
Learning Goals

Define NP complete and NP Hard Problems and describe their

importance
Prove a problem is NP Hard NP2



Types ofProblemsEasy
Polynomial time

Search
Sort

Multiplication
Closest Points

Greedy Scheduling
MWIS on a

linePuzzles

NP
Crossword
Sudoku

Delivery it 100 miles

Protein
FoldingFactor

larger
numbersPrimality

Testingquantum
Matrix

Mult.asQuestion
How do we identify the hardest problems in NP

Empirical If keep trying to find an alg but can't

Analytical Can we prove a problem is hard



NP
HardA
problem QENP Hard if for every problem RENP RepQ

Ex HaltingProblem e NP Hard so
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see 301Fact 1

Lemma 1

see pset 9

Theorem Ham Path is NP complete

Pf Ham Path ENP insert proof here see NP class

Ham Path ENP Hard



Formal Definition of Polytime Reduction

def RleqpQ R is polytime reducible to Q if

fRrightarrowQleft01rightrightarrowleft01rightst

forallxinleft01rightx Rleftxright Yes if QleftfRrightarrowQleftxrightright Yes

exists

constant cRrightarrowQ sit runtime of fRrightarrowQ

on.inputX is OleftleftxrightcRQright

Lemma 3SAT p Ham Path

strategy 1 Describe fssat Ham path turn 354T Ham Path

2 Show X is 351T Yes iff f ssat rightarrowHPleftXright is Ham
Path Yes

3 Show fasat Ham path polytime
t1

zV 72 2V23
Lambda s

RightarrowleftZ2VZ6Vnegz8rightwedge
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