
É
LECTURE 20

* Reductions Recap
* NP- completeness
☒ Independent Set fp Integer Programming
* 3SAT Gp Independent set



Problem A ?⃝ Problem B

1) Reduction Algorithm ( converts inputs to A →

inputs to B)

E) -9 A Solution to

original input to A
⇒ Fastolution to

input to B

pg
⇒ 3- a solution to A3- a solution to

Problem A- is no harder than Problem B.



Rs : 1) Reduction algorithm needs to run

in Holy time
" "

BA£④→
2) Afp B AND B Spc

⇒ A Gpc

3) A & B ← both are problems with no known also



NP - Complete Problems
-

A p-roblem-A.is NP-complete
if it AENP

2) Every problem B. C- NP reduces to A

Btp A

corollary .. If A IB are NP-complete
A Ep B & B -5pA
-
-

Corollary : If 3- a poly tire alg for some NP-complete
problem

⇒ NP =P



To show : Problem A is NP-complete

a) A ENP ( Exhibit ianverifi cation algorithm]

2) Pick some well known NP-complete
problem

say 3SA7£p A
shoo that 3SAT§A



MR ete Problem
" AE%%NP "

¢60470)

CIRCUIT SAT

*
3.SAI

IND SET RUDRAIA CYCLE

( directed)

INTEGER CLIQUE VERTEX
PROGRAM COVER



Definition:( Independent Set )

Given a graph G- Cv
, E) , a subset of

vertices SEV is an independent set

if there are no edges inside S u

i.e. H UN ES
,
Ce,v)¢E .



INTEGER PROGRAMMING

INPUT Graph A- (4E ) , KK {
INPUT : A lineargram

SOL : An ind
.
set of size K\p SOL : An integer solution to

linear program"" ⇒

=

µ , = y
, if i ⇐ Independent ,G. = CV

,
E) , K Set

0 otherwise

Of his a IP

Run in poly time ¥,Ni== K
2) TO PROVE :

a) G has incl set of six K
⇒ 3- a solution to Ip

Hlij)EE kitNj f p

b)Fa solution to IP ⇒ G has an irdset of rise K



3. SAP : fundamental NP - complete
INPUT : 1) Boolean variables N

,
. . . An C- {oil

2) Clauses : → (Nov Ñz VADA
→ CÑSVÉ

,
VEDA tgmdaunes→ lñ*VñzVñD !

SOLUTION : An assignment
Mr .mn } → 20,15

that satisfies all the clauses



3.SAT INDSETT

INPUT : 3.SAT formula on Nunn INPUT : Graph A=fV,E)
(nine;Vñu) Alñiloldtb) . . . . .£p integer V¥-

SOL : A satisfying aisignment SOL : An independent setofsisekk
'

-civilian •

(Elliott 're)A →

( yiiiz-y.ir )

I 2=1

4=1
2=0
w
--0 k=#ofda¥É

I

-



1) It clause a V5 V2
I

create a e ②

⑤
"

In the satisfying assignment if a Yjvz
has true literals a

,
I ⇒ add one of

those to independent

2) H variable a ,
add on edge between every voter labeled u

to

every venter labelled a-



PROOF :
-

1) I a satisfying assignment

⇒ 3- a independent set of size K

Proof : If he , . . an)→{0,15 satisfies the formula

then H each clause a ; Vñj Hua , pick some

true literal
,
include the vaten in independent set

⇒ / Independent set ) = # of classes

⇒ No edges indide .



3- an independent set in G- ⇒ 3- a satisfying asigmeit
with six K= # triangles

1 if some oaten ?⃝
4- variable Ni = { i☒ Ind set -

0 if some venter
C- irdset

( arbitrary otherwise
0

nd set has ?⃝ then ¢ Ind set

→ Ind set picks exactly one vaten in each
e

⇒ every clause has 1 satisfying literal


