
LECTURE 22

4/16/24

So FAR : ) NP-Completenes Reduction

2) Approximation Algo

En : Minimum Vertex Coven

TOPAY : 1) Minimum Verten Cover (Linear Program)
2) Metric TSP.



MINIMUM VERTEX COVER

INPUTs GRAPH G = (V
,E)

DEF: A set SCV is a verten cover
-

if If edge In,v) "S covers (a
,v)
"

-
11
~

at least one of u,vES .

SOL : Minimum sizeset S which is a verter cover.

GOAL : A 2-approximation algo
E) H Graph G ,

ALG-OMPUT - 2 ·
Optimal Verten
Cover



MINIMUM VERTEX COVER
LINEAR PROGRAM .
-

-

Intuition Input : Graph C = N,E)
-Variables: -

SOL: Smallest Verten CoveS

For each verten i n+ H(u
,
vIEE , uESOS

Ni ① if : Vertenlover

1 if if Verten Cover

Minimize Zei = Rise of verten cover
if Y
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O D
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o
Cxi +uj, 1 H (i, IEE i S

Cat least
one of i orjie picked



oput of LP = fractional solution ?!

1
, Min x

, +xj +23

2
,
+2, 3,

20 oz'k 22 +237,

12 2 + x , 3,
stim al Verten = 201

Cover 0 , in

Set x
,
== = u = Ye

OB3 = ( +T( + = 3/2
2



ROUNDING ALGORITHM : optimal
Let x* be the LP-solution

- 10
, 1) it i

Pick :

S = [i(}
-

Claim : S covers all Edges (i ,j) FE.
-

BECAUSE : H (i, j) EE 2 +2), I
=) At least one of 2 , 2/ >, 12

=> Atleant one of ior ; ES ,



Claim :1S) & 2 . OPTIMAL VERTEX
COVER

BECAUSE

= Zui)
i152. (Cost of LPClinear program

Conside any
verten iES

Verten i costs 1 on LHS

verten i contributes a*C, 1 to got.



Cost ofLP = Zu
ifY

> Zur
it's

>, [() (BECAUSEUTY
iES

Cont of LP 7 1S)/2
-

Cont of LP E Cont of OPTIMAL
VERTEX COVER

PROOF : BECAUSE Every Verten Cover



=> is also a solution7o linear

program
But linear program gets to choose fractional

values
-

ALG OUTPUT & 2 . Cost of (0)

& 2 . (ContofOptimal
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(METRIC) TRAVELLING SALESMAN PROBLEM
⑨

↓

It :n cities,
6

Distances dlijj) between O

i andj ⑧

200 Shortest four that visits all
vertises and return back.

once)

ASSUMPTION : 1) Everyi-jedge exists

IMETRIC/TRIANGLE INEQUALITY)

d(ijj) + dij , k) <, d(i , k) His,k



9
[Direct routes are no longer],

u

than other routes
&

↓k

Theorem :
-

TSP (without De inequality) cannot be

approximated to any factor unter
NP = P

.

In there a better than 2-approximation
for Verten Cover ? Aroma NOEP



D

↑E

BAroxA ind a MST T &Cost (1) > Cost (OPTIMASI
&

/

STEP 2 : Find a Depth First Traversal of

A + B + c + D + 2- E + 2 - B + A

COSt (AFS TRAVERSAL)E2 . COST (Free)
STEP 3 : Skip ALL repeated vertices
--

A + B + c + D + 2- E + 2 - B + A

COST(oveuTTorn) <Cost (DIS TRAVERSAL


