
NP vo P

e E

-
↳ classes of computational

problems.

PE problems for which we can FIND
-

-

solutions in polynomial time O(n)
for home CEN

N problems for which we can Ve

a given solution
in polynomial time

-



-3 COLORING : C

Input : Graph G = (V,e)
SOLUTION : Coloring c : V + <R , B,2

so that every edge (uy)

c(u) = c(v) #3COL
-

a = V
,E)INPOT :

C laim ; SCOLORING ENP SOL : Number of3-coloring
-

Proof : SOLUTION
- VERIFY (INPUTE C

c = x- <R, B,as)
& for every edge (,) EE

Check if colors ((u) #C()·

3



MINIMUM SPANNING TREE

E P
INPUT : Graph G= (V

,E)

weightsw : E-

SOLUTION : Spanning tree of
smallest cost,

Claim : MS ENP
-

Solution
Proof : VERIFY (Input S Treet (- GraphC

& Run Kruekals to find MS T*

Check if cost (+*) = cost (T).
S



PC NP

ConFind
solutions => converify them .

Counting Problems :



Games 32 Counting Problems
- -

1Rudrata Cycle coloring XP

Factoring

MIST
,

Is NP = P 1 ?

-

-



FACTORING : #210(((((0011))
· INPUT : A number N
SOLUTION : P,>D such that
-

Pog = N

FACTORING ENP

Proof : Solution
-

VERIFY (ENO, p,g)
& Multiply P,q and check

3 if p: q = N .



BREAK RSA :
INPUT : Enc-key : K
- S

EncryptedMenage : E (M , K) .

SOCUTION: Mesage M.
-

Break RSA E NP

Proof : VERIFY (INOUN SOLUTION(Key , Elm,)
/ m

↑
Encrypt thesolution m

Compute E(m*)
IB Check if E(m, k)= E(m ,)



RUDRATA CYCLE : (Hamiltonian Cycle)
Input : Graph G = (v

,E)

SOLUTION : A cycle that visits every
-

node exactly once

Claim : RURTA CYCLE END

PROOF :



MIN-TSP (TRAVELLING SALES MAN PROBLEM
- --

-

Input: Weighted graph G= (v
,E)

can't : E -> I .
(tour)

Solutioni The cycle of minimum total cost
- -

- -

that contain all nodes exactly once.

BUDGET-TSP
:
ENP

--
-

Input eighted graph G= (v
,E)

cont : E -> I .
Budget B

Solution: A TSP Our of cont - B .
-



misationproblem ->Deto- MinTSP

-



REDUCTIONS:

"A " B"Computational
problems

(Matching) (Maximum Flow)

DEF : A reduces in polytime to B-

IF : USE an algorithm for B
to solve A inpolynomial

time

S

"B is at leastas hard as A.



RUDRATA CYCLE HALF-CYCLE
INPUT : Graph G= (v,E) INPUT : Graph C=(V,E)
Solution : Acycle containing Solutions A cycle

ALL vertices containing (VI/2 vertices

"USE
an algorithm for HalfCycle

to SOLE Rudrata Cycle"

RUDRATA ① Half Cycle
CYCLE HalfCycle ->JINSTANCEG =(E)

Reduction Algo : From graph a



Contract C' = G + /I domany
vertices

e

:&
G has-> Run HafCyc (G) L2/V) vertices

-> a cycle (in G with 210)
= I vertices
-

2

Cycle C imide G
-



=> a cycle with (1 vertices inideG

=> a
Rudrata cycle of G.


