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Today's learning goals  sipserch7

Define NP-completeness
Give examples of NP-complete problems
Use polynomial-time reduction to prove NP-completeness

Section 7.4, 7.5: NP-completeness
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P vs. NP
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How to answer P = NP ?
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Reductions to the rescue Sipser p. 206.305

1970s Stephen Cook and Leonid Levin
lay foundations of NP-completeness

Definition A language B is NP-complete if (1) itis in NP and
(2) every Ain NP is polynomial-time reducible to it.

Consequence If an NP-complete problem has a polynomial time
solution then all NP problems are polynomial time solvable.

SAT Nf~cm'>ld-t.
Cook-Levin Theorem: 3-SAT is NP-complete.



What would prove that P = NP?

RedUCthnS tO A. Showing that a problem solvable by brute-

force methods has a nondeterministic solution.
1970s Stephen Cook an(B. Showing that there are two distinct NP-
lay foundations d  complete problems.

{ C.Finding-a-potynomial time solution for an NP-)

o complete nrohlem, A
Definition Alanguage B| p. proving that an NP-complete problem is not

(2) every Ain NP is polyr,  solvable in polynomial time.
E. | don't know

Consequence If an NP-complete problem has a polynomial time
solution then all NP problems are polynomial time solvable.

Cook-Levin Theorem: 3-SAT is NP-complete



Are other problems NP complete?

To prove that X is NP-complete

From scratch: Prove it is NP, and that all NP problems are
polynomial-time reducible to it.  Cog le-Leni~-
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Using reduction: Show that & (known-to- be) NP complete
problem reducestoit. i+ /3ASAT re
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3SAT polynomial-time reduces to CLIQUE

Sipser p. 302
Given: Boolean formula in CNF with exactly 3 literals/clause
- AND of ORs - args in OR clauses: var or negated var

Desired Answer: Yes If satisflable; No If unsatisfiable

Instead transform formula to graph so that graph has clique iff
original formula is satisfiable



3SAT polynomial-time reduces to CLIQUE

Transform 3-CNF formula with k clauses to graph G
vertices are the literals in each clause

edges between all vertices except
two literals in the same clause
literals that are negations of one another

Claim: formula is satisfiable iff G has k-clique



3SAT reduces to Clique examg
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BSAT reduces to Cl@ue example
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e s .6 i A’
Brief history

The famous logician Kurt Godel asked the famous
computer scientist, mathematician, and economist
John von Neumann the P vs. NP question in a

private letter, written shortly before von Neumann’s

death.



e
IN the soviet union

- S.V. Yablonksi invents the term

- perebor” or "brute force search”

to describe the combinatorial

explosion limiting algorithms, especially
for circuit design problems (1959)




Matchings and P vs np

In 1965, Jack Edmonds
gives the first polynomial
time algorithm for perfect
matching on general graphs.
To explain the significance
to referees, he introduces
a section defining P, NP
and posing the
P vs. NP question.




NP-completeness

In 1971 , Steve Cook
defines NP-completeness
and proves that several
problems from logic
and combinatorics
are NP-complete,
Meaning that P=NP
If and only if any of
These problems are polynomial time solvable.




Plethora of Np-complete problems

Following Cook’s work,

Richard Karp showed that
a large number of the most
Important optimization
problems from all sub-areas
(scheduling, graph theory,
Number theory, logic,

gws_a.nd_gms packing,
oding, ...) are NP-complete

| summ




Back In the ussr

Leonid Levin, a student of Kolmogorov’s, publishes
similar results to

Cook and Karp’s in his thesis,
but needs to be careful

to disguise what he’s
claiming, since it might

be interpreted as

Questioning earlier work on perebor.




Garey and johnson

Garey and Johnson’s classic

Textbook (1979) includes an
' reds of NP-complete
problems
/




NP-complete problems everywhere

Since then, thousands

of NP-complete
Problems have been identified

in pretty much any area

With computational
Problems- physics, biology, chemistry
Economics, sociology, linguistics, games,

Engineering, .....

-
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MY HOBBY:
MBEDDING NP-(DMPLETE PROBLEMS IN RESTAURANT ORDERS

7,

(oot s
— APPENZERS —

MIXED FRUIT 215
FRENCH FRIES 275

SIDE SALAD 335

HOT WINGS 3.5

MOZZAREUA STICKS 420
SAMPLER PLATE 5.80

—— SANDWICHES ~—

WED LIKE EXACTLY §15. 05
WORTH OF APPETIZERS, PLEASE.

l L EXACTLY? KK,
HERE, THESE PRPERS ON THE KNAPEACK
PROBLEM MIGHT HELP YOU OUT.
LISTEN, T HAVE Sx OTER
TABLES TO GET T0—

— A FRST RS PUSSIBLE, OF (CURSE. WNT/

SOMETHING ON TRAVELING SALESHANT
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Some of our favorites
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- Sudoku
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Candy Crush




Minesweeper
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Next time

Pre-class reading skim Chapter 7



