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A detailed derivation ofa very Simple program
Ly J ! —

We are o‘.ns -)-o derive o I)rosram ”*}es}' all
Irve ”7 salis 3'"}3 +he (g;\lonj s]oeci]@cahon:

l[__C_C_?_Q N:int; con 1(7 int - bool ; var x: bool

. dest all drue {’R: x= {Vk: 05k :—-k<N: Pk)}
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Our QFS‘}‘ S"'E}D s Ao recorite  +the righ)-ﬂhand
side © R as o tanchion <w]nc>5e. FroPer‘}ies

we"\ Sub:;‘caqueml‘f?) ex )o'd-) E;FSOMQ- Gf“gt’w

\mef\"'CS). S]nce uncltiens o© ':n'}e&9ers' are

simF]er‘ H\an -(?Anc:'}'ior\s of (&nc}'iUns , woe
consider the fandHon f cs o constont,
budt do consider the rlﬁ}qi-]nomc\ Side UF?
o tanchkion 0{7 the Jwo bounds of) the
range, et is, Wwe rewrite he T)os}'Cmdi)-‘;cm

R: x = H.o.N
u]wef“e H 1S 3]\/&'—1 b(j
(0) H'U = <\/k: sk A k<J : Ck}

o * *

Our nexk sl—e 1S —unouoidabbg—- Jhe
'mvesl’iic\}ion OF the (ho]:e@x’b €x loiteble )

.

ProPer 1€es O? ~“"uc—3 unc*"ton +H ’J\As 'M'}r‘oduced.

Standord a ]olico.lrion op predica‘}e CQ]C‘.‘uluS
Canc\ no-Hmng else bu b | ]_Smfno"}‘c\, Iike
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k<J % k"'J = k<J+1 D
yields the {é”owmj +hree })r‘or)er)ries oF H
(1) c';J = H.L'.J'
(2) <) = (H.(f—H).J ~ (¢ = H.E.J)
(3 i<j > CH. i (D A P(J'—O H.U)

M

Tn (1) e r‘ecogmze llbasgs q-—-—(’\) holds
Rral ¢ !—"in (2D and (3) ”s¥e]98".

X
X ¥

Headin —()or‘ oy r‘er)e"}on, ou i -”nrc\ S‘]ep
is —unavwidobly! ~ the choice oFc\n invariank
that cam be (V) inikialized , Gi) maintoined,
and Gii) used Ao cemclade R . /Po.s)('r.?onin
our concerns r‘e\cjo«r‘dinj Cii) , we observe }ha
——Hnanles do Leibniz's ?r?nci]vle— we dan

ini‘-io\‘tze_

H(d = H.O.N

~Viz. \"D C',J = 0,N —  bub that the leg-hano\
side has '\—o be enerc\lizczc\ So &S lo comitain
K N ;3uc|n (SN a‘%skim —anl‘ wieé <con C‘crnc:\ucle
R . We choose @r nvariant  “Po A T

with

“Po . Hij A~ x = H.oN

Y. 0o<i A J < N

Ad To we remcrk +that dhe ollernalive lef-hand
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sides HIJ v X and Hn\) = %X would haove

8‘|ven invorian\'s cs ea‘5|1 ir\:"]‘io.lizec:( as /Po.
But in order 4o conclude R, ie.
x = H.oN

?TOM
(Hij op x) = HoN |

Yhe known volue c]P HIJ should be +he
unit element o() °p . Since (1) dells us
that the known wvelue OF H.ij \s 4rue,
this rules out the d'ssJunc)"rc:n. T View of
('2) ond (3) . the Qquiva\ence seems o
lec.d o GnN iNnvariant Hard +o mo»'m]rain,
ond hence the COnJ\:m“cjr"{o'h in T
¥ ¥ L

Our -(éuf‘-”"z ste is 4o determine wunder
whot additional condition “the invariant
‘;m}o\}es R . TTo Jhis end we observe

’12
{Cle—ﬁni-}'ion o? /RB
% = H.0.N

{7Po}

X = X A H'J
5

I

I

0

{Fred. cale.
IX OV H.id

< I OF

jxvigJ ,

q{arer w\nic\r\ olbser\/‘c.;'}on we decide ‘o use
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e hejahcm of Hne. \c\s)r e.xjaressicm, V.e.
(4) X A L<J

as guo\rd.

¥
* *

Our g)l«ﬁ'l‘\ $+eF 15 -\—o derrve "H’)e commqndCS)
%uordec{ in +he rePe% on. 1In order +o use
() we consider o Suardecl command
—Hnou\' comprises = ¢+ and leoves J
Consi-an}‘ . (No*e Mhat (= ¢+ cnd J::J-’I
work Acwards Q\Si‘ﬁco\h on of) ¢ <J , and
—’rho.}' IS nice r "\erm'm cs,-} ien . ) We consider
-?:)r Gs 3el- unknown € 4he rec’u‘:remen‘)‘

thod . .
X A £<J - (X = +i, E

leave [0 nvariant. We observe

WP (é,%:=c+1, E). Vo

{def 5 dep/l)o’ﬁ
H. (isr) 3o E H.o. N

{_/PO ex hjpo-nneslj
H(C-H-)J/\EEHIJ/\X

{ x -ﬁ-om Yhe u.ards
H. (H-!)J = f?

(< rom Jr)'ue u.ord (‘2)

H. (c-HBJ € HB(HOJ /\fc
&= '{ Le,bm‘zﬁ

E'—_t().i

i

]

[

)
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ve. +he Buarded command

P N L(J — C'J x = C.+!,) ()c

leowe s /PO

invaricnt. 5iml\o£b wWwe  aerive
{)mm the feqw’:fmenl‘ +hat % is  wmaintained

Hat  the guarded command

X A< > gy X ==J‘—1,¢CJ—1)
In_ee\—s the T'ec‘uir-emen—}_ Hence o soluh on

is

+€sl‘ all ‘\rue,;
ICvar i) ink; ¢ji= 0,N {inv: To APisond {-¢§
y, do XA if_(_j__’;_dyx = (1, f.c'
D x A<~ joxm o1, £GD
9_4_ '{/PO ~ (1x v c';J))hence}
N {R}

’RemQr\( Tn the Conlreﬂ' o() —Hnis note \'11 s
not in%eres%nﬁ that In -Hne chove Frbfjrcxm
the nondelerminacy can be reduced ij
remova\ o? one o -Hne 9uardecl Commancls)
Nonde#ermmc\cj con alwoys be reduced

(El"\c\ Q}‘F /Remo\rl‘:)

* " x

Cognoscen']"s recognize an Eindhoven in@u—
ence , In C‘nrthA\Ou" o() Anne Ka|demo\jj . who dic|
much Yo es)-o\\o]islw +he SuFeriorib o? the
Yeil inverio nh and OF Wim H.J.Teijen . who '}O&LSH‘
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me Cin WF155) how Yo derive the 3uarcl x>c'<J'
nngom outside In ", Jr)ﬂG)f \s b‘_‘j Con()rbnhnj the

ostcondition with dhe invariant. These inFluences

are Srg}efu 1!3 ccknow \eolﬁe d.

This note has been written ‘@r the sgke o?
Yhe ﬁ.ﬁ-]n S’LQF’ in which dhe r‘ePea’)ﬂ‘o]e
sla}em ent is  derived. ( T don't remember

ever houinj done it thet NOID')

“The woy in which non de)rerm'mc.fj entered
this pregrom  Waes  a Suf‘)ori sSe | it was «a
]D\eoxSur'e 4o see 4hael c\\ most dicroted

oy c\~od] Invariant .

AQushin, 18 October 1993

PSS The weakest solulon OP the equ\a\‘iof\

X: [XAN = 2]
is Y=22 . T he\])s ‘o know this. CEndof/PS)
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