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(tysubh-if)
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Lty-if: 3

*given
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tysubh: 4,5,6,7
Lty-if: 3
lsubh-if: 1
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ty-if: 8,11,13
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*given
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YEDR
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lmod-x: 1
*given
lgsub-x1: 6
*given
lsubh-var2: 8
tysubh: 4,5,7,9

(tysubh-fun)
*given
Ity-fun: 1
*given

*given
gsub-x2: 4
*given
lsubh-fun: 6
tysubh: 2,3,5,7
ty-fun: 8

(tysubh-app)
*given
lty-app: 1
*given

*given

*given
lsubh-app: 5
tysubh: 2,3,4,6
Lty-app: 1
lsubh-app: 5
tysubh: 8,3,4,9
ty-app: 7,10

(tysubh-lab)
*given

lty-lab: 1
*given

*given

*given
lsubh-lab: 5
tysubh: 2,3,4,6
ty-lab: 7

(tysubh-bind)
*given
lty-bind: 1
*given

*given

*given
lsubh-bind: 5
tysubh: 2,3,4,6
lty-bind: 1
gsub-x2: 4
lsubh-bind: 5
tysubh: 8,3,9,10
Lty-bind: 1
ty-bind: 7,11,12
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Fer:t
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Y2 ET

Y1~ v2:T

c~p el
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Y1~ vzl

Y2 ET

e] ~q eyt

Fey:t

((v2,x = e2)) E (Mx:t)

e1 ey
val e

true || true
val true

false || false
val false

(Ax:t.e) | (Ax:t.e)
val (Ax:t.e)

(if ez e1 eq) e
e3 | true

e1 e

val e

(if e eger) e
e3 || false

e1 e

val e
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(qhmod1-z)
*given
mod-z

(qhmod1-x)
*given
lghx: 1
ghmodl: 2
lghx: 1
qvtyl: 4
mod-x: 3,5

(qhmod2-z)
*given
mod-z

(ghmod2-x)
*given
lghx: 1
ghmod2: 2
lghx: 1
qvty2: 4
mod-x: 3,5

evval

(evval-true)
*given
val-true

(evval-false)
*given
val-false

(evval-fun)
*given
val-fun

(evval-ifl)
*given
lev-ifl: 1
lev-ifl: 1
evval: 3

(evval-if2)
*given
lev-if2: 1
lev-if2: 1
evval: 3



AwnNn =

AW =

aAGhwWwN=

s wnN =

(Ax:t.e) | (Ax:t.e)

val (Ax:t.e)
(e3e4)l e
e3 || (Ax:t.e5)
eq ) es
eslec/x] = e
e; | e

val e

(e1[l]) I (e2[e])
e1 ez

val e

val (ez[t])

(bind x = e3 iney) || e
e3 | (es[t])

eqles /x] = e

er e

val e)

val true
true || true

val false
false || false

val (Ax:t.e)
(Ax:t.e) | (Ax:t.e)

val (e[d])
val e

el e

(elt]) 4 (elt])

‘Fep:t
e1 e

‘Fer:t et e

‘Fey:t

2L 424G

6 A4
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(evval-fun)
*given
val-fun

(evval-app)
*given
lev-app: 1
lev-app: 1
lev-app: 1
lev-app: 1
evval: 5

(evval-lab)
*given
lev-lab: 1
evval: 2

val-lab: 3

(evval-bind)
*given
lev-bind: 1
lev-bind: 1
lev-bind: 1
evval: 4

(valev-true)
*given
ev-true

(valev-false)
*given
ev-false

(valev-fun)
*given
ev-fun

(valev-lab)
*given
lval-lab: 1
valev: 2
ev-lab: 3



vale; valey -Fej:t ‘Fexy:t €<t

t£¢

e ~ex:t

val (Ax):t;.e3)

val (Axp:t3.e4)

F(Axy:to.e3): (t1—tg)

- ()\X21t3.e4) s (t1—tg)

assume e ~¢; €2 1t

e] ~¢; €21t

cFer it

“F ((Axy:t2.e3) e1):tg

((Ax:tz.e3) e1) b es

10: -Fex:ty

11: ~|—((7\x2:t3.e4)e2):t4

12: (Ax2:t3.e4) e2) | eg

13: vales

14: val eg

15: ‘Fes:ty

16: -Feg:ty

17 O < (t1—>t4)

18: € <ty

19: 6 £46

20: e5 ~t; €6 1ty

21: ((Axy:t2.e3) e7) o, (Ax2:t3.64) €2) ity
22: V(e ~tq €2 tt1). ((Axg:tr.e3) e1) e, ((Ax2:t3.e4) €2) i tg
23: (Axy :tp.e3) ~ (Axp:t3.eq):(t] —t4)

NV oONAUA WN =

1 val (e7[{3])

2 val ej

3 val (ez[€3])

4: val e)

5: -k (erll3]): (tl3])
6: eyt

71 -k (ezlez]) s (tles])

8 ‘Fex:t

9: 4 2 (eles])

10: 4 Xt

11: 4 AL

12: e ~p, €2t

13: (e1[€3]) ~, (e2[€3]): (t[€3])

— = 0VRNAUAWN=
T
oo
=
«
=B
S==
&
<
N

(nipt-fun)
*given

*given

*given

*given
assume-total
lassume: 5
qvtyl: 6
ty-app: 3,7
tyev: 8

qvty2: 6
ty-app: 4,10
tyev: 11
evval: 9

evval: 12
evty: 8,9

evty: 11,12
*given
Ipt-fun: 17
*given

nipt: 13,14,15,16,18,19
qe-ev: 9,12,20
discharge: 5,21
qv-fun: 1,2,3,4,22

(nipt-labl)
*given
lval-lab: 1
*given
lval-lab: 3
*given
lty-lab: 5
*given
Lty-lab: 7
*given
lpt-labl: 9
*given

nipt: 2,4,6,8,10,11
qv-labl: 12

(nipt-lab2)
*given
lval-lab: 1
*given
lval-lab: 3
*given
*given
*given
lpt-lab2: 7
*given
stnst: 8,9
qv-lab2: 1,3,5,6,10

lFe:t v ~Cy2:l“ Yi(e) =e; va2(e) =ez

el "gey:t

14



NG wWwN =

NG~ whN =

— =0 0NN~ WN=—=

= 00 NOUBA~WN=

VO NAULA WN =

'+ true : bool
Y1~ vz T

Y1 (true) = true
Y2 (true) = true
true |} true

true ~¢ true : bool
true /%y true : bool

I' - false : bool
Y1~ v2 il

v1 (false) =false
Y2 (false) =false
false || false

false ~p false : bool
false ~y false : bool

(Mx:t)F (x):t

((vr, x> e2)) ~ ((vz,x = e1)): (Tx:t)
Y1~ v2:T

((v1,x= e2))((x)) =e3
((v2,x = e1))((x)) =eq
ey ~q eyt

val e

ez ez

val e

e e

e)y ~Xpey;:t

(Cvr,x2 = e3)) ~¢ ((v2,%2 = eq)) : (Mx2:t2)

e3 ~peq ity
(Mxa:t2) F (x1):tg

e (X])t‘l‘,]

Y1~ v2: T

((v1,%2 = e3))((x1)) =ey
Y1 ((x1)) =e1

((v2,x2 = e4))((x1)) =e2
Y2((x1)) =e2

e] Xy ey ity

M- (if eg e1 e9):t

Nkeo:t

Y1 ((if eg e1 e9)) = (if e7 e2 eq0)
Y1 (e9) =ejo

Y2 ((if e e1 e9)) = (if eg e3 eq1)
Y2(e9) =er

I'F eg : bool

Y1~ v2 T

Y1 (e6) =ez

Y2(e6) =eg

e7 ”RZy eg :bool

true ~¢ true : bool

ey || true

ke :t

Yi(e1) =ez

Y2(e1) =e3

e) Xpe3:t
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(ni-true)
*given
*given
*given
*given

ev-true
qv-true
qe-ev: 5,5,6

(ni-false)
*given
*given
*given
*given

ev-false
qv-false
qe-ev: 5,5,6

(ni-varl)
*given
*given

lghx: 2
*given
*given

lghx: 2

qvvall: 6
valev: 7
qvval2: 6
valev: 9
qe-ev: §8,10,6

(ni-var2)
*given

lghx: 1
*given
Lty-var2: 3
lghx: 1
*given
lsubh-var2: 6
*given
lsubh-var2: 8
ni: 4,5,7,9

(ni-if1)
*given
Lty-if: 1
*given
lsubh-if: 3
*given
lsubh-if: 5
Lty-if: 1
*given
lsubh-if: 3
lsubh-if: 5
ni: 7,8,9,10
lge-ev: 11
lge-ev: 11
Lty-if: 1
lsubh-if: 3
lsubh-if: 5
ni: 14,8,15,16



e ey

(if e7 ez e10)  e4

eg || true

e3 | es

(if eg e3 e11) | es5

e4 ~qes:t

(if e7 e2 e10) ~¢ (if eg ez e171):t

M- (ifeg eg ey):t

NrFeo:t

Y1 ((if eg e9 e1)) = (if ey e1p e2)
v1(e9) =eqp

Y2 ((if eg e9 e1)) = (if eg ey e3)
v2(e9) =eq;

I''+ eg : bool

Y~ v2 T

Y1 (eg) =ey

Y2(eg) =eg

ey Ry eg :bool

false ~y false : bool

ey || false

F}—e1 :t

Yi(er) =ez

vY2(e1) =e3

ey Xpe3z:t

ex ey

(if e7 e10 e2) | eq

eg || false

e3 | es

(if eg e17 e3) | es5

eq ~e5:t

(if e7 ejp e2) = (if eg e77 e3):t

(Ax:t1.e3) I (Ax:tq.e3)

(Ax:ty.eq) I (Ax:ty.eq)

val (Ax:ty.e3)

val (Ax:ty.eq)

N (Ax:ty.e9): (t1 —t2)

Y2~ vl

Y2 =T

r—r=.

Y2 ((Ax:ty.e9)) = (Ax:ty.e3)
cE (Ax:ty.e3): (t1 —t2)
i ET
Y1 ((Ax:tq .e9)) = (Ax:t1.e4)
F (Ax:ti.eq): (t1—1t2)
assume e ~p e2 @ tj
e ~ ey ity

val e

er ey

((v2,x—= e1))(e9) =eg
v2(e9) =e3

e3ler /x] =eg

(Mx:t1)Feo:tn

(Cy2z,x—=e1)) ~ (Cy1,x— e2)): (Mx:ity)
(C(y1,x— e2))(e9) =ey

eg X ez ity

eges

((Ax:t1.e3) er) l es

val e

ex ez

lge-ev: 17
ev-ifl: 13,18
lge-ev: 11
lge-ev: 17
ev-ifl: 20,21
lge-ev: 17
qe-ev: 19,22,23

(ni-if2)
*given
Lty-if: 1
*given
lsubh-if: 3
*given
lsubh-if: 5
Lty-if: 1
*given
lsubh-if: 3
Lsubh-if: 5
ni: 7,8,9,10
lge-ev: 11
lge-ev: 11
Lty-if: 1
lsubh-if: 3
lsubh-if: 5
ni: 14,8,15,16
lge-ev: 17
ev-if2: 13,18
lge-ev: 11
lge-ev: 17
ev-if2: 20,21
lge-ev: 17
qe-ev: 19,22,23

(ni-fun)
ev-fun

ev-fun

val-fun
val-fun

*given

*given
ghmodl: 6
gsub-z2

*given

tysubh: 5,7,8,9
ghmod?2: 6
*given

tysubh: 5,11,8,12
assume-total
lassume: 14
qvvall: 15
valev: 16
subh-total
lsubh-fun: 9
subhsub: 18,19
lty-fun: 5
qhx: 6,15
subh-total

ni: 21,22,18,23
lge-ev: 24
ev-app: 1,17,20,25
qvval2: 15
valev: 27

16



VNG WN =

10:
11:
12

Y1 (e9) =eyq

esler /x] =e7

e7 | eg

((Ax:ty.e4) e2) | e6

e5 ~p eg -ty

((Ax:ty.e3) e1) = ((Ax:ty.eq) e2):t2

V(e; ~g ez :t1). ((Ax:ty.e3) e1) = ((Ax:t1.eq) e2) 1 t2
(Ax:t1.e3) ~ (Ax:t1.eq): (t1 —t2)

(Ax:ty.e3) ~¢ (Ax:ty.eq): (t1 —t2)

TE(e12 e9) 1ty

ez :(t3—tyg)

Y1~ v2:T

Y1 ((e12 e9)) = (e13 e10)

vi(e12) =ei3

Y2((e12 e9)) = (e14 e11)

Y2(e12) =eq4

e13 R erq : (t3 o tg)

(Axy:t7.e1) ~ (Ax2:t2.e2): (t3 > tyg)

V(ez ~p eq :t3). (Axy:ty.e1) e3) = ((Axz:ta.e2) eq) 1ty

I+ e 1 t3

Y1(e9) =eqp

Y2(e9) =er

ejp g eyl it3

e3 ~p eq4 1t3

((Ax1:tr.e1) e3) ~¢ (Axz:t2.e2) eq) ity
((Ax:ty.e1) e3)es
(Axy:t7.e1) d (Axy:tg.eq)
ezl e3

(Axz:tz2.e2) eq) | €6
(Axz:t2.e2) | (Axp:t5.e2)
eq | eq

val (Axg:t7.e1)

val (Axp:t).e2)
E(Axyity.e1) (30 tg)
E(Axp:t2.e2) 1 (t3 —tg)
e13 I (Ax:ty.e1)

ejo | e3

erlez/x1] =eg

eg | es

(e13 e10) I es

e14 | (Axz:tz.ez)

e11 les

ez2leq/x2] =e7

e7 | e

(e14 e11) | es

e5 ~¢ €6 1ty

(e13 e10) ~¢ (e14 e11) 1 t4

It (e12]) : (t[€2])
ke :t
Y1~ Y2 i T
v1 (er[L2]) = (e2[L2])
Yi(e1) =ey
v2 ((e1[2]) = (e3[L2])
Y2(e1) =e3
ey Ry, e3:t
ex ey

(e2[€2]) I (eql€2])

ez es

(e3[e2]) I (es(€2])
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lsubh-fun: 12
subhsub: 23,29
lge-ev: 24

ev-app: 2,28,30,31
lge-ev: 24

qe-ev: 26,32,33
discharge: 14,34
qv-fun: 3,4,10,13,35
qe-ev: 1,2,36

(ni-app)
*given
lty-app: 1
*given
*given
lsubh-app: 4
*given
lsubh-app: 6
ni: 2,3,5,7
lge-ev:
lqv-fun:
Lty-app:
lsubh-app:
lsubh-app: 6
ni: 11,3,12,13
lge-ev: 14
apply: 10,15
lge-ev: 16
lev-app: 17
lev-app: 17
lge-ev: 16
lev-app: 20
lev-app: 20
lqv-fun: 9
lgqv-fun: 9
lqv-fun: 9
lgqv-fun: 9
lge-ev: 8
lge-ev: 14
lev-app: 17
lev-app: 17
ev-app: 27,28,29,30
lge-ev: 8
lge-ev: 14
lev-app: 20
lev-app: 20
ev-app: 32,33,34,35
lge-ev: 16
qe-ev: 31,36,37

o

B = o

(ni-lab)
*given
lty-lab: 1
*given
*given
lsubh-lab: 4
*given
lsubh-lab: 6
ni: 2,3,5,7
lge-ev: 8
ev-lab: 9
lge-ev: 8
ev-lab: 11



13:
14 :
15:

NV oCONAUAWN=

€4 ~¢; e5:t
(ea[€2]) ~o; (es[e2]) : (£[L2])
(e2[€2]) ~e, (e3ll2]) : (t€2])

't (bind x =ejp ineq) : t3

b 2t
T'Fepo:(t1062])
Y1~ vzl

Y1 ((bind x =eqp in e7)) = (bind x = e in e9)
Y1 (e10) =er

Y2 ((bind x =ejp in e7)) = (bind x =ej, in eg)
Y2(e10) =e12

e11 ~g, e12 : (t1[62])

er1 | (e2l€2])

((’Y1,X'—>ez))(e1) =€y

Yi(e1) =e9

eoler/x] =eq

(Mx:t1)Fey 1 t2

(e2[€2]) ~¢, (e3l€2]): (t1[€2])

e ~¢, e3: 1t

((vr,x e2)) ~; ((vz,x— e3)): (Mx:ty)
((’Yz,x’—)eg,))(m) —=e5

e4 Ry, e5 1t

es |l e

(bind x = eq1 ineo) | eg

ez (e3l€2])

Y2(e1) =eg

egles/x] =e5

es | ey

(bind x —eq2 ineg) | ey

€6 ~¢; €7 1 t2

(bind x =eqy in eg) &, (bind x =ej2 ineg):t2

't (bind x =ej2 ines) it

MEepn:(t2l6])

Y2~ Y1iT

Y2 ((bind x = eq2 in e5)) = (bind x —ej7 in e9)
Y2(e12) =e1

Y1 ((bind x =eq, in e5)) = (bind x =ej( in eg)
vi1(e12) =eqo
e11 ~g, ejo - (t2[l
(e7[€1]) ~¢, (eslth]
val (e7[61])

val (eglt1])

e11 | (e7[€1])
egle7/x] =ey4
(r,x:t2)|—e5 Tty
Y2 ET

r—r=-.

“Ferr i (t2l6])
“F(e7[61]) : (s2064])
ey ity

((vz2,x—=e7)) E (Mx:t2)
(Mx:ty) — (Mx:tp) =-
Y2(e5) =e9
((v2,x = e7))(e5) =es
‘Feq ity

eq e

(bind x =ej7 ineg) | eg
ero | (eslh])

egles/x] =e3

11)
) (t2064])

lge-ev: 8
qv-labl: 13
qe-ev: 10,12,14

(ni-bind1)
*given
Lty-bind: 1
lty-bind: 1
*given

*given
lsubh-bind: 5
*given
lsubh-bind: 7
ni: 3,4,6,8
lge-ev: 9
subh-total
lsubh-bind: 5
subhsub: 11,12
lty-bind: 1
lge-ev: 9
lqv-labl: 15
ghx: 4,16
subh-total

ni: 14,17,11,18
lge-ev: 19
ev-bind: 10,13,20
lge-ev: 9
lsubh-bind: 7
subhsub: 18,23
lge-ev: 19
ev-bind: 22,24,25
lge-ev: 19
qe-ev: 21,26,27

(ni-bind2)
*given

lty-bind: 1
*given

*given
lsubh-bind: 4
*given
|lsubh-bind: 6
ni: 2,3,5,7
lge-ev: 8
lqv-lab2: 9
lgv-lab2: 9
lge-ev: 8
sub-total
lty-bind: 1
ghmodl: 3
gsub-z2

tysubh: 2,15,16,5
evty: 17,12
lty-lab: 18
mod-x: 15,19
gsub-z2
lsubh-bind: 4
subsubh: 22,13
tysubh: 14,20,21,23
tyev: 24
ev-bind: 12,13,25
lge-ev: 8
sub-total

18



Y1 ET

“Fero:(t2[l])
“F(eslh]) s (t2064])
-Feg ity

((v1,x = e6)) E (Mx:t2)
Yi(es) =eg
((’)/1,}(’—)66))(85) =e3
‘ezt

ezl ez

(bind x =ejg ineg) | ez
val e;

val e

-Fer it

‘ezt

4 =t

026

e] ~¢, €21t
(bind x =ey7 in eg) ~, (bind x =ejo in eg) :ty
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gqhmod2: 3

tysubh: 2,29,16,7
evty: 30,27
Lty-lab: 31

mod-x: 29,32
lsubh-bind: 6
subsubh: 34,28
tysubh: 14,33,21,35
tyev: 36

ev-bind: 27,28,37
evval: 25

evval: 37

evty: 24,25

evty: 36,37
lty-bind: 1
lgv-lab2: 9

nipt: 39,40,41,42,43,44
qe-ev: 26,38,45



