CS 270 Combinaterial Mgor‘\ﬂms and  Potan  Ctructures , g‘ﬂ‘ng 2018
Lectuce [IS: LP o\uql‘\-(-g
We prove tha %Jmm& okml‘dwé thasvem {«w [ingar Pro&mmmg ond oo Some oLPP[fcoanms in  Combinatoral

DF'\%\W%QHM ond, gamq, ‘H\LWL& .

We ak omen in linoar progw\mm}%
Lets chact {rm [ hear PM&(MMMX Considac the {OHMMS [ihaar program.
Mo Xt 2 Xy

4y, + 8y L

WX+ Xy €3

2%, Y ax, ¢ &

%y, Xy %0
This IS & moaximpation problom. T giva & lowar bourd  on the optimal value, Wo Just ned to Qe a Aeashle ol ufion
TIn this axample | m«‘mg X2, ¥asl o shews thet tha oplimal valwe s &t least &
Cowld upin Fond o botter  eolddion $ T wet, how do wa shew 4t the oplimal value s ol mest €2
Ez lwt‘w\g of the Pt constraint Lo wolla thatt W He, €6 0 Qe X220, thi mphes that 62 N 43X, .

This chews that the cyﬁma\ wvalle V¢ at weit b,

Wae can prove a better uppe € bound b\} o Similar argument Addl the fiest two angtraintc  and divide b% thyes

we ebfoin  Elat omy {uﬂ‘»kz wlution  nast gmﬁs{va SY 43, € €. This shows the oplimal valle s 8.

Fiven & &JLV\!UDxl oy program
max <o, XY Mmax QX
Ca,, XxS¢h, o Ax €b whovn  Ac RMY“, bfl?imj C,xéf?{h,
<D\m:‘\(><\\ow‘ X 20
X2 0

we Cow also wle the sanme ﬁ\(th% +o 3‘«\/1 an upper bound  on the oF“Dmal value
Take we positive  lingar Combinatin of  He  conshaints | S:% (&3\a\ FYias, X > < g)ﬂa‘ J%JJL,WLWL WY
Pos\xt\\/fb Yo to gmwmﬁcu the iv\e%w\(‘nt\a Jolds h tha Y‘\gk* dicedion . I—( \3‘0\,~HﬁlQ} M dsvminat 2t ” ¢,

la. Yooty e, 2 L tlon we know that <\ﬂ\c\\*\3»0\>/ YD 2 <o, > e X0, ond thu

\ﬁ\\”dﬂ)ﬁ)\ol S an wpper bound  on -the oP‘ﬁ\w\a[ valw. .

L15 Page 1



How t~ ©Ond tle  best wpper bownd 2 Thic ¢ Itself a  linear I)\'o(gw\mm\mg nglzm.

Associote g Y\o\mhg&a\‘r\\/t nuwmbe W o 2ach  comsbraint  above . The bast  (omallest ) wpp L bewndk 1S ¢

AT bT% ™in \aT%
Yial z ¢ o, \ﬂTA ZC

We call  dhig ?q\\ c o% jR¢ a ?r\\ mal ~ duwel ?o\‘\ C
W ax QTX man \>T\g

(P(\w\aﬂ AY ¢ b (dnal) vj(

Teom  oue P(w‘lws Msassion, 16 s clear —that  tle ?(\m.nl olﬁ‘xw\ml valug g Uppe batonoled Eé tho

Gua oF‘{‘\ma\ value . Thic i¢ callad The wank OLm“ﬁa thetrom  in Uingec Frog(amwﬁn&,

Weok duokiby tlosenn For 2o \Clm\lo\t Solwtivn ¥ to Lhe ?(me\ progam and  gach f@qﬁ?\q\t Spldion o

‘H\a ol Prugr&m, we have Q\X < \;\Lﬁ

Cm?\gmm‘hmvé glacknest  conditions

How to peow thal o primal Feasible Solution % 38 on optimal solationd

IT suffes W owe conld find o dual feagible solutisn 4 sweh ot dx:\ﬁﬂj mmug Tho thic Cate
wee prove that hoth X Vs peimal optimal ond Y s oual  optimal.

Whan il QTXZ\DTKA ?_ Lote do e calealation {W tle waak Dzmo_n‘ﬁa theovem Q&Q\\r\.

We  have \5% > \&Yﬁ% K*m\dv\& o v\ww\q%a{wt Lo bination 04 the (ows | L)\,A “+la ?ﬂma\ Con bRt s)
P QTX (‘U\& tovn Bination okm?hnﬁ\mg Thae P(‘\V\m\ ()b]u‘(]vﬂ,)

To have \XTE:QTX L we wmuwet have buth ?v\awﬁﬁm S@‘H(—Fwei al zcgt/uu(fﬂtg_
Tor tHa \Ej{gt \\V\Q%J,%LT{'Q o hold 45 an QWLH\QJ wo Showld  have Lﬂ‘t >o sv\\\& \,{ (c\(,xvi\gj/ 2. we

should wee tle -t Cow WL\Q when  the Tk eamstvaint Y Jﬁg\,\tA

For the Sotmd ‘m%mm‘a o hold oa¢ an ﬂastmt‘ﬁnj, we ghould  have <Q°,%>;c5 whare o) dencter the

yﬂf\ eolumn D”& A wentver 2o ‘e \\—g xy7e- Hon the coedficiant Tn the  CombinaBom  Should
mak ch &mﬁl\a tlo mz%auﬁ( in o tle OLJJQC'K\\\/Q AF‘“‘CJ[\‘W‘

In —({o\d, tlee ove e cassary ond. Sufficient  cewditiows %ﬁ\’ yﬂg t bo ‘OP‘\\\W\C\/\«
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To Cwwmaride Lt howe  the \ﬂnuvw‘mg o?ﬂmam‘g condiHisn¢.

Cm}law\aﬁmb\ clackness  conditions Lot x Lo a ’Pr\w\m\ fu\s‘\bhz golwtion  and \% be o dual fms\&,[@ So lubimn.
d

Then X andk \a ol e o'\ﬁ‘xmnl Solwtion g T‘g and D“/\Lé \\~§ J(uz\ SOX\S{\A
(?ﬁrvm\ Lmd{ﬁ\wg} \\{ \(3>b . hen (D\A;\A> = CJ L whave r;l VS e Sic\,\ Column B~f A

( durol Cmd:\“ﬁ\\h\mg\) ?rg: \3“>04 “tlew <Q‘\’3(> :\37 , wiare oy s oHe T-th vow g'f A,

Theca osvw?\zw\mﬁr\a Qlacknecs  conditions  Caw Quida ws T seacch o optimal Priml ond. dual  golution s
v\ging a  Combinghval p‘\gum‘%w, 2.8 tle H\m&m\an o\\gmjrhm fw \mﬁgktm B?Part\tL m:ﬁcm&_

These ave called prrmal - dual m\gbrﬁthms, m%‘m& e ?ﬂmadet pee b gm\d\L ws o caacch fov b[ﬁ\\\*\vmml
Qolutions  withowt  exphitly  qoling tha LP (z.g, withewt  the weed 10 Compute an optimal besic Solutina)

and Hoy bad b Smple gad effcisnt  alpycithms combiaatomal  probleme
% ? § P

\\

There ave algo C\Pp(oy\w&q, QWP\QWW% glackness  conditiong i t gw\\dua,us o tearch ]ﬂm gmuk QP?{DXVMJR
Wwlitions . Some  wall-known xamples  af e in u’\zzs\gn‘mg A\stumeden mlguﬂﬂm& {D\/ {qcil‘ﬁr\a ls cation

and  hebwwk daﬁ\gh \NOUGW\& Cee the book b\,é Williamsom  and glnm“:j; ‘q[' kADL« ace  unterected .

Ctvonp  dualthy, in  lineac  pro pramming
Q [q) T 3 q
We hove devived  a \wms(m\a oand Suﬁﬁk\w& Cond T o %\, a Po:\f b’{‘ \)r\wMo\\ oand  dual oltions b Lo DF‘\\WJ,
Rut woe have not Pravxd that tLg\a et st L and s skl Gewtent aﬂt +a %J\\(M& d\mk\ﬂﬁa FHeovam , Whick
go\\ﬁ; et o Amal Program o\l\,\/m,&; ?mvw\u o {-‘\g\,ﬁr Up pec bound ’ﬁ\r “ e P{‘wml ngmm.
Thete  oave d\ﬁaruﬁr Wowe PNy prove tha SJtvsv\g M\Tf\a “thewram .
One S haced s~ P E"wmlabuc method , olich 1S &\LMEV\TMLA and &Ak’fvwwbﬂm_il but W oig on\n §\>a¢,\.$\ Jo P
Trstead , we wWill coe an aPanad\ baged o Q?v\nwa L snvax %LME‘&\I\\, which can be C\P\)\\\a& to Szm\dﬂ_ﬁﬁz
PVOg‘(O\w\m‘mg as well (as we Wil cover SDP latec in the Qawm\)‘ but o ghgm oﬁsadvaﬁafi ¢ +lat

W heed T assume Soms basic vesuffs O\V\mL\AGS and Wil net e all the deteils e-{ “+tlo Frog{

go.\lm( ation  thesvem

To prova Sme(JS o\M\\Hrg Asrams , wa nted  Sewa  bosic  Cesulte n Coavex m\O\\BsTs ) @km‘mog that  we can
a\wmgg Fnd gmgam‘m& L\gﬁPm\?lML +o ggPam‘ﬁL a point wet n o cloted Convex  get  from  tThe Comvex

ek . (Recall ot this s what we nosded “n tha 4\\1?501 met hod >
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N} -

oot ( Recall Hat this Vo what wae nosked " ha akl]yw‘\d\ met hod >

Definttion. A 52t § o clowed T puecy Lwit powt of S
Defanition A et § g cewvex o xze S

i< dn g

than oX+ (1~ )2 € S ‘{e{ all dé[o,ﬂ,

TRWQM (SQPC\(‘DC(\GV\ *\\LW’LW\\ sz,’t S EKV\ \)g [N ‘r\sv\xslmvha Closed  (snuey b and v S.

Thon 4loe exists VJHK“ Such that <tﬁ,v5 > <k3,><> {or all xeS.

TL\L ?rma—% Plo\n s Q\‘W\Pll anh il Bve . CT‘\VJU\ v, “{\‘\V\c}\ <+l uv\‘\%«,\xz ‘Po‘wxf Yxég ~lat ¢ clsest to

AVAN
st 3%
Then, argue that  {u-¥ X=X > S0 fw all xe§

ond +hie Wl 3‘% ws  the L\ﬂ\)wlﬁm With  divaction \mf

Fwa\\@»\\uA‘ tle ?voo{ NN Swmmmf\\gld\ ‘mé <l —QDKL@J\V\A P\duLf @

-V
/

/
¥
Claim X s KAV\\V%\ALLVA defined .

besi Lt ¥ be an rxﬂﬂt\(c\rva Pt n <. Concrdoe  2:= 2 2¢ 8 \ \‘1—\1\\1 5\\‘“"\\1?] .

L\E‘f\ Z is  bouwndeh and CL\*)S‘Q_{K , and thus QMPkCt»

2
A Po‘\v\f closest o v ¢ a hn\m?ngw e&— “4hle  centinwows {\M’\Lﬁen {(1\: \(2~\/H2 OVver Qm\;ﬂt wt 2.

%\3 \/\Jsf\wfgt‘(m&%’ thasvem » the mintmum  valua

s attainad EL& Cone Pv‘wﬂ( \(Aé € g .

To oz tlat 3(* ig \Ah\\gﬁu\\g duc&%huk uppase \x(,} contradictiom  that  ¥=¥s ond both w\\w\imhbt the distane o v

Congidac Y= S ¥y ) Exa CDY\VQ\(\\T%,Qfg- Lot = Y V\ 1\‘%‘\/\\1

Chad that 115 ul= L lx vl s S e-vl = =6l = g -6 a contvadiction

be +the mnwm Valua

¥ %
Lomma, YOS A wn}mrgw oand m\a ‘\Jy < A-X N> € o for all xe Q.

Erw& et e S . Considac 2 = (\~‘JX¥+ X . %Ls CW\/a‘dJﬂg . 2¢ G,

> €L
b( \}\ X AX\ H \\Y*» \/H - 22 < X;‘*V,Y¥/X> L 21\\X*—X\\ v
Then »<* ¢t m‘m‘w‘%w &) ﬁ11<x*~v/ x¥~»<> + cf\\x*,x\\lg o MYvw Yoo
= <s<¥~\;,><*~><> < %\1x¥-x\\L Y X Pese
X %
= < -V, X - X <
) X > <0 -
Proot OJV Sepay atin thesvam Lot * .

Yw= v-X

Then  lu=xll" >0 = <v,v\><x> > <x*,v—><*> = v, 4> > (X¥,\1>_

*x
On tla othar hand | for xS %% e Lovama,  we have Cxu-x v > <o o <x,v‘xx> S<x,v~><*>_

Tharefore <\/,@ > %> Lor @l we S

d
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Forkag lomma  ond  Strove LP duality
d— d

Toackay  lowma  telle us !ZXDL&\ZB Uhen o et o—g [incay Ma%\dﬁ?as hat  no {@s\bh golutions

fl\,\;uwun (Fmrko\s kqmmp‘_} The S\ésfam A\('»L; , X220 has wio So[w{\m’\ \l{ and mqt\/é \Lﬁ

Qka Such Ahat njﬂ 20
100 Lot S= § Av \ 3(>,O’5. Then g

©D) “The system Av=b , %

ande La/l\s )

;S [N C{D&Q&

convax oot C See C_L_O\PJ(Q,( £ &‘g Mqi‘omuk»&qrﬁmr)

is e%uﬁw\(n& to Saying that b éﬁ S.
%ké tlo QLPD«{Q{\W tl\g,@(aw\) —th{l axists \6 chl’\ {‘l\sft

20 hent o Solutdions

<\3,\o> < <\ﬁ,z> Yze S |
as <kﬁ’\°> < <%,4\X> Yxzo.
\fb<o.

which Can \31 Ve written
g'\v\@ Dﬁg S \we have

A\So, wo muct hous \aTA 20, a¢ stherwice tlore 3¢ts

X206 Such 4kt <3,Ax>:<gA,y>rf@,

Contradicting dat <y, b> < {u.AY> Yo

(@) If sud a y evsts, ten the Syston muct have mo solution , ag otheavie
D>\§\o'—\§f\§( ERN

X o eewtyodiction . o

Tackas lomma o ofton  called o Alosam o  altornatives

Elther the sagtaw‘ hos 4 soluli;m o nol | and in

Lthee case tlew i an Jl,or\g\wha werfable  condition ‘{w o Now we ae owe shep awasy ‘gvm LP c&w(ﬁﬂ

TL\QWQW\ Q %’*\(W\& L\}*d\mmr\%y ‘,(/% \’)D—tL\ 'H\L \?fuv\&\ c\no\ Ojk\/vm\ axYe fikg\\lo\t QV\J\ \QDMV\O(\Q& _ Jc\_,tv\

'H\ma hoave e <Qama O\o‘)at‘t\vm VIS

ol of  Stemp LY duald Considor tha poimal

Nhescr \)ragfo\m Iy xzagwﬂ:bh«\ ’fmmi

max ¢ X Mmin gké
N T
Cprianal ) Ax =Y Connl ) Y AZC
X2 o

Wo woula Bke o ghow +lat

W the primal o\o‘juﬂva value G last than a value o then there g

o dual faashle Solution 5 with oL]ut\\/z value  less than ”o which would }tha S\erng ohmlma

TL\&_ ?‘(‘\‘N\A\ 0\0\)15{\\/1 \/D\\\A,L 'S lacs 'Hf\&vx }/L \\S D\%\A\\Va(ght h SQU\U\X ‘H\p\ff 1l ’g’oubw\mg s jh‘[‘g_,:&w;lg :
Y - S =

” (B -
= has no  soluliong .
Ax = b & I\ (

/\/\
X20o , gz20, seR
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Bkg Tarkas lamma , thic 's ‘wnfasble W 2 \AUKW\ ( whare

K{z)&A o > 0 K\g72){\9}<0,
! P

AER™™ ) and 2 eR sk fhat

Move w”‘?“ﬂ”(}‘ \gTﬁJv ZQTZO, -2 20 | \r;T\ngi/,\(o

ConSider two  coses . g\,\wou 2 =0 . Then thy ‘\mP[Zu t kot

u\\TAZo and bﬂg@)i whith  means  that
?ch(ﬁm l\o\& no '{sua\{\\gkl Solufion ot all.

onA\ Q%:T}l) < g

4l Primal l'nhear

Suwou 2%0 . Then 2<0 . We havae Ki\ﬁ 2 CT
-2

Thevefove . ‘\J/z s oa dual Loagible gelution  vath objedive walua P

Cropmetie  intar ?{chﬁm

I’[% YOS an QF‘F\MM Glution  In e defron @

the objective function ghould be in o me of Ho

%‘\gk‘% onsharnt's , Lo, I Yzo st %Tf\:gl

Otlecwise ,  we Couwld \g\w\&\ an EmFrw‘m& obatima Y the
1 } .'"2
-2 -1 1 2

air; = by Acetion ¢ L and then X 18 not ov\t\\mq[
1

Min-moax  thoovems in  Combinatsvial  optimization

Min-max  Thesvams are —Fwtwml vesults in Com binatoval Dp{wiso&?mJ as H\ué %\m nce chmduTgaﬁm& of

4 le 0&){\»@\ value o{ ths \)roblzm.

Soma ZXQMPLM includae -

merbipmﬁm—mmh‘m? mn-verter Couee o Given a bipartite fraph . tle  maximum sRe of @ mabcm\g i<

/Q%wd o the minthum g\%z e{ o vectex  cover.  ( Check that Halls Hasrem s \\‘MI)“L(?\ bg \JY>

Mo —Llow  win-cut © Crvan o divected gm\ﬁ\ and  Twoe wverBies ¢ and b, the madimum  value of an ¢-T ‘H“’“
1s Q‘thm\ o tle mimmem  valuw ujT an O o

W now See tlal  these tHesvems  can ba Pm\/mk %LﬁSTQW\%tTCQu\a \Ag‘w\& LP otimlfﬁ:l‘

B\?ac%i+z et dﬂ?v\g

Q?f:N\QIv Mmax X
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QP[‘\N\Q\) Max % o (ohm\> min ? kj\/
x(ém\ < | SRYZAV; &> \{\w4 \3\/ 2 | Y 2-uy L
Yo % O NACAS Yvzo VAVEAVE

Nota Lot m\a \n‘h&xo\\ Qoligtion 1)'% the  dual Progro\w\ Lw{as?mds +  a vectex Cover .

Tt can by Shown that  the dwal LP  as \Magml vertex  Solutions (.ekarauw_

Qo/ ‘o\a the gﬂmg Mﬁhg ’H\&W(W\} e VV\a\(a\o\‘ParT\\%k“‘W\A‘&‘CL\\W\é Min-vectes- e e Ya Swlb —fbums\

(P{WM\) max Ko (d\m\) min E Co dg
< Y e £ £ - > T
Yv R T T o Yvel > duv ¥ Y “Yu 20 VYuvek
Ao Xe & Co Ve et %S/%Jc Z 1
Xo 20 Yeekb

K{)V?/o g vel/

de 20 NV<2eb

To undecrstoand  Tle dual program “f?ri‘t obseyve that  duy = \SKM\AV in Q“A b‘n{\mwl golution , as Ce >0 .

Ao, we Can  AStume ot kﬂg:\ and Y=o ond L2 4y =20 fyw all el
gwpposk kﬁ\,ﬁxbﬂg ”{w all v, Aen Ot Q/SWQSFSV\M ot et whee all verticas  With \6\,:\ ars on the Ssufce
Ve L while all vertios With Yu=0 ate o He Snk Sde s and The objective Afunction Counts the rfal

\,\/Q\&H of the sdges Thoothie gt b,

A\So{\r\, toan be prows 4 Hat both te \)f\w\o\\ (Mhw 1) and +he dual (Rw22) ore “\n‘b&ml) and 4hue  tle

w\m('fgtm minewt sy ong ‘gellg\,\,g {qow\ Tho Sﬂw% MLIT\a tHoowvam .

Remack: Thew ace ok‘wﬁa(aﬁ wmni o Shew tHlat o cectadn LP s imtegmﬂ One  well-kmown  method 16

t Show thet the  cenedonnt  ynadvix 1< “JWTD\\LZ) Loy modudac

Minimax  thamem in  Qame thesvy
U N

Thete  are alse vaciows uge “ff the Strong dmaht\% Haesvom In game H\Lmiy

The  most ”fuhd\nvvxah\‘ﬂ\ e 1s the {o“m‘vq minimay  thesvem  In Fwe qu\(}gar 3eco- Swm &ama.-
Two ?\Q\ae(‘ %Q_(D"SHY\’\ &am& Can hm

chesciibed \mg o matrix L wlefe gach Yow uwr‘cs}ymd_s ~ o gjmﬁsz&\a

nJF the (ow F\au\\e“ and. 2ach  rlumn Crrrespowds + a iﬂ»ﬁmm o% e Column quner.
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’L’g Tl row Pko\nam Chooses St\(rﬁzg\a: and.  tle  Colwmn PL“\(\” clhpotes QNKJ\“YLX\% :\J tHoen  the Pﬂ‘aﬂhé
{g\( tle p\mﬁus 15 the \T,j)»ﬂ\ sz&w% o tha wokin .

The Yow \)\a\aer's &oml N W\o\x\x\m\abg e FO“\E;DH while e column \le\aar'\g gomf NS vam?w)a,a Tt

PSR
P 0 |-1 1 2.9 this s Y ?aﬁa%& waaty K er§» +tle \)q\u;—gcan —rock gﬂmk
S|{1]0]-1
R|1|10

A Nach ﬁgﬁ\\t‘oﬁmm $ o Po\\( uf g&o&a&iu of <o F\mﬁzrs Cosuch Hat 2wen oo \ﬂmﬂzr knows  the
Sﬂ‘\’oﬂfqga B% the oHar %\ma}uj \(\Q_/ﬂ,\z Can net &a\m b\a CL\DV\X\H\& M\vg/l\z( B g‘f*(aﬁz&\a‘
Tt chould be cloac Hat tlew = no '\)L;.(& ghoﬁzg\a Solulion  in —the PO\'PQ(FQQ\\SSW' Yolk SO\W\& _ but o
LA N N .
mdxed %Jt\lcﬂilgxa (3,3,3) i on Q%(ml\lo(\w'w goluelion ]Cw beth Players.
Wa now show that any two F\“fﬁu 3 ero-Sum gome hoas  a  woxed gt\ro:hgva kcgu\.(?lor‘mm Qolwtion .
LJLJ\‘ A & TR,M\”\ bo 'H\)k PRK(\D{—»{ MD{H\VX .

™

Lot w=(v. .. %) be tle \)rml:m‘g\\tﬁ\a distilouta of the Cow Shvetagies st 2=l gz o vl
We dewste Tt by ve 87 . Qwmilarly. the tolumn mived gfvabepy 35 densted by Y e N

T the v plyer plags w0 and the el phyr plags . than Ha papff 1 simply XAy
The minimax  tlosiem  Seys that W0 both playece play  optimally, Hlan Tt doetnl werttar  whe  announce

s (hae Canixed) S*Ycﬁmgg first |, and thus  tleee form  an Q%u;(tbrmm Solwtion .

Thesvem (wiintmax hoo SLM} Max  min <A (% =  win max  ylay
TN Ye N \&e&‘ Xep" 3

( On LHS, 4o vow plager ommownces st wlile o RHS | Hha eolumn  plager ammaus forst )

M Tt L obeerve Hhat sne o (ow ?\oo;\er {reas a ginmg? X then tha  column P[‘“&” can
Compule KA = (z_zl,__‘zh> whete, 23 is ta <xpectad Pmdb% ‘\{ tHae wlumn P{aju
P\@vss e (Pwa gfmhm T, ond V\mn‘w\(g ‘e d\fﬂam Vowith minimuw 2] Vs a best (asponse.

S, Wi Can g‘xmlv\“f\\% Mo Wi \(Tf\é as max min QXT(—Q‘\ , which can bbe  watten o¢ tle .

xen” \36&\ xe ™ 3
’Go\\vw\m& LP:
Mo T
V‘_\:‘\ ~N
Z xpony 2t bolsyen
1=
[N
2 Xy =\
t=1
¥+ 2 0 Yo1eism
P2
Sivilacly,  win  max XAy Can be mpified as v max (Ay); , and Can be Wiittea as
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mei\mmy wmin max XTM Con ba  Simpifred as  min max (Ax&j , Gnd Can be WOitten as

el wes” wes™
J(\J_ —gb\\m\,\/‘n\& P« i v X
3 v oleis
o) N S1Swm
]1\ \\m \
Yoy o=
ASERR
4370 9 1eien

Now | \juﬁt \/u\(‘f\a “lat tlece  twe Progmw\; Al Q 'P(\(W\C\L—d\/\)\ﬁ,\ Fa\r.

Henee , 4o winimax  tlasem —(—oums —{Y\svv\ tla iw dwﬁ‘ha Hosvem "fb\/ LP. o

' LAY ~
Ym:S Mmin max D(\mup\z
¥ {

Moo observad that tle misimax  pindple Can b used te prove lownr bounds for vandewized alpocithms.

The worst Case Cunning time of o Condomi Q\gm‘\ﬂm NIRRT ‘(uhw\\hg timg  on the  worst inpul

%uwuu we Wowt s F(D\/Q oo lower lound o tho va\m& Time of m\a Vw\dtw‘\%,ud\ Onlgn(\\t\nm o Solue OL\DTb\v\flm,

Notice thatt o Candsm'3ed a\&bﬁﬂw is Just o olistrbution of  detecministic a\ﬁmﬂ‘ﬁnm L Ve when Hla
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