
















































Learning Goals
Describe P and NP informally and why these ideas

are important

Define NP

Prove a problem is in NP NPI

Announcements

CS Seminar on Friday alum Corey go meetCorey
Reattempts Office Hours

Next exam
75 min during class Tues 3 17

I side of 3 5 notecard core

DCI DC2 DPI G1 NPI DB
You are responsible for knowing which targets
you need












go meetlorey



Warm Ups noning

Why if X is a NO instance will fail for all yM

How to identify y Your job
What if better than O poly x1 using

not
onbrute force

Does our NP proof translate into an alg

0 2 poly x1

check all y

Athingo



FpeyProbem million

Easy Hard

Polynomial time
Puzzles

Crosswords un
Chess

O n 0 n what is next best
43 Sudoku nxn move

I Yhm
multiplication Factoring large
Greedy Scheduli gMWIS general
Closest Pts graph 21000

Matrix Mult

Fast algorithm Easy to check

Might be hard to
Quantum Computers solve



Can mathematically characterize Easy Puzzle

Panto
1 Polynomial Time

Informal A problem is in P if it can be solved in

polynomial time

NI Non deterministic Polynomial Time

Informal A problem is in NP if a solution can

be checked in polynomial time

Polynomial Time

Runs in time O n where n is the size

of input and c is a constant O poly n



All Problems
Chess next
best move

Dentatting
Problem

losest

Pts Sudoku

Which picture is correct

1P

A BY XD



NP problems are YES No Q x Yes
NO

input

example of NP problem 3 SAT CNF formula

351T X is a YE taeifitde scribes a Boolean formula that i

AND of ORs where each clause has almost 3 literals and

thereisanassignment of variablesthat makes true

Instance AM AND Zi Zi

Z VZ V72 A EtVzy 1 Z V 24 1
2,22 Variables

OR 12 Z 22,22 literal

Otherwise is a NO instance

Is 35ATE NP



Questions to Ask Yourself to Prove Q ENP

What info would convince me that X is a Yes for Q
is YES for 351T

Z T 22 F Z F y
If given info in how could I check if x is

a Yes for Q quickly

351T Plug y in and test each clause

You do not have to show how to find y
Only need to show how to verify y is solution to

Z 1 Z

y Z FITlatch



alg e
NPI

flat solution
be the alg that

Check that is a CNF formula with at most 3 literals

per clause
Check that y is a assignment of T F to each

variable
Check that with assignment y every clause of
is true

And output 1 if all checks pass 0 otherwise

If x is a Yes instance then a satisfying assignment y
exists and M x y will pass all checks Otherwise if
Fsa NO instance at least one check will fail
for any y.is ayes

instance

If 3 SAT with n variables m clauses then R m log
so M x y can be run in O poly 1 1 time with brute

force



Decision Problem
input

YESNO Jopoly 1 1 verifier

There is a polytime algorithm M sit witness

If x is a YES instance yts.tn M x y 1

If X is a NO instance
y M x y 0

0011

01100111

1001100 1 00



Group Work NPI

Hamiltonian Path Problem X is a YES instance iffix describes
suchthat

adjacency matrix of a graph G with vertices sit sit there is a path
from s to t that goes through each vertex exactly once

5 u v t X S U V t
50 1 0 0 501 1 1

u 0 1 u 00 0
0 1 0 1

v 1 0 0
to 1 0 t 0 0

Show YES instance N instance

Prove Hamiltonian Path ENP Describe M x y
O Lower bound 1 1 in terms of
Names Pronouns n vertices m edges

poly 1 1 runtime for MDining Hall Hack correctness y y



Group Work
Hamiltonian Path Problem X is a YES instance iffix describes

adjacency matrix of a graph G with vertices sit sit there is a path
from s to t that goes through each vertex exactly once

5 u v t X S U V t
50 1 0 0 501 1 1

u 0 1 u 00 0
0 1 0 1

v 1 0 0
to 1 0 t 0 0

Show YES instance NT instance

S U v U

oof
odor

0100101101010110 5 1 t

y s U V t
1 1 n logn



HamPathENI 1 1 0 n 0 n

M x y check
Check is adj matrix with vertices sit

y
is a list of n vertices start at s end a

t O n 011

y
has no repeats shouldb

For each consecutive pair u v EY u v

And output 1 if all checks pass 0 otherwise

If x is a Yes instance then a path Y
ests and M x y will pass all checks Otherwise if
X is a NO instance at least one check will fail
for any Y
If a yes instance has n vertices medges D m

so M x y can be run in O poly 1 1 time with brute
force



Runtime vs Inputsize vs Natural Parameters

of verticesleave

Easy
1 1 2 m 1 1 n 1 1

k n

T O n Ten
n sixth

Tens
k T 11k

T 0 poly 1 1


