
LECTU.RE1-GCOMBINATORIALOPTIMIZATI.ir
• Robbery : Given (a)I

, ,
find Max Zaim

Kitty /
i=i

Although exhaustive search is hard # configurations of Chi)) ,
7- direct solution : Ri = sign (ai)

L

Max É aiikiyi ①• Bobbing : Given Clijiijz ,
>
And

*
, ,gif{±,}

'ii= '

NP-hard
.
Integer quadratic program .

• Related NP-hard problems :

"

É↑
Max Zai; m:3

. → t

②=l3i ↑

?⃝ing model of magnetism : ni = state of atom (spin ID

aij = interaction between atoms i. i
(ai; so ⇔ ferromagnetic)

Afn)=EAij Ring = Kami Honiara
ij

of the system ( free energy)

Maximal energy of the system
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③ Clustering of points vii. in c- Rᵈ
smaee

Aij := Hai
- Kille

min { aij king =
Edistances in cluster 1 ×;

I 1 I 1 I -I - I -1

Nitti } ij=1 f- Edistances in cluster 2 i + -
-22distances between the clusters ✗it

↓ ÷ - +

tries to make
in - cluster distances small

,

across- cluster distances large .

• Equivalent to Max Efaii ) king. =②

[ Frieze- Terrain ' 1997]
• Works in A metric space .

④ Max- cut of graph G-HYE) Y☒☒
F- (4.VD

-

MaxGet (G) = Max /Elva,VD|
.

V2

V=V, UVZ

• Analytically : W G- V={1. "in } ; A = Iai;] is the adjacemgmatr.ir
2 if (i,;) c- F-(veil)

ai;
= { ^

if GIVE
µ = { 1 if icy-1 if c- c- v2

⇒ 1-Kiki = {of not
◦ if not

F- (vi.Ve) = # edges between vertices of opposite signs

= ¥ §z, Aij (1-Ring ) ( extra factor
2 to avoid \

double counting of Cij) , Cji) ,

MaxCut(G)=maxEaij(1-xiB#E.⇐ {-1-1}
Ii -_ I

= Eaijt meet Itai;)Niki ⇒ equivalent to⑨ .

NIEEEI ) -
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SPECTRALRELAXATl0NH_lF@B6ik7Sp.R.of② : 2£ {-113
"

→ a- B.Gir)
,
ix. kayak

↑ ↑

Boolean cache c. Euclidean ball
• •

roof radius Tn

Max Eai; ring ≤ max Eai, Riki
= ⇐Imax Eaij ring

return ii Kall# run
ii Hell,≤ I i÷r

If A- is symmetric <An,x)
= n.tl All = n -XIA)
T T

"

spectral norm
" largest-agen¥ off.

Maximizer a = the corresponding eigenvector .

• Similarly , 7- Sp . R. for ①, ③ .

• sp.R.is efficiently computable (diagonalize A)
• Tightness of Sp

R is unclear .

No guarantees .

An alternative
is :

SlDEF1MTERELAXAT1oN- generally , concave

◦ GI pr-ogr.az : maximize a linear#on over a Ex
set

.

• Efficient solvers .

Convex relaxation of ② :

Max Eaijki③
REE {It ] Ij → Zij

• Matrix =L = / king] ,j= , = sext

(a) symmetric
(b) Iii = at=L V-E

(c) poIEsemidef-mt-e.CZ 80) : IZH-o-vve.IR
"

Hasta = (⇒ (au> = (gut ≥☐
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• Hence
,
relax :

Max Eaij Ring ≤ wax Eaij Zij = SDPCA)

Rieti } 4J 2- 30
,

2- ii=1 Hi

• The objective function Eaij 2- g- =¢A, 2- 7) is linear in 2-
ij

• The feasible set { 2- : 2- go , Zii
-1 Hi } is

convert
{ 2- : 2- to } a R

"
is convex

" Spectrahedron
"

[ 2- : 2- ii =\ His is a linear subspaa⇒=nvex
Intersection of convex ⇒ convex ]

• ⇒ Rhs of (*) is a

Coy program .

"Épxgram_" .
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