
APPROXIMATION ACCOS :

1) LP BASED APPROXIMATION ALGOS

a) Vertex Cover

b) 3-WAY COT

(NEXT) 2) SDP BASED APPROXIMATION ALGOS



MINIMUM VERTEX COVER

INPUTs GRAPH G = (V
,E)

DEF: A set SCV is a verten cover
-

if If edge (n,v) "S covers (us)"
I Sp = covere

at least one of u,vES .

eryedge

Sz
Sol:

GOAK : Find a verten cover of
smallest size.

REMARK : NP-hard.

A 2-approximation algorithm



LP-Based Approximation Algorithm
-

-

- >
IP RELAXATion Optimal ROUNDING
->

for VertenCover Fractional SCHEME

Solution

↓
Approximate)
Integral Solution



MINIMUM VERTEX COVER
LINEAR PROGRAM .
-

- Input : Graph C = N,E)
Variables: SOL: Smallest Verten CoveS

For each verteni n+ H(u
,
vIEE , uESOS

Ni
I if iE Verten Cover

O other wise
&

Minimize Total eije of vertedCover

& SUi < 1 for each i

NitUj), 1 for everyedge (i ,j)EE
no

&

i



FractionalLP-Optima :
EXAMPLE :

*
Min n+xi +43

· 12 , +2, 3, -

-

& 22 +237, &z 2 + x , 3,
2
12 0 , in

Optimal Verten = 2
Cover

x) = x) = xy=
0 .5

↑

LP-OPT = 1 -5
#

OPT = 2



Observation : For all graphs G
(Minimum Vertensive)

LP-OPT(a) < OPT (a).

II II
Bet Solution Bet solution

among ALL among all integer

Citteser/fractional) solution

&



ROUNDING ALGORITHM : optimal
Leta* be the LP-solution ↓

- 10
, 1) it i

Seli (x+, 0 . 5] of

Lemmal : S is a valid verter -cover

Proof : For every edge (i, j)

a* +u > 1

=> Either :* 0 .5 or a >, 05 or BOTH



=> Either it S or jES or BOTH,

=> Every edge (ij) is covered by S .

S = Gi(a, 123



Claim : 1S1 < 2 : LPOPT

PROOF :

IS 2 . I
Conside any verten if S

LHS : to 15) + it contributes 11.

RIS : 2x I become i, 12

for allies,
--



Is= Lies]

For each i,

Hies] 2x
because iS) di

*
2, 12

=> X 2. u= 2 . LP-OPT



&

a
orir 2 . Cost of 20)

& 2 . (ContofOptimal



MyMuM 3-AY Cut

INPUTT : 1) Graph G = (Y , E) A

2) Svertices a
,
b
,
<EV.

- E

GOAL : Separate a
,
b,c by cutting

fewest number of edges b
I

Minimum 2-WAY (UEEP
Cut= 4

Minimum 3-way Cut is NP-hard.



P Based APPROXIMATION Algo-

-

- -

A

LP RELAXATION
OPTIMAL

- a - -
-

for 3-WAY (OT FRACTIONAL

b SOLUTION
I 7

APPROXIMATE
UNDING ALGO
-

3-WAY -
CUT



LP RENAXATION for 3-WAY (T
- -

Component 1
TDecision Variables :I verter Y
-> Component2-

Varten components
N -> (x
, V2 ,3)

v+1) (, % ,4) = (1 , 0 , 0)

v +2( (v ,,b) = (0 , 1 , 0) Iy +3( (v , Y ,4) = 10 , 0 , 1)



variables: verter,l

Yi =
↑ if vetex ve i

O otherwise

Constraints: V
,V ,D A vertex.- O

y
,
+ vz + Vj = D

I
# verten V.

For verten a (a ,, 92 , 93) = (1 , 0,0)
verten b (b

,
br
,b) = 10

, 1
, 0)

c (c
, < , () = 10

,
0
, 1)



ObjectiveFunction 1( ,v)i
(2, 07 EE

Minimise ,
- un + (x - vD + (a) -vs)
-

T
NOT linear 11 Canbemada
because of D1 [



(1
,
0
,
0)

u - (4 ,, 42 ,43) -> Co ,
1
,
0

10 , 0,
1)

v -> (V ,, Va , vs)

#( ,
v) incut] -

A (a) -VD)
u = (0 , 0 , 0)

=



2

ga
(1
,0 ,0

(1 ,0 ,0) ⑧
a

Y ↓
b

·
· Co
,

1
,
0 · (o , ,0) Co

,1)I

C

, 0,1)
X

Yu (
, + Uz + 4) = D[ 0 . Un , Us ,4 D I



a

ROUNDING SCEME

1) Pickout of
-

3 directions of
ET(a

, 3) And (b,c)

random
↑

2) Cut the graph
b C by lines parallel

to directions at

RANDOM HEIGHT.



Claim : Prledge (u,x) is cut]=-Till.

=ItnaI

=Du ,-

· + (uz-vs])

Elecut] = (au is



= 4/ ·
LP-OPT.

4 OPT



Claim : Prledge (u,x) is cut]=-Till.

Ia = (1 , 0,0) #
=Itna

N &ou

b C

Subclaim/ For a random cut parrald to
-

-

edge (b,a)

Pr((,v) incot] = DUp-va)



Pricingieeug

#Gie] (d ,
-v)+

in rounding + (4) - Vs))
- f

=

4((-v)
I



E/4 ,ecot)=- Eliecut/direction
+ 1E((,v) iSoctul directioa

+ IsE/ /V) isout) direction
= Ga -V

,
) + (a -v + (((un - V

+ (a
,
-y))

+4((xy - Vs) + (n
,
-y))


