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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}; x;
Subjectto: x; +x; = 1, for each edge {vi, vj}
x; € {0,1}, for each vertex i

Objective: minx; + x, + x3 + x4

Example: Subjectto:xq +x, =1

X1,X2,X3,X4 (S {0,1}




Vertex Cover ILP

W?Vlk&éﬁﬂ/
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}; x;
Subjectto: x; +x; = 1, for each edge {vi, vj}
x; € {0,1}, for each vertex i

Objective: minx; + x, + x3 + x4
Subjectto:xq +x, =1

Xp +x3 =1

X, +x4 =1

X3+ x4 21

X1, X2, %X3,X4 € {0,1}

Example:




Set Cover ILP

Set Cover: Given a universe of element@nd set@find the smallest
subset of S such that every element in in some selected subset.




Set Cover ILP

Set Cover: Given a universe of elements U and sets S, find the smallest

/Ubset of § SUCWB in some selected subset.
Objective: gﬁ
Subjectto: 5. ,esXs = 1, foreachu € U

\ x; € {0,1}, for each set s
Va = \
e s

U=@,4,7,8,10} X% 70O
XZ Yq = \
{1,4,7},}




Set Cover ILP

Set Cover: Given a universe of elements U and sets S, find the smallest
subset of S such that every element in U is in some selected subset.

Objective: \_mi o
Subject to )5 yes X =1, foreachu € U
x; € 10,15, foreach sets
Objective: minx; + x5, + X3 + x4
Example: Subjectto:x{ +x, = 1-

X9 +X4 > 1

X1 +x,+x3=21-
X1 +x3+x4,=21"
Xo =1~
X1,X7,X3, %4 € {0,1}

U={1,478,10)
{{1, 7.8}.{1,4,7},

S =
{7,8},{4,8,10
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X1, X, € R

Objective: max 5x; + 8x,

Subjectto: x;+x, <6
5x1 + 9x, < 45
X1,X2 =0




X1, X, € R

Objective:
Subject to:

max 5x1 + 8x;
X, +x, <6
5x1 +9x, < 45
X1,X2 =0




(2.25,3.75) - 41.25

'Objective:
Subject to:

max 5x; + 8x,
X1 +x, <6
5x1 + 9x, < 45
X1,X2 =0




(2.25,3.75) - 41.25

A
X1, %2 €N ) W\M@’U\S 20

Objective: max 5x; + 8x,

Subjectto: x;+x, <6
5x1 + 9x, < 45
X1,X2 =0




X1,X2 EN

X
Objective: max 5x; + 8x,

Subjectto: x;+x, <6
2.25,3.75) - 41.25 5x1 +9x, < 45
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_(2.25,3.75) > 41.25

X1,X, €N

Objective:

Subject to:

max 5x; + 8x,
X1 +x, <6
5x1 +9x, < 45
X1,X2 =0

Optimal continuous solution — optimal integer solution?
osest integer solution?

osest feasible integer solution?

osest feasible integer solution on feasible region boundary?
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X1,X, €N

Objective:
Subject to:

13.75) - 41.25

max 5x; + 8x,
X1 +x, <6
5x1 +9x, < 45
X1,X2 =0

Optimal continuous solution — optimal integer solution?

C
C
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osest integer solution? — Not feasible
osest feasible integer solution?

osest feasible integer solution on feasible region boundary?
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X1,X, €N

Objective:

Subject to:
(2..25‘3.25)‘—> le.‘ZS ..

g
max 5x; + 8x,

X1 +€E€
le + 9X2 < 45
X1,X2 =0

Optimal continuous solution — optimal integer solution?

Closest integer solution? — Not feasible

Closest feasible integer solution on feasible region boundary?




X1,X, €N

Objective:
Subject to:

max 5x; + 8x,
X1 +x, <6
5x1 +9x, < 45
X1,X2 =0

Optimal continuous solution — optimal integer solution?

Closest integer solution? — Not feasible

Closest feasible integer solution on feasible region boundary?




X1,X, €N O
S

Objective: max 5x; + 8x,

Subjectto: x;+x, <6
5x1 +9x, < 45
X1,X2 =0

X1

Optimal continuous solution — optimal integer solution?
e Closest integer solution? — Not feasible
* C(losest feasible integer solution? — Obj =34
* Closest feasible integer solution on feasible region boundary? — Obj = 39




X1,X, €N
xz . .
Objective: max 5x; + 8x,
0 Subjectto: x;+x, <6
4 (20'2553'25)._) f1‘1.25 o o 5X1 + 9X2 < 45
o ) ) ° ° ° ° xl; xz 2 0

X1

Optimal continuous solution — optimal integer solution?
e Closest integer solution? — Not feasible
* C(losest feasible integer solution? — Obj =34
* Closest feasible integer solution on feasible region boundary? — Obj = 39
* Actual optimal — Obj =40




X1,X2 EN
X2 Objective: max 5x; + 8x,
Subjectto: x;+x, <6
‘> le + 9X2 < 45
X1,X2 =0
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X1,X, €N

Objective:
Subject to:

max 5x; + 8x,
X1+x, <6
5x1 +9x, < 45
X1,X2 =0




X1,X2 EN

Objective:
Subject to:

max 5x; + 8x,
X1 +x, <6
5x1 + 9x, < 45
X1,X2 =0

Integer feasible region:




X1,X2 EN

Objective:
Subject to:

max 5x; + 8x,
X1 +x, <6
5x1 + 9x, < 45
X1,X2 =0

Integer feasible region:
* Not convex.




X1,X, €N
X2 Objective: max 5x; + 8x,
40 Subjectto: x;+x, <6
le + 9X2 < 45
X1,X2 =0

Integer feasible region:
* Not convex.




X1,X, €N
X2 Objective: max 5x; + 8x,
40 Subjectto: x;+x, <6
le + 9XZ < 45
X1,Xo = 0
4 39 - 1, X2

Integer feasible region:
* Not convex.
* |ocal optimum
global optimum.




