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000000000000000000000000000000000000000000000000
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let
val x = (1, 2)
in
case x of
(1, 1) => 2
| (y, 2) =>y + 1
| _ => 3

end
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let
val x = (1, 2)
in
let val x1 = #1 x in
switch x1 of
1 => let val x2 = #2 x in
switch x2 of
1 =>2
| 2 =>1let val y = x1 iny + 1 end
| _=>3
end
| _ =>1let val x2 = #2 x in
switch x2 of
2 =>1let val y =x1 iny + 1 end
| _=>3
end
end

end
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To=t|b| T4+ FT|TH. kT
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va=t|eli(v) | (v,...,v)

t00:0o0oobooboobobooboobo«sgobooboobobooboobooboboo
ooo0ooO0ceOObOODOOOOM(vyUDOON+...+7,000000000004+00000000
o0ooooooood(v,...,v) 000000 i x...x7, 000000
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gooo

[fJCO00000000000[rJ00 000000000000 DOOO

[t = {t
[b] = {ci,e2,...}
[rm+...+7m] = {i(a) |ae[r],1<i<n}
I

= {(a1,...,an) | a; € [1:]}

oooo P:sO000000O0ODODDOODOO

[-:7] = []
[x:7] = [7]

[e:0] = {c}
[i(P):mi+...+7] = {i(a)|ae[P:n]}
[(Py...;Pn):mix...x71] = [Pr:71] X ...X[Pn:7a]

gboobgoboboboooobooobobobobobobooooooooooooooooboooo
gboooobood

case e of P =>¢; | ... | P, => ¢,

ed00r00000O0O0D0OODODOODOOY; 000 X;000000

Yo = 0
Y, = Y 1U[P: 7]
X’i = [[Pi:Tﬂ\}/i—l

;0 p,...,0000000000000X;0:000000000000000D000000O0D00OO
000000000000 0o00o0DO0d[egex; 000000000 ODR00OODOOUDOODOOOUD
gbobooboobob e, b00bO00DbO0O0DO0ODO0OOO0ODOO0ODLO0ODOO0ODbLOOOObLOOnOO
000000000000 000D X; 0000 X, =00000000000 ROODOODOOODOOD
Y,#[r]00000000000000O00O
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0000000000000 7000000000000 OOOOOO0O0O0ODOOOOOOO
googobooon

C; Ck

gooobooobooboboobboobooboboobooboobobobooboboobobooboon

bbb qgO000000D0000 0000000000000 eO0O0OO0O00DOOOO0ODOODOOOO
gboooboooboobobooboboobooboboobobooboboobooboobobooboobo
000 p+b00000000O0O0O0OO0ODOOOOO
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gbobooboob goboobooboob



0D000D000000000000000000000000000000000000000000
0D00000000000000000000000000000000000000000000000
0000000000000 00000[-]0000000000000000 X000000007(r,X)
0000000000000 7(r,e)000000000 [b)0 [b+4]00000000000000
T(b,e) 0 T(b+b,e)0000

T(Tl+"'+7'n,X): A

T(r,X) - T(mn,X)

T(ris...x1y, X) =T (11, T (12 % ... %7, X))

g3l 0r-r0000000000000

0310 7(r,X) 000000000007 (bxt,e) 00D 000OO0DOOOOO

3.2 UOUOOUOOoOboOoobOooOn

000000000 POOOOOOO[P:7]000000000O[P:7]00000000000X
0000000 P(P:r,X)0000000 320 P(P:7,X)0000000
00000000 (e1,¢2) 0 (Le) 0000000000000 0000000O0O0O0O0O0O0OOOO0O

P((c1,c2) :bxb,e)
P((-,c2) : bxb,e)

P(cy:b,Plca : b,e))
P(_:b,P(ca: b,e)) = T(b,P(cs: b,e))



Plx:7,X) T(r,X)

PL:1,X)= T(r,X)

Ple:b,X) = .

PE(P):m+ -+ 7, X) = i
P(P: 1, X)

P((Pry.. .y Pp)imik...xmpy, X)=P(Pr:711,P(Pay...,Pp) i Ta%...%x7Tpy, X))

P((Pl,PQ)ZTl*...*Tn,X):P(PlITl,P(PQITQ,X))

g320000000000000000O0

gbooobooobooboo

C1

C2
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gboogooooobooboobooboboobooboobooboobooo
gbooboooboobo

case e:T of Py => ¢ | --- | P, => ¢,

O000X;0Y;02200000000000022000000000000000000000 [e] € X;
00 000000000000 T7(r,e)J000I00 X;000000000 00000000000

googoooooboo
gbogoboooboboobboobooboo
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0000000000000000000 £00000 Tp,0 P(P:7,e)00 7,0 T(r,e)0 000
0000000 £0000000000000000000000000000 £0000000 Tp.,0
T7,0000007,0 Tp, 000000000000 0e00000D0O0000000DON Tp,, 0000
000000000000

000000000000000000000000 «0000000000000000OO 3.300
Tp,O P(P :7,X)0000000007Tp,, 000 7, 000000000000 L(P(P' :7,X),T,)
000000000000 PO0000O0OO0OOO000000000000000000000000
00000000POOOOOOO POOOOOOOOOOOOD £0000000000000000
000000000000000000000000000000000000000000000 £0
ooooooooO

Tp=e00000000000000O00OO0T:0«000000000000ODO0ODO0ODODOOOODOO
f00000000000000000000000.0 00000000 0NDOONO e0nOnO
obobodeobobooboboobooo T 0oo0O

Tp, =Plc:5,X)0000POOO0O0O0OP(c:b,X)0000 X0O0O cOODODOOOOODOOODOOO
0000000 7,000 ¢c000000 X' 0000000000 X' 0X0000O00o0o0o

Tpr =P@iE(P) i1 +...4 7, X)0000P(c:b,X)000000007, 000000000 X' 00
0000X'0PP:#,X)0000000007000000X'0P(P:7,X)00000000
0ooooo

Tp.r =P(P1,...,Py):m*...x7,, X)0000PO0OO0O0OOP((Pry...,Pn):mi%...5%7, X) 0 P(Py :
71, P((Ps,...,Pn):T2x...x7,, X)) 00 0000000000000 O0OODOODOOOOOOO Ty
00000000 AOOO0OOOOOO0OOO0O0OOO0ODOOO0O0OO0OOOO0OOOOg (Py,...,P,)0
00 XOoooooooobooooooooooooooooo

Tp,=P((:6,X)0000POOOO0OOP-:b,X)000 T, 00000p0000000O00O0ODOO
ooooooorr.oobooboooobooboobooo

Tp,=Plo:m+...+7,X)0000P(:b,X)000000007,00000000000000000O



Tp,=P(.:m*...x7,, X)) 000000000000 —:imy*...x7, 0 :n 000 _:me*...x7, 00
O00000D000000P(-:m*...x7,, X)0 PL:m,P(Limex...x7,, X)) 00000000
070 000000000000000000000 »x...x7, 000 XOODOOOOOOO
gooooboobobboooood

oobooboooooobooooooooooobooob 340000
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Lie,0)=¢e
Le,e)=¢
L:(P(l‘ : T?X)7TT) = ‘C(P(— ° T X)aTT)

L(P(c:b,X),

. ka .. DY CZ C ck}

X; X/ X5 X, ﬁ(X,X’) X

)
}A\j W h g J

Xh, X/ Xj X},, ,C(,P(PZTIL',X),X/) Xj

L(P(P) : 11+ .. +Tn, X),

LP((Pry...,Pp):imi...x7y, X),Tr) = LOP(P1: 71, P((P2y ..., Pp) i T2 . .ox 7y, X)), T5)

E(P((Pl,PQ) . T1 *TQ,X),TT) = £(P(P1 :Tl,P(PQ . T1 *TQ,X)),TT)

L(P(-:b,X),

Xi - Xp - L(X, Xy)
E(P(_:Tl+-~-+7—naX)7 ):
X, . [:('P i1, X T, X aXn)

LP(cim*...ox7mny, X),Tr)=LPL:m,Pe:Tex...%Tp,)), Tr)

LP(:m*x72,X),Tr)=LP(:7,Ple:m1 %72, X)), Ty)

033 000boooobooa
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To = T(b+b+be)
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T, = L(P2():b+b+bes) Ty)
Ty = L(PC:b+b+b,es), Tp)

Ty =

T

T

T3 =

0340000000
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4.1.1 DOOOOOODOOO

oooooo copooooooO0o0 T, 0o0oo00oooooOoooooooDoooogooooo
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00000000 «000000O0 o000 UOODOOOOOOOODO T(r,e)d 00O DODOOOO
gbooobooobooboobo

O00q00000000000000O000000 ;00000 e, 0000000O0O00O0O0O0O0O
gbobeD b OOOODOOODO

0o0oooooooooooo {0000 {}0o0oooooo
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ogbbcq 000000

VAR AT
€j €k 0]
O00000000000000000000000000000000000000NN0ONoNoonna

gboooboboobobooobooobooooooboobbo edbooboooobg ebbonoOO
000000000000 00000000000 {g,,y0000000000DO0OOO0O0

¢/ |e\{¢icn}
€ ek e
oooo
00000000C0000004100000000000000 0000000 ¢00000000O
000000000000 0C000000000000000000000000¢0000000000
00000000000000000000000000000000000000000004.3000
000000000000

M(r,0) = ¢

M(ry +++ 10, X) =

M, X) o M, X) X

M(mx.o k7, X) = M(m, T (2% ... % T, X))

041 0000000000

4.1.2 OD0O0O0OO0O0OOOOOOODOO
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Ps:=e|(P:7): Ps

elJ0e0000D00O0O0OOO(P:7):PsO0 P(P:7,Ps) 000000
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OPP:7,X) 0000000000000 0O0O00O0OO00UOOO0OOOOOOOOOOOOOLO PsOODO
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gboooboooboooobooobooboobbooobooobobooboooboooboboobboo
gbobobobobobobobobobooooobobooobobooboooboobobobooboo
goboooooooobobooooooboobobooboobooooooobobbo4110booobooon
gboooboooboobooboon

gboobooobooooboobooobooboobbobbobbooboo egoobDOO
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goooon

T == ¢
eq(a,{c;:T,...,c, : T}, T)
tag(a,{¢:T,...,k: T}, T)

|

|

| prod(a,n,i:T)
|  univ(a,T)

|

leaf(T'e)

0000000000000 000000eq(a,{ci:T,...,cr:Tx},To)00 b0 000000000
000000000070 {¢,...,c,} 000000000¢tag(a,{i:Ty,....k: T}, To) 0000000
00000000004,...,A000000000000eg00000000T0 {4,...,k} 000000
0O0Oprod(a,n,i:T;) 00T, 00000000 n 0000000000000 000000000 ¢00
D000000000000000000000univ(e, 7)00000000000000000000
D000000OO1eaf(T,e) D00 TOOOO e0 000000000000 0DO0O0 4200000
000000000000

000000000 PsOD00O0O0ODOOOOOODOOOODOOOOOOO

Ps:=e| (P,a):: Ps
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o eq(a,{c; : Ti,...,cr: Tx},Tp)

leaf(T,e) prod(a,n,i:T) univ(a,T)
#i
T T

042 000000000000

cO00000 PODODOOOODOOODOODODOODODOOOOODODODODODOODOODODODO
gooooo
gboobooobooboobooboobooboo
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00000000000000000000 L(P(P:7,X),T(r,X")007(r,X)0 P(P:7,X)00
0000000000000P(P:7X)0 T(r,X/)00000000 PsO07000000000000
0000000000000000 £0000Ps00007T00000000000&O0O0O0O0O0O

000000 00000000000 7TO PsO00000000000O0O0O0O00O0O0

E:(PsxTxT)—T

rorooboooocoobooogoon

0430000000 0000000

O000000000000000 getPath(T)OODTOO0O0D0DO0O0O0O0OO0O0OO0OO0OO0OOOOOOOOO
O0wlO000000000000000rulesw{i:T;} 0000 rules0 000 ;0000400000
OO0 rulesO00 0000000000 OQCOODOOOO T;OODOOOO

000 EPs, I, T)ODOO0 PsOOOO0ODOOOODOOOO

Ps=e000 OOD0OO0OOedDOO0O0O0OOO0OOOOODOO0ODOOOOOODOODOODOODOOTO
p0000001eaf(T,e) 000000 TOO0O0OODO0O0UDOODOOUDOODOOUODOO e0nOO
gbooobooboobbooboobooboobon

Ps=(Pa): P 000 POODOOOODOOOO
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P=c000 TOO cOOOODOOOODOOOOPSOTNO0O0O00OOOOTO o0OD0OOOOO
Oo0s0OO0ODODODO gpOOOOO0O0OOOODOOOODODODOODOODOOOOOOOOO
00 c00¢000 {c}0000000000O0O0 eqOO0OOO0OOO TO univ(a,T’)
00000000000 OOUOOOODO0OTODO0OO0O0O0D0O00000000o0ooTO ¢0
O0000000T7T0000000eqU 0000000000 TO eqOO0ODOOOOOO
gboooboo coobobooboobooboon

P=¢yP)OOO P=cO0OO0OODODOOOOOTOO:00000000O0DOO0DOOOOOOOOO
00 POO0O0O0OOOOOOOO PYO0OODOOOOO

P={i:p,...,n:P,}000 PRO0OUO0OONO000000:¢:000000000000000¢+
1,...,n0000000 RRO0OODOOOOODOOO

P=_000 O0ODOOO0OOODOOOOOOODOOOOOODOOODODOOOOOODOOOO
gboogoboooboooboobo

P=2x000 ODOO0OOOOOOODODOOOOOOOOOOODOODOOOOOODO eOODOT
O{z:e}0000000000000O0 E000D00O0O0ODOOOOODOOOOO0

4.4 UO0O0O0O0OOOOOOOOOOOO

ggoooooobooobobobobooboboboobobobobobobobobobooooo
gboboooooooboooobobobooobooboboobobooooooboobobobon
gbooboooooooobobobobbooooobobooooooooboboboboobooboan
gboboooooooboooboobobbooooobobooobbobobobobobobobobon
gboboooooooobobobobobobobobooboboooboboobobbbobon
gbooboboboboboobobobobboooooooobooobooooooobooobobobon
gbooobooobooboobo

gboobooooboooboobgoobboobboobooobooboboobooobobooboboo
gboboooooooboooboobobobobooooboboboboboboooobooobooobon
gbooobooobooobooboobooboboboobobooboobooboobooboboo

gboooobooobooobooboobobooboobooboobooboooo

letterm X = ey in ey[X]

OO0 e[ |]0000 [|0D00000000D00O0DO0O0DO0O0O0O0O0O0O00OeX|]0D0O000OO0 XODO
OO00000O0oO000O00O0O0000oOooO0OooooOo MLOOOOletODOOOOOOlettermOd0O X O
O 00000 e[X]000000e, 0000000 e, 00 XO0ODOOOOOODODODODOOOOOODO
000000000000000 egler) 000000 Hashimoto O Ohori 0 00 context calcurus[HOO1]
OOlettem 000000 6X.eOOOOOO el@Qe20000000letterm 0000000 OO0O0OO
gboooboooobooboobooboboobooboob

letterm 0000000 OOOOOOCOODOO

e = c|a|#ie|{ie.. . k:e}]ile)

| letxz=e€ ...x =¢e in e end
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letterm x = e ...x = ¢ in e end

switch e of ¢; => e | ... | ¢y => e | _=>c¢

raise e

|
|
| caseeof i(z) => e | ... | k(z) =>e| _-=>c¢
|
| e handle e

gobooooobooooooobooobobobobooboooboob 440000 OobDDOOO
e0J0000D000O0O0DOOO0ODOOO ML[eJOOO0ODOOO0ODO TL[T]O E000OO0O0OO
0000000000 T7T0000000D0O0O000000000O0O00O0000450 7L[T)OOOO
gon

cooooomMmcOOdooOoOoDoOOOOOOOOOOODDOOOOOODOOOOOOOOOOODDOO
gbooobobobobobobooooobooboboboboooooooboboobobobobobon
gboogobooon

cooooooocomMcoooooOoOoooOooOoOooooOoO0OoDoboOoOOoDoobDbooOoOooo
gboboooooooboooobobobobboboboboboboboboooobooobobon
gooobooobooboobo

4.5 0OO0OO0O0OO

Oo000o0oooO000ooooo0o0ooDoo0oOoDOOO Standard MLODOOOOOODODO
gbooobooobooboo

datatype foo = A of int | B of int
case {1 =2, 2 =B (5)} of {1 =1, 2 =A(2)} => 3}
I {1 = _, 2 =B(x)} => x}

gooboooooooobooooobuooooooa
ML[case {1 =2, 2 =B((B)}of {1 =1,2=42)}=>3]| {1 =, 2=BRR} =%

=1leta={1=2,2=B(5} in

letterm X7 = 3 Xy = x Xy = raise MatchFail in
TLIE(({L =1, 2 = A(D},a) = X1,0,E(({1 = -, 2 = B(x)},a) = X9,0,9))] 0000000

00 o0000D0000D00O0OOO0OO E000000ODO0O0O0ODO0ODO00OD460000000000
o00DO00oDoO0ooENoUUOoOUooUooO0ooOoooOooo 700000000 O0OOOOOOO
goboooooooboooooog

let a=4{1 =2, 2 =B(57} in
letterm X1 = 3 X2 = x X0 = raise MatchFail in
let al = #1 a in
switch al of
1 => let a2 = #2 a in
case a2 of
A(a3) => switch a3 of
2 => X1

18



| _ =>1X0
| B(a4) => let x = a4 in X2 end
end
_ =>1let ab = #2 a in
case ab of
B(aB) => let x = a6 in X2 end
| _ =>1X0
end
end
end

end

OO00000D0O00tx=a4000000000000000DOCO0O0ODODODOOOOOOODO
gboobooboboobooboboobobobobooboobooooebobboobobooooon
gbooobooobooboboboobooboobooboooon

4.6 UOOOOOO

gboooboooobooobooboobobobbooboobobooboooboooboboobboo
gboogoboooboboboooboooobooboboobooobobooboobooboon

ooo0o0oo (A | R)ODO0OO0OOODODOOOP 0000 ROOODODOOUODOOOOOOOO
ooooooobo pOO0O0O0DO0OOO0ODOOROODOOODODOODOOODOOOOODOOOO
cofdopoooooooOoooooOoooooon

E(((P1|P2),a) :: Ps,T',T) = E((Pa,a) :: Ps,T,E((P1,a) :: Ps,T',T))

gobobobobbodzasPOOO0OOOOOOOOOOPOOOOOOODOOOOPOOODODOOO
Ub000000000000D00000000D00DO000O0DO00O0O0POODOODOOOOODODODOO
f000O0OopooOoOooopoooOoooon

E((x as Pya) :: Ps,T,T)=E((P,a) = Ps,T{x :a},T)
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E(e,T,¢) = leaf(Te)

E((¢c,a) :: Ps,T',¢) = eq(a, {c:E(Ps, T, $)}, b)

(
E(e, T, leaf(I”,e’)) = leaf(I”,¢)
(
E((c,a) 2 Ps,T,eq(a,rules, Ty)) = eq(a, rules W {c: E(Ps, T, T")},To)

where 77 — T (c:T €rules)
To (c:T ¢ rules)

E((eya) :: Ps,T univ(a,Ty)) = eq(a,{c: E(Ps,T',Ty)}, To)

E((i(P),a) :: Ps,T',¢) = tag(a,{i: E((P,a’) :: Ps),T',¢)}, &) where a’ fresh

E((i(P),a) :: Ps,T',tag(a,rules, Ty)) = tag(a, rules W {i : E((P, getPath(T")) :: Ps,T,T")}, T})

where T’ — { T (i:T €rules) T = { ¢ ({k|k:Ty € rules} U{i} = 0)
To (i:T ¢ rules) Ty (otherwise)
E((i(P).a) : Ps, T, univ(a,T)) = tag(a, {i : £((P.a’) = Ps, T univ(a’, 1))}, T') _
where @ fresh; T = 4 (_} =0
{i} #0)

E({i: Piy...,n: Py}, a) :: Ps,T', ¢)
prod a,m,i: 5 ((Py,a) = ({i+1:Piy1,...,n: Py},a) s Ps,T,¢9)) (i #n;a’ fresh)
prod(a,n,n: E(( Pn,a) Ps, T, ¢)) (i = n;a’ fresh)
:P;,...,n: Py} a):: Ps,T,prod(a,n,i:T;))
prod(a,n, i: 5 (P;, getPath(T;)) :: ({i +1: Piy1,...,n: Pp},a) = Ps,T,Ty)) (i #n)
prod(a,n,n: E((Py, getPath(T,)) :: Ps,T',T},)) (t=mn)
:P;,...,n: Py},a):: Ps, T univ(a,T))
B prod a,m,i: 5 ((Py,a) s ({t+1:Piy1,...,n: Pp},a):: Ps,T univ(a’,univ(a,T)))) (i # n;a’ fresh)
| prod(a,n,n:E((P,,d’) :: Ps,T,univ(a’,T))) (i = n;a’ fresh)

(;,a):: Ps, T, ¢) = univ(a,E(Ps,T, ¢))
E((-,a) :: Ps,T eq(a,rules, Ty)) = eq(a,{c;: E(Ps, T, T;)|ci: T; € rules}, E(Ps, T, T,))

E((-,a) :: Ps,T tag(a,rules, Ty)) = tag(a, {i: E((-, getPath(T;)) :: Ps, T, Ty)|i: T; € rules}, Tj)
o ({ili: T; € rules} = 0)

where T} =
0 {E(PS,F,TO) (otherwise)

prod(a, n,i: £((-, getPath(T;)) :: (L, a) : Ps,T',T;)) (i #n)
prod(a,n,n: E((, getPath(T,)) :: Ps,T,T),)) (i=n)

E((-,a) :: Ps, T univ(a,Ty)) = univ(a, E(Ps, T, Tp))

E((-,a) = Ps,T,prod(a,n,i:T;)) = {

E((z,a) : Ps,T\T)=&((a):: Ps,T{z:a},T)

043 000000000
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MCL[case e of Py => e1 | - | P, => e,]
=1let a = ¢ in
letterm
X1 =€ ... X, = ¢, Xg = raise MatchFail
in
TLIE((5a):: Xo,0,E((Prya) = Xn,0,...E((Prya) s X1,0,0)...))]

end

044 00000000000000DO00O00O00O0OO

¢] = raise MatchFail

eq(a,{{i: Ts,...,k:Tx}},T0)]
= switch a of i = TL[TY] | ... | k = TL[TW] | - => TL[To]

TL]
TL]

TL[tag(a,{{i: Ti,....k:Tk}},T0)]

= case a of i(a;) => TL[T;] | ... | k(ax) => TL[TK] | - => TL[T,]

where a; = getPath(T;) (i <j<k)

T[, 1eaf({x1 tQA1y. ..y Tp Cln}, 6)]

= let 1 =ay ... T, = ap in e end

O 45 0000000000000 0O0OO

where a; = getPath(T;)
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Tl = (b

T, = E({1=1,2=A2}a):X1,0,Th)

(
T35 = E(({1 =_-, 2 =B&}a):Xs,0,Th)
(

|X1|:Q) |X0|:Q) |X2|:{x:a4} :{x:aﬁ}

0 46: 000000

22



50 Uootdbootdtdod

ocoooooOo0oooooooOoOooogooo epopoooOooOpoOoopoooOOoooUoooo oo
gboobobobobobobobbobooooooobooboboboboboboboboboooon
gboooobooooboooooobooooooboooooooboboboooooooboboooon
o éo000poooOoooOopOooooOoUooDooOogoooOooDooogo

5.1 UUOOUuoooooo

gboobgboboboboooobobobobobooooboobooobooboboboobobobo

gboooboooboobobobbooboboobbooboboon
oobOrgooobooognD PsO0 s 000O0O0OOODOODOO

ocu=e|T:u0

OT:c00000000b510000

(leaf) leaf(T,e):e

(empty) ¢:o
Ti:o -+ Tp:0 Ty:0o
eq(a,{c; : T;,...,ck : Tx},To): b o

(const)

Ti:tiuwo - Tgimpuo Ty:o
tag(a,{i: Ty, ...,k : T}, To):imi+ ...+ 0

(tag)

Th:Thio

prodl
( ) prod(a,n,n:Ty): Ty 1 0

(prod2) Ti:iTi iTig1%...%Tp 2 0 (i £ )
prod(a,n,i:T;): T % ... % Tp 1 O

T:0

univ(a,T):7:: 0

(T # ¢)

(univ)

gs.1: 000000000

Ps:cO0O0O0OO0OOOOb20000
goboooooboooboobooboooobooboThO PsObDO0OOOOOOOODOODOODOODODOOO

oboboobo0OO0ODOTO PsOODOOOT:o0Ps:c0000O0O0O
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(end) e:e

P:v Ps:o

(cont) (P,a)::Ps:71:0

gs2. 00000000

5.2 OOOOOO

OcO000000O [fJO0OO0O0O0ODOOOOO

o] = 0
[r:0] = [r]®]o]

bbb uboobooboobobobooboobooboobooooboo

S1e0 = S
S1®8Sy = S1 x5 (SQ#@)

OT:c000000T:c0000D0B30000

p:o=10

eq(a, {c;: T; ...,ck,:Tk,},To):b::o:{ lei et (To=9)

6] (To # ¢)

eq(a,{c;:Ti,...,c : Ti},To) b o
={e}xTi:o)U...U({exy xTr: o) U({ciy ..., e} x Tp : o)

tag(a,{i : T4, ..., k:Tp}, To) i+ ...+ ne={jt) | je{i,....k},teT;:T

where X = 9

jetUX

@) 15 ¢ {is. . khtelnl (To #6)

tag(a,{i: Ty, ...,k :Tp}, To) i+ ...+ ™ o
={((t1),t2) | j € {is....k},(t1,t2) €Tj : 75 10}
UU® 15 ¢ kbt el xToro (o)

prod(a,n,n:Ty):0 =T, : 0

prod(a,n,i:T) : T; =i Tig1 % ... % Tp 1 O

Ti T iTig1 %...%xTp 10

(i#n and o =)

{((ti,t¢+1,...,t7,),t) ‘ (ti, ((t¢+1,...,tn),t)) eT;: 7 Tl ke Rk Ty o

univ(a,T): 7 :: e =[7]

wniv(a,T):72o=[r]xT:0 (o0 #£ o)

gs3: 0000daon

o} (i#nando#e)
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Ps:c0000000O0OO [Ps:o]00000000OODOOODO

IIEZOH = (Z)
[(P,a)::Ps):7:0] = [P:7]®[Ps: o]

5.3 UUUT:c0U0UDLOOOOOO

O0T:c0000e000000T/e:o0DO0OOO 540000

ple:o=¢:0

leaf(T',e)/e: e =1leaf(l,c): o

leaf(T',e')/e:0=¢: o (e £¢)

eq(a,rules,Ty)/e :b:: o =eqa,{c:T/e:o | c: T € rules},To/e: o)
tag(a,rules,Ty)/e: T+ ...+ 7 0 =tag(a,{i: T/e:0 | i: T € rules}, To/e: o)
prod(a,n,i:T;)/e : (Tiy...,Tn) i 0 =prod(a,n,i:T;/e: Ti* ... % Tp 11 0) i Ty*k ...k Ty i1 O
univ(a,T)/e: 70 =univ(a,T/e:0): T 0

054 T0000T/e:o

54 0000O0O0O&EOOOODOO

goooooOoopooOooooOoOo eooooooUoopooéeppboOoUpoOoboOoDooOooooDoOoon
goooboooboobooboon

00 100 Ps:0,T:¢0000007D0000,T=&WPs,T,7)00007T:c0000

00 (00): 000000000000 D0DO0O0OO0O0OOUTrOoOOO0OOOOOOO0OOOPsO
T"000000000000000000000000000000000000000000OoOO00
gboooboooboboboobobooboobooboboobooobooboon

Ps=e0O00 00000 (end)000OPs:e 000000000000 OO0ODOO0OTOOOT, 000
O leaf(IV,¢/): e J00O00¢:e 0000000000 0O0OT =1eaf(IVje):e0000EODDO
O00T =T :e00007T =¢:e0000£000000000 (leaf)000T = 1eaf(T,e): e
gboooboobooboo

Ps=(Pa): P 000 POTODOOOODOODOOODO

P=c:0,T"=¢000 Ps:o,P:b000000P¢ :0’'000000 (cont)00 0 =150’
D000E000000T = eqla,{c: &P, T,¢)},¢) 0000000 T = E(Ps',T,¢) O
O0O0Ps : ¢/ 00000000000 oOO0O0OO00O0OOO0OOg : /00000000
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ooooooT, : ¢ 0000000 T, : 0,9 : o/ OODODO0OOODODOODO (const) DO0O
T =eq(a,{c: E(Ps"\T,¢)},¢):b::oc’ 00O ODDO0OOOOOODO

P=c:b,T" =eq(a,{c; : T5,....c: T¢,...,cx: T}, To) D00 00000 (const)0O0OT;: 0" (j €
{Ciy...,e,...,e}) 00 Tp: 0’ OO0DOO0EODDODOO

T =eq(a,{c;: T;,...,c: E(Ps',T,T.),...,ck: T}, To)

oooooooT.=¢Ps,ILT,) 0000Ps : 0’00 7T,: 0’ 00000000O0000O0O0ODO
T,:0/'000000000 (const) 000

T =eq(a,{c;: Ti,...,c:T.,...;cp :Ti},Tp) : bz o’

gooobooooboooboa

P=iP):nmn+...4+7T =tagla,{h:Th,...,i:Ty,...,k:Tx},Tp) 000 OO (tag) DO OPS :
o 00000T:7 20 ,h<j<kTy:0/0000&E000000

T = tag(a,{h:Th,...,i: E(P" = Ps',\T,T}),....k: Ty}, Tp)

0o0oooo0 T =&P =P, T,T;) DOOD0OOP = Ps' .y 0/, T;: 0’ 0000000D0O
DDDDDDDE/:U/DDDDDDDDD (tag) OOOT :m+...+7m, 0’ 00000000
good

55 UO0O0OOO0O&EOOOODDOO

0000000000 DOO0OO0OO0OU0ODOODOODODOOUOUOT=&Ps: o, T :0)00T
gooooroob ebObbOO0bOOoO0oOObDObOOOOODODOODODOOOOODOn

00 100 Ps:c0e00nooooT:000 T’/e:a:@DDDDDDDFDDDD TZE(PS,F,T/)
OO0 T:0=[Ps:o]JUT’:0 00 T/e:o=[Ps:7]\T":c 0000

00 (00): 000DO0oOO0o0UOoUoéUUOOOOOOUOODOOOOOODOODOOOTrOOUOUD
O0000000PsO TMOOOOOODODODOOODODDOOOODODDOOOOODODOOOOOODOOO
gboogoboooboobooboobooboobooboobobooboboobobooboboobooboo

Ps=e000 00 (end) 00 Ps: «000000000000000O00O0T' 0001,/ 0000
leaf(I",e/) : « 000 00¢ : e« 000000000000 0T = leaf(I'ye) : «00DODOED
000007 =7 :e00000000T:e=1[Ps:eUT :e=[Ps:e\T :e=000
007 =¢:e¢00000£000000000 (leaf) D007 = leaf(le) : e 00000000
T:e=[Ps:e]UT :e=[Ps:e]\T' ;o= 000000000000

PS:(P,CL)ZZPS/DDD rPOTO0000000O0OO0O
P=c:0,T"=¢,Ps’#e000 Ps:0o,P:0000000Ps :0’000000 (cont)00 o0=b::
o' 0000000Ps #e0000" £e0000E0DOODOOT =eq(a,{c:E(Ps,T,¢)},¢)0

000000 T.=&(Ps,T,¢) 0000OPs0 e00000Ps=(P,a):PsO000000OPS :0’
Oed000O0Ooooon (b:O'/D|:|DD(b/e:O/:@DDDDDDDDDDDDDDDTC/:U/D

26



000000000000000T,:0' =[Ps':0'lU¢:0’ 00 T!j)e:0’' =[Ps' :0']\¢p:0’
oo
O0O0¢ #A#e000000000000O0O0OOOOO

T:b:o' =eq(a,{c: T/} @):buo’ ={c} xT!:0'

00000000T:bo ={c}x([Ps:0lUg:0")={c}x([Ps':0']) 00000000
O000[Ps:b=a'JUT :bo =[(c,a) = Ps':ba'Jud={c} x[Ps':0'] 000000
OT:o0=[Ps:o]UT :0c 0000
O00¢ #e00000000000

T/e:b:o =eq(a,{c:T!},¢)/e:b:o’ =eq(a,{c:T!)e:0'},¢): b0’ ={c} x T/ :ed’

00000000T :b:o ={c} x ([Ps ﬂ\¢a) {e}x[Ps':0’/]00D000O0DOOO
DDDM%:MMW\TﬁFj;ZM,)N s dI\0={c}x[Ps':0'] 00D00O0DO
T/o:=[Ps:o]\T":c 0000

0ooooooooo

{i:P;,....,n: Pp}:7i%...x7, T =prod(a,n,i:T;), Ps’' #e,i#n000 Ps=(P,a): Ps":

o,P:myx...x7,Ps' £2e000000Ps :0’000000 (cont) D000 =7 %...%Ty, =
oo’ Ae0000000i#An000 (prod2) O00T; : 73 Tig1 % ... xTp 20’ OO0 004 #n
Joooopoegeooooaoo

T = prod(a,n,i:E((Py,a’) :: Tig1my = Ps’ % ...x, [, T}))

000 (o = getPath(T;))DO0 00 T) = E((P;,a) ©: 7qamn = Ps'x ...+, T, 7)) 0000 Ps O
eQd000OO0OO0OPS EIeDDDDDT’/e.UZQDDDDDDDDDD

Ti/e:TiTig1%...%Tp o' =10

0000000000000 7T 7 =Ty %...%xm o 0000000000000000
[PsjoOOOO0

T 7 iTig1 % ...x7y i0’ = [(Pi,d) = Tigamy = Ps' s .« JUT; i1y i Tyqq % ..ox Ty 2 07

= [P] % ([Pig1,---[Pu]]) X [PS'])UT; : 7 i Tig1 % ...k T 2 0

go

T/e:miuimigr1*...xTp o’ =[(P,a) g1 o Ps s k] \ Ty i1y i Tigr % ... Ty 2 07

0000000 i#n,0 2e0000000000

/

T :0=prod(a,n,i:T)):0={((ti,...,tn),t) | (tis (Lig1,.--stn)st)) €T i i Tiqpr % ..ok Ty &

goooobood

T :7icTigr %ok Ty ii0l = [P] X (([Pig1s .- [Pu]]) X [PS D UT; i 7 s Tig1 % ..ok Ty 2 07
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gooooo

T:o=([P]x...[P])X[PsTU{((tis- - stn)st) | (tis ((tig1s--ytn),t)) € Tit Tyt Tign k.o k Ty i

gdobooooooood

[({i: Piy...yon:Pp}t,a) s Ps' iy .ok i’ JUT sy ok 2 o

= ([P]x.. . [Pu])X[PsTU{((ts,- - tn), t) | (tiy ((Bigr, - - tn)st)) €T3 i T i Ty * ... % T 2 07 }
O0000000T:o=[({i: Pi,...,n: Pp},a) = Ps' :myx ..k 0’ JUT i 7y % . ..x Ty 1107
good

T/e:cOO0OO0O0O0OO0OO0OOOOO

ooooooogo eopoooooooooag
gbogboooboobobobooboooo

case e:7 of P, => e | ... | P, => e,
doodooooooooooMM£cOO0O0O0ODOOO E00O00OoOooOoOoooOoOooOog
o, = ¢
T, = E((Pya):e,0,Timy) (1<i<n;ale000000)
gooobooooobooooobbooooob bbb ooooooooo
002 1.T,:7:e=[(Psa):e,:T:oUT; 1:7:e (1<i<n)

2. Tifei:Te=[(Pya):e :To]\Ti_1:7::e (1<i<n)
Od: Doooooo 1|:||:||:||:||:|PS:(Pi,a)::ei|:||:||:||:||:||:||:||:||:| 1000o0oooouooooo

gboooobood
gboobooobooboobooooboobooooboobooboboobooboboobon
goooboooboobobooboboobooboboobboobooboobooboboobobooboooboo
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el UU

gbooboooboooboobbobobooboboboboooooooooobobbobobooobon
goooboooboobbooboboobooboobooboooo

6.1 OO0

gboobooooboobboobgoooboobooboobobooboooboooboboobboo
gbooobooboobobooboboobooboo

6.1.1 U00OOooOoOoOooon

0T:¢0000000:70 [(]0000000000O00000:7T0 [¢]000000000TO
00000000000000000007T:c000000:T=[]0000T0000000000
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let a={1 =2, 2 =B(5)7} in
letterm X1 = 3 X2 = a4 X0 = raise MatchFail in
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let al = #1 a in
switch al of
1 =>1let a2 = #2 a in
case a2 of
A(a3) => switch a3 of
2 => X1
| _ =>1X0
| B(ad) => X2
end
_ =>let a2 = #2 a in
case ab of
B(ad) => X2
| _ =>1X0
end
end
end

end
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