
NP vs P

÷
classes of computational problems .

(polynomial time)

P " class of problems for which one

can find the solution in polynomial time
"

-

0 foil for some
-

a

efficiently
c- 1

NP =
clan of problems for which
one can verify a solution in polynomial

"

-



D
- Kok :

3-COLORING Input : Graph 4=14 E)

III : Graph 6=111
,E) SOLUTION : Number of 3- colorings

solution: A coloring of V with 3.colors { R ;B,G)

such that every edge recieves two

different colors

Claim : 3. Coco RING C- NP

(verify a solution in polynomial tire)

PR0 VERIFY (
INPUT

G=fv
,E)

,

SOLUTION

• :V→lR,B§D
for each edge ④v7 C- E

check that clul # clv )



FACTORIZATION C- NP

Input : An n bit number No

SOLUTION : Two numbers p, q > 1

so that p•q=N
claim :
FACTORIZATION EN P

VERIFY ( INPUT
,
SOLUTION)N 139 ,

D-Check p,q > I ←

2) Check N= poof ← any time



C- NP

( find
the

solution) → verify it



MINIMUOLSPANNINGIREE C- P

Input : Graph G- IV.E) with weights we

Solution : Minimum Spanning Tree TT

MSF C- NP Input Solution

Pref. Verify ( Graph 4=10,E )
weighs

i
7 )

{Ms#* ← Kroskals Algorithm / h )
check cost (7) = cost (7*1

3



RUDRATA CYCLE

Cotanliieowcycit )
INPUT : A Graph G= IV.E)

Solution : A cycle visiting every node exactly
once .

RATA CYCLE ENP

Proof: Verify f
INPUT

Graph G=@,E ) )
Solution
A cycle C)

i



BREAKING RIA ( PUBLIC KEY Encryption ) Alice 0

*
☒→

III. Public key PK Encfmenm.se,p µ"¥ÉyHK)
cipher tent : ENCIPK ,m) Eve °

Bob ¥7
Solution : Menage M

BREAKING RSA C- NP :

INPTOT :
-

Solution
Proof: VERIFY ( pk , cipher tent 1

Menage M)
I
check Ciphertext ⇒ ENC / m , PK )

3



PROBLEM-5 NOT IN-NP

→ Counting Problems

→ Games

→ Halting Problem

→



"

MINIMUM TRAVELING SALESMAN PROBLEM :(MIN TSP)
- -

INRI : A Graph h= fu ,E) with edge weights

solution : Smallest weight cycle that visits every
node exactly once .

Min TSP NP

'

BIRGETIP : ENI
INPUT :$ Graph h= fu ,E) with edge weights

2) BUDGET B.

Solution : Cycle that visits every
node exactly once , with cost £13



(OPTIMIZATION) ( NP- SEARCH PROBLEM)efficient

M¥P¢np ⇐ BODGETTSPENP
= →

( PNP) NP

It
[DECISION VARIANT )

DECISION BUDGE Tsp :

Input :Ñhraphh=→E ) with edge weights
2) BUDGET B.

Solution : Does I cycle that visits every
node exactly once , with cost £13 ??



ÑP .com#ete-iYoioTiwaT-irTraTacTcEEnNp
11 V1 V1

el

hardest f-A-CIORIZAI low BREAIING RSA

problems n

within NP V1 K

"""
" "

ms*mñ*PÉ
N.P.!== ? ? ?



Rivas : technique to compare difficulty of
problems .

FACTORIZATION §€④ 3-COLORING ? ?

*
time

cowpleuity



PROBLEM A £ Problem B

#_
"

Problem A reduces in polynomial time to
Problem B "

Use any algorithm for B to

efficiently solve A
"

⇒
"

Problem A is easier than Protean B
"

atmost as hard



MATCHING MAXIMUM Flow

Indot : Bipartite Graph a

§
INPUT : c)Graph with

capacities
SOLUTION : ☒= Sit 2)Totalflow:B

p
5010110N : A. flow of

value B.

a

-

~
\

=) •
'

. •

s . tt

:
GAYE) GAYE)
Recover a
matching .

⇐ 1) ComputeMaaimomt-loo.gg/.froy.s!-ot,



HALF -CYCLERUDRATA CYCLE
Input : Graph

- a'=(Y'É)
INPUT - e. Graph G=fv,E)
solution : A cycle through all

SOLUTION : A cycle through
vertices exactly once ¥ 10112 vertices

.

"

Any AlgorithmFor Halfcyde can be used solve Rudvata
Cycle

"

t¥
- rithm →

→ for .

A- Hcinqi ecovevy Rc

→

Reduction
Alg in

a
Input to Alg Input Half Cycle NO Solomon I
RCC . ¥c →

EXISTS Return
same

cycle
⇒ ①

a
•

☐ :
'

If - i
= a with n isolated vertices



d
t

, ecovevy no
-

→

Reduction rithm
-

Alg ⇒
Input to A- 1g Input

> for Pr#em B
- G

¥9011m T
A .

to ABB
=

_
EXISTS

I

INGRED1EN
a) Reduction dig : convert instance of problem

A- → to problem B

2) Recovery Alg : reconstruct solution to A from
solution to B⇒ solution 7. A a solution to B

3) No solution to B ⇒ No Solution to A
solution to A ⇒ solution TOB '



→ RUDRATA Cycle is NP-complete
( HAMILTON ) .

→ circuit SAT in NP-complete
( Mother of all NP- completes

results)

Every problem ✗ Circuit Sat
in NP -

p


