Analysis of Algorithms1
There are many different algorithms.  How do we best choose which one to use?  Comparing algorithms can be a challenging task, however there are certain guide lines which are useful.

Usually the problems we solve have a natural size (typically the amount of data to be processed) which we refer to usually as N.  We would normally refer to the resources used in solving a problem of size N and the most common resource we’re interested in is time, t.  In particular, we are interested in the average time taken to solve the problem given some ‘typical’ input data, and the minimum and maximum times (best and worst case) for the worst possible input configuration.  The performance of some algorithms are well understood, other less so, in fact some algorithm properties have not yet yielded to mathematical analysis and others have led to unsolved mathematical questions.

Classification of Algorithms.

Algorithms can be classified by relating their running time to some function, that is, having the running time proportional to some function as described below:

1   -  Constant time
Most instructions are executed one or at most a few times and do not depend upon the amount of input data.  Their running time is said to be constant.  This is the situation we strive for.

logN

Running time of program is logarithmic – The running time gets slightly slower as N grows.This running time is found in algorithms which use the divide and conquer approach to problem solving.  When N doubles the time taken increases by a constant.

N
When the running time is linear.  The time increases in direct proportion with the size of N.  Here a small amount of processing is done on each piece of data.  When N doubles the time doubles.

NlogN

This is seen where a solution breaks a broblem up into smaller problems (divide and conquer) and then recombines the solutions.  When N doubles the time more than doubles but not by much.

N2   
The running time is quadratic.  Programmed as double nested loops or similar.  When N doubles the running time increases fourfold.  

N3 

The running time is cubic.  When N doubles the running time increases by an eightfold amount.  Useful for only small amounts of input data.

2N
The running time is exponential. When N increases by just one, the running time doubles, or put another way, when N doubles the running time squares. Algorithms with this running time have very poor performance and are probably not a practical solution.

 “Big O Notation”

This notation effectively says that the running time is proportional to some function (see above) and frees us from considering the detail of the algorithm analysis.  For example an algorithm might be said to be of O(NlogN).   This implies the analyst has shown the algorithm might have a maximum running time of O(NlogN) but it does not imply that it will always take that time to complete.  It may well complete in far less time.

If different parts of an algorithm have a different running time, then we specify the highest running time since this will have the greatest effect as N increases.  For example an algorithm that has a single for..next loop of O(N) followed by a doubly nested for..next loop of O(N2) will be of O(N2).

1. Derived from several sources including R Sedgewick’s book –  Algorithms and Data Structures – see recommended texts for  reference.


