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MimumWeighted Vertex Cover

Given : Undirected graph G = (v
,
E)

~ /Vertex weights W = EweGre
w = 0
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- pproximate Minimum Cover1 -HeightedVertex

-

Given : Undirected Graph G = (v
,
E)

~ /Vertex weights W = EweGre
w = 0

approximately
Find : minimum weight

Vertex Cover CEV

W(c)= ~

w
*

(4) = min w(

1- pproximation Ratio
of Algorithm AF
for minimizationem (



#gerLinear Programming (NP-Haud)

variables X
, ,
X2 ,

---

,
Xn

-

nearinequalities

(ai , x) =

ajx; bi
j= 1

i = 1 .
- -

m

Integerconstraints

Xi

#nearoptimization :

min (c , x) = 2 ..

xFind
i
=

S .t
.

constraints
.



nearProgramming (Poly-time solvable ! (

variables X
,, Xz ,

---

,
Xn XjER

-

nearinequalities

(ai , x)= - xi bidis
-

j= 1
i = 11 --

u

#nearoptimization :

min (c , x) = 2 ..

xFind
i
=

S .t
.

constraints
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nearProgramming Relaxation .

Min Wt. Vertex Cover ILP

Variables [xv : veVY

Constraints

Xe50 , 15 FreV
.

Xu + X = )f(uv)E.

Ejective
M

min E Wj
·

Xj
* j=



nearProgramming Relaxation .

Min Wt . Vertex Cover #LP

Variables [xv : veVY

Constraints

-50, 15 FreV
.

OXEI veV
.

Xu + Xv z * (iv) E .

Ejective
M

min E
* i ,

j
·

Xi



ApproximateVC

On input G = (V IE). Construct & Solve LP

-

Variables [xv : veVY
-

↳near Inequalities
OIXvE #veV

.

Xu + Xv z * (iv) E .

Objective
-L ↑
min * wj . x;
* j=



ApproximateVC

On input G = (V IE). Construct & Solve LP

-

Variables [xv : veVY
-

↳near Inequalities

Xu + Xv z1Fre Gree ↑Ejective

min * wj . x;
* j=

Then
,
ROUND solution

c = &
For ve V.

if x- = " ,
C = CvGv]

Return C



Theren . Approximate VC returns a I-approximate VC
.



Theorem Approximate VC returns a I-approximate VC
.

-

CClaim is a vertex cover.

Claim W(c) =2 . W
* (9)



Theren . Approximate VC returns a I-approximate VC
.

Claim C is a Vertex cover

* For all edges (n ,v)eE Xn + X- = /

=> at least one of Xo
,
Xu = '2

=> at least one of U
,
v &C

.

Claim W(c) =2 . W
* (9)
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Claim C is a Vertex cover
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Theorem Approximate VC returns a I-approximate VC.
-

Claim C is a Vertex cover
.

* For all edges (v ,v) + E xn + X - = /

=> at least one of Xo
,
Xu = '2

=> at least one of U
,
v &C

.

Claim W(c) =2 . W
* (9)

w() = [Wj · H [Xi = ]

[ 2 . [Wj · Xi
= 2 . OPT (VC-LP)

& 20 OPT (VC-ILP) = 2. (uin we . ve]



Announcements

* HW7 Out Now

* No recitation this weekend



Knapsack

Given : collection of n items U
-

* Wi E weight of it item

~ th
* Vi = value of 2 item
-

total capacity C

Find : Subset of items SeU
-

maximizing value 2 Vi

ieS

S .t . weight limit [ wi C
.

it S
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4⑤ OQD
4 3 10 6 15 4

A B C D E F

C = 16
S : [E3 Vs = 11

Ws = 15

S = [A ,
B

, FY Vs = 15

Ws = 11



Eplexity of Knapsack

Theorem Knapsack is NP-Hand.
-



Eplexity of Knapsack

Theorem Knapsack is NP-Hand
.

-

Theorem There exists an algorithm-

for Knapsack that runs in time

0 (n2 . v
* (

where v
*
=

max Vi



Eplexity of Knapsack

Theorem Knapsack is NP-Hand
.

-

Theorem There exists an algorithm-

for Knapsack that runs in time

0 (n2 . v
* (

for integer values where v *= max Vi

Knapsack is Weekly ND-Hand.

* Reduction from SAT to Knapsack uses

exconentiallylarge values Vi !



A Proximating Weakly NP-Hand Problems

-

Idea Reduce Knapsack to Knapsack
-



A Proximating Weakly NP-Hand Problems

-

Idea Reduce Knapsack to Knapsack
-

↓ ↓
large exact small approximate
values values



A Proximating Weakly NP-Hand Problems

-

Idea Reduce Knapsack to Knapsack

↓ ↓
large exact small approximate
values values

Apach Divide values by scaling factor M

E④Q --- 3 - E⑭---3Wi We --- Wu We--- Wh

C C



ApproxKnapsack (5v:3 ,
Swit

,
C)

* Scale values = [] for i = 1 . -- m

A S = Exact Knapsack ([]
,

qwi]
,

2)

* Return S
.

↑
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ApproxKnapsack (5v:3 ,
Swit

,
C)

* Scale values = [] for i = 1 . -- m

A S = Exact Knapsack ([]
,

qwi]
,

2)

* Return S
.

-

Claim S is a feasible Knapsach solution
-

Claim.

Let S* be the optimal Knapsach solution.
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+ n . M
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-
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ApproximationRatio

Z [ Vi - n . M

>ES
*

[
it S

*

it
Vi

RunningTime



ApproximationRatio

[vi [ Vi - n . M

S > Eg
*

2 Vi
-

[ Vi
it S

*

ieS*

2 I - M Cassumes (
max Vi wit C

i

RunningTime



ApproximationRatio

2 Vi [ Vi - n . M

S > Eg
*

2 Vi
-

[ Vi
it S

*

ieS*

2 I - M Cassumes (
max Vi wit C

i

= 1 - 2 for M
_

Cmax vi

M

RunningTime



ApproximationRatio

Es Vi [ Vi - n . M

-
Es

2 Vi [vi
it S

*

ieS*

2 I - M Cassumes (
max Vi wit C

i

= 1 - 2 for M = vi
RunningTime

0 (n2 · max[i]



ApproximationRatio

Es Vi [ Vi -
-

M

2 Vi Viit S
*

2 I - M Cassumes (
max Vi wit C

i

= 1 - 2 for M = vi
RunningTime

0(mm)) = 0(n2 ·(l
= 0(n3/a)



Snapsack has a Fully- Polynomial-TimeThe rem.
Approximation Scheere (FPTAS)

↳ For any 250
,
there exists an algorithm

that (1-E) - approximates Knapsack

running in 0(u3/s) time

Arbitrarily good approximation in

polynomial time !


