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Shmuel S&(}m's Version o{) Yerminotion detection

The onner' daj, S\r\mwe\ SQ@’Q , & ‘S\'uclevﬂ‘ o-? ﬁmir
’Pnuel‘.‘s, showed wus his so\u\-ion Yo e vaoriction o()
the Fro\olo_m WHJ Fegen, R M. van gas\eren ond 1
solved in F\\IS'ZS/WFEZ/END&Q) 5 Yhe variction \Oe'mj
Fhel message fransmission no \cm‘_cjer needs Yo be in-

stentaneous.

We wrote that neote "Derivation oFQ Yermination
deteckion o\aoﬁ,\-\wm -For dishibuled com?u‘ro\)ricms“ nok
se wmuch ?or Yhe de}ection a\sorl\-\'\m as ?or its deriva-
Yion. This note is written }o record how Sqﬁ-a's
q\sori}\wm con e derived q\onﬁ Yre ve\:., Some \'mes.
Tn order Yo ecse Yhe Com?or'tScm with BEwDS840 1
shall wse the soame Yerminology. Tn order \-o\cee\o
-)-\nis no)re selg COn)«aMecl 1 s‘no%? reslro)rt %—\qe Tsro\olem.

* *
»

We consider N  wachines, each o? which is

evther ackhve or passive. Onb active wmachines

"

send what are called Ynessqges" to other wmachines;
each message sent s recewed some J(?n‘:)e Tzer‘:oe\
o? Yime lader. Qﬁer \nowinﬁ received o message,
o ch\n'me. \s c:u::\"uvez_j1 \'\1e rece‘cP}' 0?0\ messc\je
is the on\:j wmechomnism that )rr‘uﬁgers For o passive
machine its Yronsihon o O\c\rivilj . Tor each vna-

chine, the 4ronsition fom Yhe achive fo the possive

.s\-cﬂ(e_ mo;:j OCCr ”s‘:oﬂ)ro\neous\ba.
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Trom Yhe cbove i} Fc:“oms et the stale \n which
oll modhines are ossive ond no messages ore on
their way s s’foﬂo)e:‘ the diskribuled c,omvl:uhﬂ-icm
with which Yhe messages  are associcted s Said
Yo have derminated. The purpose o? the Q\Soﬁ%m
Yo be des'ﬁmec\ 15 Yo encble one 0? the waachines,
wmachine nr0 soy, Yo deteet thal Yhis stable stole
has Yeen reoached. For brevi\j‘s soke we shall de-
note Yhe process bij which Yerminalion is delected

as "'nne ‘Pr‘o\:ﬂ ﬂ.

The Fro\oe. sbwi ous\b has o invalve , in some
way or o\no}\"er, ol wochines. Tor 5'\mF\'}Ci‘}3‘S
%O\\KQ wie QdoF)‘ O Ci\r‘Cu\Qr arranaemen)r, yare ’PTE-

c‘nsels, we assume the Qvo\i\o.\o\\i\b o[? communication

F&ci\ihes such thed
(1) wochine nr0  can inittiote the Pm\oe k‘b

se,nc\'ma N s'\gno\\ Yo machine nr N-1

(D) wachine nr. i+ con ?ro‘aaso}e Yhe Pro\oe
around '\r\'le r'ms bfj send'mﬁ O S‘)gno«\

Yo wmochine nr )

These 5"3“"‘“"“3 -?ac'\\‘n}ies are assumed Yo e avail-
able \rrespechve O'? '\\ne ‘FO«Ci\'n)r)es {)c\" messaje Frans-
mission. Note thal e passive (with res?éﬂ "
to Yhe C\'\s\'ﬂ\au\ed Com?u?

Preuer& o, mac\f\‘me g)rom _._TJOsr‘.)rC\k'mﬂ e -n'\e O«\DOVG

o\}'lcrn v):rovj:cr-) does not

si&na\\ina .
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The T)ropo:ﬂo}]on o? Yhe T)ro\oe, oround the ring
adlows wus Yo describe dhal pm‘oe as o +oken \oeins
sen} oround Yhe r’mf). The Yoken \oe,'ma refurned Yo
‘mc.c\r\'\'ne nr0 will be an essen¥ial Ccm‘:onen)r OP
e Jus}iﬁco\\-ion o? Yhe concdlusion tha} the stable
stole has been yeached.

As usual, the system stole will be coplured by
on  invarian}, 7V suy . 1n Yhe sequel VP wil be
construcled v a Number 0? s}eys, each b)rEP
Cons'\s-\-‘ms 0? an ex\‘ens\o‘n o? -Hf\e s}o\*e space
considered Qnd on G\?Propr)o\"e_ adJus}men} o? T .

* X
]

Thn Yhe «?o“ow‘m , T dencles *Yhe index __?{-) -\%e
mochine al which  Yhe )ro\(en resides. The Probe
ands Wl}\'\ '\' =0

With B= (-‘\—he number o? messaoes on heir wa:j\,
“\e\iW\lhc\\r;m 15 characterized \o:)

(Ai:0¢i<N: moachine nei is ?ass'ave) A B=0

and, in order 4o delect '\'ermin0¥loh’ His has Yo be
concluded  from () Yhe invanant, (i) Y=o , and
(tis) ?ur“ner ‘m?ormo}‘mm available a} machine nr 0.
So ‘E)r‘, in?orma}‘uon cbout B is available in nere
of Yhe machines. This can e remedied by equipping
each wnachine with its own counler ¢ and so
Cons\'ruc\"ma it that % vnaintains
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Po: B = ('§110$1<N: ci)
The o\‘)\igo.\"uon Yo maintain Vo \eads o

Rue 0 The Send'mﬁ o()O messace b% moachine nri
(]

includes Cix Gt +1 Yhe rece'nfﬁ C wmesscge

bb mac\'\ine nr.i '\V\c\udes CH = C.1 =1

At Yhe stort o? e comPu\‘&\}cm proper we assume
oll c's ProPer\j inihialized (e.9. with o\ s =0,
- correspanding lo o shrart with Qm‘ob chonnels).

Wemark In view o? Yhe —?ac\' Facy B is in- and
decremenled A s\-r'u\Ou\ec\\:j , O distribuled , acdditive
represen}o¥im o? ) , as CC«P\-urec\ i 0, is in

€ssence Oowur On\:) ov}icm. CEnd o? ’Remo.r\«.s

In order o Eno.\o\e -nne coﬁc\usion Q? -\ermino.-
3l'lon u.?c)h re}urn o? -\-\ne. '\'o\<en, we s)—ren&’r\nen H)e
mvoarient to  POATP1T wath T given b:j

P (Ris¥<i<N: machine nr.i is passive) A
CSitt<i<N: c.i) = q

where q s Yhe wvalue o? the now ‘m\-eje,r ‘oken.

—,1} o.\\owos ’r\ne conclusionm 0? *erminq}-icm as

/PO /\’P'\ A =0 =
(Ri:o<i<N: machine nr.i s Passive) A
C.O + q = B

so that wPon return o? the '\'O\ﬂeﬂ, +ermination <on

be concluded from passivﬁb of wmochine nr.0 , in
combination with ¢0+q9=0.
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As 3‘,01:-.: N-4,0 estoblishes P1 we Se\‘

2

Hule 1 At Probe iniYiotion, wachine nr.0  sends
the loken with =0 +t0 wachine nr N-1

Tn order that Yoken Yremsmission , e ti=ter
maintains P11 , we introduce

'Ru'e'z. Mac\nine nr i+l gwnin -]-\qe_ )to\xen kee?s
W}» i? achive i? paasive, it ronsmits it to

mochine nrl  wunder 9z 9 + <. (i+1) .

Oh\tj message '}rcsFﬁc. invo\vinj machine wnr. i
with  t<i<N cun - and does- ?&\51?3 i . Since
unicler /P'\ , such o machine s pass'nve and dloes
not send wmessages {a\siﬁco\\‘aw o? T tokes
Plc«c.e «::m\:J under the inibial trud, o? Bz, ie

— on o\ccouv& o? /\>O- N ‘}Erms OF -Hne VO\F'IG\\’.)\es
~ n¥roduced under Pa | 9iven \oj

P - (Si:osistici) xq >0

3

which remains Arue under message r“ecc—»ig\-':on
bfj yoochine nr | with  Y<i< N

So we are lead do consider the weaker in-
variont PO A (Prv P2) | TFiest we uer‘lﬁj
Yol i+ skl allows the conclusion o() terminao-
fony it does since under +=0 | T2 equivales
CO+9q >0 , with Yhe result thal cO0+qgq=0
implies P2 and hence TPoaT1 | 6econcﬂ3
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we inves\"ugo\)fe ‘he Possi\o\e ?&\siﬁcu\ﬁm o? .

Thanks Yo Wdle 2, +oken Aronsmissicon wain-
tains 72 ;N view o() Rule © , however, message
recep)ric:m "]"U weachine nt.i with O¢Cigh -~ may

Pck\sif):) ??. . Sudi message rece\o}icm maintains
the weo\\(er' Yo A (’P‘l v Vo v ?3) with 3 9iven b:’

P3: (Ei-0<€ict machine nri is black)
wnder o\o\oP}'ion oP

Nule 2 On rece»“o\' o? o messoge | -Hne. receiving
machine Jurns black. '

Since under F=0 | 2 eqmlvo\es “mochine
nr 0 is black “, moachine nr.0 can shll conclude
Yerminaktion EF), N chc\i)rim, it s white, Token
Yrattic Mm& v‘\o]cﬂe /]73, viz, when o \O\Ckclc
machine Aransmits Yhe Yoken. Such dronsmis-
sian  maintains  the weaker PoA(PivTevPaviX)

Y4 the "\-o\cen = Bl ock
uwnder &doplﬁvn 0?

’\?u\e 4 p; \Olokc.\& m&c‘lx';ne el )I’ransm';)r\":hj
e loken Ho moachime nri Aransmits dhe oken
wlackened

Since O—he ’ro\«en S bq‘n'-‘@.} => ‘1’134 , ‘mFormo\\-icm
avoilawle ab wadhine w0 at token  relurn
C Gy s\‘i“ S 1ce -\-o con C\U\c\e ‘}Er‘mi nq\";c:'n .

* X *
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1(), when +he Yoken hos returned and machine nr.o
is possive the Yoken is black or machine nr o is
black or CO0+9 $#0 . the Pro\oe has been unsuc.
c,es(‘)u), in Yhe sense thal derminolon cannot he

concluded. This is remedied \9:' o\c\o‘ohna

Rule 5 Afer an unsuccessful prele, mmochine nnd

initiates o nexh Probe.

Withou? dhe Possibi\‘n\-n c? Arevmsitions Prcnm blecke
o white such o wext Pm\oe 'S Suomn\‘eed o be
as unsuccessﬁc} as irs ‘Predecessv‘r‘. There ?or*e. our

nex\- \-as\< 15 1o ‘mves\‘igc&e w\nere We Ccan w\ni\‘en
without ?&\siﬁ&‘mg PYon (A vite v Py v )

As 'l‘l\ﬂ"lcﬂ‘ma the pr‘o\oe maintains 1o ond
es}ah\’.s\qes /P‘\ » w\nic\f\ are \ooH-. co\Our-indene\en\‘

wWe  com squ\:j c\o\cr?}

Rule 6 A} initiaton o? the pro\oe, v achine
nr.0 w\'\i}ens ’}Se\F and +the Y oen,

Since w\f\i)renmﬁ Cy mo'c\f\ine o F&\siﬁj Cmb
Y3 ,huﬁ coes not do so when thol wachine's
index @xceeds Y , we coan sq ely o\c\o‘oi"

Rule 7 UPc.m Yfronsmission OP the '}c\»fen o
machine nr.i , wmachine nr it1  whitens ibsel P
(Note +hal, O\QCQFdW\j Yo RWule 4, \ts oﬁgina] colour

may have ‘mﬁuenced the colour oP the *‘O\‘Qn.s

The obove whi\-eninfj Pro\'oco\s sulice: a@er

'lrer"m'mQ\"lm\s %e C‘S are Qo'f\S;‘Qn}, -Hﬂefr sSUvrnm Qqu\oﬁs 0,



and no wachine Jurns b\o\c\g Qn:ijf‘E. A T)ro]oe
started in }Hhot S}Q}e ends wvath CO+q =0 ond
oll machines white ; the mext probe ends with

Yhe Iolen while as well

* »
#*

There are \oresumo\\o}j endless variations on Yhis
c\\gori“wm. ﬂ? reeeipt o?e message o\wa:js Veaves
the reci})ienlr active | we could have re-‘;\oxced P2
ond Hule 2 \03

“Ta' CEE:OS'\S\\". machine wnr.i is achve or block)

Rule 3! U?on Yhe Aroansition ﬁom active Yo PQS‘S'NE.

& machine '\‘urns \o\c\c\«.

Bul neither Yhe Q\Sor)H—wm nor its varictioms
are the ‘)o'm\' Q? Fris nele ” which s akour the
derivation 5\-ra¥633, which  orked agoin. A cknowo-
\edae_men\‘s are due Yo SOhmuel Salfe. and ‘he
mewmn bers o? Yhe ATAC thol were Presen¥.

V5 Jo«nu\ar\v 987
Prof.' c\r, Ec\sger \/J.'DB\(s\rrq

O\r\’men\‘ O? Compu\er Sciences
The. Univers:\:j o? Texas o} Bushin
Rushin, TX 78712~ )83
United Stales o? Bwmerice.



