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oy If you can convert every problem in
) NP to your problem in polynomial
time, then your problem is NP-
Complete. A polynomial time algo-
rithm that solved an NP-Complete
problem would also solve every
other problem in NP.

Graph Isomorphism

Satisfiability

Satisfiability is a NP-Complete problem about finding mappings for true/false
variables to satisfy a boolean expression. Cook’s Theorm provides a algorithm to
take a polynomial time verifier (which every NP problem has) and convert it to a
boolean expression in polynomail time. The true/false mappings can then be
converted back to a solution for the original problem in polynomial time.

Because you can
convert Satisfiability
to the Knapsack
problem, it is NP
Complete. You can
convert any problem
to the Knapsack
Problem by first
converting the
problem to Satisfiabil-
ity and then from
Satisfiability to the

Not Every Problem in NP is NP Complete

Factoring is a problem in NP that (as far has any one has been able to
prove) is not NP-Complete. That means that no one has ever been able
to convert Satisfiability (or any other NP-Complete problem) TO
factoring. Factoring can be CONVERTED TO Satisfiability because it
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Knapsack Problem. N / S\QQ is in NP (you can see it there in the big oval at the top).
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< Because factoring is not NP-Complete, a polynomail time solution to it
- ould not prove that P = NP.
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Knapsack Problem o Factoring

Hamiltonian Cycle

Problem

A small detail I usually omit: for a - T / Samp|e NP-Comp|ete PrObIemS \
problem to be called NP-Complete, P Because proofs of NP-Completeness involve converting a known NP-Complete
technically it must also be in NP (that is ?ﬁg problem, it’s worthwhile to know a few.
have a polynomial time verifier). Ifa :0° oo d Satisfia bi“ty
problem is not in NP but othervs./lse acts v’:’ :‘7 Given an arbitrary expression of variables NOTs ANDs and ORs. What is a
like an NP-Complete problem, it’s called N

mapping of variables to truth values (e.g. a — true, b — false) that makes the

o
¥ o,
“NP-Hard”. Travel in Sa Iesman expression true? Example expresses:

Problem a AND (b OR (NOT a))
a AND b AND ((NOT a) OR (NOT b))

Knapsack Problem
If yOU can converta N P_Com plete prObIem TO yOU r Given a set of items with different weights and values, what is the maximum

prOblem, your problem iS NP Complete. ThlS iS the value you can get in a “knapsack” with a maximum weight W?

i Hamiltonian Cycle
u Sual Way you p rove a prObIem IS N P Com plete' Given a set of cities with roads between them, is there a path that visits each
It follows from the definition of NP-Completeness that any problem that an city exactly once and returns to the start?

NP-Complete problem can be converted TO must be NP-Complete as well (see the
text over the Knapsack problem for an example). Usually when you want to prove
a problem is NP complete, you simply prove an existing known NP-Complete

problem can be converted to it.
. . . Exam Scheduling Problem
NO one haS ever found a p0|ynom|a| tlme algorlth m Given a list of courses, a list of conflicts between them, and an integer k; is

to SOIVe an NP—Complete pr0b|em. For th|5 reason, there an exam schedule consisting of k dates such that there are no conflicts
t C t S . t t ”N P C | t " \between courses which have examinations on the same date? /
most Lomputer >cientists use -Lompilete as a
u" . . . " .
shorthand for “no polynomial time solution”. Key Questions

If P # NP, then no NP-Complete problem can be in P. This is not a proof that any
particular NP-Complete problem has no polynomial time solution - if one is found
it proves P = NP. But because no one has ever found an efficient solution to an
NP-Complete problem, intution suggests that no solution may be possible. So if
you can prove your problem is NP-Complete, it should be a warning that no If you can convert an NP-Complete problem into your problem,
efficient solution is likely. what does that mean about your problem?

Traveling Salesman Problem
Given a set of cities with roads between them, what is the path of minimum
distance that visits each city exactly once and returns to the start?

If a solution were developed for an NP-Complete problem,
what would that mean?



