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1. Primitive Data Structures

Primitive data structures are the basic data structures
that directly operate upon the machine instructions.
They have different representations on different
computers.

• Int: Integers

• Float: floating point numbers

• Char: Character constants

• Str: string constants

• Pointer
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Machine Instructions

Given any processor, it is capable of performing only a
limited number of operations.

These operations are called instructions.

The collection of instructions is called the instruction
set.

– The exact set of instructions differs between
processors

– MIPS, ARM, x86, 6800, 68k
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Non-Primitive Data Structures

Non-primitive data structures are more complicated
data structures and are derived from primitive data
structures. They emphasize on grouping same or
different data items with relationship between each
data item.

Type of Non-Primitive Data Structures

• Arrays

• Lists

• Files
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2. Contiguous Structures

In contiguous structures, terms of data are kept
together in memory (either RAM or in a file). An array is
an example of a contiguous structure. Since each
element in the array is located next to one or two other
elements.

Contiguous structures can be broken drawn further into
two kinds,

Those that contain data items of all the same size, and
those where the size may differ.
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Continued…

The first kind is called the array. Array contains same
size and same type of data. The second kind of
contiguous structure is called structure. In a structure,
elements may be of different data types and thus may
have different sizes.
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Non-Contiguous Structures

In non-contiguous structure Items were scattered in
memory, but we linked to each other in some way. A
linked list is an example of a non-contiguous data
structure. Here, the nodes of the list are linked
together using pointers stored in each node.
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Continued…

Non-contiguous structures are implemented as a
collection of data-items, called nodes, where each node
can point to one or more other nodes in the collection.

The simplest kind of non-contiguous structure is linked
list. A linked list represents a linear, one-dimension type
of non-contiguous structure, where there is only the
notation of backwards and forwards.

In a tree each node has only one link that leads into the
node and links can only go down the tree. The most
general type of non-contiguous structure, called a
graph has no such restrictions.
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Continued…
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3. Abstract Data Types

An abstract data type (ADT) is a mathematical
model for data types, where a data type is defined by
its behavior (semantics) from the point of view of
a user of the data, specifically in terms of possible
values, possible operations on data of this type, and
the behavior of these operations.

For example, a stack is a typical abstract data type.
Items stored in a stack can only be added and removed
in certain order – the last item added is the first item
removed.
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Continued…

For example, if we want to read a file, we wrote the
code to read the physical file device. That is, we may
have to write the same code over and over again. So
we created what is known today as an ADT. We wrote
the code to read a file and placed it in a library for a
programmer to use.

As another example, the code to read from a keyboard
is an ADT. It has a data structure, character and set of
operations that can be used to read that data structure.
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4. Complexity Analysis

The complexity of an algorithm M is the function f(n)
which gives the running time and/or storage space
requirement of the algorithm in terms of the size ‘n’ of
the input data. The complexity function f(n) for certain
cases are:

• Best Case : The minimum possible value of f(n) is
called the best case.

• Average Case : The expected value of f(n).

• Worst Case : The maximum value of f(n) for any key
possible input.
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Continued…

The level in difficulty is solving mathematically posed 
problems as measured by

– The time 

(time complexity)

– Number of steps or arithmetic operations

(computational complexity) 

– Memory space required

– (space complexity) 
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4.1 Asymptotic Notations

Asymptotic Notations , O, , o, 

 We use  to mean “order exactly”,

 O to mean “order at most”,

  to mean “order at least”,

 o to mean “tight upper bound”,

•  to mean “tight lower bound”,

Define a set of functions: which is in practice used to
compare two function sizes.

Mubashir Ali - Lecturer (Department of 
Software Engineering)

17



4.2 Asymptotic Notations Properties

• Categorize algorithms based on asymptotic growth 
rate e.g. linear, quadratic, polynomial, exponential

• Ignore small constant and small inputs 

• Estimate upper bound and lower bound on growth 
rate of time complexity function

• Describe running time of algorithm as n grows to .

• Describes behavior of function within the limit.

Limitations

• not always useful for analysis on fixed-size inputs. 

• All results are for sufficiently large inputs.
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4.3 Big-Oh Notation (O)

If  f, g: N  R+, then we can define Big-Oh as 

We may write f(n) = O(g(n)) OR f(n)  O(g(n))

Intuitively: 

Set of all functions whose rate of growth is the same as 
or lower than that of g(n).
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Example

Example 1: Prove that 2n2  O(n3)

Proof: 

Assume that f(n) = 2n2 , and g(n) = n3

f(n)  O(g(n)) ?

Now we have to find the existence of c and n0

f(n) ≤ c.g(n)  2n2 ≤ c.n3
 2 ≤ c.n

if we take, c = 1 and n0= 2 OR 

c = 2 and n0= 1 then 

2n2 ≤ c.n3

Hence f(n)  O(g(n)), c = 1 and n0= 2
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Example

Example 2: Prove that 1000.n2 + 1000.n  O(n2)

Proof: 

Assume that f(n) = 1000.n2 + 1000.n, and g(n) = n2

We have to find existence of c and n0 such that 

0 ≤ f(n) ≤ c.g(n)  n  n0

1000.n2 + 1000.n ≤ c.n2 = 1001.n2,  for c = 1001 

1000.n2 + 1000.n ≤ 1001.n2

 1000.n ≤ n2 
n2  1000.n n2 - 1000.n  0 

 n (n-1000)  0, this true for n  1000 

f(n) ≤ c.g(n)  n  n0 and c = 1001

Hence f(n)  O(g(n)) for c = 1001 and n0 = 1000
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4.4 Big-Omega Notation ()

If  f, g: N  R+, then we can define Big-Omega as

We may write f(n) = (g(n)) OR f(n)  (g(n))

Intuitively: 

Set of all functions whose rate of growth is the same as 

or higher than that of g(n).
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Example

Example 1: Prove that 5.n2  (n)

Proof: 
Assume that f(n) = 5.n2 , and g(n) = n 

f(n)  (g(n)) 
We have to find the existence of c and n0 s.t.

c.g(n) ≤ f(n)  n  n0

c.n ≤ 5.n2
 c ≤ 5.n

if we take, c = 5 and n0= 1 then 
c.n ≤ 5.n2

 n  n0

And hence f(n)  (g(n)), for c = 5 and n0= 1
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Example

Example 2: Prove that 100.n + 5  (n2)

Proof: 

Let f(n) = 100.n + 5, and g(n) = n2

Assume that f(n)  (g(n)) 

Now if f(n)  (g(n)) then there exist c and  n0 s.t.

c.g(n) ≤ f(n)  n  n0 

c.n2 ≤ 100.n + 5 

c.n ≤ 100 + 5/n 

n ≤ 100/c, for a very large n, which is not possible

Note that for very large n 5/cn will be 0.

And hence f(n)  (g(n))
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4.5 Theta Notation ()

If f, g: N  R+, then we can define Big-Theta as

We may write f(n) = (g(n)) OR f(n)  (g(n))

Intuitively: Set of all functions that have same rate of

growth as g(n).
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Example

Example 1: Prove that 2.n2 + 3.n + 6  (n3)

Proof:   Let f(n) = 2.n2 + 3.n + 6, and g(n) = n3

we have to show that f(n)  (g(n))

On contrary assume that f(n)  (g(n)) i.e.

there exist some positive constants c1, c2 and n0 such 

that: c1.g(n) ≤ f(n) ≤ c2.g(n) 

c1.g(n) ≤ f(n) ≤ c2.g(n)  c1.n
3 ≤ 2.n2 + 3.n + 6 ≤ c2. n

3


c1.n ≤ 2 + 3/n + 6/n2 ≤ c2. n  

c1.n ≤ 2 ≤ c2. n, for large n 

n ≤ 2/c1 ≤ c2/c1.n  , or c1<=2/n<=c2 which is not possible for 

large n bcz then 2/n wll be 0

Hence f(n)  (g(n))  2.n2 + 3.n + 6  (n3)
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4.6 Complexity Classes

Here is a list of classes of functions that are commonly
encountered when analysing algorithms. The slower
growing functions are listed first.

O(1)           Constant

O(log n) Logarithmic

O(n) Linear

O(n log n) “n log n”

O(n2) Quadratic

O(n3) Cubic

nO(1) Polynomial

2O(n) Exponential
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Summary
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