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oboboOooocoOobocOoOo0oboooOod0booo0boQuRrROOOOOODOOO0 if E then C else
Dfi rOOOOOOOOOOOOO EODOOOOOOOOOOOOOO cOoOOoOoOooOoOoOoooOoOoeEOO
ooboboooooboooooooooooooOoooobpbOOOOOobOOobOOOOb0D EOOOOOOOOOOoDn



ESF:=X|d| consEF | hdE| t1 E | =2 EF O

Q,R =X | d | cons Q R 0 odoodo

C,D =X "= E oo

Q <= R

C; D

if E then C else D fi F

from E do C loop D until F

P = X; C; write Y R-WHILEOOOOOO

0 4.1: 00 R-WHILEOOOOO

ooo
0 4.2: while loop 00000000

EO0FOO0O00OCO0OO0OCODOOO0ODOO0OO0O0OOCODOOO0OOO0O0O0O00DOO00O00 from E do C loop D until
FOO42000000000000000000C0000DOCO0O0EOOOOODOOOOOOO 4.20
tloooooocobooooooooooooo rboOo0oooooooooOobooobooooo rFrbOOOOOn
ooo,00poO0O0O0O0OO0COCCOOCCOOOEOOOOOOOOOOOOn 4.20 £

R-WHILEOOOOOOOODOOO ZOOODOOODOO0ODO (0 44)00000000000000000000
000000000000 000000000 450000000000 R-WHILEOODOODQO reverse O
0000Z0O0O0O0O0O0O0O0OO reverseJODOOODO Z [reversel 00007 [reverse] 0 XO YOODO
Ubo0b0obooooobdbODreverse000O0OO0OOODOOOODOODODODOOOO

411 O0000DO0OO0OD0OOODOODOR-WHILEOOOO

oobo0oooo0ooooDoo0ooDbOo0o0R-WHILEOOOODOOODOOO

046a000000000000000COO0O0O0ODOCOR-WHILEOODOODOOOOOO 4.6al main O
ooboooboooooooooooboooobooooboodoooooo RrRO0OOOOO0OOOOOOOOO0
Oo0o0O00o0ooo0o0oorOOCCOCOCOOOCOOOOOOmainO0OCOOOOQOCOOOCOCOCOCOCOOOO
oo00oooO00ooo0TOoO0OoOOO00O0OO00O0OO0O00OO0O00bO0O00 @,MHOUooo
ooboooooooboooOoooooOoOoOoOOoOobOOo0ObOOOoOobOOo0OoOOoOobOOo0OOOOoOobOOoOonon
oobooooooOoooobo sTep00O0O0O0OO0000O0O

00 46b0000000O0O0 STEP(Q,T) DOO0OD (,T)D00DD0O0DDOOO0DODOOOT)*OODO



Eld)o = d E[cons E Flo

(E[E]o, E[F]o)

ElX]o = o(X » _ rue if E[E]loc = €[F]o
E%h]}i Elc = e(iz E[E]o = (e. 1) €7 EFle = {;alse otEEe:]]rwise el
E[tl Elec = £ if E[E]Jo = (e.f)

Qld]o = (d,0)

O[X](c W {X — d}) (d,o W {X — nil})

Q[cons Q R]o
O = B](os {X s d})

((dy.d2)), 09 where (dy,01) = Q[Q]o A (da,02) = Q[R]oy

oW {X— do E[E]o}

Cla <= ] = Qa]}(Q[r]0)
Clc; Dlo = C[p](C[C]o)
. . _ Jo' it E[E]Jo = true A o' =C[CJlo A E[F]o’ = true
C[if E then C else D fi F] - {a’ if £[E]o = false A o = C[D]o A E[F]o’ = false
C[from E do C loop D until F] = o' if€[E] = true Ao’ = fix(F)(0)
where F(p) = {(o,01) |01 =C[Cle A E[F]o1 = true} U

[
{(0,03) | 01 =C|[C]o A E[F]o1 = false A
=C[DJo1 A E[E]os = false A
(

. @ Uz)i‘

09 =
03 =
P[P]D = D' if P is read X; C; write Y A C[C](cR(D)) = o¥(D’)

043 R-WHILEOOOODODO

Z[x ~= E] = X "=E
7]Q <= R = Q <=R
I%C;<D]] : = I[[;]]; Z[c]

Z[if E then C else D fi F]
ZI[from E do C loop D until F]
TI[read X; C; write Y]

if F then Z|[C] else Z[D] fi E
from F do Z[C] loop Z[D] until E
read Y;Z[C]; write X

0O 4.4: R-WHILEOOOOO Z

ooooooooooooooo

0000000000000 D 470000 700000000 K(ed)00D0O0ODLOODOGLOODO ¢qOODO
OO0 R-WHILEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOoOOoOoDOooOooo
UO0=>000000000000C00O0C000O00OO00O0O0OCOO0DO0O00

00 46ecMOVELO 0000000 OOODOOOOOODOOOODOODOODOODOODOOD (,s,r)0000OO
LOROOOO (@S ROOOODOOO



read X; read Y;

from (=7 Y nil) from (=7 X nil)
loop (Z.X) <= X; loop (Z.Y) <= Y;
Y<= (Z.Y) X <= (2.X)
until(=? X nil); until(=? Y nil);
write Y write X
(a) 00000 reverse (b) DO DO OO Z[reverse]

0450000700

read R; macro STEP(Q,T) = macro MOVEL(T) = macro PUSH(S,STK) =
Q "= qs; rewrite [Q,T] by (L SR) <=T; rewrite [S,STK] by
T <= (nil b R); T PUSH(S,R) ; [b,nil] => [nil,nil]
from (=7 Q ;) loop POP(S,L); [S,STK] => [nil, (S.STK)]
STEP(Q,T) (b) DOD STEP T <= (L SR

d) 000 PUSH
until (=7 Q G7); (d)

(nil b R’) <= T;
Q "= qr;
write R’

(c) 000 MOVEL

(a) main 0O OO0

04.6: RTMOODODO R-WHILED OO OO

T'qua <517 52>a q2>ﬂ =

[qr, L3571 R)] => [§2, (L5 R)]
Tlar, <, q2)] =

[q1,T] => {MOVEL(T); Q ~=q1; Q "=¢}
T[th -, q2>]] =

[q1,T] => {MOVER(T); Q
THa1, 4, ¢2)] = @@, T1 => [z, T]

q; Q =g}

047 000000 R-WHILEOOOODOOOOODOOO T
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