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’Reducing con}ro\ 41‘0\?‘?‘.c n o dis}ri\ou'}ed imp\emeﬁ)rc.-
Yion oF mutuo) exc\usion

The ?ouowins has been PromF-‘ed bb [03 > @-om
whose introduction the stalement of Yhe Pro\o\em
Yo be solved hos been ‘aken olmost verbakim.

"This nole presents a scheme for achievin
mulual exclusion n e o\is}ri\ou"rec\ sgs}em ol con-

sists o? o Fin'.\re. number o«? processes ot commu-

nicote with one another \93 meons of messages.

“Processes are vermonent : -‘r\ne:j are not creoded,
c\es\'roaec\ or ?&u“‘j. Eoch process 1S in A 0? 3
slro\'es: (O) e.nsa\rjec\ i ibs Y\OﬂCT‘ix‘iCO\\ Sec}\on,

1) wai}ina Yo enter its critical sec)r‘lcm, () en-
Saged within i¥s cridical section. The dime sPen\'
btj C. ‘?rocess within i}s cri}ico.\ sec\-'ucm on each
en}r:j into +he cr'\}-ica\ Section 1S ?‘mi\e. A mutual

QXC\\AS'lOn Q\SO‘!“!)I'\\M is one In N»\ic\'\ ‘)FOCQSSQS Cco-

o‘perc:\e. '\-0 ensure '\'\10}

/RO: on\:e one Proc.ess is ensaseo\ wi“\in ';\s

crirical section ot o -}'nme, and.

no process has Yo wail Forever' +o enter
its cr‘nhco.\ ‘sec%on.”

fR‘l:

'Requ‘ureme'n:} "RO s eQSi\:j me’r. To“ow'ma EO],

we introduce o 31n3\e Yoken , either residins at
one o? Yhe processes or being sent @-om one yoro-

cess o another. ’Reo‘uireme-n’r RO is then wmed b:j
main\'o\inina “Yo given \on
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Yo: o Process eﬂgagec\ n i\'s cr‘n\':ca\ sec}‘ncm ho\ds
Une %‘0\(?7\.

Ecxch Process mo\in\-mns ,PO 53 (l) no“ Qh)fer]na
its critical section unless in Fossessicm o? Yhe *‘o\xe.n,
and Gi) not senclins the *oken 40 anocther process
while be‘mj e,naasec\ in ks crifical sechion.

The nex¥ nvariont s ‘?‘l Siven \o:)
/P'l: 'Hne Process ho\dinfj ’H’ne )ro\ten \S no\' wo.‘.;-\ns

Yo enter s cri}ica\ section.

Each process yeaintoains "4 b';j Gid S\ﬁppma
the wod}in Shﬁe orno\ en%er'ma ‘\\-s cri\ico.\ Sec~
Yon direc’) when ﬂ' CQmP\e\es its Y‘\QhCr‘ihCo\\
ac)r'w}\r:j while n possession o? Yhe Yoken, ond
GO en—\rer'mﬁ s critica) seckion wpon T‘ecei‘:)r

o? the }o\ren wh's\e. N '1\‘3 WQ\;'\nS s)l‘c\\‘e.

The rest o? his note deals with }he ques\-ion
when and where Yo send the Yoken. To this end Yhe
processes are c\rromsec\ n o ring, Yhe two circular
direckions in which ore dis%nﬁuis’ned Yo “Yo Yhe
\epr" and “}o the r‘\ﬁ\n\-" respec)rive\a. "‘:{ve Joken
s Sen}- 4’0 -Hne \e?}, SO—-C‘.Q“QC\ Signa\s are Sen"
o the ris\n\-. O connechion — Yhe curmechion \?
4he number o? processes @xceeds 2 — belween iwo
neighbcurs in the rin will in +he seque\ be
‘reated as o three-valued variokle: (i) i} is un-
used , Cii) W ois carrying o sian\ Yo the riah‘r,
Giii) b is carryin the token 4o Yhe \e@.—ﬂ'\e \oder
Jwo shates are pogu\a}ed Yo \ash cm\n o {’inﬂe.
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Periocl o? }ime.

“Yurthermore, each process s ether Wlack or
white . ’In‘.ho\\d, each Pmcess s enaaaec\ W i\s
nonari Fical 5ec)r‘|on, Yhe Yoken resides ot an orhi-

Frary process, all connections are unused and all
processes are whibe .

Sisna\s are sent Yo the rig\ﬁ, s}o«r}ins ot o
white waihna process, do call the Yoken Yo the

\e?-\. F\s }he siﬁno.\ 'S Pro >C c:\ed \orocesses be.
came black ; by sencl‘ms *)rle.j-)o\(en o Yhe \e@r Hnj
become white again, (The block processes ack

bke the breadcerumbs o? Tom Thumb.) The @3\\0@:3
q‘.aov\’rhm enJons

’?3'. }he w‘\i}e leﬂ?r-\nomc\ ntf\a\y):our o? (oY b\o\ck

Process It wo;i;ina
P4: Yhe reci P}en'\ o? a Siancx\ \s \-J\'\\\e
Y5: Pne rec‘upien‘\‘ o? e token is black or s

w&i)ing

Y6 o \f)rocess hg\c\ing —H':e }o\en while in its

nchri\ch\ sec\-icm \S wki‘re .

The e\emeh\s o? “\e_ o\\sori\-\wm ore as ?o\\oms

uPon comp\ehon o{) }\ne noncr'\}ic‘::.\ sec\-\on:

if in ]oossession a? Yoken —y en\-er cri\ico.\ section
0 2 in possessien o.? token —

i_f block — s\('\‘a
I white — send sisna\ 1o the ris\wl‘
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& 5 enter wo&\'ma skoe

R

L\Pon comP\Q\-ion OF Cri\r‘lca\ sec'.\icm'.
".‘? white — ski

n black - hecome while ond send
Yoken Yo the lef)

ﬁgen-\er noncriticol section

upon rec.e'qo)r of oy signq\;
l? mn nonc‘.ri\‘scm\ sec\'ion —
'.f in possession og.’ Joken —s send Joken o the le

[]'\ in PosSessicm og ‘\o\ten -3 \oecome \o\ou:\« and send
Send Slsno«\ Yo ‘\'\12 ri&h\'
{

0 7 n noncritical seclion —» hecome black

¢
wupon receip* o? Yhe Yoken:

15) mihng - enier cri\'ico.\ sec\tcm
 in noncritical sechien A black —

become white and send

Yoken Yo Yhe \e@r

&

“The above has been wri¥len down, @rs\-\:} becouse
1 \'\\(Qd the o\fjor'\#\'\m , ond, Sec.cmc-)\b, because 1

was ho\' swure \ﬁouo '\'o Presen} 'u\*. _I s\-i\\ dcn‘)- \c'ﬂm.o
hows Yo de Hhal and how do ‘sreserﬂ- its mothemon-

}ics In an im‘beccczb\e. manner, '“\ta\‘ ex]:er'nmen}‘

g E)or‘ \OA'er.
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The Poin'\ %) 'H‘:Q\' I \no«ve no}' siven A Senu.ine.
invariomk c\f\orac-\erizins all permissible shakes. The
oOMsSWer 1S Pro\oo\\o\j coo\ins Eroqess s\-o\)les -an:-¥-
Frcmn +he Posseﬁicﬁ 0€ 'Hne Yo en w2 — coo\ine)
ConnecHon s}'q)res ~23 — and enumero\;ina Phe
Posai\o\e r‘mj slro\}es as s)rrinﬂs Yo be characler-
i2ed bj Teaux\or expressions. “These s}'rinss
could \De.ain with +he process \ﬂo\din or the con-
necHon corr ing Yhe 4oken. Bul | guring out
how 4o do *taa)r hice\d '\Q\ces more Yime thon

LT hove nouw.
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