
before : giving algontums
now : Show that there <probablyaren't polynomial algorithms for problems
reductions : A EpB "A reduces

to B
"

B is at least as hard as
A

Example problems

⑪Independentset
,
IS

Given an undirected graph G = (V , E) ,
XIV is an IS if nopairof modea
U ,VEX is connected
(u,v) EE .

eage

-jz-G = -6-
Vj -
-V-V7

is X = EV5
,
Vy3 an Is ? yes .

Is (V5
,
ru) EE V

=93 = the empty set an Is
? yes
·at is the largest IS 1



opt pri : give size of largest IS y
in G-
-

search prob
:

give a setXVte
EVn

, Usi Vg
,
v73

decisionpri : is there a size

K IS for G ?

is treve a size 5 IS in G ? no
.

K - IS.

② Vertex Cover , VC

Given an undirected graph G = JV , E),YEV is a VC if every edge (v) -> Ehas neY or veY .

TVz- V4 E=T
Vi Vy- 13- V7

is frere
a size

is 0 a VC for G ? Y S
in a ?

Is EV5
,
Vas a VC for a !

IS V a VC for G
T

decision prob : is there a size K
VC for G?



Let's do a reduction !

K- IS [pK-VC "K-1S reduces to K-VC
"

letG = /V
, E) and k be an input to K-IS .

let G' =G and K' = /V1-k
.

+ 0g ., 7-4
= 3

.

-
Pass G'and K' intoor for k-VC.
Return answer from K-VC solver as
- -

answer toK-IS .

uny does this work ? Vertex covers
andAnd. Sets are
complements.

is the reduction poly time?
-make G' linear
-makea S constant

decision
v

-> P is the set of all problems that
can be solved in polynomial time.
-

[ brove a problem is in P
, giveTo

-
a polynomial time alg for it.
what problems do we already
know that are in p ?

max points onGL

---very problemstable matching
multiplication stable matching EP



NP set of decision swidemsis the I
- that can be verified in polynomial-

time.

How to prove that a problem is in NP?

show how to give certificate and a-
fier for the problem.

eX show that K-V2 ENP .
- G

,
k=2

certificate : S
, a proposedV

for G. vsk
verifier : alg to check
that S is a k-VC for G . 12/
Need to check : V5 - Vy

S = Ed ,,V23
· 1S1 = K
· SEV -
· f (u ,v)E : UES or VES

If AEP ,
AENP ?

&

Quit :

definition of P
NP

Given a prob , is it in P ? In NP
2


