
LECTURE 4/1/23

-> RUDRATA CYCE is NP-complete

-> Every problem in NO GRISAT

-> CIRCUITSAT , SSAT

-> APPROXIMATION ALGOS
.



DIRECTED)
RUDRATA CYCLE
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Ort: A directed Graph a
SOL i A directed cycle pacing through

every verten exactly Once
-
- -



THEOREM : RUDRATA CYCLE is NP-complete
PROOF :

RUDRATA CYCLE E NP

(evercine)

(3SAT)
2) SOME No-complete < RUDRATA

Problem - Cale

SAT Problem
INPUT : A 3-SAT Formula

(U) (2 1 ...
SOL : Analignment to variables satisfying



SAT RUDRATA CYCLE

↓ to
35Aintercor ④ 14

Reduction 1/
UPRATA CYCLE &L L

(2) A Input : Directed

(w) A Graph=(v,E)

(Vy/w) : Algorithm SOLi

SUCH THAT I

- asatisfying asignment to formula

#7 a Rudrata cycle in graph G.
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CIRCUIT SAT I-

-

INPUT : 9)Circuit with AND/OR ⑪NOT
2) n impute gates

boolean
SOLUTION : An asignment
to that output = 1. #
- WilltS

-



THEOREM :
-

L PROBLEM IN N .PEVERY

↳ CRUMSAT.

PROOF :
FOR CONCRETENESS

Consider FACTORIZATION



FACTORIZATION CIRCUIT SAT

Input : Ana bit number N Input : Circuit C
-

SOL : p,9 p,& > /
& SOL: xst ((u) = 1
-

IC
and p - q = N

BASIIDEA :
NO problems have verificationalgos

All computation can be done oncircuits



Factorization
p
Circuit SAT :

Proof: Factoriation has averification algo

INPUT SOLUTIONVERIFY) Number N
C
Numbers p,a)

↑ Check if pog
= N

AND > 1

I
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Factorization MULTIPLY(INPUT)
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CIRCUIT SAT BSA

INPUT : A circuit C INPUT : A 3AT FORMULA
↑

SOL : An assignment a , sit
C(n) = 1

So : A satisfying anignment.

/Wa

D
ws) (ws
D
wil(wa us)/wk



IND SET : CLIQUE

INPUT ? Graph G =(,E) INPUT : Graph GE(V,e)
integer integer K

SOL : An ind . set of SOL : A dique ofsize
size #



IND SET : VERTEX COVER

INPUT ? Graph G =(,E) INPUT : Graph GE(V,e)
integer integer &

SOL : An ind . set of SOL : A verten cover of
size # sizeA



APPROXIMATION ALGORITHM

Def : For A minimisation problem ↑ (x > 1)
S

an algorithm is an -approximation algorithm

if inputfrom P

ALL-OUTPUT(1) 2 . OPT()

[For manimisation problem

ALL Output (1) 7, 007 (1) /



MWMUMERTEX COVER END-hard
--

INPUT : Graph G= (V,E)
SOL : A verten cover SEV

of smallest size

Definition : S is a verten cover if every edge incovered
byS

ice (y
,
v) + E => UES or VES

or both



A 2-APPROXIMATION ALGO

- Pick a manimal matching↑
Imanimal matching : keep adding

edges until one can't (

-> Output S = 3 Both endpoints of edges in M3
C

HALT1 : S is averten cover,

PROOF : M is a manimal matching
Every edge-ertaps some edge in M .



=> Every edge overlaps some endpoint
of M
-

a verten in S -

-S1= 2 / Manimal matching M)

FACE : (OPTIMAL VERTEX COVER
7, (Manimal Matching M

Proof : Every verten cover has
AT LEAST ONE VERTEX PER

EAGE OF M .



(OPT) >, (M-

IS1 = 2
. (Manimal Matching)
2 . (OPTIMAL VERTEX COVER


