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Not much handhilding
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NP verifiable in polytime

NP hard problems that all problems in NP
reduce to in polytime

Np complete in NP and NP hard

Given N

that wiki.tt
mm hatdameent

1 Find the optimal solution

2 In polynomial time

3 For every instance

Could relax any of these



Problem consists of

1 Description of inputs instances

2 Description of feasible solutions for input

3 Objective function

Examples Vertex Cover

Input Graph G V E

Feasible solutions V'EV i t.env.to veet

Objective minimize IV

Too

Def The optimal solution is the feasible solution

with the best objective value



Def A some problem I instance of A

ALG some algorithm for A

OPT I objective value of optimal solution for I

ALL I objective value of solution returned by

ALL on I

ALL is an x approximation if

always returns a feasible solution

runs in polytime

144T a a instance I of A 1min problem

3 a instances I of A max problem

α is the approximation ratio or approximation factor

why
Really do need algorithms for NP hard problems

fine grained complexity not all NPhard problem are the same

Ai Ac p chlers

A design a 2 apr tination

Ac Assuming PENP no α approx for a 410

forcing ourselves to handle wirst lose forces new tenhaiques
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star opt 1

ALL n 1

Idea 2 Greedy algorithm
Add a.de covering most uncovered edges

Ii ontimist
ALL a 141

wife teda if list n
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Better Algorithm

5 0
while 0

Let and he arbitrary edge

S Sulu u

Remove air all incident edge from h

s

Poly time

Lemma S feasible a vertex cover

re

Def MEE is a matching if no two edges in M

share an endpoint ene p be e em with eye



Lemmy Let M be a matching and 5 be a vertex

cover Then 151 MI

re

Thy Algorithm is a 2 approx

Pf polytime feasible

Let 5 optimal vertex cover

WI 15 2 15

struture of edges considered by algorithm matthing M
def FALG

111 21M 215 1

by Lemna



Q Are we happy

Q1 Is analysis tight

A yes star Kya

Q2 I algorithm tight

Best known approx 2 Ta
Assuming PFNP no alg better than 1005 21 1.3606 appro

Assuming UGC constant 970 there is no 2 e approx


