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Introduction to Algorithm Complexity and Big-O notation

Introduction:

It is common for coders to jump straight into writing code, without thinking about the best way to do
things. There have been many alternative algorithms written for common things, such as sorting
lists, and some are much better than others. This tutorial is designed to introduce you to algorithm
complexity analysis, and the big O (pronounced "big oh") notation. This will help you understand
more about the best way to write algorithms to minimize time and memory usage.

What is algorithm complexity, and why should | care about it:

Algorithm complexity is just a way to formally measure how fast a program or algorithm runs. We
cannot just write the code and time how fast it runs in practise, because many things affect the
runtime in practise (such as the processor you are using, RAM, bus speeds, etc). So algorithm
complexity analysis is designed to compare algorithms in theory, to see which is the most efficient.

It is important to be aware, at least partially, of different algorithm complexities so you don't end up
accidentally writing algorithms that take 10 times longer than necessary. Even if you don't need to
be able to recognize instantly whether an algorithm is linear time or exponential time, this tutorial
should give you an idea about which is which, because such things will become very important when
you are dealing with massive amounts of data or large numbers.

Terminology:

Fundamental Instruction - the simplest operations, for example assigning values to variables,
comparisons, retrieving values from arrays, basic arithmetic (addition, multiplication, incrementation,
etc). Don't worry, we aren't just going to count these.

Worst case analysis - pretty self explanatory, this just means that if we have an algorithm, we
analyse it by assuming we are as unlucky as possible with the input (i.e. the input that will cause the
algorithm to do the most work)

Asymptotic Behaviour:

An asymptote is something which occurs when a function gets closer and closer to a value as its
input changes, but never quite reaches it. We can use this by only keeping the largest growing part
of the function, because that will have the most influence on the output as it gets large. We also
ignore any coefficients. For example, 3n + 2 becomes just n, and 2n"3 + 4n + 2 just becomes n"3.
This is a little bit of maths involved, because you need to understand what functions grow faster
than others. Example: 1 < sqrt(n) < n < n”2 < n"3 < etc.

This site provides a great reference sheet for comparing the complexities of different common
algorithm implementations: http://bigocheatsheet.com/
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Complexity in code:

Now that we understand what asymptotic behaviour of functions is, we can start looking at some
code to find the complexity of the algorithms in practise. The biggest thing we look for in code is

Loops, because loops are the things which will cause the fundamental instructions to be repeated
over and over rather than a constant amount.

A function without any loops is constant, i.e. f(n) = 1.
Example (Click to View)
Code int x = 1;
inty =x+ 2;
if(x ==1) {
System.out.println(x);
1}

A function with a single loop that loops n times is f(n) = n, because it will repeat the instructions in
the loop n times. We ignore how many fundamental instructions are in the loop, because of the
asymptotic analysis, because more instructions is just a coefficient of n (e.g. 4n) which is then
ignored.
Example (Click to View)Code int n = 10;
for(inti=0;i<n;i++){

System.out.printin(i + x);
}in this loop, each time the loop occurs it executes multiple fundamental instructions e.g.
comparison i < 2, incrementation i++, addition i + x, etc. but these are constant each time, so it is
ignored - the number of times the loop occurs is the biggest influence.

A function with nested loops, e.g. a loop inside a loop, is just a power of n.
Example (Click to View)Code int n = 10;
for(inti=0;i<n;i++) {
for(intj=0;j<n;j++) {
System.out.printin(i + j);
}

}This function has f(n) = n”2 because the inside loop loops n times for each outside loop, giving n n
=n"2
By the same logic, a loop inside a loop inside a loop is f(n) = n"3.

Big ? (Big Theta) Notation

Up until now we have been using f(n) = something to represent the complexity. Actually, we use ?
(theta) instead of f, like this:

if f(n) = n*3 then we write ?(n"3)

This is known as Big-? notation. (The character ? is the greek letter theta.)

This notation is used when we know exactly the complexity of a function. But sometimes we may
not know exactly what complexity it has, only a maximum / minimum complexity. So we then

introduce 2 new notations - Big O and Big Omega notations to provide a maximum and minimum
complexity.

Big O Notation

Big O notation is like a maximum complexity we know that a function has. All we know, when we
use this notation, is that the true complexity (Big ?) is the same of less than the Big O complexity.
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Technically, we say that O(f(n)) is a 'set' of functions that have the same of larger complexity, so
?(f(n)) is always in O(f(n)) but not the other way around. For example, we can say that the function
f(n) = n is part of O(n) but also O(n"2), O(n"3) or anything bigger. But we try to find the lowest
possible because that is the most helpful obviously.

Usually we can never actually know if we have found the most efficient algorithm for a particular
task, for example the most efficient algorithm to sort a list into order, so we use the Big O notation
on existing algorithms to show that the most efficient solution is either the same or better than the
existing ones.

Example of a sorting algorithm in Java, this is an implementation called the BubbleSort:
Code int currentMinindex = 0;

for (int front = O; front < intArray.length; front++)

{

currentMinindex = front;

for (int i = front; i < intArray.length; i++)

{
if (intArray[i] < intArray[currentMinindex])

{

}
}

currentMinindex = i;

int tmp = intArray[front];

intArray[front] = intArray[currentMinindex];

intArray[currentMinindex] = tmp;
}We can see that this implementation has a loop inside a loop. As we saw, if we have a loop that
iterates n times inside a loop which iterates n times, then we have f(n) = n. So the Big O notation for
this algorithm is O(n"2) (in the worst case analysis. Best case - an already sorted list - gives O(n)).
But this is not the most efficient sorting algorithm and in fact other algorithms have been created
which have O(n log n) which is better. That is why we use Big O notation, because this is an upper
bound of the sorting algorithm. In general, Big O is easier to work out that Big ? because we can
actually make the algorithm worse efficiency to make it easier to work out, and end up with the
upper bound even if its not the best possible.

Other Notations

There are actually 5 unique sets of functions that you might see. These are:

o(f(n)) - Little o - same as Big O but it is never equal to, always less than. We say that ? is a Proper
subset of o

O(f(n)) - Bit O - As we have already seen. Can be equal to or less than. We say ? is a subset of O
?(f(n)) - Big Theta - pretty much just 'equal to'. This is also the interection of O(f(n)) and ?(f(n)).
?(f(n)) - Big Omega - The opposite of Big O, this acts as a lower bound. ?(f(n)) will always be equal
to or worse than Omega(f(n)). Technically, ? is a superset of ?

?(f(n)) - Little Omega - to Big Omega what Little o is to Big O. ?(f(n)) will always be worse than
Omega(f(n)). Technically, ? is a Proper superset of ?

This tutorial was written by MeshCollider ?



Remix - September 3, 2015, 3:55 am
Nice to see that the group puts effort into the coding section.
Wasn't the case when it was Debug.

Also nice tutorial, thanks for it ?

SIM-2015410 - September 3, 2015, 4:30 am

(Sep 3, 2015 03:55 AM)iRemix Wrote: [CITE] Nice to see that the group puts effort into the coding
section.

Wasn't the case when it was Debug.

Also nice tutorial, thanks for it ?
Thanks for the reply, glad you like the tutorial ?

FRANKIE - September 3, 2015, 4:32 am
Astonishing change in what's normally posted. Although it is all greek to me, | have no doubt others
can take from it.

SIM-2015410 - September 3, 2015, 4:38 am

(Sep 3, 2015 04:32 AM)FRANKIE Wrote: [CITE] Astonishing change in what's normally posted.
Although it is all greek to me, | have no doubt others can take from it.

| thought I might try something a bit different, hopefully members appreciate a more academic
tutorial :)

Nex+ - September 5, 2015, 8:00 am

(Sep 3, 2015 03:55 AM)iRemix Wrote: [CITE] Nice to see that the group puts effort into the coding
section.

Wasn't the case when it was Debug.

Also nice tutorial, thanks for it ?
Thats because Porygon owned it, I'm now owner and starting it off

M?xim - January 4, 2017, 7:30 pm
Pretty interesting read. Good job and thanks for sharing. Some image links are down tho, https.

SIM-2015410 - January 4, 2017, 7:35 pm

(Jan 4, 2017 08:30 PM)M?xim Wrote: [CITE] Pretty interesting read. Good job and thanks for
sharing. Some image links are down tho, https.

Fixed, thanks

Sajuuk - January 4, 2017, 8:06 pm
The first gravedig with purpose. I'm not surprised that this thread died out, but this is one of the more
thought out contributions to this subforum.

Kickupx - January 5, 2017, 2:14 am

Nicke article. Notify though that big O does not tell you anything about somethings speed. It only
tells how the theoretical work is scaling with amount of input.

O(N) means that twice as much input is twice as much work.

Nice post still.?
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SIM-1947090 - January 7, 2017, 12:19 am
Eh very interesting thread.
Would be nice to see some more of these.

Mefie - January 8, 2017, 1:40 pm

Thank you for showing us this knowledge in a professional manner! | can back up what OP wrote in
this thread with my experience at Uni, Computer Science course. | am just adding that
"replacements" are often considered to be a factor when choosing an algorithm. In practice, we
usually use Big O/Theta...etc. notations and count of replacements together, taking into
consideration which of them is more important to us (e.g.: 'minimum selection sort' algorithm).

(Jan 5, 2017 03:14 AM)Kickupx Wrote: [CITE] Nicke article. Notify though that big O does not tell
you anything about somethings speed. It only tells how the theoretical work is scaling with amount of
input.

O(N) means that twice as much input is twice as much work.

Nice post still.?

@Kickupx, twice as much work usually means worse runtime. These notations are used to estimate
the algorithm's runtime, but does not tell it with nsec precision. As | wrote above, developers often
take into consideration more than one factors and prioritize them. Indeed, these notations are widely
used.
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