EWD864-0
The dishibuled snopshot of’ Chandy /Lamport/Misra.

[ The a\sorﬁ\nm dealt with in this nole was shouwn
to me on 4 July 1883 by K.Moani Chandy and Joyadev
Misre. ~bokh og the Un’wers‘sb o?T«?xqs o} Rushin—
who oove cansiderable c:red'a\' }o Leslie \-Qmpor\‘
—-o‘? SRT Tnlernational — . e next 8 weoks or so
1 wos otherwise en QQQA: then Yhe last 2 sessions
o? the 'Tuesdo.b ﬂ?—\ernocn Club  were devotred do it
The ?‘urs‘r session was devoled to o recuns¥rucion
of Yhe ypreblem and OF i¥s soluYion and Yo o sum-
mow:) of our \oroog) o\o\iao}\ons; n ».e second session
we devised Yhe correciness Fmo? iven below. 'IP'I
have ?ﬁl‘ec\ Yo do ‘\ushice o the o%ori}\wm,j o%r
W\:) o\]oo\oﬁies Yo \%s o\u}\'\ors.] ‘

\/Je consider o ?\ni\e ne}wor\ o? sequen\'ac\\
mac\nmes, s}rcma\ connected \o:j un'l-direc\'kmo.\;
?irs\‘-ih-ﬁrs}- ou} messaje \Dug?efs, Qﬁc\ Suc\'\ H\O}
+s ac)riv'n\ can be descr'n\aecl as & succession o?
040m}c o\c{‘:ons. tach o\‘omic Qc}“ibn \Q\(es F\o«ce
M one mc\c‘nine, ™mo cOmPrise the rece\o}ion Ego*ne
message g:;‘Orn one of Yhe machine's 'm\mﬁ bu flers
ond Yho:j C.om?r"nse -)-\'\e San\inj C}? C)A' mos* one
message per Ou}r.m’r bu@?e.r. Necessary inilial
conditions ?or' an olomic oclion do Yoke ‘P\ch
are (i) thot the machine "Mm gueshion is 1n an
QPPmY)rio\‘e stele, oand (i) Yhat the \au??er in question
18 no\' QmP\‘a '.? -H’)e o\bmic o\c\ion 'mc\udes TQCe‘:‘:\‘

o{) G message.
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The shole o? the nelwork s deemed do boe ?u\l:j
described \03 Yhe shrores o? ol ynachines ond Yhe
CQrﬁen\'s o? o“ \Ouﬂ)ers. For o S\Veﬁ he}wor\g o
)oredicq}e s CQ\\ec\ ”S*o\\o\eh i? none o© ‘\-\ne o\omic
o\c}ions con fa\s'l? ':} , ©r equ'.va\en\'\:j, 'u? '\} ho\ds
in all s\-a\‘es \“eac{o\o\e ()rom o s\o\}e in w\nic\n ﬂ-
holds. (For QXO\'MP\Q, in Phe how classical case of o
O\RWusm CMFL\)‘G\}"IQH -}\'me Preclicc\}c ” Hne O\'léas'mg
COmPuh ion \'\as '¥ermino\}ec\' WOu\c\ be a s\‘u\oe
]oreo\ico}e; n a }oken-Preserv'mé ‘ne\‘wor\‘: the
Prec\‘\ca\re ”-}he number o? Yokens '\rove\\inb on the
network eo‘ua\s 7” would ke S\‘o‘)\e.)

'T\no.\\a we gasume some ?o\‘nrnessl., more -s)oec‘.?‘.cg\b
Yhat +he sas}em's nonde)rermﬁnaij 1S resolved in
such o monner -“10.): eac\w messaﬁe en}eﬁn& o
b‘A?Fer even\uo.\b leaves '} o} i¥s orher end..
(ﬁh:j daemons enswrin -H'\';s g)o.‘;rrsess are nc;\-
considered +o he Par\' o? the sbs}emD

The execution o? the snaPs}uo\- o\\gor'l}\wm to be
desianecl 15 erged  with Yhe nedwork's C)T'la‘mt:\\
C«c)ﬁv'}:)-, ',\5 Fur]:ose 1S %o co\\ec¥ in?orrho\\'ucn
Q\\owina the detechion Yhal o shoble state has

been yeached.

To 'Hf\"\s Qﬂcl.
() Yhe reper)@irc o? messages is QX\eno\ee\‘hﬁ\'\w
me Mew message, celed “Yhe red \ether |

(i) each wachine is eolu;Pch{ with o biF ‘r‘ecwdins
w})e“'}ef‘ the moachine is while or red.
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(i) eoch wochine is qquipped with o bit g)cn‘
each o? 'n\'s. npul bu?ﬁzrs,recorc\ins w\ﬂe\‘\ﬁef'

that inpu}' bukler s while or red

(\V) )lﬁQ e f}“'s‘)'lft Oe Q}QMEQ C\Q\"ICMS [ e‘x\;enciec\
—~and wod;fed , see later— with otamic ackiams J{Dm-

the Tecei‘o} 0? red ledters.

Tni\iq\\:j o.“ mac,\nihes ond o.\\ bu\ﬂ)ers qre w\nlk.
“The smrbs\wo\- Q\aori\'\\m 1s ?‘-red )’:j one o? e
YhQQ}l'l"ﬂeS -#he_ ”S\‘Qr‘}er”— b.:j Oscx'lhﬁ as \f ﬂ' }10‘5

received o red letrer ( E’rcmn " nowhere ”)

As ()o‘r as red lebrer }mg?tc. ond CQ\our'mS
1S concerned, Yhe aromic acliom o\escri\oins the
I‘ece?]:ﬁ“ QP < reo\ \e“@r‘ s as g)o\\ouos
(i) +he 3n?u¥\3u??er Gom which Yhe red letrer
s recewwed (was white, anc\B Yecomes ryved.
~ ?or the red lebter recewed by Yhe sharler ?rum
"yiowhere " this Por\' o? Yhe. OR
1)) i? Fhe Yece';v]n\cj machine wos w\n}\re, i\t sends
one I'QC\ \eH-er' ovey Qac\r\ Q? 3)’8 OQ}YJU\\'\‘-\A?AFQFS
andcl beco-mes read, i? e Yecew‘ma mo\c\n'xne
Wa € Q‘\reo.dt] *rec\, 'l\* femains so Omck '4\“ senc\s
no (")U\f‘}‘kef" red \e}xers.

amic cxc_\-icn 'S Voidi—

The cbove c-\gor‘r}hm mointaing dhe invoriant hol
each \ouﬁ?e,r g)rom o red wmachine Yo o white one con-
toins PVQC"SG\ 1 red \eH—er; on account of Yhe
?q‘.rness o? Hno& w\nﬁ-e mo«.\r\ihe, Yhe la¥ter will re-
cewve the red letter and turn red 'c’rse\? 'There@re,
when the last machine has turmed red | there is no

bu?&r‘ \€Gd'sr.'tfj ?mm o Tred mac\r\ine to . w\n‘-}e one;
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hence . all machines veacholkle ?fcm Ye starler are
‘n the ?‘mq\ shate red. Since oll machines ore
reachable ?rcm. Yhe shrarter, all machines are red

'm +he ?mo\l stake. Since ecadh Bu??er is the ou\‘pd‘
‘au{-’?er o? some wmachine thal has hurned red once,
each bufer has c\ccep)reel ' red leder: when the
last red lebrer is received, the cm\;j st white \Dugpr
becomes red.. The state o{? the nebwork atl that
wmoment w‘.\l \Oe re%rrec\ "\Q as 0%3 ?‘ma\ sh¥¢
(o? Yhe Sna‘os\io\‘ aﬁori“\mj'; “the mitia) S\‘G\‘c (o?
+he Sno.]os\no\ a\sorin\my’ l‘e?ars o the s\c\\-e o? “ne

ne¥work \ust prier Yo Phe oromic ackion in which
+Hhe s¥~o.r\éer Murned red..

So much For Yhe red lether ’-}ra%c.. Ths sole
urpose s to trioger \ocal snaPs\'\c\‘s, accordin
-])Oc:» Yhe E)o“owin r?\ses .

€Y upen ’rurninj red, each machine records its
own strate

(i) each rved wachine records ?cr eoch o?}\'s
'm\ou‘r bu{-)'?ers the streom o? messages & reaeives
Prom thot Bu??e\" as loma as +he lorer is while,
(For a bu??er G‘c:m which & wWhite madhine re.
ceived c. red \eller, the Gm]o\"J sdrina s recor

o\eol_-, {)cr Q“ o“’uer ]:uFFers, the siring ends with
the red \e¥rer carried \OD Mo} bu e%er)

Hence, 'H\e. sno\?s\wo} o\&ori“\m I"@Corés o mochine
S\O)te @:rr eqc\r\ ch\'\‘me, ond o messoqe sa)"eo.m

-?or‘ each \ou{-?er‘. “The *osen'oer comvprise Wwhat s
collecl “\-\'\e sno.r: s\'i o} SS\U\‘eq ?



EWD864-4

S'mce. 'n\e ne)r wor\& \S S}rcna\:j conﬁec)feo\., '}he I'ECO\“A.
o? Yhe sna}os\no\' stote can be collected in the
s\var}er , w\nc}n 'H\en can 'mves}'\ \503& whe‘r\'\er )l'»)e
Sho.}:s\no\' stale sokis ?‘ues Jhe stable Fredico:\e. ('I{)
no¥, the starler s smfpg;osecl Yo start the snalos\rwo“

Q\gor'\n'\m a nex} %“1me.

In order I)-o 3uo‘ran'¥ee Ihat W will be delected
if Yhe s\-a\o\e Pred'.co}re ko\ds , wWe s\\o.“ \DT‘QVQ c.]oou"

'“n e .Showi:. s\'\o\' Q\&or'-“‘um

Levama O,

_1? Yhe inikial stale o? t+he snaps)no\‘ Qbor’a*\wm
scxhsg?ies (Y sx‘o)o\e Prec\ico}e, -]-\ne sno\]os\\o\‘ S\‘c\}e
SCL\“HS?FQS ‘1\".

Tn order Yo guorantee thal no erroneous de-
kq\ion o? 3\-01‘03%\3 COn occur |, wWwe s\nc\\\ \Dr‘cve Q\oou“
the anPs\rmo\ Q\sor'u}-\nm

Lemma 1

1 “\e Sho.psho\- s‘-q‘-e sa}]sﬁes =N s)rcx \e Predicuk,
‘l‘})e |no.\ s‘*a}e o? -n'ge SnQPs\’lQ} G\sori}\'\m SQ\"ISE‘?QS 'u".

The lwo roo?s are s‘.mi\or: n \aoﬂj coses wWe s\\q“
demons\'mxe "'\’\0}‘ one S“Q*e o? 'H‘le he\‘wor\‘( S TEQc\\aue
@c-m another. TThe \oroo?s ore rather operaktional in ‘
dhe sense thal we shall foke an ar\oﬂ-ro:«j , bul "(?‘:xee\:
e.xecu.}-ion o? ”’-e anFs\no\- a\ ori\-\nm Qs our
re?erence, x'o w\\ic\\ we S\‘\o\“ re?er as “ Teo\\i\‘b ”; n
addibien we shall comsider an dentically com-
struckted  shadow network M which some of He
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o}omic qc\-icms OCCur‘r‘in\rj "m Teo.\ih are %;“‘\?\a\b
co\o’:ed‘ o“‘»ers su\apressed. \;Je Stljﬁ“ descri‘oe ’“\33
as ¥ the "wo ‘ne\'wc:fhs GVO\VQ N s\r'\c\‘ s:jn c\f\f‘cmiSm

and i‘nq\l degne Yhe shotes o? }he shadow nehwork
n Jerms o? the 3‘-ven reo.\i\:\_.).

“For the descri])“'lfm o? messacge sireams e meed
3ome '\-er‘m'\noloaj wi\-\n TQSPeC“ '}0 4\’16 d'IYECHm\:
6 stream ond o r‘tcme,mP):j Tare?,x oF Y} contom he

3ome o\c\es}‘ messo:ﬁe;, s‘.m'llqu:) Cr os\‘?‘;x of <
om':)r\"m RLero Or more o '.}s

s}feam s }o.\«% k’:j
older messa3e33 Yos‘-?ixinﬁ Ca s\ream s eﬁ%dfng
s boune)es}— meSSG\SQ w\\-\r\ a)~3\\

} o} Yhe end og’ .

:jo wnae.r‘ MEess 0:323.

/Proo? °€ Lewmma O,

We have 4o show +thal the sno\asho\- shote is
the mbol shale 1n realilu. To

mac\ﬂq\o\e ﬁwv\
%‘.3 ené, e s\nqdow ne}-wor\‘ s\‘ar\s N -“?e some
and ends In 'Hne snap-

'm'lho\ SHAe as In reall

s)no‘f s\-0\~e (wi\\w o\\ mo;\\'mes rec:D.
Tn Yhe shodow network we have ok any moment

() the colour of o mackane. IS GSs n ?ea\\}:j
(V) dhe stare off & moachine is:

8) for o whi MQc\nihe, os In req\;]\b’
Fs\'\o\' s\n\‘e

b) for oo red moadhine as n the sno
Gi) the comlents o?o. \Ouﬁ%r are:
?ro-m . white lo o whik machine

) for a \mgﬁ

er
as 'In req\i :j
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b) Yor o ‘Du.g?er ﬁ'o’rn o red to o red mac\\'\ne
as n the sno s\no\‘ s\‘o}e

e) FO‘I‘ a bu??er éom o red \moc\n'me -'\ro o, w\\‘&e
Ona,{’rcm the contents in Teali , the ‘Preg)'sx
up Yo and ‘mc\uc\'ma the red leber

d) %rq \Ou?&f‘ ?rcmn Ca w\ﬂ\re \mo.c\nine, }o o
ved wne, -“\e recorc! a? ‘mcomh-\\cj messaﬁes os
recorded in reo.\':b \o ']-he red mo.c\n'me., )oos\gxec\
btj ‘“‘)e. kan}s O?}%Q \DM.'%C{‘ ika! TQG.\'I\'S.

Y \oeg‘m with, we observe that on account o?
Gy, ('li,Q), and C'l'\i,o.), 'pne 'm':\“'na\ s\*o}v o f}\m
s\nadow sbs}em co‘mc'.de's \m“w -nne 'miha s\'o}e_ m
TQO\'I\'b', ond we obser\fe 4\00«} on QCcou'n} o? (‘,))
(i'l,‘o} ond (}"\‘1,)03, the gno.\ SX“OA‘E QG '\r\ne. shadow
5:35}€m coincides \,\n}\r\ '}\')e shq":s\'»o\‘ S\ro\}e,

'The. COrrechmc.\ence \Oe\'ween -\'\'\e )rwo ‘Processes 1S as
Qo“ows: Jo  an acYon ?ereormeé s} rea\'.\- Ybu o
9J D
\,o\n':\'e ’rno~c\'\'|ne. c:;rrespcm&s n the shadow network
&xacn\j “ﬂe sCme o..c\"ucm,"\'o one ‘Fer?ormec\ \Oe O Te&

mac\n‘me corres?onés n 4\'@. a\nqc\uuo ‘ne\wor a s\d‘?,

“the ockon o? N w\ni}e mochine s oss‘-\o\e tn occount
0? (), Ghe), and Gii,o) or (i"\,c)-, '} leaves N, 0n,
and (iii) c\eo-fb ynvarion if H\e ynachime remoins
white, "j_? Y Yums red, we observe
ad (- that in both hehorLs corr‘es?me\irb mo\c‘n‘mes

$orn red s‘-mu“‘o.ﬁeous\:j
oc\(ii,b)x ‘“na\)‘ Yhe Sna‘ps\'\o\ s c\e?inec! SO oS \‘0
es\*o-\:\‘.a\'\ the ¥m¥k u? (\‘\,\Q
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od ('1'\3,\3)-. ‘\? }he mo.c\\'me. or w\n:c\h '.\‘ S on ’mPu} \mﬁar
Yurred red (i, b) s es)ablished on occount oi
(H‘\,CB ond Fhe de?in'n)"ao_n QF; Yhe '5‘0&};3\10" S\‘Ge

i? he \‘T\G\c\'\'\ne or w\nic\a ¥ s om oL} R

buffer turned recl,(‘f\i,b) S es\'ak\is\nec\ on accoun}
o? iii,c‘),):\ne &e%ni\‘icm» o? Yhe sno.};s\m\l‘ s\'c}e.
ond Yhe ?&c} Yhol the wochine Poﬁ??xed the
)ou??er Cm}en\‘s with o ved \etrer.

oc\(iii,cj: on occount a? ('ﬁ'\,o\) and the G}c\' Yhat
bu?%r cemYenys hove boeen 'Pos}?ixec\ \:b o
rec\ \e\‘}-er.

ad (i'u',c\)_ on accouny OF ('l'l'\,o-) g }.\,,e »g)o\c} h\c}
Jhe mc\nme ‘us} hrneé reé \‘10.5 TeCQrdec\ So

%r an em]o s\r'm oX messaopes.
\3<Ei\ o? /Pr\?»o? 0? Lemmo. 0)

-

/?f‘%? O‘P;L_Qmm& 1.

We hove -‘o s\nouo Hhat ‘n"\e ?Tna\ s\v\'e N rea\‘.\:)
s reachokwle g’rm Yhe snapshor state. To dhis
end the shodow nelrork starks in Yhe sno\?s\wo}‘
s‘n\‘e (lm\'\'\ a“ ‘mo.c\nmes andg \:\_.ﬁ)gm w\n's}e_S ond

ends n the ?&na\ skﬁe T rea\‘.\b.
In the shadow network we hove of ony moment

() e colour of a machine is as in req\‘;\b
GD the state of c wmochine s
o) for o white machine os 'n Yhe Sno.‘;ﬁno\‘ shoke

L) for o red machine as \n reo.\'a\j

Gi) the CCM}Cn\'S of & \ou??er ore
Q) %rabu%?er rTom O w\-\'-\'e —}0 kal}ﬁ YI"\O.CL\ine_
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as in the SnGTJSMo\ store

b) ‘?or‘ o \ou%r ?rom o red mochine Yo o red
mmc\r\ine &S in rec\'\\b

<) ?or o \ou?-?er @'om o red mochine Yo o
white one, C Pos}?‘.x o? the contents in
reo.\i}:j, ex-}-endin over the ’messa.jes Yhat
Yhe brae} Vhaceine n reo\i}j s\'\o“ o«cc.ep}'
while red.. (Note Yhal i? dhe rved ledter in
in the \Ouﬁ)er in req\i\‘b turns s recipien}
red, the ‘Po:ﬁ?ix in the shadew bu??er
ex}ends wp o and e?m\ué'ms thed yed
leler and the ShQPS\no\‘ s)frins 1S emp\b;
otherwise the SnaPs\rno\‘ s}rinﬁ s not em)ﬂj
and the Pos)r?‘.x in the shadow \ouWer
efrend; WP 4o and inc\uc\in\s }he snapsho’r
siring,.

d) ?0\" So, bu?@er‘ ?rom o white mochine Yo o
ved one, req\'.\»b Pos}ﬁxgc\ \D:j the messages
up }o ond 'lnc\uding the red ‘EH‘QF th o}
the w\n'n\e machine WI“ e»n*‘er' n rea\'.\:j

'171\0 -Hne bu ?%r‘ ;

The correspandence between the hwo wvrocesses
P P
s as ?o“ows: -}o an ac\:‘non Per'?ofMQC\ in reQ\l\b
bu o red mochine c:orrequnds n Yhe s\\adow
'ne:{wor\: exacty Yhe same ackion o an ackon
Per?ormecl N \’eo.\'n\-b b[_‘j o while mochine Cor-
resEcnc\s n the shadow nelwork o s\:;p,eme?}

thet o shadow mmochine Yurns red Lo\ner. '.\‘s Po.r}ne;-
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wm T‘ec\\i‘:j does so.

The ac\‘\on ofF o Ted shadow ch\r\ine s T)OS-
sible on account of (), Gii,b) and (i1i,b) or
('u'li,c\); it clearly leoves (i),(W) and Ciii) invarienh
So does the 3(; PerFormec\ by a white shadow
machine desloi)re the c%omﬁe in the "rea\i)j " an
which (i),(ii), ond (i) are ?ormu\c}ecl..

For the swikch ﬁ-om white Jo red we observe
ad (1): this is mainlained ‘o\-.j Yhe swikch
ad (ii): because Yhe maochine's sno.]:s\'\o" s\'c}e
eq\AQ\S i}s current S}O}c N Teo\\i\ ,(ii,o)
Prior f}c‘; Hhe sw\}c\n ensures (ii,\o &ﬁer\uorc\s
ad Giii,b): if the machine @r- which i} is on ‘mpu}
\Du%r switches Yo red, the \Due?er‘ in the
shadow nefwork has the same contends as
'J\S \Dcr}ner " req\ﬂb on Qccoun'\ 0? ('ﬂ'\,c);
if Yhe moachine (-)or which i} s on ou\‘?u}
bu%?er swikches Yo red, the \ou??er in rea\i\p
ust recewves o red letter, hence Yhe condents
o? -}Lle S\\Qc\ou) bu??er ore a4s Mm rec\\i\a on
account o? Giii, ).
ad (i‘\'\,c): n rQQ\':\tj -Hne buffer ‘u\s)r rece\ves Jrhe.
red leHer, the shadow buler remains un-
chan ed, i.@. the snapshet shrin Cempru or
c\oseg by o red \e*Fer)’Bu.l W?o} s uP\n‘o:?\'
(\\i,c) dg‘%nes i? 'Hne_ red \e“-er is he uoung-
est messcoe n Yhe \Ja%er.
ad Giit,d) ¢ Yhe mochine o? which 3} is an inpul
ouffer jush turned ved; (i11,d) defines he
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'\'\ne SN s\wo\' s\‘ring Gs the CemYents 0? the
shadow u?r?er-, o\cccro\ina Yo (Vii, o) dhe
Con*en)ts o? 'H'ie s\'\qc\ow buﬁer werye Hne
Shops\'-o\' s)rr‘mj ?r‘:cr Yo Yhe swikch . which
has \e?’c Yhese contents unc\no.nﬁed.

( End o?’?roog) o? Lemmat.)

X %*

,t'?e mo rks

T know +ha} the above Yext conm e shortened
ond Po\%s\'\ed; regren‘a\plb T a\Sco \(nouo “‘\o} (o ver:j
heav Sc)nedu\e will oreverﬁ me From doihs SO
in the near Cond no\‘ so \neor-) u\ure.[One imne
‘wovemeﬁ} 15 “o rYecord 'ms\'eo\c\ o% H‘ie e.mp\-b
S}rin o s\rrinfj containin \:)u.s\ o ved \eHer.'
“The 'u?ea WGs Yo record in +he sno.]:s\no\- the }ree
alcm w\nic\n the b\us\mins ?roroaq¥es ﬁom '}]ne
starter over tYhe nebwork. But this \Dro‘oaga}'nm
Yree .Hﬂouﬁ\n ﬁ‘equen}\:} meh}'lcrneck dur'm& Yhe
discussions n %e'_mesdow ﬂ?)rernoon Cluk, has
all bul d'usaPPearec\.—]

1 am ver \easec\ b -}he obvious sbmme\lb
Yoe hween '}he:ivfo ?roo?s. This sbmme\'rb cm\:}
emerﬁec\ n ?u“ g?orce while wri}in\a s Fext. )

Y om also pleased \o‘-_.j ™y Jwo ~stace presenta-
\ﬁOn o? the sra)os\wo} c\\ ori\-\nm: ?‘,rs '\'\'\E ‘(’ec\-
letler }-ra ¢, and Yhen 3\@. rec.orc\inﬁ '\\- Yriaoers.
[’I\ne red-\e }er ')fra(-;Fsc S Su.c)’\ ('Y @né&meh“sﬁ?
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rocess +hal 3} probobly deserves Yo be nomed |

Y P 9

descri\oec\ ,and Jus\iriecl, in \So\&"\on . Then we
S

CoN re?ar >ro ! w\'\a)rever we su]oer?ose an .\-_J

T think thal the i dec. o? '\n\'roo\uc'.nﬁ sha.dow
networks next Yo req\'a\~:j was correc\n “The ?&c\‘
-\'\na\ }here 'S not )r\ne s\'\j\w}es}‘ ojec\BOn - Qs we
did in H\e Froo? o? Lemmo« 1- Yo 'mi\"co\\'aze Yhe
shadow s:js-\rem n e Wagy Yhad c\eFends e the
"?u\-ure " COMTJu}O\}iOH n Tea\\\b 1S Ver;j s‘umi\or
lo the Pac]- Yhot Yhere 335 o o\ajec\-&m - on Yhe
CO‘n}rO\r:), 'l)' con ogen \02 o\one G)f Srea} Odvon“o\gel._
‘o u.s’mﬁ Vhe va\ue o "r\'\e "s\ﬂ\\ Un\'mown,\oer-
\'jo.P.s even s\-i“ umo\eci c\” onswer n Yhe ‘?ormu\c\-.
Yion OF Yhe ir\\ro»r'lo\-nx*. [’ﬂnis s another reason For
_);1_9_}_ '}'Yd‘mj 4‘0 unc\ers\-anc\ CCJ’MPM)PQ}\WS in )}erms

0? C&\-tse-omc\-ewec\-: Pe \e wused Yo 3-\'10.\‘ ore ime.
Ynenselb Froubled \03 —}\n‘»so’gric\m]

1 am mildly annoued Yoo, the 4-{-)0\':\ case
9 3 )
omo.\:jsis under Ciil) o Yhe ihvariom)rs,bu} cm\:j
m’;\dl:j s'mce.‘a} 1S T.Jro\oa \3 Unam‘:&a\:\e since
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