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On E‘—:e_ Gscendivigress ~ keal  and
T T
onN Eo\ll MV AYi G ':-'b

Ohc o( our standard Projrammfnj exercises

ror Cl'rsl:-ljear Atudents r3 e
"ascerdingress ~ kest' : ivern an A'nl:ejer
array [o0..N), 0s N, the ?uc.sh'on s> ko

derive « ‘arc'jramminﬂ esta]:)l{a\ﬂ(n_cj ‘ao.sﬁc.oncl{l:fon
R X = “F[O--N) rS o.scenol{nj“

'ﬂm: .:‘:olu‘:ion kLw-.L wi“ emerje cr:":c'ca\l_g ole\aeno\s
on  what (;rma,‘izakion is bakern for (s
o-scenal{rljmcss. Ore -mcanw"t|"e c‘assical..
Poabibilil:_g is bthis:

(Vi) 0si<j<N: Lis )
Based on i:im',s f;rmu‘a.kiom E\vc Pro‘jrum s

read:’b derived, {n an qb.solul:clj standard way,
b a.alor;l:inj as an (nvariant R(N:=n) .

‘ﬂge r—esuleinj derivation (s ‘oowcver, a litde
bit laborious; alse orme wmay Feel a Irktle bt

annoged bﬂ l:‘-vc circumstance E:L’c.E —a\mo.sf:
.inevil:alab- the reed arises to bl:ren\g(;\wt‘n the
invariant with the somewhal outlandish

y = (maxi:psi<n: £0)

But Car (:.‘ne rest, a derivation a.‘ov-uj I:Lwe al:mve
limes runs  wvery smooth  amd does not evoke

Case Qﬂﬂiﬂﬁi.} .

How different ia the situation il one
c.\ﬂoases ko ?car-ma‘iac (-”3 aaccwdfh_jnesa 53 l:‘ﬂe
very (:mclfl:ior'm.‘
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(Vi 1gi<N: fG-) s (1)

Now let s investigate our atarndard thwvariant
N

For éwcl’- Proin\ems, viz o ~ T given bj
Po: otswn €N
Pi X (Vi:iSi(h : F.(s'-;)g fa)

As alwaﬂs, we éaee.“i ko increment n Eﬁ f and
carry oul the Qorre.s)ooncl-'nﬁ calculabion -

(\’/f: 1€1 < N+Y r-(l'*')s fl)
{s‘olu'kh’nj off the berm wi th L'.-.-n}

Bl
.

However, this QF‘;LE‘ihﬁ orr is on|_5 ‘OD.&&”:)'C
wiﬁene.v:r g As ‘(¥ !:Lw. range of h&ﬂe ciuaml:i-
Fication. At ‘oa\rl:f'o_u‘ar chnever s M
And bere we are «n trouble, because the
needed conditiorm 1< h cannot be exr;e“eo[
f-'r*om any r'ea.sona.u_l_.j c_\—ao.scn 3u.m“a‘- hor from Yo .
The way out seems ko rcrlo‘ce Po  with

l:‘nc éEronjer
’POI: {e¢nNx N R

but wrow we are in l:rou.l:le aﬁain because

the initial value or N could be 0 . Thus
o Case - distrrmckion beLweew 0=N and 1< N
is threatening . The way out seems Eo

re \o’ac:e o with

?0": 1 7 R

and Lo assign n<N as a cenjunct E&o
the juara( : Bul then the demonskratbion

that Pi ~ n3N = T becornes {nconve-
rient because we will bave Eo cowme U wikh

bemevolent E!noctﬂ\—;l: values  for CiM..=) .
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In short : trouble

all arourd .

We mij[nl: suspect that the chosen formalization
of £ ascencll'njncss L5 the cu’Pr—H:, bul this

is nrot the case at all

l-.“)e Couow‘{nj derivation .

as is witnessecdl by

We defime Kun  for 1gn by

Ko = (Vitngi<N: CG-0< {0)
As invariant we choose QO A~ R
Qo 1$h

Qir: K = x ~ Kn

T1ﬂe Pos!:corwlil:iom
R K.g =

"5 X

3iven 193

s

TLIC r—eFeLH:fom can kermirmate wlﬂenever
RHS. R = RHS. Qi

x = x ~ Kn
{Prcal"calc:“}

1 X ~ “(d’?
& {def-‘ of K],

4x v hnx2N

H

4

and E‘nef’efarc the HCjaLfoh of the last lirme
i5 an acce\akaue Suqr‘c{, Thus LLM

mc‘croscap’c
sbruckure of our program becornes

X, = Erue, f
{Inv QA@Q:}{Brd N-n}
5 do x ~ n<N —» - od

{R}
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The repeal:o\l::sf skaterment will comtaim nisnt,
for Eermimatkion’s sake . The re?uirca\ adjuskmehk
of x follows {rom

RHS., Q1

{3

X -~ K.n

{ x = true ~from  the guard - }
Kon
= { n< N —- -rrom l'.\'lc 3uarol-—-

(< n - From 0~ }

r'(h"’)-‘:’ {fin o~ Kine)
= { Sul:):vL.'Lu(:lon}

(x ~ Kn) (x,n:s C-ysln , ari ),

and {:L;e rcsu\t-u"ng program s

X, rn:= krue, 1
4 QL_O ¥ ~ nNn<N - x,n= r,(n-q),_(.r.n ., Nt g_g{

*

Ttne anVe \o\-ajr"o»wx Can ai.‘:o LDe o(eve[okaeol
on the basis oF e invaricnce oF Vo' ~Fy
the dff{erence bein ELml: the derivabion o[
I:"'H? jomrc[ and l:ge_ \Oroop !:an(: R s &st-qlvln's\ﬂea[
Upon terminakior Is much rore cumbersome

an with choice R0 ~ Q. This wote has
beern wrikkern to recall that tail invarianks are
Jusk riicer; but as Bcl: I don't have «
ﬁa(:iaracl:ory (:ec.{—mfca| eX\a‘ahabion of the
Plnenomenon.

)
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