
25 Oct 2823 Approximation Algorithms
for a minimization problem , an & - approximation

algorithm computes a number
,

ALG
,
such that

Kingot OPT(x) = ALo(x) = 4 : OPT(a)
* ↑
Duh Aha !

In This kype of guaranted, a is oftena constanabut could be a function of

or even of i itself
.

Duh Aha !
to A

for maximization
, ALG(x) = op() = x AL(x)

(x1)
Or sometimes

, 2 . 0PT(x) - ALo(X) =OPT(x)

xx1)

3y A wetexer of an undirected graph &
is (a) a set of vertices

,

S
, such that every

edge has an endpoint in S-

(b) the complement of an independent set.

⑱nality vertex cover

Theorem. (Konig - Eqervary) 58 G is bipartite ,

mind/S/ : S a vertex gre = max? (M1 : Ma maching
Proof shych . Apply max-flow mir-cut



2 -approxareilalso

S = 0, mark all edges uncovered
,
M =0

while 7 an
uncovered edge e=(u,) :

S = Subur ; M MreY
mark all edges incident to new as covered

endwhite

output S

① S is a valid Vertex cover.

Every edge e got covered in the iteration

where we marked it as covered)

② 15) = 2 : 100

By estration 151 = 2(M) .

By pigernhole, (M1 = 1005)
because if S* is an opt. vertex cover

,

there is A-to-1 mapping n- S *

that sends etty to an endpoin of e .

⑱2-approxals for VC

S = P
,

mark ai edses uncovered

while I edge e
= <yr) which is uncovered :

toss a fair coin and :

heds -> S = S-\u
tails -> S = SuSr3 :

↳mark all edges incudent to the new wetex as covered
endwhile

entput S



⑧. i
0 ⑧⑳8

8.
alain . (15) = 2 : 085

Proof Let ** =
any

minimum vortex cover
--

/ - Iss after I HerationsI
Y= = ISIS

↑ ) after iterations

X
+

+Y
=

= (S) = t Xt .

e(X+x) = (
= (4,3 S

/2 if (u
,3 * S

*

if Sure SA* [Yn-47 =

Gi if Suv3 *S
A

At termination E/SnS> KISLS/
* (S) = &/SSM+ ISIS*

=> 2 : KISS/ = 21S4) .

weighted Vortex Cover vertices have weights w() ? O .

Minimize 2 wir)
,
subject to S being an

voS

Artex cover.



1
. Reformulate as an integer program .

Introduce "decision variables" Xu
such that X=1 indicates veS

x = 0 indicates US-

min [w(r xv
W

St . xu + xv = 1 X e= (ny)t [

x = 40
, 13 Fv

2 . Relax to a linear program

min [w(r xv
W

St . Xu + Xv= 1 F e= (a) [

x 0 Fv

3
. Solve the linear program
>"Ellipsoid algorithm" does this in poly time


