
 

  

 

 

 

Complexity of Algorithms 

An algorithm is a clearly defined finite sequence of instructions for 

solving a problem. For example, consider the problem of computing a 

three-point moving average of a finite sequence of numbers 𝑥1, 𝑥2, … , 

𝑥𝑛. This means that each term in the sequence needs to be replaced by its 

average with its direct neighbors. This is a common procedure to smooth 

out data that fluctuates wildly between data points, such as stock market 

data, or really any measured data that has a lot of noise in it. 

 

• The growth function, also called the shatter coefficient or the 

shattering number, measures the richness of a set family. It is 

especially used in the context of statistical learning theory, where it 

measures the complexity of a hypothesis class.  

• Once the input size n becomes large enough, merge sort, with its    

(n lg n) worst-case running time, beats insertion sort, whose worst-

case running time is    (n2). 

• through a finite number of well-defined successive states, 

eventually producing "output" and terminating at a final ending 

state.  
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Growth of functions with asymptotic notations 

• Big-oh 

• Max function 

• Mig-omega 

• Mig-theta 

• Mittle-oh 

• Mittle-omega 

Several standard methods for simplifying the asymptotic analysis of 

algorithms. The next section begins by defining several types of 

"asymptotic notation," of which we have already seen an example in  

notation. Several notational conventions used throughout this leçture are 

then presented, and finally we review the behavior of functions that 

commonly arise in the analysis of algorithms. 
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Asymptotic notation 

The notations we use to describe the asymptotic running time of an 

algorithm are defined in terms of functions whose domains are the set of 

natural numbers N = {0, 1, 2, . . .}. Such notations are convenient for 

describing the worst-case running-time function T(n), which is usually 

defined only on integer input sizes. It is sometimes convenient, however, 

to abuse asymptotic notation in a variety of ways.  

• There are mainly three asymptotic notations: 

• Big-O notation 

• Omega notation 

• Theta notation 

 

1) Asymptotic notations are the mathematical notations used to describe 

the running time of an algorithm when the input tends towards a particular 

value or a limiting value. 

For example: In bubble sort, when the input array is already sorted, the 

time taken by the algorithm is linear i.e. the best case. 

But, when the input array is in reverse condition, the algorithm takes the 

maximum time (quadratic) to sort the elements i.e. the worst case. 

When the input array is neither sorted nor in reverse order, then it takes 

average time. These durations are denoted using asymptotic notations. 
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The Big-O Notation 

The most basic concept concerning the growth of functions is big - 

O. The statement that f is big-O of g expresses the fact that for large 

enough x, f will be bounded above by some constant multiple of g. Big-O 

notation represents the upper bound of the running time of an algorithm. 

Thus, it gives the worst-case complexity of an algorithm. 
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Omega Notation (Ω-notation) 

Omega notation represents the lower bound of the running time of an 

algorithm. Thus, it provides the best case complexity of an algorithm. 

 

 

 

 

 

The above expression can be described as a function f(n) belongs to the 

set Ω(g(n)) if there exists a positive constant c such that it lies 

above cg(n), for sufficiently large n. For any value of n, the minimum 

time required by the algorithm is given by Omega Ω(g(n)). 

Just as O-notation provides an asymptotic upper bound on a 

function,  notation provides an asymptotic lower bound. For a given 

function g(n), we denote by (g(n)) the set of functions 

 (g(n)) = {f(n): there exist positive constants c and n0 such that 

    0   â(n)   cg(n) for all n   n0}. 

For all values n to the right of n0, the value of f(n) is on or above g(n). 

From the definitions of the asymptotic notations we have seen thus far, it 

is easy to prove the following important theorem. 
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Big - Oh 

The following example gives the idea of one function growing more 

rapidly than another. We will use this example to introduce the concept 

the big-Oh. 

Big - Omega 

Big-oh concerns with the "less than or equal to" relation between 

functions for large values of the variable. It is also possible to consider 

the "greater than or equal to" relation and "equal to" relation in a similar 

way. Big-Omega is for the former and big-theta is for the latter. 

Theta Notation (Θ-notation) 

Theta notation encloses the function from above and below. Since it 

represents the upper and the lower bound of the running time of an 

algorithm, it is used for analyzing the average-case complexity of an 

algorithm. 
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