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Designing  the ‘proolg of Vizing's Theorem
= T * = —

‘O& 3035\4\&?,?&0 & Eo\sser \,J,:D't‘j‘ks}ro.

We shell desian the Froof) o? Yhe —ﬁ:nowirg
theorem . due To V.S,\]’l‘Z'\ﬁﬁ.

2

Theorem For o Fin[)re. undirectred Sra}o\'\ wi}\f\oU}
au)-o\oops and without mu)}-ip\e e_c\ges: ot any
vertex o? which {éwer Yhen N edoes meek,

N  colours su\pﬁce -f?;r on edge Cc:\cur}rb such
Hhat edf)es imcident on the same vertex are o{’
diﬁperen* colour.

*- * *

T\'le. 8\"0.]3\'\ being o.cce?:‘}"c\b]b CO\OL—\r‘ed IS ex-

Pressec\ b:j
(O) Ca\f Qcc.\/)

w\'\ere Predicoﬁ“e accea on Vef“\*ices 'S 3‘\ver\ b:j

accNV = (no Hwo ed&e.s inciden}t on \ierl'e

V hove Yhe some CO\OMP)N

We shall prove \J'\zins's Theorem Cons)l‘ruc\'ive\j
b S}ﬁowin how Yhe entire raph Con e

3 9 R P

Qccep%-c.b\:j coloured. To Yhis end SM%”?ces

Yo design o Froceduf‘e -\%c&, Siven on accep\n\:l_j
coloured gra h  with one uncoloured edge, con-
strucks on Cncce];¥o\b\e, co\0u\rin& in which Yhis
last ec\ge 8 coloured os well. /\?epea)red QPP)ica-
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+ion of this )erCedur‘e, s)rc.r\-ins with o SFO\P}\ con-
sisHn of vertices on\:j (w\'lose co\ourir\tﬂj 1S
'\'r]v]c:,]\:j cxccerr)‘cnb]e) anacl Qc\dihﬁ one wuncoloured
edge at a time, colours the whole 8"0‘]3}‘ accefs}‘obb.
We shall desisn the Froc_edur'e 'ﬁgr CO\OurinS
the next uncoloured ed@e.

In the rest o<‘? this note, we conﬁne ourselves Yo
accep}ob\:j coloured SF&P}\S. Tn order not Yo inter-
ru.P-)- Yhe subsequent deve\o]vmen\* o]() the 'j)rocec:\ur‘e
too much, we J;it“s} introcduce o conceP5r, Yhe need
O\P which will emerge, Viz. the olternating poth . PAn

c\Her'ho‘)rin& Pa&% s G moaXimal PCA'H'\ g;]p'o} most

Yo S'nven colours. Recause the co\Ourin\c) o]P Yhe
grQPh 'S c«ccephﬂa\e, Yose two colouwrs alferncke

a\on& such a PC‘H"; hence the name. One can show

Yhe ‘PO“OW'iGS:

('l) an C\H-erno}‘w:j PCA‘H\ is ei‘r)qer' G c:jc\e (i.e. w'nnnou}“
end Po‘m\:s) of G s'im)o\e Po&\-\ with two end Poin\‘s.
(Tn order Yo aveid case anal sis, we ellow Yhe

end ?o'm)rs Yo Co'mc.'lc\e) m w\f\ic\ﬁ case ‘the olter-

ch-}ing PC.-HN has \eng-\-‘w 0 )

Gi) o pair o? colours and o verrex derermine

o unigue oallernatin Po\'pn of” Yhose colours ond
through Yhar vertex. (We allow Yhe two Given
Co\Ov«f‘s "\~o be. equ,o.]: in w\‘\ic% cose ‘W\e \Qﬂﬁ*‘\*\ o()
the Q)-}erh0~3rir\5 )’Dc«“\ s o+ most 1 ec\Se.)

Gidd swaFFinS the colours op Hhe edges o? on
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Q\\‘ernal'inﬁ wjoa\f\n leaves +the co\ouriﬂs &ccep}"&\o\e
(hecouse o\Hernc\\—m‘ patrhs are maximal, e,
have no end Po‘m\‘s where %—\qe\gj Can e extended);
-,\‘5 Siani{?icaﬁce is theot it Provides Ca \’J&U %r-
chonain@ the seks O]P colowrs ot the end ]f;o'm¥5
while ‘1eo~vir13 Yhe Co}our]hﬁ C\Ccepr‘&\o)E.

Pelore the )or‘ocedur'e s¥ar\~5) we degne ?or‘
each vertex V a colour <V | in terms c:TO

w\‘\ich wig c\e?‘;ne )’)I‘ediccﬂ-e \0 Siven \o:)
_ @\/ = (no ed&e 'mc'tden)!‘ on V T|heas Ccolour c,\f)_

The Wpcn.c} H\oﬁ' '\-}1@_ number ol() colours s \"\iﬁker
"P‘naﬁ )r')']e ﬂum\:)er‘ OG ed8e5 mee\"\na c\}‘ QnU
verrex is exp\oﬁed \o:j choosin c in such

Cy LOC\@ '\'Ho.\l‘ \Y\]\‘EQHD (9\; ?V) Ho\ds.

TA the ?o\\oumﬁ o\kgor‘x'}"’ﬂm ,{?Q,— the Pf‘oceduf'e,
X, and £ are vaorichles o»\() t‘? e vertex,
The Pv-oc:edure\s ]()unc}-ionq'\ S‘Pecigcqtion in terms
.of pre- and POS+COndi;}BOn 3 Siufy\ N —&Ou\‘l'['p
intermediatre assertions are Onb named oand
will be deter mined loter. EXP\O«nc\For\ and ™Mis-
s'mS deﬁm}ions wall e Si\len a@erwar‘ds,when
we design the o\\aorﬂ-hm. (Ve give Yrhis Yext
NOWL? {or‘ \Pu\mr-e re%rence. Qr +his sjrage,‘%-he
reader should nob Htj Yo wnderstanma  this

pro gram g“aﬁ mer\'r'-.>
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{CB_V:: &cc.\/) AN (B\}‘.‘. ?V) N
(XY 15 the on\j uncoloured e_dge>3
{’PO: inv&ric\rﬂ'%
do the c:.Y—-T:oMu ends in N — P15
determine Z so Hhotb edge_
XZ has colour Y {72}
"';';cjwe edge XY colowr <. ond
uncolour e.dge_ X< {/P&‘g
pA Y:iz= £ {’PO}
od {P4}
; Swop Yhe colours &\on3 the c. - poth {Ps}
;Swe. e_cige. XY colour <. Y

{ (AV: accVY A Call edoes are CO\Ouf"Qd)} _

—ﬂ'\e *-e.rm
(0) (RAV: ace. V)

15 o Coﬂduncl' o? ol '\n%rmec{icﬁ-e asser‘riws;

'Ph?_ ']'errr\
< (XY is Yhe on\\v uncoloured eelge)

1S o conJun& op all, except T3 . Note Hﬂ&}',
N view o? ’H’lQ a\osence o&; o\u&o]oo]os, C‘t)
'\mT:\ies Yhat X and Y  are diﬁ?eren)r verrices,

We shgoll now show howo the cloove ngori‘\'\'\m
can be designed. TThe }ead’;ﬂj Pri«nci)o\e is Yo \(eef:
}L\‘m&s oS s:‘mfﬂe as vossible and nol Yo inhroduce
compli cations unless forcead 4o do so. In Par}icM\ar:

the simP\esi- Wae 5 if POSSI\ole, oF osserhnj o term
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that hos been asserted be@ra is Yo maintain it
in ehveen.

We now start Yhe design c}f the a\ﬁorEH\m,
beginniﬂs un)rk ﬂ‘s ‘as)- 5)‘0\){‘emeﬁ+. RBecause (D)
—ie. CAV: cec. V) — occurs in both pre- cand Taos?-n
Conc\il—‘non,,_\goe decide - see Prev'rous arc@rc.])\r\-—-

Yo  maintrain (O) all H'\rou\ h }%e O:{jgorﬂjr%m.
Comsequently, the {inal ach of the algorithm

is +o colour the wuncoloured edge wsith on
acceprakble colour. Lleb, as ini B all , He un-
coloured edge be XY CO\Ourins it while main-
*O\ininﬁ (o) meons that hes Yo be coloures with

a colour +hat is incident on neither - nor

Y . Tm‘-ic.l\‘j, since CXA ?Y hplds, c.X is not

incident om X and <. ¥ is nol incdent

on Y . Somewhat &Sjmmef}rica\\a we def'\de

to give edge XY the colowr .Y . This
choice of lest shkoatement D\e\ds —nore tHhak

N view o(; the de?xni\-imﬁ o() F

?Y (C,Y ho}‘ ihciden}“ Oy Y) —_
%?:;r irs Pr*econdil-ion Y5
Ps. (0) A A A (X not incident on XD A RY .

I

We now consider V5 as Yhe Pos}‘condi}-}m
lo be es\‘cﬂolis)qed_ Be cauwse (o) A (13 A FY s

imP\'\ed \:tj Jrhe, Precondi)ion, we COncenJrro\)re_ o&:\”_
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a—‘r\‘en\"‘lwﬂ on es)rox\o]is}\inﬁ /PS ’5 con‘jumc\'
Ce X notl incident on X)

while mo\inhlm‘ma i\‘s +\r\ree opner‘ cOﬂdunc\‘s. __H? an
ectge. incident on X has colour <. , i}-s
CO\Our‘ as Yo Yoe Y‘epl&ced BH o Colour
Aot incident on X . Since {nitiall ﬁx holds,

(ie. colour c.X not incidemt on X ), we propese,

in view c:q() (iii) , to Swap Yhe colours <. X and
e X Qlorzﬁ Yhe o‘]‘}'emo\]-}nﬁ Pa“-\ 'H‘H“Oua)q X Ahat
\nc.s +\"|ose Co\our‘s. -ﬂ\'as Zn sures -Hno} C-Y 'S

nho 1cm3er- incident on X .

Since we need the Concerﬁ- o Nnurm ber og f}'imes,

W deﬁne,%rﬁr‘a‘:)ﬂs Sw]-?sgj'mfj ((i\l:: acc.\/ A 4-))(

anat %f‘ “ny colowur P the E-Ealrl\ +o be

+the o.\)rernalrin_g Folr)n %roa R X with Co]ouf‘_s

P and o X . Due +to X, e <. X not

incident on ><,

® +the P—-IDO\H'\ with P= c.X is em]:b

® G non-em}g}-:j T)—Po&k skarks aF X with on
edce o{) colowr P and ends oF o verkex
d’«ﬂ%e,re& ?mm X

Tn }%e Qbova WLerm‘mo\o&v, we Pr‘orgose "\0
establish CeY vnot incident on X ) \Ojj Swopping
Yhe colours along the c.Y-Pod‘H; this waintains
(0) A CW) - bot maintains ?Y Q_n_\cu.j_ Provided
the C.\(—-PG\H\ coes p_gj- end Y . (Eecc\use.
o? ?-Y y O C-Y-PoHu andinS e} Y does so with
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on ed&e OF) colour <. X c\’\camgiﬂ thot colour
inte .Y would ]Pc\\si% QY D) C?)\\ecl-iné our

reqmremeﬂ\'s, we Be’r s ]ar*econdihon ?4

{%r the colour Swo P a\onS Yhe o X - ]:c}\:l_

4. (0) A (W) A fX ~ 7(-)\1’ A
(-}—he C.Y*Po})'\ does ‘ﬂCﬁ‘ end in Y)

We now consider ™ as +the ostcondition
to be estoblished. Observing that the {i)rslr Jt%ur
Ccmd'unc)rs of T are '\m};?ied ij the pre-
Condi}}on, we,C‘PPl‘Lg the same heurmshce Frm-
ciple as Yoefdre and decide +o look —For‘ =Y
5“0.‘)'6“08?\'\]‘ 'Hﬁc\'} es-‘roblis%es “H1e \O«s‘}‘ CUnJun C‘)‘ OP
Y while maintainin the others. “The -?oﬁ

lowing methodolagical interlude ex-)o ains wh_(_j :

we go\c {é)r Ca S’\‘o}e‘m(an}‘ OFMQ@ {ér‘m o{)a

rej:e% ton.

Me.-n'\odcvlogica\ Trnle wde Su??ose we look ?or
o program S Hhat s;‘f?s@es @r‘ some (?,Q

P} S {Prq} .
_In -lhose inix'aox} S*‘c}_es i w\q'nc)q &R ho\dsp S

Yﬁ_ctj ack rasmﬁa g“’l); | 7Sorne+‘|mes Jhis reguires
no exF\ici} mecswies . (\Je Sow &N exom)o\e of

‘“’1‘15 1al "H)e S‘\‘O\‘}Qmen} we der‘wed Qa\’\](?f“. SWO.]’JF;'YB

+He co\Our‘s O'\Ohfj G olkrhc\%n Pcﬂ-\n O\u)ro

reduces -\o < S\ri]'b 1? J(l';e I:a)q 1S emPt\j.)

Other Lrise we need an exPlic; 3uaf‘d in order

ma}ico

2
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Yo dis)r'mgu'\sh Sehveen the coases @R and VO
Unless on S O]P the %rm

i_{)Q -—>s\<;)a I " Q@-D ﬁ

obvious| does the 'o):) + s wiser Yo begin
looking A 7
OOK:\ﬂfj rGn .S O? he -Form

do 1@ »D od

since his Q]\ows ws 1o SePo\i‘o}e 'Hne concerns
or Par\*io\ correct ness ond termination. I?,
while sluc\jmg "\-erm'mc;\lr}onp we learn that D

1S executec at most once because 4 estroblishes
Q 5 we are SHH {fj‘ee -‘ro f‘eplace ‘H’Je F@Pe)ﬁihon
b\‘j the Qﬂerr\c}ive Coﬂsx'ru.c)‘- (Eﬁc\ o{) Methodo-
1(333(:0\1 Tr\)rer\ucle.>

The re eo.‘}'ab\e 5-\-0«}emeﬂ¥ we ofe loo\riﬂﬁ

-(ér should have the ]Do\‘en)r'ac\\ o? ?a\si%mj
the Suo\rd

(*H\e C.Y“FOH'I encs 1N Y)

Pecause oTp an CxXam }e‘ e} Nkic}\ H— s 'lmPos:S}b\e
1o —F&\Si% “\]s Su.cxf‘cl }DD Oﬂ}j cho\nginj C
and  nof chonﬁ'mj the cq\our‘mﬁ o7 the edges,
and  hecause, {)or simI)\ic;} 'y scke, we would
not ke to chanje both, we decide to b
lo kee]o c ‘chs)ro.n} ond let the repec}a le
stcrement O.\C@c}— the edge COIOur‘inﬁ on\:j.

The next constrount we adop‘)‘ is that the
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rePeo)ro\b\e s}*o\)remen% 'S conF‘)mecl to  the
c_c:m\'a':hc\)-‘sm of Co\our%f‘: +lﬁe uﬁco\our‘ec:\ ecbe.
and unco\cur‘mﬁ o coloured one, This is
‘ms]sirecl BUJ the observation Jhatr +this is Yhe
simp\es)- ‘\"\?‘Oﬂs%rma‘l’lOn whose repea+ed OLPI)“‘
- can 4ro\ns»€grm =N C-'_o\ouri_hﬁ with

Cation
" one wncoloured edge into ang other such
colour‘}hg. T is & constraint  —and —)hef?@re
not C\dOFl‘Qd without oF)ﬁmism— hecause,

in Qdc\ihon, we irﬁ‘enok 1Lo Yﬁ&iﬂ}'air\ o&‘ eac\'\ si—e?

) ~ (1) A FX x\fY

Ps OSJMme)rri c:cnj as ']oe-()ore , We decide
Yo Give the uncoloured ec{Se, the colour <Y 5
on ac count o() the b al va]ic‘ib o F)Y R
Hais co\Ouriﬂ:‘) act maintains acce.Y . In
order +o maintaim  ace. X as well 5 Yhe P?rs}-
edge o{) the c:.\ﬁ)':oﬂ-\ is uncoloured. Thus we
have des}jnec\ the re/]:c«:a)rcx):le stalerment 8‘Nen
above (/\\qe Variable 2 Thas ?rimq'ri)(j oeen
inhroduced Yo ease “‘:e dFSCussior\.) Our
Samble s Yhed we con Frovce invarance and
'}ermiv‘:c\’)‘\on. Let us c.omc:erdr‘c‘\'e on -ﬂwe TNV arionce

?ns*.

8s we S\r\an See Sk’wor-}b, all is avai.]c\l:)e -
-For‘ the invariance (0) A (1) A -?%_ )7'\-}\2 a
Invariance o() FY , however, Pos.e.s a )oro\o)em.

The nvariance of FY i‘equires -qu COfUL\ﬂC} EZ



EWDW082e -9

m P2 5 and W‘\e simP]es)r W:;D O'? (:)\As\f"'l%inj
T —)—her‘e 5 \OJ a"eqw\r)ﬁj -&.2 &S COﬂ'uﬂC/}‘
in Po . CBesides —Hﬂs loe'm; -W\e Sim L{es* WOy,
9 P N
QL ‘}‘er‘m'mc.)r'lon G0 umen}J Qs wa skwo\“ sSee
loder, relies on the —Tpac}- Yhor no —Pc«\Se -
vcx\ue S #ru%%?ie.c\) 1n order J—o Jus\}% )(?2
n P2 the ‘nvariant has ‘o e S}'Fenﬁ’r\nened
with o new Coﬂ'ur}c)r;, (E\)::-FV> wowld Jus\ﬁ@
{).Z but s oo s\-rcmﬁ o e waintrained .
We could also Jus\»]@ ?2 @rnﬁ

-Pof‘ Clﬂj Co’\ouf‘ TD 5uch ’H’\Q‘)‘ 'Hﬁe )‘J-FO\‘H\
ps

where S is dhe second vertex on Yhe P-Fa}% _

s not em)o}‘j t

This, however, s also Yoo strong: the re ?ec}o\\o\e
stedement 4rms%r~ms the P-Fal\ﬁ X2...Y

into the P—»Pcﬁ)’\ XY... 2 with XY o? Colouf'
<X , so "z?S ?or‘ P:C.Y . e %‘\owﬁnﬁ
5\18H-\ weeker conJunc¥ does the Jo\o :

(2) ?or om:j_co\our P such that the P-PO‘%
5 not emP\‘J:

P.Svc.\.?é? ,

dhere S is the second vertex oF the
P—FQN—M and L. irs \ast  ertex

Now the Yime has come to list and JusF%
assertions PO %"ﬁi‘o;:.s)n 3
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Po: ©) ~G) A R) A —ﬁX A f\f A X£Y

Asserton TO s 'nmPlied ij the \?rec:oncli}‘non op
-Hne ?mceo\ure: its Grﬁ Ywo chJunc}-s occur Iin
the Fr‘econc\i;\-’\on, Yhe next three -?o“ow ]Qom
CBV:: ?V)_} and X—‘,‘EY -?o“ouds {)T‘OM C’\) and
tYhe absence o{) QLA'}O\OO))S. We Tteturn \ater Yo
Yhe re-eskablishment 0{3 Po ot the end o? the

Fe]')eor}a\o\e state men‘)‘.

Pt Po A C(Cihe CY—]‘.‘DC\’H'\ ends in Y) A
(the ¢ Y- }DGH\ starts &b X wa}k an edse
0‘() Co\cuf‘ C.Y)

The I[—;':rs)r Ywo c:on\')u.nc\-s ,,f?__“,o__w gbm Yhe -"o]':o\c':ﬁb
o? H\e Pro?ro‘m; the lash C?ﬁg‘)uhdh is & ]oroPert:j
o{? ncmem)':»:j P"PO‘H’S and the <Y- Pc&)-\ s non-

&myﬂv bhecause u3r Cohfj_ecﬁ the di??eren} v:ar"\ices
X and Y "

P2 1A CXZ has colour C‘.Y) N X%Z N
02 A c2#eY A Y#Z

The F’nrs’r a:nJun& “P1, which does not T“e@r-

Yo 2, s maintained  and ‘\m]ﬁ)ies the existence
o? o wunique vertex 2  such that X2 Thas
colour <Y ; XZ is an edge and not an au‘ro\OQP,
hence X # 2 ; the Eéﬁ\')uncﬁ' EZ {)onows
?r‘om (2) with Yhe instonkcation P,S,L:: <Y, 2, ;
?rom F-z and  the —?o»rﬂ' tha} X2 has colour
<X, we conclude c.l £ ¥ , J?rg-m w\f\ichj
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with  Leibniz’s ’?r'mc'l[ﬂe, \(#2 %\\ows.

’_PE): CXZ s ‘}'he on]J U\ﬂCO\Our‘eCi Edge) AN
(XY has coloar ) A~ (O) A
CX A AWOY A ;7.2 ~A (2)

Since X, 4 are Yhree diskinct wverhices, XY
and X< oaore dishnet edSGS and the Cundecolour
ing stolement s wel\«o\egned; with (1) it estroblishes
the grﬂ- Yo Con()uxr\c}‘s. For (O) and +the next
three ccmdunc:\*s we need onb censider Vvertices
XX, 2 Since -Hne:j are tae on\:j vertices with
incident edﬁes c\qomﬁ‘:rg co\oum; acc. X  ancd F.)X
are maintoined Pecause the bafj o’;o Colours
neident o~ X remoins the some; to Yhe bf‘ﬁ
o? colours incident on Y Yhe colouwr <M s
aclcled o.nc\’bec:au\se O? ?.Y in P2 Yhis main-
Youins acc  and fa\siﬁes 1().\{', acc. £  ond 1‘?2
are ynoimrained pecouse the ba@ OP colours
ncident on 2 decreawses. Tor Mhe Invarionce

ng C2) , We dis)-inju}s)w two cases,

Tn the case Py‘: Y , we observe Yhotr +he
(un)co\ourina starement leaves ‘the ~-path
unc.h_angad; in parkcalar, 1? Yhe P-PQ}H s not
em\"ﬁ%, ks vertices S Emd L.  remoain Yhe
same. The c_ons\*o\ncﬂ o'{ L ensures the
c:c_ma}‘o«r\c:j o(). c. L # P }[%r Hhe cOr\S}‘och
o? f.S we observe thatl Y s +the cn\& vertex
whose ('-vc.\u.e c.lhc;rzﬁes, while S‘#Y because
XS hoas colowr P and XY was uncoloured.
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(Here we hove wsed -qu cbsence of) vm,\\}‘ip]e edﬁes)

In the case P= e we observe thatl the
\7[3:[:&:1\ X2..X s reralaceo\ b:j the ]:n-[m\fh
XY...2Z , ie. we howe ‘o demwns¥rare (2D
for Yhe instankbiotion p,S,L = <Y, Y, 2 |, ie.

PY v e2 %Y ,
which -Fol\ows F’am P2 . Hence T3 s Ju-shﬁecl.

The ocxiom g()assignmew\- -‘re\\s s 4-\10} /PB
s —E)or Niz= 2 o Pr‘econc\i\‘ior‘\ S}rcmg enOufjh
—?or }he re-estoblishment o{? Yo .

TYor the termination &r‘sumen‘)’ we observe
that, the {)unckicm <  not \Oeiﬁﬁ C\‘\o\ngecl.,
?—-VOlues can On\f_j e c\nangec\ b:j chcanjin
edge colours, t.e. b the (un)co\ourm‘_cb stote~
ment. ComForison o P2 oamd “P3 s hows
Yhat i+ decreases CNV?. {?V) bU 1 Ch Fa\sh
%'mﬁ QY); hence +the rePeﬁhon terminates.

And this concludes our c\eslsn o]() Yhe Fmo€
of Vizing's Theorem.
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ha“‘ﬁa drawn oufr orH‘ernHon 1o the ug\iness o? ng
exis\-fn3 PFOOFS; For construchive criticism we
Yrank the ABTAC ~in Par\‘ECu\Qr‘ K.L. Calvert and
3. Misra — ond the ETRAC - in Par}icb\\c\r L\}.H.D,
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'Fei(jeﬁ- ; {ér Yheir achve assistance we Prank
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In relrospech
L

The obove is our nth exPlomo\)rior) o? the
Seconcd O(\ﬁof‘i)‘)')m we desigﬁec\ }o prove
\J‘s?ingls ’n'le::remr. (ﬂ\is aborﬁ'}'\m is much beler
Yrhon owur gr:s} onica, which was )’;mbablb shill
loe wmuch inﬁu«enced \DJ Yhe Fub}is%ecl )’)roogb

We are very P)easec{ b\j Fhe modesb of)
whar we needed: the @AﬁC}‘iOﬂ c ., the
redicao Yes acce and ? , the nohon OP
the 'j)-}’)c\n\ . and three uwarables  X,N 2
of }:thae Uer)rex (oF Ldlf\ic\r"\ X is o CUﬂS)‘on"
Gl 2 r“eo\“ u‘h\ N lOCoJ Vvariable o]f) the

/NN
reloeo.\-a\o)e storemen} ).

We also hoave reser\rc.\-aons, —(%r‘ the aloo-
rithr s Projoo‘blfj more subtle than owur
heur 5Hc--_é%T>\omo. bon swuogoesks. The conclus)on
Yaat in the r’ePea]*c\He statement the wncoloured
edge should be cllowed o mi5r0\~e over Ve
ng']q 1% _n_g_i‘ sur‘)')rﬁ Sing; Jr\f\e cecision to F’QS‘}r?c¥
Yhat mfﬁr‘&}‘io“ lo:j ke@]’)fﬂg >( Ccms]‘am} (ar'“:d
C.cn'\@ﬁ:ﬁ X  to range over the neigh bours
OC X)) is much less obuicus. (Noie et o
the Begihniﬂg O? the F‘Q}’)Qa}-able S}Q}-emeﬂ)‘, the
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Si‘uo\)ﬁon is S(_(jmme\—ris_r_,_,_\n X anda Y -}\0% ore
c,cmmec}-eol b\t-_j o Pc}\q o]p even )eng}lﬁ aicm
which the edﬁe colours .Y ancd . X clters
ha\‘e.) The ol Jus\“lﬁcq}ﬁm we can Hhink
0{7 ]@r— Yhe OF};})M\'SHC— decision to L:ee/P X
constant s thol} thus, inc\epenc\enf}\:} of the
Sike o? the 3raplf1, the Y\.c:tmgr“__Of _)':»ossi)ﬁ)e
values of XY | s bdounded \oj N . The
unCler‘Ltjin\g }‘:ope waSs o‘ov}ou.s\.;j ‘o Preven¥
%-\ne S)no\]:xe o{) the Sf‘o\P\-\ g)r‘Om “éenér‘c\}-‘rr\é__;—

ose o\no,\:.j'bi s,

Moresver it is U‘n\j {éﬁm o sa\cj Yrat we

worked very hard on our c\e()inih‘ons./lhe

o }Or‘;cri rtas}-ric\'iOn +o C\ccep}-o\b\:j coloured
Qro\[)hs simpligeo\ He __i_“i‘i?_d“CHD” o]() the
cxn-erno.\riné Faﬂq} the resirnchion to 31‘0\13)'13
with X7 as well simPhﬁeol Yre introduc-
Yo op the -T:QH'\B the formm\o\)]m OF
(2) in Yerms o? um'uverso.} olmaﬂ)ﬁﬁc.a.hcrﬂ over
the cLuMVf\\\j TD o—f7 }:j]:e colour Simrliged
J‘rs Prc:m-f> of INnvoriance, ('ﬂ- \s s)rra‘xgh¥@rrwarck
}’Jr‘ecﬁca}e C.Q\CM\LA.S b e[_u‘_mfno\\-e ]:D ﬁum (2).
"For eoch L sudh Yhat the nc}h_em)ob cl- IDO\HA
erds at L. , ek, "3 in the case =c. ¥ we

hove Yo Ccrrv'\P&f‘e XZ2...Y \An)r\f\ XYZ :

the end Fom}s otieﬁer, Yhe colouwr thab alternates
with ¢.X remains Yhe same. Hence the colour P>
aond nobt the end Po'm')‘ L. should ke He d.u.mm\lj
tn sz.).)
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We ore Pleaseol thel  we needed on\:j one
case cnalysis and no pictures; we are S\Gd
that we could owvoid notchons such as /uBa».Ea’zj
~used bf_j Claude Berge —, but we would v
lke Yo wmaster o wmore caleuwlakional S!-\j\e OP

re&SOﬂiﬂj abouk SF&P\ns,
RAustin, 22 S@F\‘ember 1990
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