CS 270 Combinoterial P\\goc‘\ﬂ\ms and Dot Ctructures , S'p(?ng 201
Lectuce IR - gzm\d&‘f‘mﬁt FY‘D&YO‘MW“V\S

We 1nteoduce Qam‘\oka{wu FTOKTQMM\”\& and  See  Sowe ow\‘@fwm\s n oﬁtsigh‘mg 2xact  and @wkzmﬁw o\f&oﬂ{mg_

Qemidefinite ‘Progmms
A lineos Progfam can bo wrdten  ag
hnax  <C, x>
sublect o Av=b
X 2o

vhare  AeR™™  Ler” . o x eR™

A Sowdefinite  program Can be weitten o Swilac form:
wox  C X
Subject o A Y = btV 1gism
XSo,

\,\/\v\;z/(m X € SYM“:X XGW\V\\“\ : X‘\Stxj\\ ) L <

IN

Pen b, AL € S fov all 1, and C €M,

Fov dwo webiias XY € SYML L XeY i defmed o % Xi, Y‘S - Eguivalently. W can be witten
as T OO W T 1e the sum of the diagenl autvies of M.

The constraint X ho  veguires  that e mabix X Ts poste Sewidefidte L oand T tha

d\{-{xranu_ botween  lingac Prngmw\g anad gam\,m{mﬂ Pro (ams .

Fact et mMe SXh, . The \Qo\lm\m(g ctatemenils  ave Q%mt\/a(m\t,

O Mg posibie semidefinite _ie. all the oippwalus of M are o= nagtive.
® <wuy 2o o all ve D

B M= U0V o Some madix Ve R

EYOE% Ty the Prov& . owe wse tle {\MT tat a Yool gxgwmd\nl matvix  hat N ves)| J@Tﬁav\valws

v

| V(N —Vi—
’\)‘)\g the XCOLCJC p M = \/D \}T - (v \El.‘ V,\H& %L%\( AVL%} Note tlat S\ir\u, V- ore OfTADI\WMa[/
1 ! i

>\u e >kv\ and o get c—% otthonsymral QTSLWVL v Vs s Vin such that MVI = >\ (VA

v T Vn

,k -~
we have \/T\/‘/l and. thug \/T:\/ ,  oand. So M:\JD\JK, which Coan be Wﬁupmfu\ o6
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%w‘xtonmg to the 2igen-basis memg \7\6 e Qigwmws, and sw‘ﬂrcmg back o tlu stowdard bags.
@:7@ TS| oWenvaluas  afe nww\ggm‘vq, we Can wWrite W= \JDl‘ *DA‘VTJ
s latting U U wa et ©)
@20 Hv = vUUTx = LUl 2o
@ ) @ Wae prove +le c,c»d\m*foslﬁw ‘ 0= A ® .

PRSP ERE nogofve s tle viMy = ~ L <o, 5

Condition @ Can  bo ntarpreted  ag an Trqewﬁq/ hwmb e c o{ lingas  ConGlramts o{ “the fwm XTMX>/D)
Oho {w oach Yémr\, while thle varnioablee are +he ambics D‘f M.

We Wil cee thig ‘mzqruﬁx‘m PASY Umr\«% when  wae dmlk abowt  Lovasw's  vasalt later.

Vector  Programs
L)

Concition @ S‘aag Yot a mabix X o \\-( and m«ﬂa I—\f 1t can be wiitten ac X = UTU R

This means ot tlete oo n=dimensional  vectses Wy L Wa e, Wn Quch +lat YI/] = (u\;,u\)>.

I\

G, W can think o’{ o Semiolefinite program 0oL a Ve cbor Frogrm", M owhich  there ate  [near

Constraints and  lweac objuﬁm ‘f‘mnd‘wm O{ nhe prgomﬁfs ojf ve s,

This s = \/wu(\ \qu_‘f‘h] View whan we  wiie Sem‘\okaf;nﬁx Froaomwmln& felaxatisns fw ¢ ombinatoval F(DHJMS,

Cko\(Sku\% Lacteigtion
Recaumss o—g s Cenmnection  to vecter rlvro&mww‘mg . oL \Mwﬂ\\g neode o C/@W\P\A*Q, +the O«otas{c\a

{o\d\w\\iq‘ﬂm ‘ﬁ*f M % O, i.e. wrnite M ag UTU,

Wo denl nssk o c,um;L all the sﬁgm\\/a[wu and ,e\Jomvu%m as in the albouve \Wosf o oinstead L

Coan C/sw\?mtl 1t \9\6 Syrmmatric Goaussian  2limination .
« T
RN
% N

Tirst, rmte 4lat o2o0

as ol = QLT Me 2o bg e ’glmf( tlat M Ns F%s\\‘dm gam\\d\@f\v\\ﬁg,

\fJL Cnsider  Two Cases:

The ficst case s Wlan y>0. Then we Can do g\ﬂw\mgjb/\\c Gaussian eliminotion ond wte M as followc.

Wo  can &d’ (i NO/%\: &\% DL—N &; i» QO %5—5 msuw\‘m(% A> o
D W= < ) %T\ = (JA _D\( \n jﬁg%*\(ﬁf Q:iﬁ\
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\ N —

< \T)( | \36 N\ f“‘/\~\/ -
« g W o \ Voo Ja Rl
i W= & QY N\ - &% T 0 N*%\ R Ty -

A T

o <
Note also  lat N- w% % o , b e \ﬁ\T&(o ,i %%T\\g tk\ﬁTszkz%\ 20 L Wt 1:(;( %1/@}-

%\3 nduction | N“’é{‘kf Con ba Wi iTten o NERY. jCN some VJ _ and thet M con be witkten ag UTU)

\A/LQHL U - [ © ﬁ %T/W - \3_02 Cg/& ) and we. afe dona.
- o \ o o, 0 Vi

— — o)
The etk Cose s =0 . An this Case , we clavm that QS must be Q%Ml to O, oand So M= (O )

o N

and then U have N ¥o  and we on *?u\‘,s% \7\6 Troluctimm o above |

\<\ / ne\ A ! ' '
To gar kot %:O L aStume %ﬁﬁo , et x= KX) Wl Y e , tln XTQ; ¥ \X:I‘KKX,%)* XTT\\X
[N}

Sr\‘\"\v\ \(‘; ‘o o - oo

Wi i &4* )(‘MY <0 | tewiradi div\g thwt Mo s \’)us\d\\w‘ v o‘\efn‘&(‘

This ghpws  that N Cl’\bkzﬁku(\ "Eadm\\%q‘ﬁw Canw bo L/w\,\i)mhuk ™ O(h%) Bme , O\SSMW\:\V\£ 2ach o\u(vd‘\\s\’\

Con by dswe tn Cewstant Hme.

But Sowe Cubtle isswes  are 4ttt Thare are nwmedad grvers  and  the nteemediate Pwmb s nld b

Very \m&m, ThWiS can be hawdlea b\/% d\mﬁ‘m& o o be tle ngaﬁ okimgm“l evﬁw\a )

}]C M s ol Po{ﬁi\& %em‘\o\wﬁiu . okl above method Cawn by wged o %nd\ o verkeyr X Swch tlat \(TMX <0.

The abovse mathod fails o fwd o C)\olmba “ﬁacﬁw\x%/}fﬁm n 5"\\\6 —~o  Sanariof : ® <O W Seme  Wermediale

gm?, oy @ =0 but %&O T Qe %%aﬂ). Tn 2itle case , we tan Bnd v ocuch Alat VTM\/ <o

and. this can he wged To {Tv\é\ a W Sk tat W Mw <0 \9\6 w\-mm& tle GQawstan 2lmindSm.

go\\o‘\ '\g gD E

Undec Some \Qa?r\vk &avxqm\ Condnms . Ho ava ?ult\nm‘m\ Bme Mgor\-ﬂ\m do  vekuen mbiw\rila clote awmxwa—ﬁm

’k’% ‘fL&L b'\)t‘\N\Dxl golm‘t\lw\,

Tha ficst obsecvatim 3¢ tlat tha Sot o% FTeasible Solution ic & comvex Set L ac of % 2o and %506

JCLqV\ %QXL+Y)> % o (2N wa\k.
Ohe Can use tleo QHTF@\\C}\ o\\gh(\xf%m tv Sl SOP.
To Vmpleneent o Fo\gv\m\q\ Hme u%mnﬁ%m sfacle, he Can Wse o U\D[zska {m&w\wgaﬁf% a(&brlﬂm + chack

Lhatlee X0,
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Thewe are many Technieal  1sSues Ohe & numeical cror. as tle oPJ{\mm\ ol Can be “wrraTimal | and
we  Can smha L\n\m ’{’s\( an mr{;ﬁyay‘(t\a gnw{ O\FPWX‘,M{{M ({Thdm&“n& o antzska ‘fa{,‘fﬁ\(\l‘%q’ﬁnﬁm X‘{‘Q‘P)‘
Anctle  Ttsue 15 tle bound o Tl Tmtial QLLI?S{\{}\ . TL\ZM o e J{XQM?\QS wheve ol the LoZ‘H-ﬁdZM‘S afL
N
Small but 4he  Qolution g d\ou\p(b *JQK}?MJZ»&\&Q“% ln(&Q ( b ) .
\Fo\( our \\Du\(\)‘v&ql WIS ‘l&\,\ma ot I¢<ues O s f@( (‘/uw\\a\\v\o&ﬁ,\,\\h\ ‘\U(OL\EW\S —CL@ SEf D‘{‘ "ﬁlLQS\\\o\Q, Sn\wﬁw KS vQ“»S\\(\a

\poumkqd\ oo tovs okma ﬁ have o Koud\ c\P})mx\\W\mﬁw tmka (2»&. an (\*‘Lh\)*awmx(\mﬂw Quﬁ‘xus)

Lovasz Theta Aunctitn

The flst opphostion of  Semidafinte programnimp I combinadorial optimdafi; was diswnced by Lowise
(7t may be Surpising t= e Whe knny DY {or its applictions Th degigniag  approdimatin ox(SbeW"S—)
Hig sv‘\&‘ma\ Ydea Wwos o map \\Y\dq?enobn’f Sebs of verties +  orthonsymal  sets oiy vectsrs | but our
prasentation n e qﬁoumug Ts shightly olifferont

As we almady Saw. the watural LP oor Tndepatent sels o wmet useful.
So, we tuin o %,@&mﬁg ngrmmﬁmg »oand then relax 3t to an SDP mg?ng tle \/Tzzw?wa\vrf r$ vecter Frogmmm‘mj,
A RTY 2asy B owote Tl o mum \‘hokaFahoLem et problem as  a %mo{fm%‘c progrom.

Mmax L X

Y;Kj?b V\\j et

R

xs=¥Xy ol eV,

\

Tha Conshraint X%y 78 h wake Suwie that  *elo, ) | and tle Conshant %X =0 is b make Sure tat
we Cant \)Tct Lokl jwi?sm{s o% an ,@{gz.
Recall that  SDP  con be withen as g vechw program , and 6o the Vdea W b velax this st\dra,‘hc prregram

n

N on QP \oa VQ‘P\QL\W\& asch vadiable ¥y €K 19‘3 o vecker  vieRo.
Thore 16 &« \&ttle ﬁd«h‘@hha hes . ac n oo vadeor Program Lo Ol allowed 4o have  Dinear Conshants o
Tnner womm %JY veltove , but ia e above ?"Dg[o\m there & Swmg term X7 fthat cannst be oL‘\rchUZS Wodelek
Co 4o telax 1t 4o WP, we oo tle r%oumﬂng Nttle tick o male 2\11“& torm %mamﬂc % :momg o vaciable.
Pax > X
Xixi=0  9KE

Kz W, W teV
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Xo= |\

We can velax Y6t a vectse program  as Lollows . which corresponds to an SDP
hnax \E\/ (U;,\/‘\> max ey Y‘_{
CusS - 9\ ¢k = AN
<\)"VJ> ) \Jéb o Y*j o '\ J =
VAV IER GV SR E QY YV\ =Yr, VIEV

Cup, Uy = |

We can  think D«Q +le SDP  os w\a??h\g 2ach “ertex 4o o vadsr . Wwhere oo vectors t>§ o qujaumT

verBes are m%kn&mﬁl .

Ez&wz we e the power D—( thic SPP_ let we %(5% See  the Cewloxt af tle ?(D\mtﬂw\.

Poefet Lrephs
Tha ndependents rambec o(&) a—{ a SMVL i o fundamental Darametec n gm\w Jvkam% ond.  Combinatoial oyﬁm‘.gb\ﬁm

Uv\\[m%\u\o&ﬂuﬁ, ¢ mgx,_c\l\\g very {i?ﬁ?mﬁ Yo bound  thic numbie (af wi now know. D\Wru\quﬁhg oi(C’l) b oo
{mfw o{ nte fov dmy €20 S8 NP-hard, So it 3¢ hopaless in %Gwz(m\>,

Dne natural uwa( bownd o 0(((73 e ke miniwem Qli%@\m Cove C humber . clenoted ba &((,75 which ¢ the

mintmun k ouch that the verfon @t/ Con o Poﬁlﬁb\,\ao\ Wty K ok‘\s\Jo‘mT cubsets N, Ve sudh that

2ach VY ¢ a c(IQ{,@ LW a cﬁ%u\ CeV o is o subset of verfees T Ukich e § an gdgg

Xy for any ¢ of verties vy e C.

Note that \\JY x(G) =k , tlen o(g) £k becamst gach Fr\M\jav\c}\u\t g2 an tmke at mest one veelax

frow 2 ach dT%wv .

It s a'{‘ wlerest 4o C)\_m(m(fftr\\\aq thota &rn\\vlng with D{(@:&(Gﬂ, Co that —le natural upper bourd i TTSW(,

Howsavar L\a\fw\g outh o vestichion 8 wot \/ma msafvxl n ‘?nrdn& gubd\ structurey  n the Sf'RPL\ , breawe Suwch a

8m?k Can  have any structure  ac¢ (mﬁ as  thet ¢ alee  w \arxm fzwuwsk ih dependent (-

ﬂ&m&w;l we  alsy  vesbiet Al w@mﬁﬁa b hold fW ‘”L\a R durcad, Smbg(c\?k Uf e\
Dg_ﬂ:‘n}ﬁw A %W\?\k G ks ?Q(‘gut }g & (H) = X(H) ‘FW o\mﬁ nlwced SM\OS)MF\,\ H Of (T
Thare  are mawy  giaph classes that  ace pecfet L 2 Infarval graphe L chordal Km\%\s ((see (%7 for ther

B tms  and  otler CLA(SZS\,
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The abova  dofiition is ot tle wiel v T stafe tha wcual  defWition, we wtreducs hwo move  parameters.

L wil) b o Siye of A maimum cligus of the JSYIAFL ,and A (&) be te choomatic aumbey |, which i
defined  as the rinimum k such that the vertex 2T V can by pmt\‘ﬁwu\ into k d\\s‘joiﬁ Subsels
Vi,V such that goch 15 an Wndepondent  gef

To son the connechon with  QE) and X(&) . ot G be the Comp loment 9+ G, thon E)=w(®) and XE)=x(F).
\)1&\&&15\/\ A g(m?L\ CT is ‘Pnrfub :‘{ \«)(HSZNU’M jfwv L\V\\a inducaed %ulggro\w\ H o-( (j

\-[v\ek:uu\, 4+l two d\ﬂ:gik‘\#{ms ace Q%\n\\vdu\t , A< Shewon L\g tleo ¥Oum~jh& thesvam e{ Lovasv,,

Wl w\tuk 9\10\?\\ thesvem A S(MPL\ (; RS Pgrfzd‘ q[ Gnd m\l\g \rf 1ts QMP\MM (; IS Pg(fuf.

There is a  much s&\(\w\gﬂ Hasvom CKMD\(TU‘\@\A& Pirfuf fgm?L\S ?YD\/UJ\ b\ﬁ U,\m)mwsk»h atal. o aceund 2o0b-

Strony pocfect graph  tlasvem A Qr oph ¢ Pacfed Hoand W[Zj ‘qﬁ Tt does et Coatam  an odd Uﬁt(z Gind

T Ao et emtan  tle WPLQMW& of an odd Qﬂc&m &S an  Indwmced Su\ogro\?}r\-

DV\Q (ﬂ\\\f(i_Lt\\W\ NS ’{\(\\\/:m\/ \/\JL\\\LJZ, -t‘\l\l_ D*Lﬂ.( Ok\\(o_tﬁsv\ ‘%‘OOK MEY L Jﬂ\qh |To ?O\SLS . and 78 ems dered o N\a\\JW

a\CL\N\E_\/QVV\(LV\Jf Tn &(z\?l\ ‘H\awtﬂ

The coandwich thowom

Lt 6(6) be tle optimal valwe of the SDP.

Lovasa chowsd +loat  ol6) € 6(8) € x(§) > and this Tmples that the ‘ndependence mumber of @
perfect grgh Can bo Computed in polypewial Hime, ond this ¥ sl the m(tj Known  polyromial tine alorithn.

Ona. dlfection 1 2asy as 6 s a velbraton of  indapondine. pumbec . and o G0 2 oUG).

o prove the otler dicetion. it uffes to ghow tlat :‘iec Ivl™ €1 . as this would imply <t JX tha
the vertew Seb of the gk Can be pactitomd Wb b cligas. tan 06 = 3, Il ko

Tor o cigne ., ‘Ec dnvy> = Zc Vi VoD by tle constvaints

Cne C V¢ q cligua » tha wsthors  corvesponding s Verfies in C ate mmgsm\_

By wiiting Vo as a Unaac cowbination of 4he svthonovmal vacters (%V‘%“ L 1eCh gua Tt odthe novmal tomplovt.,

! vy

y - N . N .
such ot vy= EQ Q:E\\+ N}EQ AU Cwlste e evtend %W\“\%CS fo o basis m%lv\g Y >/ “+hen
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Vi
o = <\JJ,WH> ’&,«{ 1€ C and wao have

- > AN — " — R
= IR A I O QA I BN (Ve
V= Ve Ny e M . e C \\\rﬂ> ,/\ NGV A Nec vill
0 ] AN
Consheiml SvEhonovenal viches ax Comsheant

ond thue we have the CU%ML ConShants  w the SDP

To {%m)\ o MmaXamum ‘\hdqmdm“t get , wa Qn C/W\\EVKL @(Crr\ﬂ ‘E\N o verfex v oo I£ @(Gr@:@(&j,
thon we can remove v from the graph , as 2W(g-D=6 (g-)>6(4) as G-u i alo porfect . Obhanwise,

woe add v o pur \r\d\LYav\mnt et . Andk e fer& e above F{oca&mfl-

Dpan shon * Tha obrve o\\ghﬁ‘tlﬂm fw %kok\hg A maximum  in @md\u& get %u&lcl M Ond dﬁé\,\l‘( look
af {lug vethy  Solublisn at all. IS tlece o umatlec h YD\AM’QV\&H Q\gmﬂ(ﬂ\m fmv ‘ﬁv\,}{m% A MAaximuwm
MMPQMU\T oot 2 Buen wove o\wxcutmﬂ, 0 thare o rmv\dx‘m% o\\jmwm %\r %Mh\g A Maximum

}J}?mﬁtl W\M‘CL\MA K\NL\\\C\/\ 1S oa gpecial Case uJV tle pecdfect gmpl\ mmtt) using 0P 2

Mavimum cat

i\ Erm\k{t\rovﬂ\ Yeswult oxwmx\wﬂm\m Q\Sbﬁtkm s oan  03N3- qwmx‘vmmﬁm Q\Soﬁt\nm fw moav ot E\g

ﬁmzwwwxg and \,\)IL\\\Q,MS(W\ , \,\,l’\c “inty o ducted ‘ﬁLﬂ_ ool D‘% Qa,vv\\\d\fi:ﬁ\h\“(o_ ?rbgfo\mm\wau in thic oaea .

Tiest , e mavent problem s {meam& s Q %M\Arm‘c Program.
< L VS
ESIRC Cl-yvg %)
x ~
Xi =1 Voiel

The  Constvaiet \(\??k FWCLS %5 6%“,”] omd. tla ijuﬁvm W Lomi\%v\% N ¢ v:s? gd\g;zg with O(F-F‘fkﬂ?mt P}(ﬁ
So, thic % an axact formulation  for waxend . thug %olv‘mg guadralic  Pprogram Y NP haed

AS %o:&(l .o W WDV»((K Nle o VQ,L&\( tLQ_ T)(OHQW\ ‘{‘v o vector PYDSTD\M Co tlat Tt s Pui\jvmm\a\l 'h\mz @(uqua‘

= L - Cu- (- Yae
o 2 (1 <mmﬂ hax ;E L (- vy)
H \9\\ HZ: \ \Q) \/6\/ <:> \/ﬁ: \ HTéV
\ﬂ\\ S Rr\ \/ % O
Tk ¢ cloar tloax It s a velexabow, Sinc a1 Zdutfion Caw be  ewbeddsd  as (i\,b,“.,o} in ta wedee

Sokuﬁ\\w\ ,oank 9 SPP 2 oFT.

Now ., wo wad o mm(mL o qu[ofmm\m of his go?P
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To gﬁ( Sovee nbwBion @ bout this  9op P, we Can Thnk OJY e golubhow SLU\M&NKU\K% .
An edge Codtrbutes  a large Vel cose o T Ao the ebjecie hae <Y YT closs to -1, Mv@n\v\é}
thot the vectovs Yiou) afe  almost  opposite T gach othec

An optimal  9D¥  colition  Acies to pull the twe veeters o o adge o ~fw as  posshle

(’?‘\ ctuve ‘?(a\ﬂ\ Gactnar = MD\T\)\AECky

To prodmo o 0813~ opproimale  Solutimn, wa  wowld Gke o find an \mgmt coution  Lith
WL 2 o3 ST .
Inm‘\ﬁw\va, we  Showd s e vedkor  sehllva os a Su\mhmr We chowld  cwt  an JZA&L Wity
o probability proportional o L~ <uy, Yy = |~ cos 6’;3 , whoto BY] 1o e angle hrtusen
Ui ek Uy IWC 9\\3 S \Q(Sz( Celoser to W) , wo shoulde ewt TE Witk k:xur prak,qk,;ma.
To  achicve s,  Geemans and. Williamsom  uced a  Tandom hn\mr\ﬂam o wl e wvecks .
Lt P ba a Yandew wait  vedtoe n RO

The a\&oﬂthm s Simple Jmt Set (= ‘?] \ <?,\3\17 b b\. Ser b above Pictur P an ilustafion

To anO\\\QEL ts ?Qrfwmm«&) wo Ceo tel  an Qd\&L \E T Lt worth ‘YYOL%‘\LH’\A 6‘; /TT,

( P chwre ’q“(c\v\ C:(Lalr{hlry Hhﬁm?xk)

Thoede, F (% adgs ook ) = S T Catg 1 0 it ) = "Sz@é o3 [

Leils Cﬂv»?arb ot e ?gx%«wwmu_ D-E tle SOP SUL\J{:\W.

T - 2 V. .1 S
OV Styp N - “ sy TG~my) T ’
%s?, S5 L ey :

whote tle (ogt \v\q%\/\kll{\% 1o o btaimen b\a ?[oﬁ‘w\g e nrve o’{ tles {ﬁ,\nd\w\...

This coplates tle ?YDU£»
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Tha tﬂgar?t\nm PQ({SJW\S \/w\% ol in ‘P(kcﬁuu, ?YEML\\V\S alwo $T OYHMM Solbion Jn moSt Jastancws.

Groph colociap
3

g‘m(& Qoemm\g’\/\) amson | tlove are Wmnvé QDF*BQWJ\ QPP(DX\J"\QT\\DVL alﬁnr\\ﬂqms , uc\vng o Yandmm L\\j?z(?\anq

mw\dihg method  Cond fs vaciants) Heve wa 2ee pne wsre.  wuell- knowun uzxamPhL,

In Smam\, {mri“mg a4 iR pum Lo(v?ng n‘f a ijA < Qmemahg dT{f{‘w# +o q[ijo\(Imﬂ,TﬂJ aen  gn O(HJ%)—O‘PP)’DX\‘M_HW

algof?%m {w Sog €20 Lyould \”‘“Flﬂ P= nP.

Here , wo Cowsidoer the g‘Puml Case D{ msIng o5 few colws as Fucé?bll > Color a  3- colovable fY“PL‘ in Pol\ﬂhm]a/

Hime , and fu\/ thig onbum thare 15 a ?ayje jz\F boetwsen tle knonwn uppec and lowver bpunds.

ﬁg&M‘ Tirst, W see 6 owbinatovial Mgwftm o we O(IR) colovs 4o Color a 3~ Colrvable SWFL'

1‘( e maximum defre i Sh , then a Sirmp le j;mu% a[jov?t%m wonld  olo.

Otheruise T{ tlare 29ts a vertsx v with O‘Lagru > Tn, then Ttc hz?gkbfw et muwt be 2~ calovable .

We know how to eolor o0 Y- tolovable SYAPL\ (& %R?artItx SW’M n 2 colors , 80 we wse 2 (new) colovs o
color v andt NU) andk rerove thlom Trom the ym\ﬂ,\.

Nite tat 2ath time we Wse 3 colws +v rvemove Jn nodes, and thws

we v ot mest 358 colevs Ta +his

Y dwchon chQF. A{ter tlet the imw i o% Mo mum (yujvu ¢ Sn, andt we are oene.

Now |, we o(zs?gy\ o better G\ppyox\w\aﬂw\ qlsu(?t%m us?néa D P- Copidec tha 'gnummg vecksr  Yelaxation.

<\/;,v3§:4i7, ‘d\mj ¢t

vy iy o | VeV

4
It 2oy o e thak T—{ e %me‘ o 2-lvable |, Han tle CDP i *fms\‘ug (//\)

qum\ﬁwu we ossume  that there s a feasible Colutin T tle SDP o tle vight Loand we would  wee e
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