













































































Graph Coloring Independent set
















































































Graph Coloring

Goal color vertices so that no adjacent vertices have

the same color w minimum of colors

decision version does k colors suffice

In K coloring problem k is a fixed constant

Theorem 3 coloring is NP hard
















































































Theorem 3 coloring is NP hard

High level approach
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Subset 3 coloring
for each vertex v subset SVE 2,2 33 of colors allowed

for V
1,2

2,3

unmarked
1,233

2,2
2,3

1,3
















































































Subset 3 coloring35AT subset 3 coloring 3 coloring foreachvertex v subset sv 2,2
ofcolors allowed forv

claim polytime a go for 3 coloring implies 2,3
ME

polytime algo for subset 3 coloring 2,2
2,3

1,33

1,2
2,3

2,2
2,3

1,3

Yes no
















































































Subset 3 coloring35AT subset 3 coloring 3 coloring foreachvertex v subset sv 2,2
ofcolors allowed

1,2claim polytime algo for 3 coloring implies 2,3
I

polytime algo for subset 3 coloring 2,2
2,3

1,3

ideas
2,3 2,2

I 33

Yesno

1,2
2,3

unmarked
1,233

2,2
2,3

1,3
















































































Subset 3 coloring35AT subset 3 coloring 3 coloring foreachvertex v subset sv 2,2
ofcolors allowed forv

claim polytime algo for 3 coloring implies
2

2,3
1m

polytime algo for subset 3 coloring 2,2
2,3

color palette 7114213 must 1,3

have distinct
2,3 2,2

colors
23

Yesno

1,2
2,3

man1,233

2,2
2,3

1,33
















































































Subset 3 coloring35AT subset 3 coloring 3 coloring foreachvertex v subset sv 2,2
ofcolors allowed

1,2claim polytime algo for 3 coloring implies 2,3
I

polytime algo for subset 3 coloring 2,2
2,3

color palette 7114213 must 1,3

have distinct
2,3 2,2

wlogy has color 1
colors

is in

2 Yesno

3
11,232

m

cnn.ae1,233

12,23N
42,33m

11,332
















































































3 coloring on

subset 3 coloring on
ar

a

12,23N
42,33m

4,332
















































































Subset 3 coloring35AT subset 3 coloring 3 coloring foreachvertex v subset sv 2,2
ofcolors allowed forv

claim polytime algo for 3 coloring implies 2.23
2,3

I
polytime algo for subset 3 coloring 2,2

2,3

1,3

tr
11am

a 5
12,23N

2,2 2,33m

2,3 11,332

1,3

Yes no
















































































Subset 3 coloring35AT subset 3 coloring 3 coloring foreachvertex v subset sv 2,2
ofcolors allowed forv

claim polytime algo for 3 coloring implies 2.23
2,3

I
polytime algo for subset 3 coloring 2,2

2,3

1,3

tr
11am

a 5
12,23N

2,2 2,33m

2,3 11,332

1,3

Yes no
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Subset 3 coloring
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3 SAT 1,2
Subset 3 coloring
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Subset 3 coloring
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3 SAT 1,2
Subset 3 coloring
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F False
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11 Subset 3 coloring

Idea or gadget
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11 Subset 3 coloring

Idea or_gadget
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Tominating Set

SEV is dominating if all VEV either

a is in S 6 has a neighbor in 5

Goal min cardinality dominating set

Decision version dom set w k vertices

Theorem Dom set is NP Hard Ideas
















































































claim polytime algo for dominating set
Dominatingset

implies polytime algo for 3 SAT
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