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Misra's weakest po.?r- bumr‘

To }oegin with, we are interested in
{anc“ions P cFJ bpe nat = net  that ore

invo\uhons -~ i.e. are -}}\eir' own inverses -

ond have no ﬁx?oxnl-s, e

(o) <Wn:: <€°€).n=n N Pnf:n>

Decause PP= » tg=pP N P¥q
F:-lnC‘HOﬁ {) Pc.r‘)'l}'ljﬂs '{'L'Eq htn]-ur‘cx numbers

into airs 'CP,q) o? o\is}-ind' values: e

En?\') , the meanlrij” o? {) would be ,‘}')‘Ie
rfner o ’ or  +the o\-%e.-"; TFunchion ? de-

G
Etrmines the Po.r*'n-}-c‘cm'.nﬁ into )ooirs;, Cem ~
Ve\"Sel-j , "‘J’le Par‘]‘i honinﬁ determines -P y

We Saj thal < Pn:)af‘am enerctes
Tt Senerc\}es all poirs Cp,q3 sc.hs@'sta
™. Fc‘ with ™ 5‘|vcn b,j
\ISJ,\Q sl-\o.\\' COV?SIIC\er" sePcmo.}-el:j‘ aenerc.:‘}.’nj
Yhe T)a.rs in the order oF :ncFeQSJn3

and in the order of incr‘e.asinj cl .
\We are Pc»rl-’ucu\arb interested in~ the

"weckest” Vmﬁrams {DOr this JOb’ V. e.
‘ngrams So nonde}-erm‘m‘:s}ic that -Hwe\.j

Il
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coan 3ener“a-}e O‘nj @nc.)rior\ ‘F saHs%inj (o).

* ¥
X

The program thot oenerates +the Cp,q)
Poir:s in the order on incre_asins P is
S}-ro«ijhi'@)r‘\do\f‘cl. The -plrsl- coniunct OP
the jinvariant , which reloates o loca)
variable 4o dhe amount oP output gener-
Q}'ed 1S o() an absolu‘}e[\j S‘}'Gf\cc‘)"c‘ Struc-
lure

To. <VF,<1;5= M~F-¢| A\ P<n = ’ICF,q) heas been 5enero\?'ed¢>;

it is 3nif\-io.":,j’ when nothing has been gener'&}-ec\,
established 7b ni=0 , and the desired
ans wer wi”:l:e gencral‘ed bJ incf‘eqsirlﬁ
n  under invariance o? Yo .

Tn order —}»o control dhat 4he Pc:u'r's
3ene,rcc|-ed {érm o )Oo.r'}-i)rioninj o? the
Nnotural Ylumbers, the second con junct
links a local variable ~of type: ~ Set "F
nolurals -~ 40 the irrevoccble commitmenks
made bejono\ N more Preciseb

“V1. <Vo|:.- {’.q<n Ansq = q€S> )

W ois ini’ric\]l:j established —~with n=o-
h:j S’:: ¢ . )
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The {)o”ow'mj pro grom does the J'olo

Il var n: naot =0 ; var S: Setof not = &
> do ‘hes - S::S-—-{n} 3 N:=N<+1

1 n¢S’—t l[)_@_r_' r: nat
s solve r: n<r A rgs

> 3enero+'e (n,r)
3 Si= S+irl; ni=na
R

od

T—————

]

The &\ ori-n"\m's honde“‘erminc\.cf

'S
concendrated in the ins-\*ru.c-}ion fo) solve
r n<r A Tg5S

Since S V'S @hil‘e, conshuc}inﬁ o solu-
Yion s no Frob\em:, %r the same rea-
son the ins-}'ruc}ion Yo so\ve ta 1S a

stabe ment O? unbounded nondel‘erminaca,
ond +hanks o this unbounded nonde-

Yerminac ,-”\e program con Sener‘ai‘e
any -Punc}ion P

- Dut -H'\is 1S not the solution Ja:jodev
Misra was interested in. When we iden)rif
with the nalurel numbers o sequence ofj
events, we can associate with the pair
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C ,G) & message, put into the bu? er at
egej} no. p o.r?d '}'fken ouJ-oF the bﬁf?{q;er
of evenk no.q . In our program these
events are Suorded bfj the mukxallj
exclusive Suar‘ds n ¢ S oend nel
Tes ec;)-ivelj, whereas —gbf‘” an unbounded
bulfgaar one would like +he Suarc\s ho
be +rwe and S:#QS r’es]'bec'l-ivel:j ~1e,
the on\\j ConS‘l‘minJr be‘;na 4)10}-F’jv3u

COHY)C&} "‘}O\-ke Q. MQSSGSE Ou‘)‘ o

empb buﬁger—- .

We are now headlin %r‘ S Progrom
thet Senera‘,'es the Cﬁp,q) Poir's in the

orcler of) 'm'cr‘eqs'm3 q . -ﬂ N —H'oe

elements in & correspond Fo +he. mes-
Sages in he buf—?er , but  instead OF) >
o[ —‘Hne Pfecise event number C\‘]‘ w]'n'cln Yo
leowe +he bu@?er-— each element contains
an index wilth the weaker connotation
et the element with the smaller index

lecves the buﬁ?e,r‘ be-?ore the element
with 4he larSer‘ index .

an

The new 10 s
“Po' - <\7/P,q:: MPCI A c1<n..=.”<P,C]) has been 3‘208'""“}““>
and 18 'm‘\}ic.\lj es}oblis]ﬁec\ as be*@f‘e bj
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n:= 0

Besides +he local varioble ,S': w)aiclq
is now of ttj[:e Set of (nal, nat)
Yhere s o wvorichle ind used Yo
ensure thal each element enterin the

\ouef’er‘ 86‘)‘5 C l&rger‘ inc\ex -Hnan ever

l'eﬂ the Buﬂ;ér. The new T s

P’ S is the smoallest set saJ—is@inj
<VP" p<n A ng (7-)’3 = <§U== 'mdSJ /\(P,L'))es>>

T s inibially established by Sindi=$,0

“The -?o”ow‘mg pPregram - Misra's, thet is-~
does +he Job

Il var n,ind - nat = 0,0
3 var S: Set of (nat, not)

; do S# & —
\Lvar r,i : nat

: solve ni: (i) eSS A
Vpj (pjdeS: ig)2
;Benera’re (ryn)
; ,S'::S'—-{(ﬂf)}; ind:=) 3 niz N+l
1l
T true -
I[ var i: nat
; solve i: ind <
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3 S:i= S+{(n,'\)§5 N:z N+1
1l
od

——

Jl

With  the 8u.ards not @XC\Udin& ec.ch other,
& new —and desired, see above- nondeter-
m}nc\cﬁ has been introduced; pregress re-
qQuires thal i} be resolved {é'vrb, and thig
e u.iremer\)t su-ﬁ%ces. Fawrness OF the
buw{fer is now shown \D:j S}'wuoiﬂ ‘\')‘)q‘}
5

with some element (P,) n . Uﬂb G
Gni}'e number of se\eéﬁ'ncms of }he “§irsk
uwarded command is ossible belo re
P’J) F}Se\{) 1S Tremo-ved -ﬁ—om R
s\is\rﬂ- C'omr;\ic:c.*ic.n is Caused % 'H‘Te
?ac“ "”':a"‘ seve_r‘c.‘ e\emen}-s in maj

have dhe soame index . but W is owvercome
in dhe stoandasrd »@shioﬁ \3:9 the lexica)
order on +he r:oﬁr

J-inc\,Q\_\r: (r,ind) e )
and observin

(i) that i+ s bouhded @m \Oe\oud ‘37

(0,0) as )onj as CP'._)) e S
GiY W is dec reased b }he ()i rst QHerno.)rive
(i) @ s \eﬁ L»-ﬂcl'\anjed b‘j -H"Ie Second

allernc hve
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To show that also d1he second progreom
can Sehera’re ony C , we Tresolve its
nondelerminac bb' r‘ep\cx_‘inj in the
second a\-]-ernoa}ve
(i)  “+he Suqrc\ Yrue b:j n< ﬁn
Cii) —Hne equoho'ﬁ vboind < i (ér (ka2 shnce
bJ (the s}m‘r\jer> [E .Fn . (Q-@'er‘
He r‘e.P\acem ents . we can odc the
conJ wunct ind g n ‘o the invarion +-.)
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