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sqrt «—— ApproxSqrt ( num) =
PRE num € N THEN
ANY approx
WHERE approx € N N
approx x approx < num /\
num < ( approx + 1) x (approx + 1)
THEN sqgrt := approx
END

END
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sgrt «—— ApproxSqrt ( num ) =

VAR low. high IN

-----------------------
----------------------------------

-------------

.....

low , high < ChooselnitApprox ( num ) 5.

s
--------

..

. .

an
-------------
.............................................................

INVARIANT
low e M A highe A
low + I < high A
low » low < num A
num << high = high
VARIANT
high — low
END ;

sgri = low

END
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low , high —— ChooseInitApprox ( num ) = 4. .......
begin low :=0 3 high:=(num + 1)/2 + I end ;

PRE num M THEN :
ANY xr. vy P
WHERE xxe N Anyye N A
xx + I <yyAh
XX % Xx < num N\
RUM < VY X VY
THEN low . high := xx , vy
END

@ "
& !

(- 1"




low , high — ChooseBetterApprox ( num , oldlow . oldhigh ) =
var mid in
mid = ( oldlow + oldhigh ) | 2§
if mid < num/ mid @" "!'
then [low := mid § high := oldhigh [ & |
else low := oldlow § high :=— mid : : .

end n &
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CONTEXT
Operandes

CONSTANTS

a
b

AXIOMS

axml : aeh
axmz . beh

END




MACHINE
Mo

SEES

/ & 3 I H# Operandes

$ VARIABLES

n
r

INVARIANTS
invl : nek
inv2 : rei
inv3 : n*=b+r=a=b

EVENTS

INITIALISATION =
STATUS

2 & | | * " ordinary
. ) . BEGIN
/ actl : n,r=a,0
END

mu 1 =
STATUS
ordinary

.
R
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MACHINE
M1

REFINES
Mo

SEES
Operandes

VARIABLES
n

r
i
]

INVARIANTS
invl : ieM
inv2 : jeM
inv3 : n¥b+r=i*b+j .-

EVENTS . 1

INITIALISATION =

STATUS
ordinary

BEGIN
actl
act?

END

mu 1 =
STATUS
ordinary

REFINES
mul

we®
o

add =

03
.
tea,

-----
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.
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-------------
-
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*
*
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.
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=@ M1

E Operandes
@ Variables
- Invariants
B Theorems
% Events
=& Proof Obligations

# 3

ﬂr’*mmmsnnmwnu 17N
ﬂr’ﬁ'INI'I'Lﬁ.LISA'I'IDTﬂInvE;"INH
ﬂr’ﬁ'INI'I'LﬁJ_IS.ﬁ.'I'IDanuSHNH

ﬂ mul fire 3TNV
/] ”"“”ElEthSIM

.
o
.
.
P
nnnnnn
.
.
.
.
.
.
.

ﬂ'ﬁ' Eddfnvmmu:_:
ﬂ'ﬁ' Eddfnuzﬂmu
@' addi ”ﬂﬂmui
@B add VAR e

'ﬂ'ﬁ' add/MAT

Fa S _
a -

State

El'} Goal &3

e 1=0 n J=a=b
invl ieN
inv2 JeN
inv3 n#b+r=1i%b+]

State

El'} Goal =3

1=0

1 - 1=1
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CONTEXT
boolnat o™ ' "G

& &I

CONSTANTS g,

b2Zn

AXIOMS

axml : bZ2neB0O0L =={0,1}
axms : bZn({TRUE)=1
axm3 : b2n (FALSE)=0

END




MACHINE
M2

REFINES

/[ &3! # M1

$ SEES

le * Operandes
. ¢¢ boolnat

VARIABLES
n

r
i

]

k

1
inloop

INVARIANTS
invl : inloopeB00OL
inv2 : kel
invb : inloop=TRUE= k+1=j+b
inve : 1eN
inv/ : i=0=inloop=FALSE

THEOREMS

(i=0 n inloop=FALSE) v

DLF - (inloop=TRUE A k=0 A i=0) v
(inloop=FALSE ) v
(inloop=TRUE A k=>0)
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