ tactlc ]tg)( «

[#1/tex name/tex.

\stackrel {tactic}{=}#2.

"]

[[x L€ y] 2 “tactic define * as * end define”]

P(x, %, %)

val

[P(t;s,c) = sl

let; (Ad.

If(d,t" :: P*(t%, s, c),

UM( [ [S(d3 T c) t] ‘s] ‘c)),aspect(<tactic>,t,c))]
[P(t,s,c) < «

{\cal PY( #1.

, H#2.

) #3
)]

k
[P(t,s,c) 25 “proof expand # state * cache * end expand”|

P*(x, *, %)

[P*(t,s,c) & sl [ clIf(t, T, P(th,s,c) :: P*(tt,s,¢)) | ]

[P*(t,s,c) ¥«
{\cal P} x( #1
, F2.
, #3.
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)]

[P*(t,s,c) Ry “proof expand list * state * cache * end expand”|

Po

[po 2 M(AtAsAC.P(t,s,c)) :: T]

[po 5 «

p7077]

[Po Riy “proof state”]

concludey (x, *)

val

[conclude; (t,c) =
lety (Ar.
If (r¢, errory ([ “Unification failed”],t), r), concludes(t!, t2, c))]

[concludey (t, ¢) < «

conclude_1 ( #1.
, #2.
)]

pyk
[conclude; (t,c) = “conclude one * cache * end conclude”]

concludes (x, *, )

[concludes(a, t, ) )

If(a = [x>y], concludes(al, a-color(t > [a%]),c),

If(a = [x > y], concludey(at, a-color(t 1> [ a?]),c),

If(a = [x@y], concludey(a', a-color(t@ [ a%] ),c),

If (aspect(<proof>, a, c), errory ([ “Lemma expected”], a),

let; (\d.

concludes (a-color(concludey (a'™*>, d32)), t, parm(d32, T, 1), T), aspect(<stmt>, a,

[concludes(a, t, c) & «

conclude 2 ( #1.
. #2.

. #3.

)]

pyk
[concludes(a, t, ¢) 5 “conclude two * proves # cache * end conclude”]

1= 1=
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concludes (x, *, %, *)

[concludes(a, t, |, s) “al [t

60 [xky], [ o
T concludeg(a®, t', I*, unify (I' = t2,s))
t] =[x>yl] { concludes(a®, t, 12, s) ’
concludes(a™, t!, I, unify (I' = t2,s))
concludes(aV,t,12,s) ’
T concludes(a@ [ t2 ] ,t!, 12, unify(I' = t2,s))
t] =Mxayl] { concludes(a@ [I'],t,12,s) ’

If(s¢, s,
inst(a,s)), unify(l = t,5))))) | | |]

tex

[concludes(a, t,|,s) =
conclude_3 ( #1.

, #2.

, #3.

, #4.

)]

[concludes(a, t, |, s) YK “conclude three proves * lemma * substitution * end
conclude” ]

concludey (x, )

[concludey(a, 1) “al [n
(= [1=[vxy] ] o,
let; (Av.¥v: concludeg(a@v, 12), [x]®:: [11::T]))]]

[concludey(a, 1) * «
conclude_4 ( #1.

, #2.

)]

[concludey(a, 1) ¥ “conclude four * lemma * end conclude”]
s« _{x}

[k ]} "EBC ey,
\-\{#2.
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\}

[ {x} 5 1,

[#92.

1

[x_{*} PV y sub * end sub”]

>|</

[X/ tﬁf 44#1-757]

[x BYX prime”]

*| ]

[a[K] b assoc (a, k, k)]

[*[ *] VI 4 assoc * end assoc” ]

1 y array-remove(i, a, 0)
[a[i—v] B ic array-put(i, v, a, 0) ]
vla

[ai—v] ° “g1.
[ #2.
{\rightarrow} #3.

"]
[a[i—V] PYX s set # to + end set”]

. val ., | alv
lafi=v] =i { alib—al] =] |

[afi=v] <«
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[ #2.
{\Rightarrow} #3.

I”]

[ali=v] 2 ]

— “x set multi * to * end set”

newline *

. name
[newline x —

newline\ #1.”]
[newline x w xM]

. tex
[newline x =

\newline #1.”]

. pyk « . ”
[newline x = “newline *”]

macro newline *

. name
[macro newline x —

macro\ newline\ #1.”]

[macro newline x ™25 At.As.Ac. My (t, s, ¢, [[macro newline x = x|])]

. tex
[macro newline x =

\newline #1.”]

. pyk : 9
[macro newline x = “macro newline *”|

*0

[x0 T 424 X]

[0 5 1,
077]

[0 PR bit nil”]

x1

[x1 2 F 42+ ]
[+1 X “g1,
177]
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[¥1 I&k “x bit one”]

Ob

[0b ™ 0]

[ob % «
0 \mathrm {b}”]

[Ob By “binary”]

x-color ()
[a-color(t) val id { a[!ttr s [t [ad] ] ] i [ a-color®(t!) ] |

[x-color(y) 5 “#1.
\mbox {-color}( #2.

)]
[x-color(y) VX wy color * end color”]

x-color™ ()
v va 'T
[a-color™(t) = t{ :-color(th) :: [ a-color™(t") | ]

[x-color* (y) = “41.
\mbox {-color}"{\ast}( #2.
)]

[x-color™ (y) PYE sy color star * end color”]
* 7 %

Predef: apply

e 1 .
\mathbin {\mbox {’}}#2.”]

ERE ka “x apply *”]
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¢

k 7ok

7™ apply (f, )]

[ 5 L
\mathbin {\mbox {*}}#2.”]

[* * —> “x tagged apply * ]

*H

[ H val val T}

[+ 1 gy

()

[+H PYE oy raw head”]

>|<T

[ T val val F]

[T 55 e,

)

[T BYX o raw tail”]

ny

[xY vel = (xH T, T))
HUEKM#L

e

[*U Y cardinal untag”]
"

[xh val XMTH]

b 5 g

{} 7]

[+h Yk head”]
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*t
[x* vl if (x4, if (x¢, T ..
[*t tE)( “#1.

{}At”

]
[*t %{ g tail”]

[ XMTT ] XMTT)’ T)}

)

>l<S

x* g XMTB]
[*S tE)( “#1'
{}7s7]

pyk .
[+ = “x is singular”]

>l<C

[x¢ 2 if (x, F, xMHB)]
[x¢ TF ],
{377

pyk . .
[¥¢ = “x is cardinal”]

>l<d

[Xd gl XMHTHB]
[*d ti’f “#1.

{}7d”]

[xd RIS data”]

!

b =[x v [x] ]V [e]]

[*a ti’f 44#1.
{}"a”]

pyk . .
[** = “x is atomic”]
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«C

[xC b if(x, T,x"B 42 [xTC ] )]

[*C tﬁ; “H1.
{}Acn]
[+C PYE y cardinal retract”]

*M

O o, TR, T2 [XT€ ] GATH TIN5 [T | A4 (7))
[*M tex “41.

{}"M7]

k
[«M P5° ¢y tagged retract”]

+B

[xB val if(x, T, F)]
[*B tex “4.
{}"B”

pyk
[*B =5 “x boolean retract”]

+T
[x* val xhh}

[xr 5 e,

{3 {r}]

[x 21 ref”]
>l<i

[Xi val Xhth]
X5 e

{7

L
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x4

[xd val Xhtt]

[Xd tﬁ; 44#1.
{3{d}"]
[Xd pli( “y debug”]

B

[XR‘glxr:: [x::T]]

[xB tex “H1.
{}"{R}"]

[XR Iﬁ{ “y I'OOt”}

*O

Sty

[x° tex “H1.
{}7{0}7]

[x° Y zeroth”|
*1

x! val xt0]

[Xl tg( 44#1.

{{17]
[x! PYE first”]

%2

[x2 val th]

b2 15 g
0 (2y]

[x2 BYK second”|
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%3

[x3 val xt2]

[x3 fex “H1.
{}°{3}"]
[x3 YK third”]

x4

x4 val xt3]

[X4 tE)( “#1.
{17{4}7]
[x4 BV fourth”]

%

x° val xt4]

[x5 U gt
({5171
[ 22k fifth”)

0

[x val xt5]

6 1 s
{6}

[x6 Yk sixth”]

>l<7

[x7 val Xtﬁ]

1
7]

[x7 Py seventh”|
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«8

[X8 val ot 7]

[X8 tE)( 44#1.
{}°{8}"]
[x8 PYK eighth”]

Y

X val xt8]

[x9 fex “H1.
{17{9}7]
[x9 YK ninth”|

i

E val r

22 L ey]

B X .
0 {EY)

pyk .
[XE = “x is error”|

"

[tV 2t L [a]]

7 15 g,
{0 feal V7]

pyk . .
[tV =5 “x is metavar”]

«C

[t S IF(tY, F,t4C7)]

1€ = e,

{} 7 {\cal C}7]

pyk .
[t€ 25 “x is metaclosed”]
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*C*
[¢C" Y I (¢, T, TE(hC, £C° F))]
[tC7 5 w1,

{} 7 {{\cal C} 7 { \ast }}7]

= pyk o .
[t 25 “x is metaclosed star”]

X -k

oy BIEGEA [v6 ], x0y,T)]

-y L,
\cdot #2.”]

PyX

[x-y YKy times 7]

* .0 ¥
1 x!0
Xoy =y Qs nf TH42% [x0 [y'] ] ]
(T+2% [x0 [y"] ] )M+ox
[x-oy "3 “#1
\cdot_0 #2.7]

pyk .
[x -0y = “x times zero *”|

* 4 %k

Ay DI A [y ] x40y, T)]

tex

[x +y = “#L1.
+ #2.77]

[x+y YK iy plus #”]
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* +q *

y
X
val T+2+ [x' 4o [v'] ]
s h
oy =x Y b y F42x [xP+9 [yP] ]
yh F+2+ [x'4o [y'] ]
T+2% [x'41 [y'] ]
[x—|—0yt3>(“#1.
\mathop{+_0} #2.”]
[x—|—0yp—yl>( “x plus zero *”]
* 41 %k
y+ol
X—|—01
val nf P42 [x40 [y*] ]
bty = ) LT (X [y
nf T+26 [x 41 [y'] ]
PAUF+25 [0 [yt ] ]
[x41y = “1.

\mathop{+_1} #2.”]

[x+1y YK plus one *”]

* — %

=y DI A [y ] T (x <y,0,x—0y), T)]

tex

—y g
- #27)

[x —y P minus 7]

* —0 X%

vl pf TH2 [x' = [y'] ]
X—oy =Y¥Y"q _n F4+2¢ [x' =1 [y'] ] ]
W F42x [xP—g [y
U T 425 [x =0 [y*] ]



tex

[x—oy = “#L.
\mathop{-_0} #2.”]

[ pyk . ”
X—pY — ¥ INninus zero *

* —1 %
Xfo].
1 g f Fe2e [ [y )
va. s
=1y =y T42% [xP—y [y'] ] ]
yh T+2*[Xt—0[yt]]
F+2¢ [x' =1 [y'] ]
[X—1yt3>( “H1.
\mathop{-_1} #2.”]
pyk

[x—1y = “x minus one *”]

x U {x}

U {y} S If(y €6 %%,y 12 X)]

[xU {y} =5 “41.
\cup \{ #2.
\}7]

[xU{y} YKy term plus * end plus”]

* Uk

xUy v If(x*y, [x*Uy] U{x"})]

[xUy 3«
\cup #2.7]

pyk .
[xUy = “x term union *”

#\ {*}

Oy DGR, yI0, Ty = [ ] s [x\{y} ])]
by} .

\backslash \{ #2.
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\}]

x\{y} BYX 4 term minus * end minus”|

* .. o%

ly..z 2 Axf(x,y, z)]
[ % 3 et

\mathrel { \dot { .\, . } }#2.”]

. pyk .
[* .. % = “x raw pair x”]

* .. o%

val

ly=x: [y [xy] ]
[* .. % tex “41.
\mathrel { \underline { \dot { .\, . } } }#2.”]

. pyk .
[ .. % = “x eager pair *”]

X L1k

val

xey 3 (0. [0.TI) [xly]]

tex

[ 1% = 941,
\mathrel { \underline { : \, : } }#2.”]
. pyk

[¥ :: % = “x tagged pair *”]

* +2% %

[x +2xy b if (x,if(y, T,x .. y),x .. y)]

tex

[ 20 5 1 g,
\mathrel { \underline { {+} 2 \ast } }#2.”]

[* +2x x YK untagged double *”]
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X 11k

[x::ngM; [YyM]]

[x oty S ]

\mathrel { : \, : }#2.”]
pyk

[ ::% = “x pair *”]

* +2% %

[x—|—2*y\§>lT; [xB . [y9C] 1]

tex

[¥ +2% x — “41.
\mathrel { {+} 2 \ast }#2.”]

[* +2% * ¥ 4 double 7]

*, %

[x,y = 1.
, \linebreak [0] #2.”]

pyk
[x,y = “¢ comma *”]

B
* ]2k

E val f( T F)
[XNV_’X{ It(y, F.T) |
6~ % X g
\stackrel {B}{\approx }#2.”]

B pyk
[* = x = “x boolean equal *”]

tex

[~ U ]
\stackrel {D}{\approx }#2.”]
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D k
[« =~ * 2 “x data equal *”|

C
* ]2k

xQymel HOTH
I (R Y] ) A X

[* 2 5« “H1.
\stackrel {C}{\approx }#2.”]

C  pyk .
[* = % = “x cardinal equal *”]

\stackrel {P}{\approx F#2.7]

pyk
]

P
[* & % = “x peano equal *”

* ook

D
[xzygxd If(y!, x = y,F) ]
If(y!,F,T)

tex

[* % = “#1.
\approx #2.”]

K
[* &« 25 “ tagged equal %]

X = %k

[* = % tex “H1.
=#2."]

K
[+ = % 25 “¢ math equal #”]
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x5 x

ey
\stackrel {4 }{\rightarrow }#2.”]

+ _ pyk
[* = % = “x reduce to *”]

X = %

val T *
=y S I(x Sy, x = [yt ], F)
t

[* = = bex “H1.
\stackrel {t}{=}#2."]

t pyk
[* = % = “x term equal *”]

[* Ly “H1.

\stackrel {t"*}{=}#2."]

t*  pyk .
[+ = % 2 “x term list equal "]

S é S

Ly DI~ [y ] K~ [y ]LF)
[x =y 5 e,

\stackrel{r}{=} #2.”]

[x =y P 4 term oot equal *”]

% E¢ k

X €y DIy xIF I (x = [y* ], T,x e [y']))]

tex

[x €y = “#1.
\in_t #2.”]

pyk .
[x €y 25 “ term in #7]
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* Cp

X Cry B I yIT, I (<" € y,x* Cry, F))]

tex

[xCry = “#1
\subseteq-T #2.”]

K
xCry DY 4 term subset 7|

T
X = %

[X g y \E} If()( gT Y,y gT X, F)]

[x I y X e
\stackrel{ T}{=} #2.”]

k
[ Ly B “y term set equal 7]

S
* = *

K=y W[ [y ] RIS [y0] <M= [y ], F)

S

x=y X
\stackrel{s}{=} #2.”]

k
[x =y 2 “ sequent equal *”|

* free in *

[v free in t vl

If(vEt,T,

If(~ [t = [Vs:#] | ,v free in* [t'],
If(v L [t'],F,vfreein [t?])))]

[x free iny X
\mathrel {free\ in} #2.”]

. pyk .
[vfree int = “x free in *”]

x free in" x

[v free in* t vl If(t, vIF, If (v free in [t® ], T,v free in* [t']))]
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ex

[x free in* y O wpy
\mathrel {free\ in}"{\ast} #2.”]

. pyk .
[v free in® t = “x free in star *”|

* free for * in *

. al
[a free for x in b *% a! [ x!

If(bY, T,
If(=1[b W* x| ] ,a free for* xin [b* ],
If(x= [b'],T,
If (= [ x free in [b2] 1,7,
If (b free in a, F, |
]

al free forxm (2] ]

tex

[a free for x in b = “#1.
\mathrel {free\ for} #2.
\mathrel {in} #3.”]

bpy «“

[a free for x in * free for * in *”]

x free for™ x in %

[a free for* x in b v
If(b,al [XIT ],
If(a free for x in [ b" ] ;a free for* xin [ b | ,F))]

[a free for* x in b % “#1.

\mathrel {free\ for} {\ast} #2.
\mathrel {in} #3.”]

: pyk .
[a free for™ x in b == “x free for star * in *”]

% E %
xeey® [yZ xAcy]] { if(éxyec il Toxee Iyt ]

€y ¥ “HL.
\in_c #2.”]

pyk R
[x €cy = “x claim in *”
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* < %k

x <y B IE(xC A ye ], x<"y,F)
y

[x <y S “h.
< #2.7]

x<y PV less 7]

/

x < %k
x!F
T
t li t
;o val o h X" < [y]
x<y—=y e o y xt <! [yt]
W X< [y
y Xt</[yt]
[x<’yt—e)>(“#1.
<’#2.”}
[x<'prk“>k less zero *”]
* < x
y!IT
F
t</[t]
/ vals h Xi y
KEYTE U Iy
W X<y
y XtSI[yt]

[X <'y tex “lq.
\le #2.7]

k
[x <"y 2 “x less one 7]

-k

[x 2 If (x, F, T)]

tex
[—\ —

{\neg }#1.7]

[ YK ot 7|
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VAR S

vl [ TE(y,T,F)
bx Ay%x{ Ii(y, F,F) |
[ A % B g
\wedge #2.”]

[* A * Py and 7]

x A %

[X /\ mgro )\t./\S.AC.M4(ta s,C, HX /\ Yy = If(X, Y, F)H )]

tex

[x Ay = “#1.
\mathrel{\ddot{\wedge}} #2.”]

i\ PYk
[x Ay = “x macro and *”]

% A *

X Ay i (x, y, %)]

[xAy bex “H.
\mathrel{\tilde{\wedge}} #2.”]

X py «“

[x Ay = “xsimple and *”]

* A\e %

XAcy P atAc. [ [ [x't] "c] A [ [y't] 'c]]]

tex

[XAcy = “F1.
\wedge-c #2.”]

pyk .
X Acy = “x claim and «”]

* V%

va f(y,T,T
[va_’lx{ Ifg T, F)) )
[V S5 gt
\vee #2.7]
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[*\/*pl) 44* or *77]

tex

[ |+ = 1.
\parallel #2.”]

[« || + 255 “ parallel +7]

% V %
[x Vy "2 At.As.Ac.M4(t, 5,6, [x Vy=Tf(x, T,y)]])]

tex

[x Vy = “#1.
\mathrel{\ddot{\vee}} #2.”]

o\ PYk
[x Vy = “k macro or x”]

* = %

macro

[x =y "0 A As e My(t, s, ¢, [[x =y = If(x,y, T)]])]

[x =y Xy,
\mathrel{\ddot{\Rightarrow}} #2.”]

py «“

[x =y = “x macro imply "]

X 0ok

oy if(x,y, )]
s X e,
#2.7]

pyk

[ : % = “x guard *”]

*!x

val
Xly = If(x,y, y)]
tex

[xlx = “H1.
1#2.7]
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[x!x DY tagged guard *”]

{
{

[* : ey “4.

\left\{\protect \begin {array}{1}#z2.

\\#3.
\protect \end {array}\right.”]

val

= If(x,y,2)]

N <

*  pyk
[ { . — “xselect x else x end select”]

Ak Lk

Predef: lambda

Ak
\lambda #1.
A2.7]

[A* % P “lambda * dot 7]

Ax

[Ax 2 MAud(x M(u)))]

[Ax e«
\Lambda #1.”]

[Ax by “tagging *” ]

if *+ then * else x

[if x then y else z ™% At.As. A\c. My (t,s, ¢, [[if x then y else z = If(x,y,2)]])]

“

[if x then y else z tex

{\bf if} \ #L1.
\ {\bf then} \ #2.
\ {\bf else} \ #3.”]
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[if x then y else z iy “open if * then x else x|

let x = x in x

let x =y in z ™5° At s dc. My (t,s, ¢, [[let x =y in z = let; (Ax.z, y)]])]

let x =y in z = «

\mathbf{let\ } #1.
— 42
\mathbf{\ in\ } #3.”]

[let x=y in z X et x be * in 7

let x =% in %

let x =y in z A At s .

M(t%, s, cft! :: [ "codex" :: [t [t' i [0:: [ "macro"::T] | | ] ]
=M;(t)])]

let x =y in z %
\mathbf{let\ } #1.
\mathrel{\ddot{=}} #2.

\mathrel{\ in\ } #3.”]

. k . .
[let x=y in z P “let * abbreviate * in 7]

“

nl

X AR [(xe: T ]

[XI 'Ef 44#1.
{3 {1}
[x! YK init”]

>

x> 2 xR [x:: T ]

b 45 .

{3 ~ { \rhd }"]

[x> DY modus”]
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"

KV R VIR [x: T
[XVti’f “#1.
{3 {Vvi7
[xV YK verify”]

*+

B xR (x0T

e 55
{+ " {+1}17]
[x* Y curry plus”|

*

™ B xR (x0T

o 1 .
" {-171
[x~ PV curry minus”]

x*

2 xR [x:: T

[x* 5 e
{3 " {\ast } 7]

pyk
[x* = “x dereference”]

* @ *

xay @ [xay®:: [x:: [y T] ]

x@y 5 L.
\mathop {\char64} #2.”]

[X@ypl%( “g at *77]
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* > *

[nygI[XDyWR:: [x:: [y::T] ]

x>y tex “H1.
\rhd #2.”]

pyk
[x >y = “x modus ponens *”]

* B> *

[x[1>y\glfx[>>y-\R:: [x:: [y::T] ]]

tex

[x >y — “#1.
\mathrel {\makebox [Omm)][l]{$\rhd $}\, {\rhd }} #2.”]

k
[x >y 2 “x modus probans 7]

* > %

tactic
—

x>y At.As. Ac.concludeq (t, ¢)]

tex

x>y = “4#1.
\gg #2.7]

K
x>y 2 “ conclude "]

* F %

[xl—y\glfxl—y]R:: [x:: [y::T] ]]

[xFy X
\vdash #2.”]

[xl—y%“* infer ")
* = %
val
[xH—y—>fo—y1R:: [x:: [y::T] ]]

[xHy ety
\mathrel {\makebox [0Omm)][l]{$\vdash $}\, {\vdash }} #2.”]

pyk
[x -y 2 “ endorse #”]

143



* l.e. %

[xi.e.y\gl [xie y]R:: [x:: [y::T] ]
[xie.y Xy
\mathrel {i.e.} #2.”]

. k .
[xie y 2 “xid est %]

Wk %

[Vx:y‘E}Wx:y]R:: [x:: [y::T] ]]

[Vx:y ¥«
\forall #1.
\colon #2.”]

[Vx:y P wall # indeed 7]

* P *

oy [x@ylR: [xo [y:T] ]

tex

[x By = “#I1.
\mathrel {\oplus} #2.”]

x®y P sy rule plus *”]

%]k
by S Doyl® s [xe: [y T ]

tex

[y = “#1.
; #2.7]

[x;y YK cut *”]

* proves

[p proves t "5 At As Ae.My(t, s, c, [[p proves t = proof([p], [t], self)]])]

tex

[p proves t — “#1.
\ proves\ #2.”]
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pyk 9
[x proves y = “x proves x|

x proof of x*: x

name

[t proof of s:p — “#l.
\mathbf{\ proof\ of\ } #2.

D #3.7]

[t proof of s: p ™25 At.As.A\c. My (t,

t,s, ¢, [[t proof of s: p =
[Proof of s: \c. Ax.P([tF p],po,)]]])]

tex

[t proof of s:p =
\if\relax\csname lgwprooflinep\endcsname
\def\lgwprooflinep{x}
\newcount\lgwproofline

\fi

\begingroup
\def\insideproof{x}
\lgwproofline=0 #1.
\mathbf {\ proof\ of\ } #2.
\colon #3.
\gdef\lgwella{\relax}
\gdef\lgwellb{\relax}
\gdef\lgwellc{\relax }
\gdef\lgwelld{\relax}
\gdef\lgwelle{\relax}
\gdef\lgwellf {\relax}
\gdef\lgwellg{\relax}
\gdef\lgwellh{\relax}
\gdef\lgwelli{\relax}
\gdef\lgwellj{\relax}
\gdef\lgwellk{\relax}
\gdef\lgwelll{\relax}
\gdef\lgwellm{\relax}
\gdef\lgwelln{\relax}
\gdef\lgwello{\relax}
\gdef\lgwellp{\relax}

\gdef\lgwellq{\relax}
\gdef\lgwellr{\relax}

\gdef\lgwells{\relax}
\gdef\lgwellt{\relax}
\gdef\lgwellu{\relax}
\gdef\lgwellv{\relax}
\gdef\lgwellw{\relax}
\gdef\lgwellx{\relax}
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\gdef\lgwelly{\relax}
\gdef\lgwellz{\relax}

\gdef\lgwellbiga{\relax}
\gdef\lgwellbigh{\relax}
\gdef\lgwellbigc{\relax}
\gdef\lgwellbigd{\relax}
\gdef\lgwellbige{\relax}
\gdef\lgwellbigf {\relax }
\gdef\lgwellbigg{\relax}
\gdef\lgwellbigh{\relax}
\gdef\lgwellbigi{\relax}
\gdef\lgwellbigj{\relax}
\gdef\lgwellbigk{\relax}
\gdef\lgwellbigl{\relax}
\gdef\lgwellbigm{\relax}
\gdef\lgwellbign{\relax}
\gdef\lgwellbigo{\relax }
\gdef\lgwellbigp{\relax}
\gdef\lgwellbigq{\relax}
\gdef\lgwellbigr{\relax}
\gdef\lgwellbigs{\relax }
\gdef\lgwellbigt{\relax }
\gdef\lgwellbigu{\relax}
\gdef\lgwellbigv{\relax}
\gdef\lgwellbigw {\relax}
\gdef\lgwellbigx{\relax}
\gdef\lgwellbigy{\relax}
\gdef\lgwellbigz{\relax}
\endgroup 7]

[t proof of | : p PYE iy proof of * reads *”]

Line % : % > %; %

name

[Linel : a>i;p =

Line \, #1.

T H2.

\gg #3.

P #4.7]

[Linel : a > i;p ™25 At.As. dc. My(t,s,c, [[Linel :a>i:p=([a>i]
slet 1 =i in p)]])]

[Linel : a > i;ptﬁf “
\newline \makebox [0.1\textwidth]{}%
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\parbox [b]{0.4\textwidth }{\raggedright
\setlength {\parindent }{-0.1\textwidth }%
\makebox [0.1\textwidth ][] {$#1.

$: 1842

{F\eg {}$}\quad

\parbox [t]{0.4\textwidth }{$#3.

$\hfill \makebox [0mm][l]{\quad ; } }#4.”]

: . Kk . : .
[Linel : a > i;p 2 “line % because * indeed * end line +”]

Last linex > x 0O

name «
—

[Last linea > i0
Last\ line \, #1.
\gg #2.

\, \Box”]

[Last linea > i0 ™25 At.As.Ac. My(t, s, ¢, [[Last linea > i0 = (a > i)]])]

tex

[Last linea > i0 =
\newline \makebox [0.1\textwidth]{}%

\parbox [b]{0.4\textwidth }{\raggedright

\setlength {\parindent }{-0.1\textwidth }%

\makebox [0.1\textwidth |[1]{$

\if \relax \csname lgwprooflinep\endcsname L_? \else

\global \advance \lgwproofline by 1

L\ifnum \lgwproofline <10 0\fi \number \lgwproofline

\f

$:}8#1.

{Ngg {}$}\quad

\parbox [t]{0.4\textwidth }{$#2.

$\hfill \makebox [0mm][l]{\quad \makebox[0mm]{$\Box$}}}"]

. . k .
[Last linea > i0 25 “because * indeed % qed”]

Line * : Premise > *;

name

[Linel : Premise > i;p —
Line \, #1.

: Premise \gg #2.

;#3.7]

[Linel : Premise > i;p  — At.As.Ac.M4(t, s,C, [[Linel : Premise > i;p = (i F
let | =i in p)]])]
tex

[Linel : Premise > i;p —
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\newline \makebox [0.1\textwidth |[1]{$#1.

$:}\makebox [0.4\textwidth |[I]{$Premise{}\gg{}$}\quad
\parbox [t]{0.4\textwidth }{$#2.

$\hfill \makebox [Omm][1]{\quad ; }}#3.”]

. . . pyk . . .
[Linel : Premise > i;p = “line * premise % end line %]

Line * : Side-condition > x*; x

[Linel : Side-condition > i;p "5 «

Line \, #1.

: \mbox{Side-condition} \gg #2.

; #3.]

[Line| : Side-condition > i; p ™25 At.As.A\c.My(t, s, ¢, [[Linel :
Side-condition > i;p = (if-1let | =i in p)]])]

tex

[Linel : Side-condition > i; p =
\newline \makebox [0.1\textwidth |[1]{$#1.
$:}\makebox [0.4\textwidth ][1]{%
$\mbox{Side-condition}{}\ge{}$}\quad
\parbox [t]{0.4\textwidth }{$#2.

$\hfill \makebox [0Omm][l]{\quad ; }}#3.”]

[Line | : Side-condition > i;p "5 “line * side condition * end line *”]

Arbitrary > *; %

name

[Arbitrary > i;p —
Arbitrary \gg #1.
427

macro

[Arbitrary > i;p "5 M. As. Ac. My(t, s, ¢, [[Arbitrary > i;p = (Vi:p)]])]

[Arbitrary > i;p e«

\newline \makebox [0.1\textwidth |[1]{$

\if \relax \csname lgwprooflinep\endcsname L_? \else
\global \advance \lgwproofline by 1

L\ifnum \lgwproofline <10 0\fi \number \lgwproofline

\fi

$:}\makebox [0.4\textwidth ][I]{$Arbitrary{}\gg{}$}\quad
\parbox [t]{0.4\textwidth }{$#1.

$\hfill \makebox [Omm][l]]{\quad ; } }#2.”]

. . k . .
[Arbitrary > i;p P “arbitrary  end line 7]

148



Local > % = x; x

name
—

[Local > a =1i;p
Local \gg #1.
_—y

; #3.]

[Local > a = i;p ™5 At.As.Ac. My (t, s, ¢, [[Local > a =i;p = (let a =i in

I

[Local > a=i;p —
\newline\makebox[0.1\textwidth][1]{$

\if \relax \csname lgwprooflinep\endcsname L_? \else
\global \advance \lgwproofline by 1

L\ifnum \lgwproofline <10 0\fi \number \lgwproofline
\fi

$:}1%

\makebox[0.4\textwidth][]]{$Local{ }\ge{}$}%

\quad%

\parbox[t]{0.4\textwidth }{$#1.

——rs

$\hfill\makebox[0mm]|[l]{\quad ; } } #3.”]

[Local > u=v;p RA “locally define * as x end line *”]

*&x

[ "2 wp
\& #2.7]

[&ex X 1.
&#2.7]

[& Y tab "]

s\ \
BN a3
\backslash \backslash #2.”]

[\ \ o S5 s,
\\ #2.7]

[\ \* Yy row
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