COL 351:
Analysis and Design of Algorithms

Lecture 3



Facebook Network

Given: A Facebook network G = (V, E') with n users.

Question: What is the minimum number of accounts that when deactivated results in zero

friends of all remaining users.

Example:




Vertex Cover

Given: A graph G =

(V, E') with n vertices.

Def: A subset S C V such that for each (a, b) € E, at least one end-point of (a, b) lies in 5.

Example:

Optimization question: Find a
vertex-cover of minimum possible
size.
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Can we find optimal
solution efficiently?
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Approximate Vertex Cover

Given: A graph G = (V, E) with n vertices.

Def: A subset S C V such that for each (a, b) € E, at least one end-point of (a, b) lies in 5.

Approximation Problem: Find a solution S satisfying ...
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Greedy Approach-I

Repeatedly pick an uncovered edge, and add one of its end-points in the solution set.

Initialise S := ¢.

While there is an uncovered edge : 3( \ -
— Pick an uncovered edge (x, y). /
— Add xorytoS. JL
— Mark all edges incident to “new"
vertex added to S as covered. %3
Return S.
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Greedy Approach-li

Repeatedly choose vertices incident to the largest number of currently uncovered edges.

Initialise S := ¢.
While there exists an uncovered edge :

— Pick a vertex x incident to maximum
number of uncovered edges’

— Add x to §.

— Mark all edges incident to x as
covered.

Return §.
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Greedy Approach-Ii & abeon—fodn = OCisn)

Repeatedly choose vertices incident to the largest number of currently uncovered edges.
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Greedy-lll (and stupio\l)9

Repeatedly pick an uncovered edge, and add both of its end-points in the solution set.

Initialise S := ¢.

While there exists an uncovered edge :
— Pick an uncovered edge (x, y).
— Add xand y to S.

— Mark all edges incident to “new"
vertices added to .S as covered.

Return §.
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Greedy-lll

Repeatedly pick an uncovered edge, and add both of its end-points in the solution set.
difp donk ore a verlew

Initialise S := ¢.
While there exists an uncovered edge :
. — Pick an uncovered edge (x, y).
— Add xand y to S.

— Mark all edges incident to “new"
vertices added to S as covered.

Return §.

Theorem:

where VC

If S is the output of the above algorithm, then |§| <2 VC opt

opt 3 is an optimal vertex cover.



Correctness

Theorem:

If S is the output of the algorithm, then [ S| < 2 VC,, , where VC, , is an optimal vertex cover.

Proof:

vertex
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Vertex Cover in Trees/Forests
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Topological Sort: Greedy Algorithm

GOAL : A linear ordering of vertices of DAG such that for every directed edge (u, v),
u comes before v in the ordering.
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https://en.wikipedia.org/wiki/Total_order
https://en.wikipedia.org/wiki/Vertex_(graph_theory)



