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Can mathematically characterize Easy Puzzle

Dancin

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 possible solution can

be checked verified in polynomial time

Polynomial Time

O n time for a constant c where n of
bits used to describe input size M

leto largest int K
n mlogak



All Problems
Next best chess move

Halting problem

Closest Sudoku
Point

Which picture is correct Sudoku

A B D



name of problem

NP problems are YES No Q x

3SAT x Yes

example of NP problem 3 SAT

SAT X is a tentance if it describes a Boolean

formula that is an AND of ORs each clause has at most

3 literals and there isas

E9gs E1 s.e.xis
Instance 88 AND True

z V22V Zs 1 12 VizzV24 A z2 Vzy A
Tauser Z z Zn variables

Otherwise is a No instance Z 2,22 22 literal

Is 35ATE NP



Questions to Ask Yourself to Prove Q ENP

What info would convince me that is a Yes for Q

Z T 22 F 23 5
y

If given info from how could I quickly
check if x is a yes for Q

You do not have to find y
Only need to verify y

is a solution



FIe i g
m

n I
Potential solution

Check that is an AND of OR with at most 3 litera

in each clause

Check y is an assignment of T F to each variable

Check that assignment in y makes true

And outputs 1 if all checks pass and 0 otherwise

M x y runs in O 1 12

Read through X Size of is 0 1 1 Time 0 1 1

Read through y Size of y is lyl 0 1 1 Time

Menelaus check if Dement 01 1
1 14 makes Her 0 1 1

op9011

Thus 3 SAT NP



E fitf in 1 1

YES NO problem DecisionProblem.IO 1 1
There is a polytime algorithm M sit

If x is a YES instance y sit M x y 1

If x is a NO instance

Yy
M x y O

witness



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 a 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
Analyze runtime of M in terms

of 1 1

Is knapsack in P NP



Group Work
Hamiltonian Path Problem Given an adjacency matrix for a graph
G LV E and s tev is there a path from s to t that goes
through each vertex 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

s or
spy

able

no t



HyaythENI y path from Sto t total of
vertices

Check is an adjacency matrix with vertices s t n

Check
y

is a list of n vertices starting at s ending at

Check y has no repeated vertices

For each consecutive pair u v Ey u v is edge in
If passes all checks return 1 else 0 graph
Runtime O m size of 1 1 is n 1 132 m O 1 131

Check form of X time 0 n

Check form of y time O n

Forcytexing checkthegystofy
st.me on

consecutive

Empire cnet.orgyeumntfgn
Thus Hampath ENP



Knapsacks Runtime is O n w n number of items
W size of knapsack

What is input size assume max value is 100

A O log n W B 0 log n log w

c 0 log n w D onlogwf
Vi W iV2 WzNs Ws Vn Wn W

IogzW
ex W 2 1 1 0 n nlogw bits to write weights

n n Runtime O n2 n logV

Knapsack is not known to be in P
YesNo Knapsack E NP


