
Polynomial time many one reduction Karp redaction

from decision problem A to decision problem
B

is a poly time computable
function f sit

is a Yes instance of A iff

f x is a Yes instance of B

i.e
E La iff f x E LB

Write A p
B or Laephp

Ex Independent set p
Vertex Cover

Proof Given undirected G V E k
Make G V E k
G G
k n k n v1

Takes polynomial O ntm time



Need to prove G has an ind set of size K

iff G has a vertex cover of size k

Let S be an ind set

of site k in G

Let s vis It has
ITP

size n k k Lft
kicyconsideranyaveE.Itis G

not the case that both a tu are in S

So at least one of a tv is in S

So we cover any edge S is a vertex cover

Let s be a vertex cover of size lo
in G G

et S VIS S has size n k n nk

k

For any edge avee at least one of



u or v in S So in is not the case

that both are in S So S is

independent

Claim Clique p
Independent Set

same Vertex cover Ep Independent set
reductions
not typical compose

Vertex Cover Ep Clique the

Clique p Vertex Cover
reductions



Decision problems can go into Icty
P decision problems A that can be solved

in poly time

Eq There is a function Q 0 13 5 0,13
where Q can be evaluated in poly 1 1

on where
given input for A

the output for A is Yes iff Q x

Ex Given G V E k s t is the a

path from s tot of length Ek



NP decision problems A for which there

is a function R 0 138 0 138 0,13
where evaluating Ra x y take time

poly M yl and

given input for A

output is Yes ist thereoxists
some certificate y sit

lyl poly 1 1
Ra x y 1 the verifier

NP stands for con deterministic
poly time

Ex Independent Set certificate is ind set
of size k

Ex Vertex Cover certificate is vertex over



of size k

P E NP certificate is E

Q RA x e

NP EXP F time 2804

Big question PINP
Most assume PE NP

NPS EXP
we do know P EXP



NP hard B E NP hard iff for

every At NP A p B
different
reduction for

not in P is P NP each AENP

NP complete NP hard n NP

in P ist P NP

Cook Levin Theorem Satisfiability SAT

is in NP complete
SAT Given a Boolean formula F x Xa Xu
over n variables

Is there a setting of the variables so

F x is True and

Ex Given F x xa x x v x ̅ x ̅



For not
Yps x True

2 False
False

SAT NP because certificate is the

setting of variables

To proup a problem C is NP hard

show B Epc for any NP hard B



A a Boolean formula F It has variables x

Literals x ̅ X

F
fi itiini:caim.f

several disjunctions or of literals
3 NF every disjunction has exactly
three literals ie laces

Ex F x UX v x ̅
x ̅ UX UX 4 for 3SAT

VX v x ̅ 1 x ex it trap

4 False
x ̅ ux ̅ Ux ̅



3 SAT Given 3 CNF formula F

is there a setting to make F True
3 SAT NP how to set variables

Thm 35 AT is NP hard NP complete

T hm Independent Set is NP complete
by reduction from 3 SAT Tuesday

Clique is NP complete from Ind Set V

Vertex Cover is NP complete from Indisot


