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j[[d%” = d( | E[cons E Flo = (E[E]o, £[F]o)

Xjo = olX » _ [true if £[E]o = E[F]o
£[hd Elc = e if E[E]o = (e.£) (7 EFle = {

E[tl Ejlc = £ if E[E]Jo = (e.f)

false otherwise

Qﬂdﬂa = (d,0)
QXJ(c W{X—d}) = (d,cW{X+—nil})
Q[[COHS Q R]]O' = ((dl.dg)),Ug where (dl,al) = Q[[QHU A\ (dQ,O’g) = Q[[R]]O'l
ik ~= EJ(cw {Xx s d}) = oW {X— doE[E]s}
Cla <= R = Qla)~*(Qlr]o)
C[c; D]o = C[p](C[C]o)
i E[Ejlo =t N o =C[Clo N E[F]o’ =t
C[if E then C else D fi F| - {0 ' [E]lo = true A o' = C[Clo A £[F]o’ = true
o' i E[EJo = false A o/ =C[DJo A E[F]o’ = false
Cl[from E do C loop D until F] = o' if€]E]=true Ao’ = fiz(F)(0o)
where F(¢) = {(0,01) |01 =C[Cloc A E[F]o1 = true} U
{(0,03) | 01 =C[C]o A E[F]o1 = false A
092 = CHDHO’l AN gﬂEﬂdg = false A
- 03 = ¢(02)}
P[P]D = D' if P is read X; C; write Y A C[C](c¥(D)) = o¥(D’)
0 3: R-WHILEOOODODODO
I[x "= E] = X "=E
Z[Q <= R] = Q<R
Z[c; D] = Z[p]; Z][C]
Z[if E then C else D fi F] = if F then Z|[C] else Z|D] fi E
ZI[from E do C loop D until F] = from F do Z[C] loop Z[D] until E
I[read X; C; write Y] = read Y;Z[C]; write X
0 4: RWHILEOOOOO T
read X; read Y;
from (=7 Y nil) from (=7 X nil)
loop (Z.X) <= X; loop (Z.Y) <= Y;
Y<= (Z.Y) X <= (Z.X)
until(=? X nil); until(=?7 Y nil);
write Y write X
(a) 00000 reverse (b)y DO0DOO0O Z[reverse]
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read R; macro STEP(Q,T) = macro MOVEL(T) = macro PUSH(S,STK) =

Q"= qs; rewrite [Q,T] by (LSRR <=T; rewrite [S,STK] by
T <= (nil b R); Tt PUSH(S,R) ; [b,nil]l => [nil,nil]
from (=7 Q ;) loop POP(S,L); [S,STK] => [nil, (S.STK)]
STEP(Q,T) (b) 0O D STEP T <= (L S R)

until (=7 Q g7); (d) 0ODO PUSH
(nil b R’) <= T; (c) O OO MOVEL
Q "= qr;

write R’

(a) main 00000

06 RTMOOOOOR-WHILEDDODOOO

Tlq1, (s1,52),q2)] =

(1, (L3TR)] => [z, (L33 R)]
T, < a2)] =

[q1,T] => {MOVEL(T); Q "=7q1; Q "=¢2}
T, =, q2)] =

[qi,T] => {MOVER(T); Q -
Tlar, 4, a2)] = G0, T => [@,T]

q; Q =g}
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