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00 assertion D0 O0O00O00O00O0O0OOOOOO
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O00O0OHeap(m) 00000 state (s,h) OO0
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0000000 assertion O OOOOO0O0OOOO
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2 while OOO0OO

O0Oo0oooboOo whileOOOOOOOOQOODO
oooo

Oeld0O00000DOOOx0D0O000O0O00

e = z|0|1]e + ele x e.

goooooobooooboooooooobooo

boolean expression b 0 0 0 0 O OO quantifier
O000D0O0000000D000x <11 O boolean
expression [0 0 00

while 00000 POOOOOOODOOOOO

oog

P ::=z := ¢|if (b) then (P) else (P)|

while (b) do (P)|P; P

00000 whileODODODOODOOOO

while (z < 11) do (y ==y +z;z =2+ 1)

while 00000 POOD [PJOO0OCO0OOD0
UO000Ostores DOO0OO0OOO0O0OOOODOOODOODO
gbooobooooobooboobobooooooo
000 [P]O [P](s1)=s. 0000000

O000Osi(z) =1, s1(y) =0, s2(x) =11, s2(y) =
55 g ] O O g,
[while (z < 11) do (y :=y + z;z:=z + 1)]|(s1) =
so OO

assertion A DO ODOOOOOOOOOOOOOO
O0xz=11Ay =550 assertion D0 ODO

assertion OO0 0OO0O0O0O0O00OO0OO

0 {A}P{B} O asserted program 0000000
00000000000 {A}P{B}0OO0OODADD
gooooooooobob pPOODDODODOD
goboooooooboOooboooboboo pOOoO
000000000000{z=1Ay =0}while (z <
11)do (y:==y+z;z:=c+1){z=11Ay =55} 0
gboobo

000000 asserted program OO0 000000
gboobobobobooboobooog

(assignment)

{A[z := €]}z = e{A}

{ANb}PI{B} {AA-b}P{B}
{A}if (b) then (P1) else (P2){B}

(if)

{AABYP{A} bl
{A}while (b) do (P){A A —b} (twhile)
{AyP{C} {C}P{B} (comp)

{A} P1; P,{B} P
gpsy
(ayp(By " (A— a4, B~ BD)

{A}P{B} DDDOODODODOODOOOOOODODO
00000000000000000000000
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{r =1Ay=0}while (x < 11) do (y :=y + x;2 :=
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gboobobobobooboo
P ::=z := elif (b) then (P) else (P)|
while (b) do (P)|P; P|
x := cons(e, e)|z := [e]|[e] := e|dispose(e)
00000000 := cons(0,3) O allocation O
goboobooobooobooobooooobo
gobooobooooboo ob 300bboooobo
00000000000 2000000« :=[101]0
lookup OO0 QOODO101000000000C00ODOO
0O 2000000[100] :=20 mutation 00000
00000000000 2000000dispose(100)
O dispose DO0OOO100000000DOOOOOO
gbobobooboboobo
goooooooboOobooOoooogDbOooNO
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OOLocs={n€Nln>0} 00000000000
ooooooo

store s O0O0O0O NODOODODOOODODOOO
heap h O Locs 00 NODODOOOOOOOO
O0O0OOstate O (s,h) D0DOO0O0O0OOO

00000000000D000o0o0ooooO()o
00000002 abort DOODOOOOODOOOO
O0o00oooUoooooo@oooooo

abort 000000000 O0OOOOOODOODO e
O z :=[e], [e] :=e2, 000 dispose(e) 00D OO
goobooooboog

00000 POOO [P]OUstate 00O state
00000o00boooboDOobooOobooogn state
(s,hy DOO0O0OOO0OO POOOOOUOOOO
O00P((s,h) 0000000000000 state
000000000000 abort OOOODOOODO
000D00P((s,h)) ={abort} 0000000000
xz = cons(er,e2) JOODOOOOOOOOOOOO
goooooooo

Dom(h) 00DO00 hOOODOOOOO [ef OO
el state s000000000000000 [ 0
boolean expression b [0 state s 000000000
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{Inz<1l}y ::y-—&-x;m::x—i—l{l}

{I}while (z < 11) do (y ==y +z;z:=z+ 1){I Az > 11}

(while)

{z =1Ay=0}while (z <11) do (y :=y+z;z: =+ 1){x =11 Ay =55}

(conseq)

01 00000

[P](abort) = {abort},

[ := €l(5, ) = {(slz := [, )},

[i (b) then () else (P)]((s,h)) =
[P((s, B)) if [B])s = true,
[P2]((s, h)

) otherwise,

[while (b) do (P)]((s, 7)) = {(s 1)}

if [b])s = false,

[while (b) do (P)J([P]((s,h))) otherwise,
[Pr; P2][((s, b)) = [P ([P1])((s, 2))),
[ := cons(ex, e2)][((s, h)) =

{(slz == 7], hln = [ei]ls;n + 1:= [e2]]s])]

n>0,n,n+1¢ Dom(h)},

[z := [e]l((s, ) =
{(slz := h([e]s)], h)} if [e] s € Dom(h),
{abort} otherwise,

[lex] := e2])((s, h)) =
{(s, hlllea]ls := [le2]ls])} if [[ea]ls € Dom(h),
{abort} otherwise,

[dispose(e)]|((s, h)) =
{(s, h|D0m(h)—{[[e]]S})} if [[e]ls € Dom(h),

{abort} otherwise.
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00000 Reynolds [7] 00000000000

00000000DB00000 assertion ADODO
gobooooobod

A :=emple = ele < e|e — e|mA|ANA|AVA|A—
AVzA|FzAJA x A|JA—x A
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oooooo
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000 AO0D0ODODAOOOODOODOODODODOAO
0000000oooo0o0000o0ooD BOOOO
ooooooo
000000000000oggoggggg asserted
program 0000000000 O0O0O0OFV OOO

000000000
(2’ g FV (e, e2, A))

{vz'((z’' — e1,e2) —* Alz := z'])}
x := cons(ey, e2){A}

(cons)

(' € FV(e, A))

Grlemdr(ema %Al =2])} (lookup)
z = [e]{A}
(x € FV(e1)) _
{(Fz(er — z)) * (e1 — ea —x A)} (mutation)
[e1] := e2{A}
(x ¢ FV(e)) dispos)

{(3z(e — =)) * A}dispose(e){A}

000000000 whileDDOOOODODODO
0000000 {A}P{B} 00000000000
000D00{A}P{B} 000000000000

5 DOogod

o0 1(@o0) {A}p{B} DO UOGOQoQoOOoO
{A}p{B} 000000000
o0ooO00oooooooOoooooooooooo
000D00000000DO0D0O0O0OO00ooooooon
ooooO0oOoooOoOoUoO0ooooooUoOoooooo
0000000000000 00dassertion 000
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0000000000000 O0 asserted program 0
0000000000000 O00O00OOO assertion
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0000000000 (conseq) DO OOOOOO

ooo
{A}P{B:}
{AYP{B} (A— Ay, B — B D)

dododboooodoooooooobooooooooo

00000 PO assertion BOOOOOOOOOO
goooooooOooooobooobogoo POO
goooooobOO0o pOoO0O0ObOOOobDOObDOO
ooooooo
gooooooooboooobooooobooooo
000O0o00O0O000O00Dooooog PO asser-
tion BOOOUOOODODDODODDOOO assertion
oobooooboooobooooo

(conseq)

6 Douooaod

(n,m) 0OO0O0O0O nmO0O00000O00DOO
0o0(ni,...,ngy 000000 ny,...,n, OO0
000000 0Lookup(z,y,2) 00000 =z OO
(y,2) OOOUDDOOOODOOO Lookup(z, i, k) OO
L(Lk),...,nmy 00000000000
Heap 0O 0OO0O0OO0OOO0COOOOOOOBOOO

goboooobooooo
Heap(m) =

z = (ni,..

Vay(Lookup(m, z,y) < (z — y+0 = 0)).
Heap(((l1,n1),...,(lg,nx))) OO0DO0OODOOO h

00000Dom(h) = {l,...,x} 000000
h(il;)=n; 00000000000

Heap OOOODOOODODOOOODCOOOOODO
00000000000 0000 assertion D0 OO
o o oo oo s 0o b o b
,,,,, an((m1,...,myn)) O s(z)) = m; 00O
assertion DO OO [(s,h)] OO0 ([s],[k]) D0DODO
000O(s,h) DOO0OOD0DDOOOOOOODOO
T =x1,...,2, 00000

Execp 2 ([r1],[r2]) O [P(r1) > 12 000 as-
sertion 000000 O POOOODODOOOO
gooogoo

O0000DCOO0O0O0D0O0 assertion Wp 4 OO

Store,,

gboboogooooo

Wp,a(T) = Veyzw(Stores (x) A Heap(y)A

Pair2(z, z,y) A Execp, (2, w) — w > 0A
3y1z1(Pair2(w,y1,z1)/\EvalA’f(yl,zﬂ)).

000070 PO AODOOOOOOOOOOOO
000000 Pair2(z,z,y) 0 z=(z,y) DOOOO
assertion 0 0 00
00 2(000) Wea(z)D PO ADODDOO
opooo

o000 pOO0O0ODCOOODOOOOOOO
gbooboooobooooboobobooooob
gpooog
obi1000. PO0ODOODOOODODOOODOPO
gbooboooooo

PO P; P 0000{A}P;P{B} 00000
000000C O Wep(¥) 000O000D 7
0 B, O00000O0OODOOODODOODODOODO
00D0000{A}P{C} D {C}R{B} 000000
D PO00000DO00DO00DD{AP{C}D
{C}P,{B} 0000000000000 (comp) D
O0{A}P;P,{B} 000000000
gobooobooobboooboooboo
{A}while (b) do (P){B} 0000O0DOOODOO

oooao
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