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@ What are Graphs Cuts and where we Apply them?
© Mathematical Modelling of Max-Cut Problem
9 Relaxation by Semidefinite Programming

@ Semidfinite Solution
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Figure: Example of Undirected Graph, G = (V, E)

Figure: Example of Directed Graph, G =
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Figure: Example of Graph Cut
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Figure: Example of Graph Cut
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VLSI Design: Applications of Graph Cut

Figure: Example of Graph Cut
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Image Segmentation: Applications of Graph Cut

Figure: Example of Graph Cut
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Mathematical Model of Max-2-Cut Problem

Consider undirected G(V/, E) such that |V| = n and |E|=m.

o Divide the vertex or node set V into S and V'\ S (= 5).

For all edges e = (i, /) € E the weight w;; € R are known, wj; = w;;

If e=(i,j) € E then w;j =0, w;; =0, Vie V.
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Mathematical Model of Max-2-Cut Problem

@ Associate a variable x; for each node i € V.
@ Assign x; =1ifieS,and x;=—-1ifie V\S,i=1,2--- n.
e Find an optimal S such that the cut value is maximum:

4202 will—xx)

i=1 j=1
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Relaxation by Semidefinite Programming (SDP)

Trace(AB) = > (AB)i=> Y AjBji =Y > BjAj;= Trace(BA)
i i J i
Trace ((46)7) = (6T = 05 B4 = 35 AT}
i i i

= Z ZAUBfi = Trace(AB)
P
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What are Semidefinite Programs (SDP)

max C e X, s.t
AieX =b Vi
X =0
CeX = (C,X)= Trace(CT X) = Trace(CX)
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Linear Programs are SDPs

LP: max c'x s.t.

alx=b;,i=12--,m
x € R” :{XGR”|X,-20}

a1 0 0 1 0 0
0 a2 0 0 ()] 0
A = l,i=152,--- m C=

0 0 din 0 0 Cn

X1 0 0

0 x 0

X =
0 0 cee Xp
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LPs are SDPs

LP: max c'x s.t.
alx=b;,i=12--,m
XER”:{XGR”|X,-20}

|

SDP: max CeX s.t.
AiOX:bi,i:l,2,~--,m.
X =0
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SDP for the Max-Cut Problem

Define y; = (0,0,--- ,x;)" and Xij = yiTyj

{ Zk Wik IfI:j
Ly =

—wyifi A j

> Ef:1 Wij — 2011 Zf:l Winij)
> (ZJ Wij) + Zi,i;éj Zj,j;éi Linij)

> LiiXii + 22z LUXU)
(L, X)

% > Zf:l wii(l = Xj) =

TR T N TR N TR Y [
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The SDP Relaxed Problem

max%LoX, s.t
Xoe,-e,-Tzl Vi
X =0

Xi=Xe e,-e,-T and g; is the i-th coordinate vector.
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