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'Reducan control -srm%c in o distribued ‘\mp\e-

men4o¥i0n o(’ mu}ucx\ exc\us‘lon

We consider o nefwork of machines Yhal can

‘send messases )to ec\c\n 0‘“’\@1". E&c\m mo\c\n“me. s
n A o? 3 sholes, viz.

Por " e.u):ro\“:) ensased g
Fcr "de\&:jec\”, or

N L 3

f’or “ Cri*ico\“‘j e.nsaged ”

a Cr'\)fiCa\ enoo emen‘} \QS"S Oﬂ\b < {)ihﬂe PQT'\Od
and 15 immedia E\:j ?o\lowe.ci 193 Q neu\m\ ensage-
ment o? Yhe machine in c\ues)ricn. Belween o

heusrr‘c\\ ond +the Sc.\\oseoluen} C!‘i)’ico«\ engasemen}
o dela Moy oceur in view of the requirement
thet ot any moment et most 4 mochine be cri}-
i(o\“‘-.j enSQSed (SO-CO\“QC\ "Ynuxua\ eXc\usion ") 'The

'l*mp\ied sbnc\nroniZQhQn has do be ‘1mp‘emen3}ec\ n

SU«c\n C. Maeanner —Hno\\- no de\a:j \0\5‘-5 g,orever (So-
called ” ?&‘-rness ",

We inlroduce « single token , either held \J:j
one o«? e machines or \oeina sen? ?rom one

machine Yo another. Muluol exclusion is then
achieved \o:j mo\m3ro;'m‘m5

(o % Cri)fiCo\“‘j ensaseé mo\c\'fme ho\és }'»)e ‘\0\(en .

The machines waindain this \053 (D) ot \ni*iq)rms
o critical enSc\SemeM unless \no\clina ‘he Aokem,
ond (i) not sendine Hhe Yokan Yo another machine
while be‘ms cr'nhco\\:j enso.ged. |
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Furthermore eoch machine maintaing

the machine \no\c\in& Me dcken is not de\obeci

by (1) skipping the dela wpon Yerminction o?

o 'ne.u)n-cx\ enao‘semen* w}lie \‘\O\dinj Yhe *o\<e\n,
and (i) '\ni\’so\\'in‘s Q cri\‘icca\ eﬁsasamen‘\ “wpon
reCe.iP‘)‘ o{) the Yoken w\'\'l\e. de\aﬂeci. "Fa‘nrness \S
H-nereFore ensured Wwhen each deloyed mochine
recejves Yhe ')‘O\ten within o 'mi;e. Perioc\ 0? \"l’me.

The rest o{’ Yhis note deals with the coniro) o?
the movemen?} 01‘7 3—\'\e '\‘o\xen_ Yo Yhis end H‘\e mc.-
chines are orranged in o ring , the dwo circular
directions in which are colled “to +he le@" amd
“Ao Yhe r‘us\w\;” reswj:ec)t'we\:j. The token is sent Yo the
\e@, so-called signq\s are senk do Yhe ﬂs\u\'.
Each \‘m\-: Connec¥'1n3 two neis\-,\oour'm\cj) moc\\‘mes
n +he r'ms s N A o? o S\‘c.\es,vvz.

u %sr “Unused”
t ?or‘ ” CerginS -\-\ne '\'o\cen t}c; '“'ie. \e?} '
s for* "c&rrt)ins a s'uﬁna\ Yo Yre rls\n}"

The lotter dwo skckes are FOS}“\O}Q‘A Yo lask cm\:’
Ca ‘m?lte Per‘noc\ o() Jnme.

The idea is thal o delaved machine can send o
signol to the right 1o coll the *oken Yo Hhe \eﬁ. Tn
order J«-<:> mar\« r‘ins se.amenl:s -\rcwcrsec\ ’\-o Yhe righ\‘
by sisnn\s but nol fje} froversed to +the lefd by the
loken , machines on such seamen\'s wil be black; the
others will be white . We shall now moke ¥nis precise
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ba deue\opir:j ‘H'ne Possi\o\e s\‘a‘es o? the ring, ond
bea‘m b:j clemﬁ\:ina the c.odina conventions we shall
wse kor the descm?}-ion of) Hhese ring stales.

The stade o? a link will be coded \"':j L,t ors.
The slole of a moachine will be coded 53 +he colour
b or w , followed b n,d, or ¢ ; the machine
ho\dirB Yhe Yoken is iden\'igecl \D,"_j wr'lhnf) }s colour
with o QO.]O':'\‘O\\ leMer. The shale o? the ring s de -
scribed 193 (= s;‘r'mﬁ o? Yhe QP‘ProPrio.)fe, \er\s\-}\ in
which maochine sltoles and \ink shales c\“ernn}e;

Yhe direchon “4o the rig\\)-" in the s\-r‘mg Coincides
with the cirecular direchion “Yo the T‘nah’r “in Yhe ring.

S’frinss are gjiven by so-called “recular ex-fwessicms'f

'T\oe_a ema\o\e. ws ')to descri\oe. Yhe \ni\ric\ s\-q}e b.‘j
Wn uw (wn o)

’

e, o bo\n\)re. neu«“m\ ‘ma.c\'n'me_ ho\c&in& 'H'te )token

2

on unused \ink, g)o“owed b, 2zerc or wnore occurrences
— that s whal the star slends ?c:r‘—- o? o whike
neutrol machine nel ))o\chnﬂ Yhe Yoken, ?Q“Owec\ \:3
an unused link. The ohove reqular expression  ex-
pr‘esses: a“ ‘mac\nmes are w\\i ond neu}ro‘“ er-
5a3e°\> oll links are unused and the doken resides

a} some wmochine.

N‘.'j indenbion 15 4o build wp +he nvariant as the
fronsibive closure o? *he successor relakiom, hand in
hond CoﬂSideﬂhS’ as the need arises, more Qocal 1)

Successor relations and Yhe resu\)-ing ex‘ens'»cms o?

Yhe grammar o? reachable staes. We shall mork Yhe
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local Successor r'E\o\“icms Since }heﬁ \'10.\/3 o.\\ \'c: be.

C‘o\-\ered for " ‘H\Q Q\‘Sor'nnlm we aore beo\d'ma ?or.
The white machine \'to\c\‘ms the Aoken moy ccrmp\ek.

s neu\'ra\ eﬂsoﬂemen} - But in %\m} cose we \ncwe
o.\rec.d»n decided wpon Yhe Yronsition

Wn - We (o)
which ex}ends rea&do*.\ﬂb o
(\:\ln‘\'\]c) w (wn u)*

~in which,as usual with reau\qr expressiuns, e ")

is used o seporo}e alter natives — |

Qnernal‘nve\.j o w\n‘.}e mc\c\\'me ot \'\o\c\'ma Fhe

¥0\<en maj ccrm‘o\e)e. s neu}ro.\ ensajemen}, N

w\mic\n case I Pro]oose -Hne "}roms'.‘r'uon
wn  w —_ wd s (‘\3

w\nic\w, Since i} ma octur rc—‘_}oe:x)rcc!\5, ex\renc\s

T’e.c\c.\no.\oi\'\\'n }'0
(wd s Guan )" (Nn\\nlc) w (wn W)

The while machine mat) Yerminate its cr'.hqa\

e-naaaemen},- ‘I \Dropo.se 'Hle %‘ronsi‘ioh
We — Wn ©))

which does ho) ex\enc\ rea::\\o.\s‘-\i\n. Leb wus now
?o\louo the carried Si&na\; 1 propese

S Wwn u — W bns (3)
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which exlends reac\no\oi\ﬂb Yo
(wd Cu bn)*s Cwn u)ﬂ)* (\Jn\\rlc) “w (wn \A>*

Nova a \olac\c mo.c\r\ine. mo *erm'mo.):c e neu}ra\

engagement, (or which T propese
bn = hd (4)
which extends reachabilily o
(wd Cu Con|bd))' s Cwn W) (MnjWe) w Gon Y
with the result dhal the dronsihion
s wd — w bd (s)
does not lead %o further extension of the reachabilily .

Comes the momen} thal we have 3o comsider
+the siano\ reo.c\n‘mj the machine \ﬂo\c\ing Yre
}0\\'en. I ]Oro\ouse.

s Mn — t wn (6)
s We — w B ()

which —in view o? (1)— exlend re.qc\r\o\s}\ﬂb Yo
= ((\nln]\nlc)-u ‘ wd (u (bn\\:)d))* (-\- \u’Bc u))(wn w)
with Bz (ud (u Gon | Bd))" s Gun W)™

Now G b\ac\« rnc\c\'fmc moﬁ '\rerm'mo;\-e HS c.r‘l\"ucc.\

eﬂaaaemen‘\‘, g)or which T_ Prmf)ose
w Be — ¥ wn (8)
which does not extend the reo.c\nc.ka\'.\b.
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—N‘-e \&s)r QKFféSS'IOY\ Fcrr' reo.c\-nc‘\:\e. ri

n s\'o\\'es
invides us Jo cemsider the eﬂ)ecﬁ- o\? )’ne%o\(en on
its woy o Yhe \e@ BN Pro]')o.se

ubnt — % wnu (%)

bd + —- Be u

(10)
wd ¥ o We v

(1)
The }ransitive closure has been reached, e \osh
ex‘:ress\on %701' reachoble nn s\q}es S our s\-runses\-

invariont. 1} leods c\irec\-\b Yo obviously desiroble

J
conc\usicms suc\'\ Qs .

the 'rec'uloien'} o[[) o Sisno.\ S w\\'u}rc
the recip‘;en\‘ o? the roken 1s Wlack ar s c}e\a:jed
the machine ho\cling Yhe Joken s not delayed

o cri\ica\\n enqued wachine holds the ‘\-cien

o Y\Qu}ra“ enqao ed b\ac\« mac\'\iha oloes no} \'lo\d
3 "9*9
e Yoken

o de\abed machine does mo} hald Yhe token.

The Componen)rs o? *H'le, C\\gorﬁ‘\\m ?o\\ouo direc}\:j
?rom Yhe listed Yronsihions.

wpon comple}ian QE o nNeulral engmaemeﬂ\{(o),('\),@)}.
‘Lg ho\dina Yhe Yoken

-)‘[(0)3 imYicke cridical eﬂaasemen!r
B'\ \nu\c\in& -\-he 3l‘o\<e-n
—> \_? white —->{(J?) send s‘usnc\\ 1o the r'ngh’r
and nilicte dela

[ Wlack —bi‘uﬁ initicle de\Q.j
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wpon conclusion o? cr'\\ico\\ enso.aemen} {(’L),(ﬁ)}:
i_? while —»{(‘2)} initiode neuirel ensusemen\‘
Il bleek —>{(8)'S send Yoken 4o Yhe \e?)r, beceme

Lo\'\'n\‘e. and 'mi}io»)le heuxro\‘ engasemen\'
g

upon rece\p} c? o .Slf)no.\ {(3) (‘5) (€, (7)23
'_f neu}rc\\\b engaged
-\ f ho\dma }he Yoken
—>{(6)} send token Yo Yhe e?\-
n'l ho\c\mﬁ -H'ne ¥o\<en
- {(3).3 Send S'lsna\ Jo dhe i 3h)(‘
oand become black
| E\
A heu)n‘ot\ en
__3{(75?) (7%
@

upon \rece.u\'ﬂ- o? the \'o\(e_n {("{3) (10),(‘\133:
i_? neu}ro.\\ﬂ enaasac\ VAN \0 OLC\(

—"'{(95& send Yoken Yo the \eﬂ and
became l.d\'\ \1‘6
“ de\oaec\ -—3-[(‘\0), (’\’0}) inikiote critical

é€n 5&3@.!’7\ Ql’\*
ot

P e blach

In rvekros pec\'

The above does not re?\ecsf ot all the wou in m\mc\n
T discovered Yhis Q\Sor;)r\'\m 1 sow i¥s oss;\s.n

do»:js aao N o ?\Qs\n \v\rmerea@er A’ }Qc\( e \-\ne mo\Jor
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Pw"f 0{) hwo even'mgs “ro bori\'e i} c:\ouon, since 'L had
shll Yo Yhink about the precise role o{-) the \o\ac\c/
white distinction ond did not know how Yo demaon-
sher 'n\‘s c::rrec;'ness. 1 menhonec\ o, num\w.f' o?
consequences o? the invoriant —as I have done

M this Yexk— but did not write down ¥he wnvorint
i\‘se)ﬁ, nok quzing\b m Pr03r0m contained o
error. The }tex) ended with the remark }thaot regulor
express'mms mia\n’r \orov‘rc\e )r\ﬂe means (-;or ?c}rmu.\o\-

-l-'ms Yhe invarionk.

This sug QS}iOh was €Xx \orecl ot 2H’\e ne><¥ ses-~
sion of the Tuesda H@ernomﬁ Club. 9?\-&' some
notahional exper\men?s wWe came Up with o dra
invariont \otj meons o? Yfrial and error; Hhis Foolke
15 hours. That o@ernoon we remembered thot S
Years ago T had commenied —in EWDEE8- on o
very similor solution designed bb Main J. Morkin
Ccoded in o version 0? Hoore's Ce.-mmunic:c.\-ma
Sequential "Processes —fc:r which o f{oir doemon
had o be assumed.; So many beors later L dQ?h
hi*e{:j disliked +the ar&umerﬂ' o? CWD668 ).

This version +took me the ‘Ynoi)or' Pc«r\' o? hvo
eveninas ond on q@emoon, not in the last p\oce
because T would like Yo present the solubion n
Hhe ?orm o? (0% Possi\:\e - 3+ unitrue— design
}\'us‘rora. “The idea o? c\eue\opmj Hre invarion} \o‘j
successive W%\(Qﬂ\ngs came while L wes wr\\-‘ms-,
qui}e \ike\:j EWDR40 _ which is almost the rvecord
o? o Yrue c\esian \n‘\s\tn-b._ Qc)rec\ as 'msp;m\r‘non.
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The decision +o de.ve\op Hhe invariant 9raduq\\5

was rlro\\'mn ’i?cr *wo reason. '“n'\e minor reéasan wWas
Yo}, when 1T showed m drq?‘} invariont Yo C.S.
Sc\no\)fen, his ?’n‘s\- reaf\riqn was Yo Suppress o
shudder. The mojor Treason Wos Prck i} reﬁec‘rs

o disci\o\‘med wo.y o? Q\gorﬂ—\nm deue\opmeﬁ that
Pmba\s\j }105 w‘uder O&]QT;\icQ\DE\i\':).

Some rvemoarks about this develepment are in orden

0) I could never have done i}, hod L nor been
su?ﬁc&eq}\\j familiar with resu\or expressions.
That -Hne{j could be used ot Sooc\ Od\IQn\'oge
seems again to S0y some\\nma chout Yhe com-
F\exi\-\j o€ Yhe Prosromm'ma Yask.

1) N':j notakional ex‘:erimen}s o? \osh "Tuesclo:j hove
not been recorded, and +he reader should e
reminded H‘;o\' i} 1S ho\' o.\wo\:js obvious how
best Yo QFT’\:j knou\m ¥ec\1n\que3.

2) Nole the order in which ¥romsibions &) and
(5) have been inFroduced: iy de%n‘s\e\j Sim-
P\i?’uec\ -‘-he. derivo.\r'ucm °€ '\-‘ne Y‘lex\ T'e\CjU\.\O\l"
expreSSim. So did the Possrycmemen)r 0? (6)

and () .
ﬂc&nom\edgemen\'s
N

I express my grakilude o W Mani Chondy
To) -g)c:r drawin "y atrention *o Yhe Pro\a\em,

mn respec\' ?cr‘ Q.S.Nor\"m T_‘\:\ gecrr‘ hav‘\ns —?c:un&
Yhis So\u.\ic:'n 5 ears QSO' and Yo Yhe me.m\_)ers

og? Yhe ’ruesdotj Qernoem Club ‘?o-r' Yhemr comments

on the previous version.
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