NP-Hard Graph Problem
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Decision Problems
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Vertext Cover wmhy Independent Set

boolean VC( Graph g, int k ) {
return ISC g, g-numNodes - K );

Vetex cover hig1AnI1 Independent set




Independent Set mmy Clique

boolean 1S( Graph g, Iint k ) {
return Clique( complement(g), k );

Independent set l3iennnan Clique




Cligue wmy Vertex Cover

boolean Clique( Graph g, int k ) {
return VC( complement(g), g-numNodes - k );

Clique 13i81nN 21 Vertex cover




Completeness
L

Vetex cover »g1nNI Independent set
Independent set l3ignnnan Clique

Clique 13i81nn71 Vertex cover
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NP-Complete Problems
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NP-Hard
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greedy algorithms
backtracking, branch and bound
local search

approximation algorithms




Vertex Cover

-
Exhaustive search
Backtracking
Greedy heuristics

Approximation algorithm




Enumerate All Subsets

- enumSubsets( x[0..n-1], k ) {
: IT ( K =n) check( x )
else {
x[k] = 1
enumSubsets( x, k+1 )
X[k] = o
enumSubsets( x, k+1 )

}
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Vertex Cover : Exhaustive Search

- getVertexCover( G, vc[0..n-1], x[0..n-1], k) {
iIT (k=n)
IT ( 1sVertexCover( G, x ) &&
sizeofVC(x) < sizeofVC(vec) ) {
vc[O0..n-1] = x[O0..n-1]}
}
} else {
X[k] = 1
vc = getVertexCover( G, vc, x, k+l )
xX[k] = O
vc = getVertexCover( G, vc, X, k+l )

}

return vc;




Vertex Cover : Backtracking

- getVertexCover( G, vc[O0..n-1], x[0..n-1], k)
iIT (k=n)
IT ( 1sVertexCover( G, x ) &&
sizeofVC(xX) < sizeofVC(vec) ) {
vc[O..n-1] = x[0..n-1]}
}
} else {
1T (si1ze(X) < size(ve)-1) {
xX[k] = 1
vc = getVertexCover( G, vc, X, k+l )
+
x[k] = O
vc = getVertexCover( G, vc, x, k+l )

}

return vc;




Vertex Cover : Backtracking

- getVertexCover( G, vc[O0..n-1], x[0..n-1], k)
iIT (k=n)
IT ( 1sVertexCover( G, x ) &&
sizeofVC(xX) < sizeofVC(vec) ) {
vc[O..n-1] = x[0..n-1]}
}
} else {
xX[k] = O
vc = getVertexCover( G, vc, x, k+l )
1T (size(X) < size(ve)-1) {
xX[k] = 1
vc = getVertexCover( G, vc, x, k+l )
+
+

return vc;




Enumerate All Subsets

- enumSubsets( x[0..n-1], k) {
check( x, k)
J =(kk =072 -1, x[k-1D
for ( 1=J+1 to n-1 ) {
X[k] = 1
enumSubsets( x, k+1 )

}
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Vertex Cover : Exhaustive Search

- getVertexCover( G, vc[], xX[O0..n-1], k)

It ( isVertexCover( G, x ) && k < size(vc) ) {
vc[] = X[O..k-1]

}
J

= (k=07 -1, x[k-1])

for ( 1=jJ+1 to n-1 ) {

X[k] = 1

vc = getVertexCover( G, vc, x, k+l )

}

return vc;

. }




Vertex Cover : Backtracking

- getVertexCover( G, vc[], xX[O0..n-1], k)

IT ( 1sVertexCover( G, x ) && k < size(vc) ) {
vc[] = x[0..k-1]
} else {
J = (k=07 -1, Xx[k-1]D)
for ( 1=)J+1 to n-1 ) {
X[k] =1
vc = getVertexCover( G, vc, x, k+l1l )
+
}

return vc;




Vertex Cover : Greedy

- vertexCover greedy( G=(V,E) )
- {
. Vc = empty set
while ( E 1s not empty ) {
choose v 1In V whose degree i1s maximum
Vc = Vc U {v}
V. =V - {v}
remove from E every edge iIncident on v

}

return Vc

. }
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Vertex Cover : Approximation

- VertexCover_approx( G=(V,E) )
- {
. Vc = empty set
E* = E
while ( E* 1s not empty ) {

choose (u,v) an arbitary edge of E*

VC = Vc U {u, v}

remove from E" every edge incident on u or v

}

return Vc
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Traveling Salesperson Problem

-
Exhaustive search
Greedy heuristics
Approximation algorithm

Local search

— simulated annealing




Enumerate All Permutations

: EnumPermutations( x[0..n-1], k) {
IT ( k=0) for(i=0 to n-1) x[1] =1
IT ( k == n ) Check( x[0..n-1] )
else {
for (1=k to n) {
Swap( x[k1, x[i1] );
EnumPermutations( x[0..n-1], k+1 )
Swap( x[i1]1, x[K1 );
+




TSP : Exhaustive Search

- TSP(C G, tour, x[0..n-1], k) {

IT ( k==0) for(i=0 to n-1) x[1] =1
IT (k=n){
iIT length(G,x) < length(G,tour) {
tour = X
}
} else {
for (i=k to n) {
Swap( x[k], x[i] );
EnumPermutations( x[0..n-1], k+1 )
Swap( x[1], X[K] );
ks
¥

return tour
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Greedy Algorithm
-

Incrementally insert the point v into partial tour 7' such that

veV

max{min (d(v,v,)+d(v, vi+1))}

1<i<|T|




Greedy Algorithm
-

* Incrementally insert the point v into partial tour 7 such that

max{min (d(v,v,)+d(v, vi+1))}

veV | 1<i<[T|




ISP : Approximaton Algorithm

RSNV (i j) < d (i, k)+d (K, j)

01: EuclideanTSPapprox( G=(V,E) ) {
02: Tmst = MST(C G )

03: Tour = PreorderTraversal( Tmst )
04: }
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ISP : Approximaton Algorithm
—

RSNV (i j) < d (i, k)+d (K, j)
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Local Search

localSearch( ) {

- 3

s = initialSolution()
while not terminate(s) {

s = select( next(s) )

it ( accept(s,s”™) ) then s
}

S




TSP : Next Solution

o, 2, 4, 5,6, 7,1, 3, 9, 8, 10, 11

0, 2, 4,8, 9, 3,1, 7, 6, 5, 10, 11




Simulated Annealing

: simulatedAnnealing( ) {

S initialSolution()
t inttialTemperature()
while ( 1sNotFreezing(t) ) {
s = select( next(s) )
d = cost(s’) - cost(s)
iIT (d<0)
S = s*
else
it ( e 9Kt 5 random(0,1) ) then s
t = decreaseTemperature(t)

}
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