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Queueh 0 s Qel® < ®
i I
inv (mk- Queueb(s, 1)) 20 < lens

init gy = mk- Queueb([],0)

ENQUEUE (e: QQel)
ext wr s : Qel”
post s =5 ]
DEQUEUE () e: el
ext rd s : QQel*,
wr i N
pre : < len s
post £=‘T+1nﬁ=?{£)

ISEMPTY () B
ext rd s : (el
rd i : N
post r & (i =lens)






init: — Stack

push: N x Stack — Stack
top: Stack — (N U ERROR)
remove: Stack — Stack
isempty: Stack — B

top(init()) = ERROR

top( push(i,s)) =i
remove(init()) = init()
remove [ push(i, s)) = s
isempty(init()) = tru
isempty( push(i,s)) = false
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Dict = Word-set

Dicta = Word?

inv (ws) & is-uniques(ws)

retr-Dict : Dicta — Dict
retr-Dict(ws) £ elems ws

ahstraction )

reti

\(/ VA

representation




# $ % &

Ya € Abs-3dr € Rep - retr(r) = a

d € Dict & 3da € Dicta - retr-Dict(da) = d

from d € Dict

1 [] € Dicta Dicta
2 retr-Dict([]) = { } retr- Dict, elems
3 dda € Dicta - retr-Dict(da) = { } 3-1(1,2)
4 from d € Word-set, w ¢ d,
dda € Dicta - retr-Dict(da) = d
4.1 from da € Dicta, retr-Dict(da) = d
4.1.1 elems da = d h4.1, retr-Dact
4.1.2 w ¢ elems da hd.4.1.1
4.1.3 da [w] € Dicta Dicta,4.1.2, is-uniques
4.1.4 elems (da ¥ [w]) = elems da U {w} L7.6
4.1.5 retr- Dict(da 'ﬁ* [w]) = d U{w} 4.1.1.4.1.4, retr-Dict
infer Jde; € Dicta - retr-Dict{e) = d U{w} 3-1{4.1.3, 4.1.5)
infer 3e) € Dicta - retr-Dict{e)) = d U {w} 3-E{h4.4.1)
infer 3da € Dicta - retr-Dict(da) = d Set-ind(h.3.4)

Theorem 8.2: adequacy of Dicta




ADDWORD (w: Word)
ext wr dict : Word-set
pre w ¢ dict

L
post dict = dict U {w}

ADDWORDa (w: Word)
ext wr dict : Dicta

pre —3Ji € inds dict - dict(i) = w

A
post dict = dict " [w]
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Va € A-retr(f-(rep(a))) = fu(a)

Vr € R-retr((£.(r)) = fa(retr(r))



Vr € R - pre-A(retr(r)) = pre-R(r)

VI?, rcR-
pre-A(retr(‘7)) A post-R(‘T,7) = post-A(retr(T), retr(r))



ws € Dicta, w € Word F
pre-ADDWORD (w, retr-Dict(ws)) = pre-ADDWORDa(w, ws)

from ws € Word®, w € Word

1 from w ¢ elems ws

infer —3Ji € inds ws - w = ws(i) elems
2 d(w ¢ elems ws) €.h
3 w ¢ elems ws = —3i € inds ws - w = ws(i) =-1(2,1)

infer pre-ADDWORD(w, retr-Dict(ws)) = pre-ADDWORDa(w, ws)

Theorem 8.8: domain rule for ADDWORDa

L .
ws, ws € Dicta, w € Word +
¥ L L = :
w ¢ elemsws A ws = ws " (w] = elemsws = elems ws U {w}

from ws, ws € Word*, w € Word

1 from ws = ws " [w]

1.1 elems ws = elems ws U elems [u] L7.6(h1)
infer — elems ws U {w} elems

2 S(ws = ws " [w]) > h

infer ws = ws ¥ [w] = elemsws =elemsws U {w} =-1(2,1)

Theorem 8.9: result rule for ADDWORDa







MULT
ext wr m,n,r : Z
pre true

£ £
post r=m * n

-
COPYPOS
ext rd m,n : 7
wr mp,nn : Z
pre true

L
n

pnst[]gmpﬁmp*nnziﬁ*

POSMULT

ext rd mp,nn : Z
wWr r Y/

pre 0 < mp

L £
post r = mp * nn
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— {prei} S {pres A posts }; {pres} Sp {postp}
: {pre1} (S1;52) {posty | posty }
posty | posty & Jo; € X - posty (? o;) A posta(o;, o)
»
{pre-MULT} (COPYPOS; POSTMULT) {post-MULT'}
-

pre-MULT & pre-COPYPOS
pre-POSMULT is a conjunct of post-COPYPOS
post-COPYPOS | post-POSMULT
& Elmpg,nng-mpi*nngz?ﬁ*iﬁf\rz mp; * nn;
= post-MULT



weaken

pres = pre; {pre} S {post}; post = post,

block-1

{prﬁﬁ } S {p”St‘iﬂ }

{pre Nv=e} S {post}

{pre} begin var v:=¢;S end {3v - post}

7] {pre A test} TH {post}; {pre A —test} EL {post}; pre = §;(test)
1 -

{pre} (if test then TH else EL) {post}

[while-7] {inv A test} S {inv A sofar}; inv = §(test)
e i)

sofar is twf

while test do S end {inv A — test A (sofar V iden)}



MULT:
wr m,n,r:Z
pre true
pre true
if 0 <m then (m:= —m;n:
pnstﬂﬂmﬁm*nziﬁ*?

)

pre 0 < m
r:=0;
pre 0 < m
while m # 0 do
inv 0 <m
(m:=m-—1;r:=r+n)
sofar r+ mxn =T + m *
post r="T+mx*n
pnsti":?ﬁ*iﬁ
pnstr=iﬁ*iﬁ

= —n)















