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o lek G, C2,0-0,C, be the connected. components 0 the ight-
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Ll e\ler& (s, &) paic ig conmected.
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C oL cuk —eaége_

Uq, é‘_?Q’C,C/olf
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ﬂug «— 1
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S0 tne by abwect 4

ﬂuz{, =z 4
e=(a/d] had eontn’ 44
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U, 25\91"‘9 Yu, e
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1
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e
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Budk this & o bad Sof”

boreen 9qf" te better.
Yellows 200" con Le ar'Lférd/r\‘Qg bad .

© —> any N .
alse, M atwy rnkead o 2.

S M-aPPpPvX.
Tdea. : Stact exploration Feom all minimed Vg andl ‘moease @l g"lmul-(-aﬂeowaa_

e=y
Tesue : MAUU aaejes becomig
‘b\\j\nt— simulfaneomsﬁ

Sol" . Tnclude new ﬁ\'jh{- edges

0N - by —one .

Aﬂ)rmtimwte c.s.

Zp -0 = ?"Jw = we hotda
Qe §LV)
iel du e 7é 2 Te = ?I can le very
ows appwX i ee 3 (V) M‘je
llf?'m'k—'fclc{vt.
y . . =
| | 1 i N,
Duad 1p. mefp ALY
ﬂCWI‘ue of-r
fe—3

Inbﬁaﬂil’g 3% lop blw LP—oPT and iv\-kegral tﬂ"’mﬂ

Note : Appsoximation Lactor can’l be beter than 'm%egm!lijg 9P

due to 1"’”"( o , g A:d’lmjg o vel® blw approx f=etor, 'mk*e:-]'raiié] Jo‘f’
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THWT Consbruct an €Xample where M‘l-egrul.('g}r Jop =2 ~J
Henee, by our H'ch?j we @annat MOPQ for Letter than Q_a?Prvxima’HO‘n e

have a 31’0«?1«\ G wH Wt gap —> Z (2~¢ , e=9°(%))

Foct :Integmf?\'g aep < 2 doc wintmum Sremer ‘vee ?fotﬂem.

Now, lef’s  Show Q—Q?Proxima’ﬁon.
Ff’oo'@ o@ Q—Q,F?rox

el w('(:) =4 zo dv TAea : vee wduckon.
AD =increment in dual abjechve
+& C\ 4 CZ +e¢ C = ig
z ot
- wir) = Z we
eer
Now, for Hhe Lol Aocert, there = Zep ? Yv
COm()o-r\eﬂ’.S eateh have gqqoq_l-% 4—1’0\4"’\ ee§Cu)
blw QU\Cj ?0‘{(\ ' + pars.conv.

~A +<

Rents, NwiE) = (7/_() x2 €

Tha, sw(F) o 3
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leckbure,

L rwndirg Q60237
4. Wsite ?rolo&em od an TP Need b prove -
2. Relax {nkejex\ congteaint ) {'mg"b'ﬂl&a—
3. Qolve it usm\tj LP solverg
Toundi - ol — need to argue
4. fragkional Tounc™t mtear ten g,]wl%
Le-oPT
toundin
! > fﬁ;twndiilj
T — Vvaunds
Le- tourded
oPr 04\1 ’ Hm(jqf
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"\L-q j n PT)
$ind ng«? D" >0
Coot ndent
mnd«r:‘::r\dfg) est hope
Aot approximation {actor.
Min vectex cover
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wa ZWu ¥w . 1 oia |
Tu =0 Ra= oPT= 22
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Ye =un) Fot b c XK. =0
(o ~ X
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/ sy LP-6PT — 4+ &@.
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h Mis S LP-op
Don't take u & xux <L } we can (how

a dual toflulon)

SN pF AR D Ay or Ay Dl D eveny eye s covered
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uesd
_ wy oL £ SZwiru®
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Conabruct an QmmPQe, with in‘l‘eﬁ-mﬁg gap more than 4/3
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ED A N, — % are bioQazn
CJL‘ N NL') ' C13 \/7“) ’ (z 22 ), A4, (7(4 v Z'L) variableg
Max auober of cfuged Hab can be zatichied.
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Convention - Br wax-prblems, X =1, for min, « =/

Randowized algecithm
Set  x; = (’;) wp L it\dependenfl-lj foc evey Nan=b e .
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onk o Hebeol .
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L'meaﬁb of €xpectation
Tden. : Wribe W as qum of

Z=2ZtZy
oth alo feg .
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ECY. T = f[ ¢ 1s catisfed) =(— P (¢ wnot satrefedl)
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fresentakions
e Bnd o slor (A duy [wesk for 2 weeks)

Maximum welsht- Sa.b'séa’a!ﬂ,lla
ave,eda 3 —approx betker for Jarger cfauses

Randemized —21: —approx /
=1\ ~a x il eadh clowse har
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OPHon2 . Sek i =T with pwb &5 ¥

')("-‘-T P& D

%= T P=o-5
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|l % t Vel P\)- = Sek ,ﬂ +ve QH‘”"IJ n Cj
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Homem ovk_

1. De—vandomise \L&RY\J

2. 1P= 941"3& dawses give wovse  appvoX factoe
Rardsmized. <— Jarge clowuer better K

Gve o »:]bﬁd aljar—&hm - % appoX - Cox =2 both give %)
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Lecture

Convex grogramming
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mig £00
xe RY
xX e C

£is convey

Ci convex
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r+y*= 4

£z 132\ , 1 >0,y >0
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P
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Claim : T2 200 is o convex function then K = T 2 R" - fx) £ «} i convex

P2 : Pollowa from def™ of

£ L) =%+ 4 3% comveX.
it a convex funcHon.

Conex 9

Ll s (=0)1)
2 3 200+ (- F002)

L P
© /
N
BN
& Q=
t n
(/]

N2y € X
€'mmp£es of convex functons Cwﬂ 2)

e 12+ A
° \'—-'Xa 18 connex W

° 'la—l-(‘]?'
. Y EE 2a-PT

N2
1\'101 DeJ 2 Lunekion £x) e convex in fﬁn i L) =2 (Qea? -+ @inZa+bi) = 4+ G

-4 Cndn

Proof : S + b
Lu)=2%  then (Oﬁf)lﬁ 24 g% (A £ QM) and any other
2 =

Lineaxr £7, van came ?moﬁ .

Cldiv - -?\ i3 convey , -eL {s econNex Yhen '(1\—1-'#9_ 18 convex

28 : Bllows Lo dedV.

Hence, avg LUM of 9 waves off lineay bincHong s comneX

(=) s
ek £x) be convex M RT.



G+ Z+ sz—j')a’fél- nwat be comvex "gj above efaims.

Ta igher dimensions,
<—\ tts jenevaﬂ(Seg to eﬂi{aw\‘ds.
\ US'ng D, we can minimize
\ onven £ over 308 of lineas functong
Buk, SDPs cpture much wove than thie.

|1neas A%ebva Bagice
£ R & Symmelic W A=AT S eigenvectorg = colwmmg o v
A R >y oo J

fact : For any gjmme,l"ﬂ'c mateix A, A —uduU " where U is an orthoviovmald mafeix over R
3

any two el ore. €<— VUT=T @D pT=vu"
Mhuﬂm\aﬁ, wnié Len.

1

Cloim : € igenvalues o a Symmebnc. wakix are veal
AN=AV, Ac C,Ved”

viav= Axtu= A ouNtg

(\I%AV)T’ A = ¢ TATv= T Ay = A Nl

> s 3¢ B .
€romple - L -L
Yz ﬁ] =m. & ™M hor o read eigenvector, dicection 1S'Pf‘a.|e‘rvea¢,
bat it miated aveg\-"\'r&l] \y 45",
Lo, no veal eigenvedw.

A
o3 V2

Example ]:—-i o ‘J > gives miave tmage aio:j J—Mts.
o =4 .

Posibive Cemidebtinibe Hateices : Sgmmetnc wmabaix with non- neﬂa:l:ive eiyenvdua.

ex : Ly rTs = s ot ped. Ee(RI=O
- © pad. Cdok A >0,4c(R)20). 2' o] e
i, 4 ped 2 dek (A) £ 0.
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e yTAL >0, xR

. Al ‘x‘mct\)ag— o ave., non—vegative. CF-:mquL minot= def of Same subcet of rows,mﬂumng)
c A=RTR SéFRmm {nigny



<Pbis by >  <—uselul n Agorithmg .

thak (s, A= ®iTh =

T
inner P’rod.ucb mateiy

Qowi- Delinibe Progeamg

R
7(\\ 77(\2 > 7(\';) - x\"l ? C(ZL’ on
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3

n 4\
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0-»)
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2
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ST -2t -y? 2o
Ci~ (L2 -y*=o0
det \ 2 ] [\—fx i

erpress thic o proper fﬂovm N
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THW] exprese 2um ol squarez o& IDP ; elliptoidl o4 SOP
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Lecture
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17/10(22
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@ - 0 ;Xr\n

C%.’J‘)(e\j
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o

m“-{‘ Sw;j K'j
(€]

=0 (ped comne)
x f onvex s'e.é-
leh=k

>y %y =k, for
(<}
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x © ©°
£ =0 [c J o) J >0
0 V) (“’1'-2
J =20
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Lo Xz Xg
Ky =% 5K33 = - xy~Y22 [X’lz X2s X2g }..‘ O
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e {477
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WerAs Zg ~AT > O



Anothec method.
=22 -y >0 /\ I S

|- 2 4 N x Vo &
20
g l+x] J ° \
Givep 1-2%-9% =° l-x2 = o
L~ 2
(=2 2 O} redundart 3=
(+2 20 (~ax?-y* 2 O

Quadrakic convex programs wuith quedratic  conghrtints
> Can e encsoled cn LI+ L
eq. (22-39+)% + (2z—2y ~)* 42z yrS £ 0O
which 18 cnvex, and @n be encoded cuig? aDe. Lvw]

Nobe s &oc a comvex funchon £, £@)ZC s convex bt &) 2cC need. nvt

be connex -
£() =x% \ / L) =4
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= —
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2 2 ~1

H -2 A\ /2
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Ay A
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-t 3 T PoD

_ J x|

1-20 2 =0. Lo x = 'ﬂ0+ (‘Eﬂ(bulrg& on A\‘a{]‘
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Recall : Matrix M & said to be PSD (M Eo)
{ o NMv2o &rall veR"
2 <& pet (Mgg) =0V £ £U,2,...,0F
3 . all eigenvalues are non- neyokive
4

« Ay, Uz e n eR™ 8% mg:uiTUJ' (™M= JgTu it ™ is ?Sdl)
@J%L) T = ov) T (Uy) =0 .
oy —TU Ov = (0v)

=3
Ci ) vy 20, Take V oA eijemec_('m'. Then vTMv=A =29 .

(2=%) ™ = UDofs(UJB) (vg oY) = (vB) Codd) T

Albexnate form £ SDP
X“; X2, -- ,Xnn ER

> - wiy Xy

<)

S o Xy = by
F - - Up
'x(j = Uy TU\S
MBX-CUT  ( NP—hard)
Grafk with eA\!Je We‘i_trhts . Find a sukset

S eV which magimzes

S w(e)
et 805,33
Rondowized L ~appyox ajﬂw"%m
' NP-hardness
Bk N &S wth prob- 1 Moax-cut can Sofive maximur
8y Ginearty of expeckakion, wdependent ek problem
- We = L .
ﬁ—:[gj_,liiec D_O?T
Finear Hrogram
mox 2 45 A z*, X*
. . . & Lot
K2 Fi+Z c oxyie:;’ 2% 205 then (€3
Yy £ 2-2i" % (il \oth sae, R =0) 2, <05 then (¢S



TIsaue - I”beﬁm’l‘tl QA(P = \/2 Lor +hie LP.
exonple where  MAY-CUT =1 10-0PT THw
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LI >
cor  TAAX Lo
ey ofT

Kolﬁ\dig

Us'mé) Hie %, beat hope is J_r,-_""‘??""’"""‘aﬁo”

149S : lLoemans Williameon SODP based alson'*’nm . p-%F& opprox.

max 2. Wi i
W
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xj=§2 % i FE o ===
o '\@ Zi= &]j 2
i-e| wWoaR Z Wiy ( —"Z]"Zj
R (“‘_‘9_ )
Z; € §-11)
wWe wnow relax this
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\leckoe S
m - — 2
(""C’a\’ﬂm ax Z":j w33 (\ <: ) >
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Hence

Up —next : wg e fo an &DP and how we com get & good approxmede ek -

can’t C)‘DJ_E& be wirtren oA SDF. g

Noke : Quadroakic gregrams
! bk o, Gaa odmit coveradl

WMy = (U, --- Q’) (u 0- '-O)T - qlr -rqz
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=2 2
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claiy - A’n\\j Lonsible  salukion ol the LP aiueg a  feartble sofuHon o SOP.

f i
Round_edl MaX QDP
cuT cuT oPT

1. Use zome SDP solver b s@.nd CZ*,Z*)
2. Roxmdcv&j scheme (2%, 2%) ~> b5,

Ul = .t
™ e Pgb :e‘@ 3 U 227" Uy & R’n &'h w MS

= 2{ 2= 4
4,
[ ‘k‘ é O
( S BN
‘[ .
J

Note - Wh\j not :jo for mote than w alimensiong 7—? no e« ‘formadion

Nobe : T =z eR? ZzT2 s pSD. buk this doen not cover the
_ L ]

space of n¥n SO melices X & O

83*[10 0] >0 bub  GsM2uMR c(R* st <u“’“\]r>:ﬂ—(—,—_5

1 o <
; o A are ot possil2e becaure R> can’t hove

2 ovthonormel vectore.

E'CJ' u\lqo,;‘kg eR
wT 3X 2
Uy W (¢ _% R
\ [‘ > BJQXB

C’\E)': Q(Tu\j U‘)-:
V%
3
N 2xo } 3%
Ronk =2
Bub  aPy + 0o Ao -’;(-\3 A;G_R”g

VK ACE D can haNe  fg  vark=3 . ftence , s
s not a mnvex set !



Claim : Feasible olabiong dr NP <> feasible solukions For 2DP
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