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Graph Coloring

Family of graph problems that involve coloring vertices (or edges) 
subject to various constraints.
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Since 𝑶𝑷𝑻 ≤ 𝑬  (can’t have more 
satisfied edges than there are edges!)
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Max 3-SAT

Given a 3-SAT instance (with unique variables in each clause), set 
variable values so that the number of satisfied clauses is maximized.
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{true, false, true, false} → true ∧ true ∧ true 
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Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
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Otherwise, set it to false.

Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied = ?

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied = ?

All possibilities: 

(T,T,T), (T,T,F), (T,F,T), (T,F,F)
(F,T,T), (F,T,F), (F,F,T), (F,F,F)

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.

Given a 3-SAT instance (with unique variables 
in each clause), set variable values so that the 
number of satisfied clauses is maximized.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied =
7

8
.

All possibilities: 

(T,T,T), (T,T,F), (T,F,T), (T,F,F)
(F,T,T), (F,T,F), (F,F,T), (F,F,F)

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied =
7

8
.

Alternate Argument: 

(F,F,F) is the only failing case

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied =
7

8
.

Alternate Argument: 

(F,F,F) is the only failing case
Probability of (F,F,F)?
 

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied =
7

8
.

Alternate Argument: 

(F,F,F) is the only failing case
Probability of (F,F,F)?

1

2
×

1

2
×

1

2
=

1

8

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied =
7

8
.

Alternate Argument: 

(F,F,F) is the only failing case
Probability of (F,F,F)?

1

2
×

1

2
×

1

2
=

1

8

Probability of anything but that?
 

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

Probability that a clause is satisfied =
7

8
.

Alternate Argument: 

(F,F,F) is the only failing case
Probability of (F,F,F)?

1

2
×

1

2
×

1

2
=

1

8

Probability of anything but that?

 1 −
1

8
=

7

8

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

, if clause 𝑐 is satisfied

, if clause 𝑐 is not satisfied

Probability that a clause is satisfied =
7

8
.

Define 𝑍𝑐 = ቊ
1
0

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

, if clause 𝑐 is satisfied

, if clause 𝑐 is not satisfied

Probability that a clause is satisfied =
7

8
.

Define 𝑍𝑐 = ቊ
1
0

𝐸 𝑍𝑐 = ?

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

, if clause 𝑐 is satisfied

, if clause 𝑐 is not satisfied

𝐸 𝑍𝑐 = 1
7

8
+ 0

1

8
=

7

8
 

Probability that a clause is satisfied =
7

8
.

Define 𝑍𝑐 = ቊ
1
0

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

, if clause 𝑐 is satisfied

, if clause 𝑐 is not satisfied

𝐸 𝑍𝑐 = 1
7

8
+ 0

1

8
=

7

8
 

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑐 𝑍𝑐

= σ𝑐 𝐸 𝑍𝑐  

# clauses we expect 
to satisfy

Probability that a clause is satisfied =
7

8
.

Define 𝑍𝑐 = ቊ
1
0

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

, if clause 𝑐 is satisfied

, if clause 𝑐 is not satisfied

𝐸 𝑍𝑐 = 1
7

8
+ 0

1

8
=

7

8
 

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑐 𝑍𝑐

= σ𝑐 𝐸 𝑍𝑐  

= σ𝑐
7

8
=

7

8
𝐶  

# clauses we expect 
to satisfy

Probability that a clause is satisfied =
7

8
.

Define 𝑍𝑐 = ቊ
1
0

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.



Max 3-Coloring

Algorithm: For each vertex, randomly assign it 

one of the three colors with probability =
1

3
.

Probability that a single edge is satisfied =
2

3
.

Define 𝑋𝑒 = ቊ
1
0

, if 𝑒 is satisfied

, if 𝑒 is not satisfied

𝐸 𝑋𝑒 = 1
2

3
+ 0

1

3
=

2

3
 

⇒ 𝐸 𝐴𝐿𝐺 =
2

3
𝐸 ≥

2

3
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑒 𝑋𝑒

= σ𝑒 𝐸 𝑋𝑒  

= σ𝑒
2

3
=

2

3
𝐸  

# edges we expect 
to satisfy

Max 3-SAT

, if clause 𝑐 is satisfied

, if clause 𝑐 is not satisfied

𝐸 𝑍𝑐 = 1
7

8
+ 0

1

8
=

7

8
 

⇒ 𝐸 𝐴𝐿𝐺 =
7

8
𝐶 ≥

7

8
 𝑂𝑃𝑇

= 𝐸 𝐴𝐿𝐺  = 𝐸 σ𝑐 𝑍𝑐

= σ𝑐 𝐸 𝑍𝑐  

= σ𝑐
7

8
=

7

8
𝐶  

# clauses we expect 
to satisfy

Probability that a clause is satisfied =
7

8
.

Define 𝑍𝑐 = ቊ
1
0

Algorithm: Assign 𝑥𝑖 = true with probability 
1

2
. 

Otherwise, set it to false.
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Vertex Cover ILP

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    𝒙𝒊 ∈ 𝟎, 𝟏 , for each vertex 𝒊

Vertex Cover: Given graph, find the smallest subset of vertices such 
that every edge in the graph has at least one vertex in the subset.

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    𝟎 ≤ 𝒙𝒊 ≤ 𝟏, for each vertex 𝒊

∈ NP-Complete

∈ P



Vertex Cover ILP

Vertex Cover: Given graph, find the smallest subset of vertices such 
that every edge in the graph has at least one vertex in the subset.

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 = 1, what should we do with vertex 𝑖? 

Vertex 
Selection?



Vertex Cover ILP

Vertex Cover: Given graph, find the smallest subset of vertices such 
that every edge in the graph has at least one vertex in the subset.

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 = 1, what should we do with vertex 𝑖? Add to subset 𝑆
If 𝑥𝑖 = 0, what should we do with vertex 𝑖? 

Vertex 
Selection?



Vertex Cover ILP

Vertex Cover: Given graph, find the smallest subset of vertices such 
that every edge in the graph has at least one vertex in the subset.

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 = 1, what should we do with vertex 𝑖? Add to subset 𝑆
If 𝑥𝑖 = 0, what should we do with vertex 𝑖? Don’t add to subset 𝑆

Vertex 
Selection?



Vertex Cover ILP

Vertex Cover: Given graph, find the smallest subset of vertices such 
that every edge in the graph has at least one vertex in the subset.

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 = 1, what should we do with vertex 𝑖? Add to subset 𝑆
If 𝑥𝑖 = 0, what should we do with vertex 𝑖? Don’t add to subset 𝑆

If 𝑥𝑖 =
126

337
, what should we do with vertex 𝑖?

Vertex 
Selection?



Vertex Cover ILP

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 ≥
1

2
, add vertex 𝑖 

to our subset 𝑆.+



Vertex Cover ILP

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 ≥
1

2
, add vertex 𝑖 

to our subset 𝑆.+
Is 𝑆 a vertex cover? 
 



Vertex Cover ILP

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖
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Is 𝑆 a vertex cover? 
 Yes. For every edge, 𝑥𝑖 + 𝑥𝑗 ≥ 1. 
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Is 𝑆 a vertex cover? 
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2
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If 𝑥𝑖 ≥
1
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, add vertex 𝑖 

to our subset 𝑆.+
Is 𝑆 a vertex cover? 
 Yes. For every edge, 𝑥𝑖 + 𝑥𝑗 ≥ 1. Thus, at least one of 𝑥𝑖 or 

𝑥𝑗  ≥
1

2
. So for every edge, at least one of its vertices will be in 𝑆.
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    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

If 𝑥𝑖 ≥
1

2
, add vertex 𝑖 

to our subset 𝑆.+
What is the relationship between ALG = |𝑆| and OPT?
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 Let xILP and xLP be the set of x values found by the ILP and LP
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Can we bound OPT from below?
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    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖
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2
, add vertex 𝑖 

to our subset 𝑆.+
Can we bound OPT from below?

 Let xILP and xLP be the set of x values found by the ILP and LP

 Claim: σ xLP ≤ OPT.

 Proof: OPT = σ xILP, where 𝑥𝑖 ∈ 0,1 . When 𝑥𝑖 is relaxed so 
that 0 ≤ 𝑥𝑖 ≤ 1, this gives more possibilities to further 
decrease σ𝑖 𝑥𝑖. Thus, σ xLP ≤ OPT.



Vertex Cover ILP

Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

How does σ xLP relate to ALG?

 σ xLP = σ𝑥𝑖∈xLP
𝑥𝑖 ≥ σ
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1

2

𝑥𝑖, because...?

If 𝑥𝑖 ≥
1

2
, add vertex 𝑖 

to our subset 𝑆.+
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Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

How does σ xLP relate to ALG?
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Objective: min σ𝑖 𝑥𝑖

Subject to: 𝑥𝑖 + 𝑥𝑗 ≥ 1, for each edge 𝑒 = 𝑖, 𝑗

    0 ≤ 𝑥𝑖 ≤ 1, for each vertex 𝑖

What is the relationship between ALG and OPT?

 σ xLP ≥
1

2
 ALG and σ xLP ≤ OPT

 ALG ≤ 2 OPT

If 𝑥𝑖 ≥
1

2
, add vertex 𝑖 

to our subset 𝑆.+


	Slide 1: Randomized Algorithms CSCI 532
	Slide 2: Graph Coloring
	Slide 3: Graph Coloring
	Slide 4: Graph Coloring
	Slide 5: Graph Coloring
	Slide 6: Graph Coloring
	Slide 7: Graph Coloring
	Slide 8: Graph Coloring
	Slide 9: Graph Coloring
	Slide 10: Max 3-Coloring
	Slide 11: Max 3-Coloring
	Slide 12: Max 3-Coloring
	Slide 13: Max 3-Coloring
	Slide 14: Max 3-Coloring
	Slide 15: Max 3-Coloring
	Slide 16: Max 3-Coloring
	Slide 17: Max 3-Coloring
	Slide 18: Max 3-Coloring
	Slide 19: Max 3-Coloring
	Slide 20: Max 3-Coloring
	Slide 21: Max 3-Coloring
	Slide 22: Max 3-Coloring
	Slide 23: Max 3-Coloring
	Slide 24: Max 3-Coloring
	Slide 25: Max 3-Coloring
	Slide 26: Max 3-Coloring
	Slide 27: Max 3-Coloring
	Slide 28: Max 3-Coloring
	Slide 29: Max 3-Coloring
	Slide 30: Max 3-Coloring
	Slide 31: Max 3-Coloring
	Slide 32: Max 3-Coloring
	Slide 33: Max 3-Coloring
	Slide 34: Max 3-Coloring
	Slide 35: Max 3-Coloring
	Slide 36: Max 3-Coloring
	Slide 37: Max 3-Coloring
	Slide 38: Max 3-Coloring
	Slide 39: Max 3-Coloring
	Slide 40: Max 3-Coloring
	Slide 41: Max 3-Coloring
	Slide 42: Max 3-Coloring
	Slide 43: Max 3-Coloring
	Slide 44: SAT & 3−SAT
	Slide 45: SAT & 3−SAT
	Slide 46: SAT & 3−SAT
	Slide 47: SAT & 3−SAT
	Slide 48: SAT & 3−SAT
	Slide 49: SAT & 3−SAT
	Slide 50: SAT & 3−SAT
	Slide 51: SAT & 3−SAT
	Slide 52: SAT & 3−SAT
	Slide 53
	Slide 54: Max 3-SAT
	Slide 55: Max 3-SAT
	Slide 56: Max 3-SAT
	Slide 57: Max 3-Coloring
	Slide 58: Max 3-Coloring
	Slide 59: Max 3-Coloring
	Slide 60: Max 3-Coloring
	Slide 61: Max 3-Coloring
	Slide 62: Max 3-Coloring
	Slide 63: Max 3-Coloring
	Slide 64: Max 3-Coloring
	Slide 65: Max 3-Coloring
	Slide 66: Max 3-Coloring
	Slide 67: Max 3-Coloring
	Slide 68: Max 3-Coloring
	Slide 69: Max 3-Coloring
	Slide 70: Max 3-Coloring
	Slide 71: Max 3-Coloring
	Slide 72: Max 3-Coloring
	Slide 73: ILP-Based Approximations CSCI 532
	Slide 74: Vertex Cover ILP
	Slide 75: Vertex Cover ILP
	Slide 76: Vertex Cover ILP
	Slide 77: Vertex Cover ILP
	Slide 78: Vertex Cover ILP
	Slide 79: Vertex Cover ILP
	Slide 80: Vertex Cover ILP
	Slide 81: Vertex Cover ILP
	Slide 82: Vertex Cover ILP
	Slide 83: Vertex Cover ILP
	Slide 84: Vertex Cover ILP
	Slide 85: Vertex Cover ILP
	Slide 86: Vertex Cover ILP
	Slide 87: Vertex Cover ILP
	Slide 88: Vertex Cover ILP
	Slide 89: Vertex Cover ILP
	Slide 90: Vertex Cover ILP
	Slide 91: Vertex Cover ILP
	Slide 92: Vertex Cover ILP
	Slide 93: Vertex Cover ILP
	Slide 94: Vertex Cover ILP
	Slide 95: Vertex Cover ILP
	Slide 96: Vertex Cover ILP
	Slide 97: Vertex Cover ILP
	Slide 98: Vertex Cover ILP

