
Sammanfattning

Notes for Vetenskapens Hus in their yearly work with students for their high school 
project. This is a rough plan for two lectures which will give an introduction to complexity 
theory, Then we can define what P vs. NP is about. We will then have some examples of 
potential projects for the students.
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P vs NP

An Introduction to Algorithms and Complexity.

Petter Restadh



Introduction
Many pepole may have heard of the problem with P vs NP, sometimes written as
P = NP. The later way of writing it has often led to the following solution:

We rewrite the equation as P(N − 1) = 0 and conclude that either P = 0 or
N = 1.

In these notes we will conclude why this solution is absolutely nonsene. We will, quite
naturally when speaking of P vs NP, begin with explain what an algorithm is. Then
we will define complexity and take some examples as to why we care about this. Finally
we will define what P and NP are and look at examples in these classes.

First Lecture
Algorithms

What is an algorithm? Let us define a very basic programming language. It comes from
[1] and we will call it T ++. This language has only 4 commands, namely

Add k Rmv k RmvP k GOTO k.

A program in this language is simply a finite list of commands.

Exempel 0.1. Let us take an example of what a program can look like:

(1) GOTO 3

(2) Add 1

(3) RmvP 2

So how does this language work? We imagine there are an infinite amount of (veeeery
large) bowls. Lets call them

. . . , A−2, A−1, A0, A1, A2, . . .

Then what the commands does, in order:

Add k Add a ball into bowl k (Ak). Then proceed to the next line.

RmvP k Try to remove a ball from bowl k (Ak). If we succeed move up one line, if we don’t
succeed (there are no balls in bowl k) move to the next line.
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Rmv k Try to remove a ball from bowl k (Ak) then move to the next line (no matter if a
ball was removed or not).

GOTO k Proceed directly to line (k).

So let us see what happens if we run the program from Example 0.1 when we have 2
balls in A1, 3 balls in A2 and no balls in any other bowl.

• First we go to line (3)

• Then we remove a ball fom A2, now it has 2 balls, since this succeeds we move to
line (2)

• Then we add a ball to A1, so that now it has 3 balls, then we proceed to line (3)

• Then we remove a ball fom A2, now it has 1 balls, since this succeeds we move to
line (2)

• Then we add a ball to A1, so that now it has 4 balls, then we proceed to line (3)

• Then we remove a ball fom A2, now it has 0 balls, since this succeeds we move to
line (2)

• Then we add a ball to A1, so that now it has 5 balls, then we proceed to line (3)

• Then we try to remove a ball fom A2, but as there are no balls there, we proceed
to line (4)

• Line (4) is empty, so we are done.

Exercise 1. Execute the following program and explain what it does.

(1) GOTO 3

(2) Rmv 1

(3) RmvP 2

In this language we think of the starting position of the bowls as our input, and the final
position as out output of the program.

As we saw above in Example 0.1 and Exercise 1, we can now add and subtract (almost).
What is the difference between this and any other language? As they conclude in [1],
none. The language here can compute everything that any other language, PASCAL,
C++, C, Python, Java, etc. can. But it is usually way more work (as we have seen) to
do something in this program.

Thus it makes sence to discuss algorithms in general, and not only language specific
ones.
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Complexity

How many steps does it take to compute an algorithm? Let us look at three diffe-
rent algorithms. Bubble sort (https://en.wikipedia.org/wiki/Bubble_sort), Merge sort
(https://en.wikipedia.org/wiki/Merge_sort) and Bogosort (https://en.wikipedia.org/wiki/Bogosort).

Here we define the time of an algorithm only by the highest order term. Why is that?

Exempel 0.2. Assume we have two different algorithms, P and Q. P runs in time
1

1000n3 − 1000n2 and Q runs in time 1000n2 + 1000n. Even though the time looks nicer
for P (we divide with 1000 and then remove 1000n2) if n is something large, say n = 1010,
then these factors does not matter, P will take approximately 10 000 times as long to
run. That is the diffrence between 1 day and 27 years. This because P had O(n3) whilst
Q had O(n2).

Here also it makes sence to discuss the complexity of an algorithm without specifying lan-
guage. This is because, as we mentined before, they are all the same from a mathematical
point of view.

Projects
Theoretical work

Here we have primarily discussed after how long time an algorithm needs to stop, but
will it ever? Another question (related to the first) is what can be computed in finite
time? Both of these questions comes from a part of mathematics called Mathematical
Logics. Here we can discuss everything from the Halting problem, the question whether
a program can find all our bugs in code. One proof that this is impossible is the poem
“scooping the loop snooper”.

Games

A lot of games are in fact NP-complete, or at least NP-hard[Citation needed]. We have
some very nice theorems about this, but we can also do what is commonly known as
a reduction. That means we take a problem we know is NP-hard and show that there
exists a subset of levels/boards that in fact corresponds to solving the first problem.
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Complexity

Choose your own algorithms and discuss complexity.

• Bogosort and Bogobogosort

• Expected time vs worst case in sorting algorithm. Best case?
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