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Multiplication Protein Folding
Closest Points If fargmbers How to even check if

correct Need to
Greedy Scheduling Trade sequence Million check all possible
MWIS on a line responses responses
Matrix Mult to responses

In a puzzle the
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and you can easily
check the solution

Lots of real world
important problems



Can mathematically characterize Easy Puzzle

EYI.name
T

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 solution can be checked

in polynomial time

Polynomial Time
O n for a constant C where n of bits used

to describe input



All Problems
Next best chess

move

Fdr Halting Problem

Sudoku
Closest

Points

Which picture is correct

Ñ

A B C D

C Every problem in P is also in NP because if you can find
a solution you must have been able to check its correctness



pygian
verifier cheeks if solution

is correct

Yes No problem Opoly 1 1 f
There is a polytime algorithm ns.t

witness the solution

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

If x is a No instance
y M x y 0 a

Verifier
can't be foole

example of NP problem

3 SAT X is a YES instanie if it describesBoolean formula that is

AND of ORs where each clause has at most 3 literals and

there is an assignment of variables that makes true

Instance
AND

Z V2 V72 A Z V77 Zy A Z V Zy A

OR
Expected Witness literals variable

y Z T Z F Z F



B at3ATENP
Let M x y be the algorithm that

Checks that X is the AND of a series of OR clauses of

where each clause has at most 3 literals

Checks that y
is an assignment of T F to the n variables

Checks that with the assignment every clause is true

And outputs 1 if all checks pass else outputs 0

M x y runs in 0 1 12 time

Read through formula in 04 1 time X is formula check form

Read assignment in 0 1 1 time variables size of formula

For easff
check if makes 304 1

If x is a YES instance
y

s E M x y 1 by choosing y
to

be satisfying assignment

If x is a No instance either is not a valid formula or

no satisfying assignment and May will never pass all checks for any y



Group Work
Hamiltonian Path Problem X is a YES instance iff x 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

S U V t S U V t
s 0 1 0 0 5 0 1 I 1

u 1 0 I 1 a 1 0 0 0
0 I 0 I I O l

to 1 0 0 1 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 If yes y May 1

If no y M x y 0



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

S U V t S U V t
s 0 1 0 0 5 0 1 I 1

u 1 0 I 1 4 1 00 0
0 I 0 I I 0
to 1 O t 1 0

Show YES instance N instance

sify
f

y s u r t
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Checks is adjacency matrix with vertices sit a toffee
y is a list of n vertices starting with s ending t

Y has no repeated vertices

For each consecutive pair U Je y U V is edge in G

If passes all checks return 1 else 0

Runtime
0 n2 size of adjacency matrix check form
O n Size of y check form
01h2 For ecertying

check

reffistOf For expiry check appropriate element of
n F

n2 so runtime is polynomial in 1 1

If eyes instance y describing path will return M x y 1 else if
CNo won't pass all checks M x y 0



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

What is input size

A O log n W B O log n log w

C login W D nlogw

V1 Ni Va Wa Us Nz Vn Wh W
61 1 feed

log W bits

ex W 2 1 1 O n

Runtime 0 2n

knapsack is not known to be in P

Yes No Decision version is in Np
Is there a way to
get value




