COL 758: Advanced Algorithms

Lecture 02



What we will study?

1. Randomized Algorithms

Simple and Efficient algorithms
using
Randomness

3. Linear Programming (LP) based Algorithms

2. Geometric Algorithms

Finding approximate solutions to
difficult problems using
LP (linear program)

Algorithms for problems involving
Geometric setting

Eg. Minimum pairwise distance

4. Online Algorithms

Algorithms that work when data is generated
in an on-line manner

Eg. Google Ad-words

Other concepts (tentative): Gradient descent, streaming algorithms, etc.




Approximate vertex cover (LP Based Algorithm)

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

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

Example:

Goal: Find a 2-approximation to smallest vertex-cover.

+ Fact: Computing smallest vertex-cover is NP-hard.

Linear Program (LP) Formulation

Let (yy, ..., Y,) be a vector.
Add real constraint y; € [0,1].

For each edge (i,j) € E:
Add constraint: y; +y; > 1

Optimize: min (Z yl-)

(y] """ yn)e{ovl}n l=1

Step 1. Solve linear
program (LP).

Step 2. Transform
real y’s to binary y/s. -
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Approximate vertex cover (LP Based Algorithm)

0.6 0.6 ) .
9L N Linear Program (LP) Formulation

N:{Z)Z,%j Let (yy, ..., ,) be a vector.
Add real constraint y; € [0,1].

0.6 0.6 0.4

For each edge (i,j) € E:

Claim 1: F dge (i,j) if y*+y* > 1,theny.+7y. > 1. .
aimm or any € ge(l ])1 )’[ yj = enyz yj Add constraint: yl+yjzl
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Optimize: min

_ _ —- 2y
S 4y =4 R 4y =4 D APV OG0} \

n n
Claim 2: 2 Vi SZ 2y¥ < 2-size of smallest vertex cover.
i=1 i=1

Step 1. Solve linear program in poly-time, and
let (", ..., ;) be optimal solution.

Step 2. Compute a new vector (V, ..., y,)
such that y; = 1 iff y* > 0.5

Step 3. Putv,;in W iff y;, = 1. Return W.



IV. Online Algorithm: Bi-partite Matching

Given: Online
n goods Buyers

e @ Information of buyers not known apriori
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IV. Online Algorithm: Bi-partite Matching

Information of buyers not known apriori

Goal: A strategy to obtain a matching of
large size.

Assumption: G contains a perfect e
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matching after all buyers are added. ou g -
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Assumption: G contains a perfect

IV. Online Algorlthm Bl-partlte Matching matching after all buyers are added.

Given: Online L w é%
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