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Last lecture:
- -

- Look at combinatorial problems as ILPE .

- LP relaxations

- When do ILP Optima 12 LP Optima coincide ?

-

Totally Unimodular Matrices :

- Examples : maximum matching ☒ minimum vertex cover is

bipartite graphs .

to-day:

-

Konig 's theorem

- Non - bipartite case : vertex cover



KONIG'S THEOREM"
- -

Let G= ( ✗ OY
,
E) be a bipartite graph .

The size of a maximum matching equals the size of a

minimum vertex cover .
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LP relaxations :
-

Maximum matching Min vertex cover
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Proof of Konig 's theorem :

- - - -

l . Both LPs are feasible . Therefore , both primal
☒ dual

have Optima , and the Optima coincide .

2 . We have seen last lecture that the matrix corresponding
to constraints in Max . matching Lp is Tru -M .

i. Its transpose (which occurs in the dual ) is also T.u.in .

3. Max . matching
: ILP optimum = LP optimum

= Cdualihg)Main vertex cover pt-- CP optimum



NON - BIPARTITE GRIPES :
-

a-
Max

matching Min vertex cover

↳ NP. complete

1 . Konig's property does not hold anymore .
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Max matching =\ HIM vortex cover = 2

2- the incidence matrix is not Tum
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Minimum Vertex cover - General
graphs

:

-
-
-
- -

G= IV , E)

ILP : minimize & Mv

V c- V

s -t . Nu + Nv 7- 1 A lulu ) c- E

My C- { 0113 Ky

LP relaxation : minimize § mu
-

_ YE V

s-t . Nu 1- Nv 7- 1 A lulu ) c- E

Nu 30 the

N c- Rn

-

Suppose n* is the LP optimum .Rounding :
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As seen earlier
,
all values are £1 in the optimum .

Sep = { VE V 1 k¥ = yz }

Claim : Scp is a vertex cover
.



For
every edge lush We have the constraint

Nu + Mu 7- I

-

'

. at least one of
NF or n*u should have 7112

In Sep ,
we have picked vertices with n*v 342

-

'

. at least one of
the end points for each edge

should be in Step .

⇒ sup is a vertex cover
.
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N* is LP optimum . Suppose y* is KP optimum
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Ñ+ is LP optimum . Suppose y* is KP optimum
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Maximum independent set
- - -

Given a graph G- (v1 E)

Independent set: S E V s -t . there is no edge between

vertices in S
.
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Goal : Find an independent set kith the maximum no. of
vertices .
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Consider the family of complete graphs :

kn : complete graph with n vertices .

⑨ "

4¥ ¥f¥
ILP optimum: 1 1 1

Li optimum : 312 4/2 72

Kn : KP optimum =\
LP optimum

=

%

Ip relaxation does not give useful information about the

14° optimum .

sum_mary ?
Max bipartite matching
Min bipartite vertex cover

1 . LP optimum = ILP optimum 1 .

Tum )

2 . LP optimum gives constant approximation
1 Min . Herta cover )

general

3. 1-P Optimum gives no useful information C Max independent
set )


