





Using P/NP Pragmatically

Step 0: The Problem

You have some problem and the best algorithm to solve it is not
obvious. Like a Big O analysis, this should be a problem in which the
input size can be large.

Example: Sudoku

To solve a sudoku puzzle, you must find numbers for
cach of the positions so that each row column and
“box” has 1 of every number 1 to 9 (or n’ on larger
boards). Though peope normally use a 3x3 board, any
size is possible. A 5x5 board has 5 boxes on a side,
each box contains 25 numbers.

Step 1: Try to Think of a Polynomial Time Solution Algorithm

Think of the best algorithm you can and determine its Big O. If the
algorithm is polynomial, you are done (you have just proved the
problem is in P). If the best algorithm you can think of its exponential,
it may be worthwhile continuting.

No polynomial time algorithm to solve a sudoku
puzzle is obvious. You might want to try yourself to
verify this fact.

Step 2: Try to Think of a Polynomial Time Verifier Algorithm

Think of an algorithm that given a solution, verifies that solution is
correct. If you can, you’ve just proved your problem is in NP. If you
can’t think of one, your problem may be very hard and not likely to
have a polynomial time solution.

Note that having a way to check a solution is not the same as being able
to get a solution in a reasonable time. Though you can “guess and
check” those algorithms almost always take polynomial time.

Checking a soduku solution is easy. Just make sure
every row has every number, every column has every
number, and every “box” has every number. This can
be done in polynomial time.

By way of example, the numbers 1-25 have
15511210043330985984000000 possible orders. If
you check 1/nanosecond for a 5x5 Sudoku solution
your program will take 490 million years.

Step 3:Try to Think of a Polynomial Time NP-Complete Conversion

To prove your problem is NP-Complete, you need an algorithm to
convert an NP-Complete problem into your problem. It might be
worthwhile to try and look up known NP-Complete problems in your
domain to see if one is similar.

This actually has been done for Sudoku, using a
reduction to Satisifability (through some other
problems). The actual details though are quite
complex.

Step 4: If your problem is NP-Complete, try to make it simplier

Oftentimes it is possible to find a solution to particular special cases of
NP-Complete problems, or to use heuristics that generate approximate
solutions.

Expanded Questions
Defining P and NP

A. IfI want to prove a problem is Type P. I need to discover:
1. An efficient algorithm to solve the problem

2. A way to efficiently verify a solution that I'm given

3. Anew hardness level

. If I want to prove a problem is Type NP. I need to discover:
. An efficient algorithm to solve the problem

. A way to efficiently verify a solution that I'm given

. A new hardness level
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Does P = NP?

C. What would I need to show that P does not equal NP:

1. An algorithm to solve every problem in NP in polynomial time

2. A proof that at least one polynomial time verifiable problem has no polynomial
time algorithm

3. A verifier that runs in exponential time

4. A proofthat P is a subset of EXP

D. What would I need to show that P equals NP:

1. An algorithm to solve every problem in NP in polynomial time

2. A proof that at least one polynomial time verifiable problem has no polynomial
time algorithm

3. A verifier that runs in exponential time

4. A proofthat P is a subset of EXP

Using these sorts of techniques you can build Sudoku
solvers that will work on puzzles of any size that a
human might attempt. But the best known algoritms
to solve n x n Sudoku boards are all exponential.

NP Completeness

E. Say we have a problem in NP, and we discover that we can convert this problem

to a NP Complete problem. What does this tell us?

1. P does not equal NP

2. Pequals NP

3. Nothing, we knew this already

4. Our problem is NP-Complete and likely quite hard

F. Say we have a problem in NP, and we discover that we can convert a known NP
Complete problem to our problem. What does this tell us?

1. P does not equal NP

2. Pequals NP

3. Nothing, we knew this already

4. Our problem is NP-Complete and likely quite hard

G. If a polynomial time algorithm was discovered for an NP Complete problem, it

would show:

1. P does not equal NP
2. Pequals NP

3. Neither 1 nor 2
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H. If a polynomial time algorithm was discovered for a problem in NP (not an NP

Complete one), it would show:
1. P does not equal NP

2. Pequals NP

3. Neither 1 nor 2




