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Q&SQ. Choose & = Wwin
I Q_r\~'.)_

I"&‘lw%j beomet '{-itih’c dov at min %E‘lj}\'\' eo(gQQ,



1 Aﬂreada ncreajed dual cost b&
§ = W for ol cuks .

° 9“'2
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cmh',g #-min wt spaaning tsees @/ @ matter , byt
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Ls min wt 2-edge —conmecked S“Jﬁ‘"q}”h C hamilton cyche s o min
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tepeats
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thods C Nee&, z 4 Parbikom < wﬁ_)
Farhhm\9e

€~Jeﬁ esloe  croeeey Hhig ?otrhb‘o'n, So incwase Y Ej min we-‘d]‘& 4‘433 ‘
AU wmin Wt edﬁe {-(3;\1‘7.



se incveyer duad cost Ej ('n—\) Wmin

——

eerarh‘Hoﬂ
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U={e,-Cnd Maximum (PP —had)
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K — cenbreg
Metric space = Finite wl of prints with disknce
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dle) = dley) = - = d ( e("‘—)) <«— bLottleneck ?YO\oQﬂmg (ejwwlbh_’_ ::(;: "

ST)
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're,PQD_CeJ bj < Hhic .
9o, after modr‘/u'cw(v"on} we&h‘b =w

Now , T qfa#l o# ﬂenjﬂq = 2 blw ce,v\tY'ertx_
=> 3 —apyproximation. L Shmffjs ]
(but bt bound for
e (nok the bast appeox.)
Nobe © TF F a dominobng @f of gize ckin G s el
fhen  all independent sets have gize <k in Ce™*
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Travetking Llesman Problem (TSP)
Given o melvic space , n goints with  digkances , find a cdcle, ?dmﬁ
Wrou(jh ol the points M\'inﬂ winimum botad distance

Emiwweij\r& homiltoridn C\\jca@]

A Qower bound ov thig € a‘\\len Ej amimim uoelﬂh'f S?mm'\':ol Yree
Mws T £ OPT

Buk , thic tune out to be a &H&W\'QK\MHon N-R
oPT < 2 ¥ MWIT.

ool : Tuke e win-wt - S?‘“"""j Wee ond tmke verbiced a order ol of winwt SPaﬂTﬂﬂ
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#rogk: proof ¢

'ﬁ:h\mess
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Chvistofide’s Algorithm
Add edaea o the min wt- gFa“""[‘j tree o gof @ eulerian quﬂ'\. Now ,

bovese  the  @ulerian qroph ¥0 ddr a CJch. %\1 \)‘umfir\& oNer airead.(ti tgited eddes.

A. find g uanPannivlﬁ tree

2. Lok ak the subeer of verticed with odd degree (uy Q)

3. \We need to add one edae, to each ~erbex in 2 to moke the \:ijk ¢ulerian .
% ,add- o petfedt mul—rhirg i the ﬁfa\oh formed J?] Q and add it to the bree.
Cwe allow duplicate eJﬂeg ag weld 7

4. We find a whewh- fenﬂe,ct mab’rchmj ia the ampk fov med, %7 C and add it * tree

This a‘ueg an  Culerian Sm?h with we\ijk’c = wh o tree + wh. & ma—kﬁﬁﬁ
= Cost of he hamilionian cdclle_
Now, wt-of fo,rfed,— ma’rdﬁrﬂ £ opb (g‘mce Ot hawiltonian CJch an be 57:011‘
2

ko fwo Fer%ad— mu}dur}f and. clwoote the
one wike fower wef\ci '?‘)

= 1701" ( + =
w ree + wt of mod-dt\ﬁ £ Opb+ Lopt = —%-0?17

=>
ACT) < ,35 x Opt

Hene , this gnes a 2 ~ agproximation for TSP

Note . szﬂ{nj an euderian gragh s emujll\ Since an ewleian tour can be owverted. to
Cﬁch U&h&j q skip of aﬂrea&\.\l vigited Q&SQI'\IQ\'H@.

--7°
(:. ) > @(\0&&%

Gitaphical Metae ¢ Chey approx. 18 4.4)
Arbibrasy idirected gmph wikh i weight edged ,
ol;:): weﬁ\r\\' of shorkesk Fa#\ fom T *°

Tep for SWFNCQQ wwelic g equivolent to a closed walk in the amph where each vertex
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howi byt
Qe_n k- mo wo.ijhb of an edde, n c,jcﬂ(-’_ e winimized.

o Bnd @ x Sy
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dley ¢ dte) 2 ---- = d (ew)
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e M)
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3 —approximation
g{,—OP as coon 0¢ @
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is eonecked. and for “':j tree T, T2 containg «
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Y che&xdwﬂ
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over all don-emp - oll elewentg of € o blavlily i
Suefs S o€ D 18} L—> Then vemove € fom olienbs and conbinue

Thie S can be found ba soeting Cy;



and  Qubgel Q of clients ,

> um of wetg ascigned [ 8ame agyuement=

Ana&as'LS' - For any {acrﬂfba
'e: * Z'esc"d.

2 J to elemente in 2 al Qef- cover]
gz Cyo —_—
Mia)
‘s st elem covered — cogt awjgned. £ aVg- coelt
Ca

Mekric F“”‘Q"‘Zf Problem

o Facilitiea and clients are f)o‘mi‘s In a mekvic pace
o Conmechion cect 1a the distance bebween points

I
4 CCKSL = C{A\SL-\_ C‘\’Lia. " Cia.\ia_
| s
la
1P - Formulokion

i —> foc —fudli\\d YoYi=a W4 i open

Ly —> et 3o connecked to «Qmilia i

win Zﬁ?~d+§ 0y oty

<— each olient comnected o 4 #dl??

NGy < 14 lient § comnected. o €8
2o 1 open.
Dﬁi\)‘,?f(é go \}%ralomodocm DC>/°;U'>/0

i< \\\AS

Tn dual , o eoch client we have o ~ariable j ( unconevoined since advaint

Z'i(\i:d‘ Vj

e - =o°

ie an eq’ualda) and Wiy >0
Du

max 2.\
VED

> Zies W

\J\J' ’_Wsj = CS

W(\">/O

Dual LP—opb = LP opt -

T2 o \acole Yok i

+ve value tn  LP-0pt then @We&?oﬂdl‘ﬂ
N nequalify 1 the olusl mugt be

t‘\a‘ﬂb [:com?o.emen%ua slhckness 1

}ohcu

N )



Consder  Optimal 1P 2oln . to the -Fac{Q\‘l-a focakion peollemy . Then & x5 > O, (3jaj24
Yren we have NG -wWi= C

g
Y Nertex with ot Lacilitiea with Ay >0,
l eV Pick facilibies with min €7 (sey £
E o . g o) Dusd afen'\na ek ol facilibied n F
= Sty >4 2% Bh 2N
S -4,
When A5 >0 ’\'q"': C§+ w"\i > C(:]'
" v Conveck vy Yo & and allo comnect all
A

clienbs with ’)L;J- SO0 W 'f;; C"‘Aj > ©)

& CEND,
N AQ&OﬂW\M

. While Fan wnconvected elteat § pick the cllient
with win. value o w

o leb F e the sebt of factlibeg @ Queh Hhak 2y 70
n the optimal <olution

* Pick a #aum-? M F owith win- value of &

¢« Conveck all cliente Cunconnected) to the ﬁcfﬂi% m
wih thak g > O fr owe ¢ in F

. Rerea.ir g |
Note : Aftor thie , g9 uncomected. clients  hate a not-2ero
value ®© any —émi.(lrg n F.

Clint - Ab eah ctep , the Yotal coat ineurred i opening Yhe ﬁw‘ﬂﬂa andl
conecting the cliente to 1o abwost 4 Sv  volues of - clente commected

. : Wiked 1 E 4i >0 only # Ay >°
PL: The dual coxt of ©Pe0i facilites = for Some. faatliby {) given client ) -
=00l ss —F" ¢ = 'F >S9 = £ S Xy o= + 4 Covaxe atf clients awveed b
(P=Sihuy>d) e T ¢ ™ ‘_epth m 2 ™ n mmmgd e

Tn this cage | the total cott of oPen(t\J the (q_r.(o_i\-a tw & odmok 2o &Y

= Tolul wet of o-])enma e facilibey < 5. @;\a\- < LP—at



Sa ComFD.emwkaE) Aoackaeses , Ay r o = Vy-WE=C = Ny > Cy (snce, wy; >0)
(fowest v
\anon“cc(-ed)

Kk (Ak >0 ,bub Xmk & Not nec. > 0)
Gonneckion ek ol ccnned—iv\col 3 b m < 'VJ CCQ‘ < \I\g.)
Cost of Conv\e,cHna K to m

= Cvnj + C‘j + Cik Cmeic?]
< . .

= \’J ' +\/K

< 2y,

(Vg wag foweek cogt)

= 2 (womekon i) < 3 TN, ( exth v, tost it Cm&nﬁi\rgnée?mﬁ}&g)
= 3 ope (T)  (dual opt ‘¢ ZW)

=2 A (T) = connetkon togt + Opening Cogt

< 3 opb () + 0% (D

A Cx) = 40p% (=)

Reimal - dual. Maoﬁ‘rhm

Keep meraaging the v valued L some  tubgek of cllents WAL gome dual
ineq/ualijca beomes {-igh\; [ heep mereasing all mon-tght {-pae}her;l
Tor each ‘Glu'ﬂig i 73 W <& v - Wy = CU
Stact with all \\=0, W;\]:O
fecume we hove a  cucvest duol golukion . Dedine 4 #auﬂca i b be a nefguboy

of chieat j ¥ Nj> Cj - Mo, a folity @ covibirer fo et ) 1wy > O,

ot ﬂ@aciﬂth& U coulvibubed £0 ) , then W ie a veignbor of Uo(\j conshruckion )

Qmce we morange Wy Oﬂaa when the 'mecluaﬁi\—a becomeg hjht'



Te first iberation will $op when the duad mu{’uull%‘ beomeg Hight
for tome MEQ({:&

— For a tight -x‘o.c(ﬂ\'b& , the value o@—\'\v/‘ cannot
it be ‘mereased, for any mejghbor. (wy)

ke There are 2 poecibifities when we have to stop

& ‘\Y\oreasiv\a te dual (\) :

Stop incrensing the L.x¢ ¢ et becomeg o L o toht faedity (Vi= )
d.w\:ﬂ :vcl‘lw ﬁg-\hts et ome ¢ " M a ney bor o Ky “ ‘1-3 (J d
Stop increaging e dued < 3. Some new dfacl ‘*a becowes ’clﬁh’c

Jor il Y\e&'g\l\bors of thie FdC(’Q(g

Clim = 3 an 'm\:ede(‘ soludion wheee cogt 18 akmogt 3 timeg tme cogt of the duald solution .
S calt clients For which dual varidble is being wcreased, |F /o
T = Sek of all facilities & which dual ine@unif(?, becomes hghl,—

At the end, Cveg eient will be a neijhbour of Some -Fbccllrta that ie ﬁa\,,b
. . (_; oy < ey vy
(some ‘ﬁ!c’ﬂ'.g n T) ( ?nc-\](eaSQ % 'FvAr'l'h@(‘)

Fr ar\a #gieT, '?;’: z q-\';[) = 7 Nj~€¢j
J &R Jentd)

gu.??age we cormect all Rientd W pCL) v 4r,

0 i® £ dicjoint
Cost = &1+ 2 & = DAY J¢ otk are disjomt , we 3da)<ac{'la,

pa

(of spening ;) JERE) jente) T VJ;&') ~ SN = duad st
Conebruckion o Solubion : ( Intuition) SeNE ies o pimal st
Caecetpondg to Dﬁ-rwnﬂ'
* Seleck any tight —Facfﬂr{-,a and eopen i ?I_mat

o Conmect atl neahhors of that ‘faciﬂr{a b (v > CU>
e T2 one of these 'ﬂe:ﬁ‘hbo\‘s alto hag a non-ze Wf\‘- value Lor aome other
facility , comnect att vefghbora  of Hiok gchﬁ.‘% to thig

Cwe dov't pick 2 Lacilibies which have a non—=ero contiibution to 2 edients

G

o < e = doo't select 5, comnert C4 and eg bo A
Ca  Nobe : T2 thete are no clients with >1 “e;jy,bgrg; then

[N
N

2, < ca the algorﬁhm give the optimum value. tha )

Cs




Nebe : We 't use the sawe auement with the optimal LP dual solution ,
Since we aan’k argue Ve £V ih that axge . 'EOmle_ﬁﬁ wadters |

* Consider o 8rqpk on T in which +two ace aog)'acent— # some client hag non- =zero
value of Wﬁ in both %acilibed

lek T be any maximal inclependent- sek in thie ara?k - Open 2l taeilibes m T
AV\C\J client that is a neiahbor ol any a?acwiéa in T’ => conneck it toana one of them

Foc clients thab are ot in T7 => Leb- 1 be the facility tok caused.
the dual variable j to stop increas*nc?

T£ ¢ & not in T’, Fa ol k thab hag e W valueg o 1
and, some —fwdlrla in T’ Ema m 7]

(2]
e J Coj = (g~ Cact Cmk
{
ke Cj""*“,:" Ly = Vj C+hoa ave neguwg 1
CAien .
PRN Cik £ Vi
™ W >o ™M T, Cmk < \Ikg

Alse , \(Ks\ld: bearuge j wagd vemoved from L bewuse ¢ became tight

Wi >0 = k can’t bewme nei\zsl\kw of #; after it bewmes tight -

\jj can’t inecrease  Lemwse ¥: became tight . Hence , v, < Vj
[ by congtruction ]

So K canvob inceeage after i betame {:5}1{7 = kK W removed. ejther before oc
when { beome tight

= Ny ddn't meveate a#l—,erj sbopped '\v\creasing
Hence | C“\\} < 2y

Total gt = 2 (B+ 3T S (TY% +33v )
et JENLE) fret dcmf_ direck

conn.

£ 3F vy = Ropk (T



gd\edulim\ Relobed Raralled Machine2 [Red : Nazivani ] /2
« 1 independent tagks

- m machines
» For @,\cewra tusk ( and mau‘.hinej 5 tij i€ the Aime taken laa task L on machinej

- Bnd o sdiedule that winimizes the max completiom btime —> 43igning tasks

to machineg
f_)LE]. = {:L s tagk a.?e,ijned to machine j
o OH\erwfse,
TLP Rwmulakion
mn T The problem m LP velaxakion i3 thel
. it aan distribute lla.\:ge, bagky over all
2. 9‘3‘ tU <t N machine | ) ;
v machines go the kKP-oOp [opt

Z' x\l‘j =4 N Yaak ([, asq.fsn b can be ve\a swald
J exacbl\\] 4 machine

'13 & SO, l}
_€ﬂ-. One btk , m wmachines , JC:LS =m ’V‘j aaemj an w-approximate
Nd ea.sa — Schedule
Opkimal nkegral time = m padh tosk to the
Optimal veloxed. | Aoz =L, Xafbey €4 AN fogiect machine .
m

n
Opt reloxed = 4

Us’mg Binar&q Seavch : Guess a value T bor He optimal .

Construct  an algofi{’hm that either shows that bhere s no golution with ompletion
Eme < T or Lindas one wilh wmpﬂd:ion Yime abmogt 2T .

Smee  Op (T) e S wing &y , Zooming bf\l- , We can Fer&rm o him:j search
m . T usin& bhis i
Tt Hme > g7 opt >,N“‘/M gi%g:fx%\er\i- willd ei\(e
Mud‘ged/ LF Fof'mulakfon [mod,e).lirﬁ ad LP e@asl‘biar% Prcbﬂemj M—Q??fbximaﬁﬁﬂ
whenever £y >T = do nob alfow bhat asgignment:
Z\J.DL;J'= L ¥ ek o Vij: 25 >0

DI A -i;;J- < T Nmadine j
L bu’ <7T



claim : T Wie [P hat a {feasible golukion |, then we can Fnd an assignment with
complebion time atmost 2T , ancl i nob , there iS no lukion with

completion time < T.

T8 ther is a feasble solubion , there & also a basic Leatible Soln whith is obtdined,
L(‘ﬂ sdeoﬁng a sk of conghuints that are tight and go!lvivtj the Conegpond;rg

Jinear Sclis\-em ol eq uations

Suppase. there are v valid pairs (¢, ;) such Hat 6y <T

# vaviokles =

# congbvainke = m+n+ v ) )
gince there are + variabfeg

1)
T theve exisks a feasible solution obtained. h& choo@ing abmict v of these inequalitier
to be tm’dhb = i aﬂ such seb , ableatt v — Ca+m) imequalities  mugt be
of the form Az =0

L
J
= 3 a feasible soln in which abmosk (m+n) ariables are won-zero. < oy ,ﬂiﬁ;ki
C “eovrner ") His feasu'bﬂe__
In the basic feasible soln, a twsk { is ﬁ'ﬂchonQﬂ(‘] aseigned to machine j zo%uhon
1{1 0<')Lg- < i) and. inbeﬂm.ua a&sn\zjned o‘l‘lﬂerwfge_, W corner

I8 a task is Fuckionall a_ssfdned to one wmachine , then it mugt be Kfach'om,udt{
otssfgned_ to atleast A machines
= TE 4here are Kk ffach‘ona.ua assigned. taske and (n-k) in\:ejmu.a a&gfgned_

tagks , # non- zero A s ableast (n+k) =<— ak+ n-k
#Hnon-1er ng‘ TR WoH -0 ket '_m"“ ]

~ o
ntk < n+m = \w\-Jﬂud-i [y

= The #rud-{onaud assisned. toeks can be inl:e@vuu& t0 machines auch thab
e‘“’"‘ét machineg 2 assl'jwed akmost one betk .

B we am woued gome of the fuckional values to 4 k. Q\,e.(d machive geks | Mow to
abmost one.  wounded (to 4) valwe. do this 2

J
=> €ach wachine’s exewton time incrases ba akmogt T Next page
>
= Rebuod  complebion bime < 2T ¥, by < T

and LP entured syt €T ¥J machine
L



Conghruck @ 3raplm with tasks | macthines a8 edges where (ti,mpD) e &

( Roundin

: ')L..
e >0 atnest n+m Ajj @re non- ZerD.
ﬁﬁgm’? m)

~
= Hag (n+m) Vectice? ; atmost (n+m) edﬂe_g

For baske which are ini:egmua a.ssigned , Just do that agimment and vemove . “

these tosks from the jm}‘l’\~ Tosks .

. . Aij >0 m:
= New qph algo hag  no.of edges < mo.of Nertices b . . J
I the new deh has a mai'dﬁn\? > then  we geb the required assignment:. % %

It o mahine has deqree L, cemove thap and the tosk adjacent to it.

Now we have a grapin with d’ed > 2.

Ta eve\a comected, mm‘aonent ol thig Jmpk , we have 12| = NV
<~ Pick altecmle

= Each connected component is an ewle. that has @ perlect mai—ching cdges.
hos wind edged qiven comected , \El=(N| .

Claim : Aay connected. compovent ol the &mpln has otmogt ag mancnj
edﬂes as vertices

Proof : Choose a feasible solubion with as few @uch’onaﬂ.& ass\'\qweot as pessible
[we\‘]usl- need ot bogic feasible golution

20/ 2

SUPPDSQ we have wn verbices and (n+) eddes => There are atleast 2cdeae5

The component has one ol bthe -folllowin\al shuchures —> Cates (a), (b)

(a) <8 A + 3 TE A is o task ;, fr Hhe new golubom
B to be feasible, we need &+ 8,+ 8 =0.
¢ Also, in this case , B is a machine and C 2 o

tosk = g Zbu 2j £ T , BC needs to chanje

c.g\ X c333 Lél - g| bA“B

Y

We aan Simiaar% propoqate the chanjeg alonj the edges.

4 X 3 a task = 8+ 8 +c8:=0

I8 X ¥ a machite => f%j ¢ 8 + £y .4, + {:3\)' Cq 33 =0

Tn either case, we have 2 equations in 3 vars and thie has a solution . (olher than (0,9,00)



Rlso, (-8 ,-82 ,-83) alto saHshes +his
— There is a olution it a8 a emaller no-of frackional edges .
(b)

Here alto, we ean propogote and, geta soluhiom .
#ask 2

Nerbex Cover
min z Wi X
Xi+ % >4 VIdeE

fxt\>/o

Pw}:] bagic fensible solukion o thic LP has °“ja {o, L51Y 08 values for %:’8 [_i—inhjra!:[

T8 any % hag weﬂhl‘r {e (0,%_} » then evera ne’whborhoool will have we;dh(; (-89

v > aneOS\‘t? #ﬁjM’ conShaind:, |
0 <8 <) ﬂ;
R

4-g  Atleast one hag (1-8), else we can reduce §.

(610 ome e e QD
Look at canned'ed_ COmPonen\,— with verbicee hﬂ:\h‘ﬂ S and 1-% i 'hj"lt-)
Iv\creasinj feft side loa —g and ﬁjh'\,—
aide bd + € e sl Heasible .
Also, fov amall Q,V\oujh € ,we an

increase the el \oJ ¢ and decreate
the righlr lo(? ¢

1-3 = The Sofn ig nok basic .
o <g<.li

( since. move conghints are laecom‘\\lzb
L 00 inernal, edges h‘jm—)
8ince weﬁhb < L?_ ]



Sofuing the LP using wmox - flow r>Xey: opt is Sj‘«)mel‘sl'c) o Y=Y =Je .
[8) (=]
v, W

Wiz T¢ (L)) are adjacent

connect (N, ,usz) and ( \lﬁlul’)

N
ata V%% ‘o
rl
fqmé

£low

n VLV)

Optimal 1P soln = Value of max-flow = ,‘T ~inkeger il Wi are integery & ford

&ulkarson
LP for max flow = max S de \Ztku?\\:{—i,
S Ye <« w, ¥veN dual of ~ertex
ee§Lv) cover LP
Je >0

= Thf.cj hove the sawme oPHmaJ. value

Rozmdina [ For lﬂipart—ibe arqpk J

Tn the fackonal Sedukion Arsk pick all verkices with integer cost . For the
half wbegral weights ,

TOt'al wt. = E\I\l\'

Yy
‘ : =
ﬁ => Pick all ~verbices on the 3side with smaller we@h]_—

= gives the optimal Soln .

For 3 —colorable srqphs

3

Heking 2 oot

wa‘ljhl' sdel
L \ Tnteqral cosk < Z Swi
Y z n 8 Q < E \
=> Atmosk % times the factionad cost
(raoh‘ond-(l EF"* the, 2 least wei?'h\: sides 7
opt = Zwt
2

-



* For ‘oiPar‘\:H:?_ STQPhS,

O pkimal fackonal soln = in\TeJroJL soln for an Qrkih*qra
wieiqut function

The converge i€ also bae , since i# we have an odd eyede
“L

= wt = _E_ but rounded. is atleast 2
\ly \”L

\l
N, 1

° Given a weiht fnction , is i true  +hat oplimal integral dont Know
. . the angwer
= optimal %actonal for thak weight funckon ?

+ Optimal \n\regrai verbex cover > Optimal frachonal ~ertex cover

CNP - compReke T = optimal backonal ma}-ahrzxj

]\ > Optimal fnhzﬁrai mai'chi\nj [P"’lc‘! Hme |

Check 1€ the bwo are equal
bo gee i€ the olubHon ig oPHmaﬂ.

Midsem Question Pattern

1. Owe seb cover => Needs LP

a. Another knapsack kind ol = proloablla PP




lLectuxe ( Midsem Discussion ) 6/3/24

Lo Co L formubation L? dual
min > Wi % mox 3, Je
NE T e +Xgy + Key 24 Ye : 3 Yy £ We
eet
Xe: 2O Jp =0

First , remove ol e&ge& that are not ?ar(: ot ana {;fia.naf),e_.
Case 1 : ¥, % > O i the optimal primal gsoln.

Becawte of compd. slackness | Yo , Z Y, = We
eet

= 2, wWe = _
e E&E{—,aejb —323&

= ohuz!?_opb = 2 wWe

3

Stace compRement o ba?ar‘cilre. 3”’?1“‘ fom (@) haa we@a’c atmogt 2 we
=

= % —aﬁ)roximabio—n )

Cage2 : F, : Xg=0
%q 2 =>11>i_ Q’FZQ_}JD:

Round. that xe =>4 , remove He erije_
)

= TIn remainiij 4roph , sek o 2o sl feasible
= O-Fk hew) <« opt — We
>

L
cemoved edﬂe

Tnduckion hapcl’ﬁe)_‘is
A (T pew) = 2 opt (new) £ g Opt —We
Now , aduifj zo(JQ Lacle.

2 A) £ 2p0pb



hecture Randomization 10/3/24
Max - AT

Guen m clones in N beolean voriables , each clawne hod @ weignt

Fad. ay y_sgidnmenl: that maximises Sum of weights of elawres thak ave satisbed .

1. €acth clawse containg atleast 1 frteral
2. Doed not contmin fiteral and ks compRement
2. No literal ig vepeatec

Goal : Find a sofubion whese expecked cogt & dote to the optimum

We. pick m\a a,ssfjnmevﬂ: w\\'{‘ormla ak vandom

lek K. deacte e vandom vaviabfe Wetk tokes value A ¥ clawe é;
¢ cabicied , O otherwige

Cost i3 algo a vandowm vavisble - E\.n:\ w; Xi
= n )
£ [eost] = ZowERD = 7 ., Wi PrC O i Sakivhed)
= 3w G
=( t C'\ \e'?:‘)
d _ ¢
ancl , | (_J)_—) = i__

I8

2 Elwit] = S.ow

po I
= Z}w(? max —tst = ECott1 > 7;:( i-e., gwel a X ~appoox

Cin expectation |
Dexandomizabion (method of condstional expeckations’)

B lest] - Ji (Efmsb\ﬁi =] +elekix ::o_]) here X\ =1 denoter yalue of
2 wax (ELC\%=1], ECe\xa=23D) Xy seb bo 4,

Sefect Xy =\ o7 O 24 =Ce\ %] is hij\r\er and  coninye.

A -agsvrimakion .

Solukion cbiainedl has cogt = TWi hence, e a
X 2



Relabel the Diterals so tot weight of a cdawe with a sivle negative fiberal

< wt of claute with a S‘rﬂﬂe pogitive (iteral - EWC %) 2 wl%) ¥}
¢ Ke Covr Xrec
Suppage. 10 davses with s“\njﬂ.e, negakive Qiteral . Lppase we tet o variable b be
bue with p> & . Whak s the P‘ro\aa.laiﬂl'\a thot a clauwse e satisbed 2
for o clawe with single Uberal ( becawe i is we?) = p

For clautes with, o +ve Qiberals , b -ve liberals

P CC i sakished) = A — C\—-p’)apl“ Ce> 239

> A — FO«\-‘O

= 4 —p*

Chooge. p b p=4-p", p= VE-4

2
e CL,K €€, Pr(xy sat) =p =\-P7

cdowde ko X, X; j > \—p*

cdawies %I, % e 2 , Cost = Pw1+Cl—P)lNL>

= E tl = -4 . i - Aot
Ceoat 1 (\!?1 >ZWL = Bekber than L —approximation.

This  can be  devandomized n the Same woy as He  previous olgositim .

Max - Bipartite SubijL\_ [MAR-CUT]

Aﬂgorﬂ'hm © Tuk a vertex in A or B with e.qlu.a(l QYoLalafﬁﬂ'a , nude all edﬂe& bebween A, R

Expected cogt = Z W
=

Derandov zakion

Mace X4 in sek which gives kﬂhe_\r‘ E Ccl¥ T,



A - %) Rpprovimation (U&ina Rardowmizze d Roundcrﬂ)
1. _T_v\l:er]:veb veloxed LP sofn. an the F“O\w‘”fﬂi% thak the ~arioble foker value 1 .

- Com?a.ne, eﬁpecbe& cott with the D\)\'imal LP —cogl

The WP formulakion of MAX-SAT ®
$i = A ¢ x; istue
Zi > 4 € clowe ) & sabisbed
mox 2 W Z)

T o8t Y ) 3z o clawe ]

ep; &Ny
2, Yie (o o 0 2 2,90 <!
Consider e opﬁmaﬁ soln. a;* ) %j* o thic LP
LP-st = z\! Wy Zj
ﬁbkmdirg sdheme  : Sek BT b 4 with pvob. a\-* (in&epen&enbﬂa)
ExPe.cEeJL st afber ro\md\‘r\a = }_J Wy P ( clause ER-HS‘A'QJ)
P Ccﬂuu.be\j wot satished ) = JT (l—g;*) T 4y ¥

(e&' (eNJ

e <« wo. et
< —9:) * . J Jite
<z‘.erC\ g% 4 z“edel*) caly

43

. L;
<1—1’*)J
Q)
_ . IR
= Zw-( _(1-&mt) o
A 4 < !Zj)
>

Need to show fhat  Pr Colowse & sakished) > CZ) * =
Stnee ;| — (- %i* )Q“ S oncave for o= FF=L ‘*g"‘j Jensen
4

A

c x 0\>b—Lf> cost-

A-(-um N s (- D+ % (1- - L) H)
9, Al
’ z <i—%) %\‘\*

> (2-3) Zwimt = (1- 4y ooy = E-g)ert
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