
LECTURE PLAN

1) REDUCTIONS (RECAP)

2) Reductions Example : INDSET < INT - PROG
- P

3) NP-Completenes

4)



P = class of problems for which

CANFIND solution in polynomial time

NP = clous of problems for which

CAN VERIFY A GIVEN SOLUTION
-

-

--

in polynomial time.



REDUCTIONS
PROBLEM PROBLEM

A <
P B-

(Man Matching) (Man Flow)

If "AN ALGORITAM TO SOLE B (in polytime)
CAN BE USED TO SOLVE A

1 /

=> PROBLEM B Is AT LEAST AS HARD

As PROBLEM A Cup to polynomial factors

I

=> "BEP = AEP



HOW TO SHOW A
,
B

1) REDUCTION ALGORITHM (F)
F : (INPu EMA) -> (B)

2) PROOF F)

- a solution to =>
I a solution to

E EA F(I) EB

AND
F-a solution to

F a solution to->
F(1) EB I E A .



IND-SED : -NTEGER PROGRAMMINGS
-
- - -

INPUT : GRAPH G=(
,E) INPUT: A linear programming

2) INTEGER : KEN over variables ... 2nd

Sol : An independent eet 2) Bound B
E

of size, K SOh : A feasible INTEGER
-

A set SCV is independent
solution with value >

,
B

if there ARE NO EDGES

INSIDE S .

Man 2
,
+2 + [d,

a
,
+32 [5

xz + 4,x) >

s,, a, 8



INTELER PROGRAMMING
IND SET

INPUT : Graph G = (v
,
E)
, < INPUT : An LP over ... 3

,

B

integer K -
↑ SOL : Integer solution of

SOC : IND-set of Size value
,
B

EDUCTIONA (F) x
,
... kn E(0 , 1) be
the variables

F : Graph C= (u
,
e) -> = if i E In Set

Sise : K
-

M

[ Sise
· I Maxi = of ind
0-0 net
1 O Hedge (i,, j) EE
↳ I

xj + aj < 1

O [ ; < 1

Bound K



PROOF : G has ind setof Rice
= IP has solution of value

BECAUSE : Comder U
:
= 1 if it I

O if if I

observe that xi = 11) = k

AND HigjE it; A

IP hassolution of value
=> G has indest ofeise K.

BECAUSE : Each E AND ORIA
-

= = 0 or 1.



Define = Guerten /xi =)
(1) = xi = k

i = 1

And We know Hedge (ijj) EE

ni +uj -D

=) BOTH 1 ;
And a; are # I

=> either if I or jEI but NOT
BOTH .

Or NONE



I is an independent set



NP-Completenes :

NP-complet problems :
"Problems in NP euch that every

problem in NP reduce to them 7/

Problem A is NP-complete
If A ENP

2) HBENP

B < A.
-

P



Theorem : OCKAR 3-COLORING
,
INT-PRSL

-

... are NP- complete,

By now,
tens of thousands of

NP-complete problems

How to show that "A i NP-complete

1) Prove A-NP

2) Take Any Known NP-complete problem
B

B&PA .



NP-complete problems
↓
3-SAT = 3-COLOR = IND-SETT = INTPROG

NP

-

- FACTORING BREAK-RSAEt
VI

Vy

Vi Vi

↑ MST >



A => BE) &B

ALL OF NP"

↓ COOKO) (Cooks Theoren)

CIRCUIT SAT

↓i
3SAT

IND SEE RUDRATA CYCLE

(directed)

INTEGER CLIQUE VERTEX
PROGRAM COVER



3SAT : Boolean
M

-

INPUT : 1) Variables .... an S

2) Clauses (x, ) A

Im-
-

(x =1 Xig) A
↑

10 28) :

SOL : Ar assignment satisfying all
-

the clauses-

-

-



IND SET
3SAT :

INPUT : 3SAT FORMULA On Input : Graph C = (V,E), K
a... an <

SOLi A satisfying anignment - SOL : An independent set
ofRise, K

REDUCTION ALG :

3SAT Formula =>> Graph G

1) H claune (y) = add or De

with vertices labelled

with literals

2) variable painofnoe



S Formula
⑳

2(xvy&BN
((VVu)A
->

((YXI Vw))
Y 2

O- Y

02= 0 = 0

OE

INTENTION : / E
-

a
x= F-
E) Verter

in independent k = of Clause

el A 3



x
, . . . n + (0 , 1)

PROOF : J a 3SAT
->
I an indet
-

-

Solution ofrize K

= # of Clauses

BECAUSE : Given x ... nf 20 , 1)
a natiefying aignment
-
-

In every claue (x; j ) = I
at least one of 1

,
5
, x

in 1. .

Add One of the vertices for
true literals to ind set



=) gives an indent of size

=#
Clauses

Jan independent net of rice K
=I asatisfying anignment

BECAUSE : K = # of clauses = # of &Is

=> Indetpicks alenee



=> Define for each variables

D if ⑳ Induct

x = E O if ⑫ E Indoet

arbitrarily Otherwise

No Contraditions BECAUSE

④ And never E IndSet

EVERY CLAUSE IS SATISFIED BECAUSE

at least one literal is set to true



"Flysince Ind net picks eac
One in every Ble .


