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Approximation Algorithms
* Herter cover ✓

* Verteu Cover via LP ✓

* Metric TSP -



Coping withIntractability ( NP - hordes )
-

→ Learnt about input
→ Parameterize differently

→
:
Heuristics

i.

→

"

Approximation Algorithm
"



APPROXIMATION ALGORITHM

Def : For A minimisation problem -17
,

1h > 1)
⇒

an algorithm is an d- approximation algorithm

if HinputIIfromP
Aca-output/1) f ② OPTII)

(Manimisatibp problem ( ✗ (d)

ALGOUTPUTII) 7, ✗ . OPT (E) ]



MINIMUM .VE#--XCov-ER

INPUT : Graph a:( YE )
Sol : A verten cover SEV

of smallest size
G=fv

,E)S cover all the edges
11

at least one of endpoints C- S 5- { set of vertices]



Alf0RM "

- Pick a maximal matching M
11

matching to which one can

add NO more edges
1111 0PT(vc)§5✓

Keep picking edges untill you coif .

- S = { both endpoints of each edge in M }
(FACT 1)

Output☒ === 2 . HMP f 2 . / OPTIMAL VERTEX /COVER

5 is a verten Cover FAIIII OPTIMAL VERTEXCOVER

7 I Mauimal Matching /Ploof : Suppose not . Can ) C- E M

Cu
,
v7 not covered by S

⇒ can add ly ,v1 to M
,
mmggtimae.1.fr#:Needdvetento covereach edge of M .



[PAINRIHM
- Write a LP for veiten Cover

Variable -Ni for vertex i

hi = { • if
i C- Optimal Vegf:L

0 otherwise 7

Contracts :
u ; taj >, A H Ff EE

OfNif I / optimal
voter cover

is a solution to LP
.

Objective: Minimise ?¥H ; But there are also
fractional solution ! !

-

Solve to get CRY. ; i=1 . . n§ ← optimal solution .

'

y

- Claim :@ ¥ LP- ODI ( ) § /OPTIMAL VERTEX COVER /



Roonoinadao :
- Optimal LP solution hail i =L . . n }

- set > Yz → include in S

/ u! < 42 } → do not include ins

Output S .

Claim :&:S is avaten Cover

Pr¥ i•_g
→ 4*+4*31 ⇒ atleast one

d- ui*plj*7Yz
ies ⇐
or JES



C-lami-22.IS/f2.(LP-OPT---Zui*)
Proof : Recall :

NF > Yz → include in S

{ n! 542 } → do not include ins

4- ifs ⇒ Algorithm pays -1 unit

⇒ LP pays n¥ > Yz

⇒ Total Cost
⇒ Isl f 2. LP- OPT .

4- Algorithm
£ 2. ( OPTIMAL VERTEXCOVER /



✗
, toy ? I

Nzt↳ ? I

% tu , 3 A£
, ,
osmania

}
ftp.p-E-t#--nz---B--Yz
OPTIMAL VERTEX COVER# µ A

,
2 } / = 22

AALG 001PM
= {1/4331}=33

LFOPT

=3g
f OPTIMAL

VE g-
22
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FMETRIC ) TRAVELING SALESMAN PROBLEM •

•

✗ -

-
-

•

INIUI. n points with distance /dij ) •

•

•

i ,j c- Y

SI: Minimum cost tour that visits every
node euactly once .
=

METRIC
÷ (TRIANA EE INEQUALITY)ASSUMPTION

•
i dijtdjk 7 dir

,

Hi,j,K
•

K

Direct routes are shortest ]
& Than:
GENERAL TSP is hard to approuinate to

any factor



A¥ Find the MST $

cost ( T ) s cost fogy;% ,) €q
2) Depth first traversal of T starting at A

A → B → D→E→D → F → D → c → D → B → A

cost ( DFS Traversal) ⇒ 2 . Cost ( Tree T ) - K )

3) Skip all repeated vertices in
'

the traversal

A → B→ D → E → F → C-> A (Output the tour )

cont ( TSP Tour) f Cost ( DFS Traversal) - G)
output



Cont (Ala output) E 2 .
Cost (%!;^)TSP


