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Syllabus

Objectives:

1. To understand basic principles of algorithm design and why algorithm analysis is important

2. To understand how to implement algorithms in Python

3. To understand how to transform new problems into algorithmic problems with efficient
solutions

4. To understand algorithm design techniques for solving different problems

Unit No. Modules/Units

Unit 1 Introduction to algorithm, Why to analyse algorithm?, Running time analysis, How to
compare algorithms?, Rate of Growth, Commonly Used Rates of Growth, Types of
Analysis, Asymptotic Notation, Big-O Notation, Omega- Notation, Theta- Notation,
Asymptotic Analysis, Properties of Notations, Commonly used Logarithms and
Summations, Performance characteristics of algorithms, Master Theorem for Divide and
Conquer, Divide and Conquer Master Theorem: Problems and Solutions, Master
Theorem for Subtract and Conquer Recurrences, Method of Guessing and Confirming.

Unit 2 Tree Algorithms: What is a Tree? Glossary, Binary Trees, Types of Binary Trees,
Properties of Binary Trees, Binary Tree Traversals, Generic Trees (N-ary Trees),
Threaded Binary Tree Traversals, Expression Trees, Binary Search Trees (BSTs),
Balanced Binary Search Trees, AVL (Adelson-Velskii and Landis) Trees.

Graph Algorithms: Introduction, Glossary, Applications of Graphs, Graph
Representation, Graph Traversals, Topological Sort, Shortest Path Algorithms, Minimal
Spanning Tree.

Selection Algorithms: What are Selection Algorithms? Selection by Sorting, Partition-
based Selection Algorithm, Linear Selection Algorithm - Median of Medians Algorithm,
Finding the K Smallest Elements in Sorted Order.

Unit 3 Algorithms Design Techniques: Introduction, Classification, Classification by
Implementation Method, Classification by Design Method.

Greedy Algorithms: Introduction, Greedy Strategy, Elements of Greedy Algorithms,
Advantages and Disadvantages of Greedy Method, Greedy Applications, Understanding
Greedy Technique.
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Divide and Conquer Algorithms: Introduction, What is Divide and Conquer Strategy?,
Divide and Conquer Visualization, Understanding Divide and Conquer, Advantages of
Divide and Conquer, Disadvantages of Divide and Conquer, Master Theorem, Divide
and Conquer Applications.

Dynamic Programming: Introduction, What is Dynamic Programming Strategy?,
Properties of Dynamic Programming Strategy, Problems which can be solved using
Dynamic Programming, Dynamic Programming Approaches, Examples of Dynamic
Programming Algorithms, Understanding Dynamic Programming, Longest Common
Subsequence.

List of Practicals
1. Write Python program to perform matrix multiplication. Discuss the complexity of

algorithm used.

2. Write Python program to sort n names using Quick sort algorithm. Discuss the complexity
of algorithm used.

3. Write Python program to sort n numbers using Merge sort algorithm. Discuss the
complexity of algorithm used.

4. Write Python program for inserting an element into binary tree.

5. Write Python program for deleting an element (assuming data is given) from binary tree.

6. Write Python program for checking whether a given graph G has simple path from source s
to destination d. Assume the graph G is represented using adjacent matrix.

7. Write Python program for finding the smallest and largest elements in an array A of size n
using Selection algorithm. Discuss Time complexity.

8. Write Python program for finding the second largest element in an array A of size n using
Tournament Method. Discuss Time complexity.

9. Write Python program for implementing Huffman Coding Algorithm. Discuss the
complexity of algorithm.

10. Write Python program for implementing Strassen’s Matrix multiplication using Divide and
Conquer method. Discuss the complexity of algorithm.



Question Paper Pattern
(Time: 2½ Hours) [Total Marks: 75]

N.B. 1. All questions are compulsory.
2. Figures to the right indicate marks.

Q.1 Attempt All (Each of 5Marks) (15M)

(a) Select correct answer from the following: (5)

(b) Fill in the blanks: (5)

(c) Define the following: (5)
Q.2 Attempt the following (Any THREE) from Unit I (15M)

(a)
(b)
(c)
(d)
(e)
(f)

Q.3 Attempt the following (Any THREE) from Unit II (15M)
(a)
(b)
(c)
(d)
(e)
(f)

Q.4 Attempt the following (Any THREE) from Unit III (15M)
(a)
(b)
(c)
(d)
(e)
(f)

Q.5 Attempt the following (Any THREE) from Unit I, II & III (15M)
(a)
(b)
(c)
(d)
(e)
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Introduction to
Algorithm

1
CHAPTER

Structure:
1.1 What is an Algorithm?
1.2 Algorithm Analysis
1.3 Running Time Analysis
1.4 Comparing Algorithms
1.5 Rate of Growth
1.6 Asymptotic Notations

1.1 WHAT IS AN ALGORITHM?
In Mathematics or in Computer Science or in other related subjects, algorithm concept is used.

Each algorithm is a list of well-defined instructions that completes or executes a given task.

For example: Consider the algorithm that tries to check whether battery is properly working or not.

Bulb not
working
properly

Charged
cells

Battery not working

Charge the
cell

Buy a new
bulb

Buy a new
battery

YES

YES

NO

NO

Fig. 1.1: Flowchart for checking battery

UNIT I



Flowchart
Flowchart is a graphical representation of an algorithm. To represent algorithm graphically, we

use a flowchart. In flowchart of an algorithm, we use various types of shapes to implement the steps
and these shapes connected via the arrows. The above flowchart shows all possible situations of
battery, whether it is working or not.

First, we check the cells used in the battery whether it is charged or not. If not, then charge the
cell. If cells are charged, check whether the bulb is working properly or not. If it is not working
properly, then replace the bulb. If bulb is in working condition, the problem is somewhere in the
battery itself, then buy the new bulb.

Symbolic Representation of Flowchart
American National Symbols Institute (ANSI) developed various types of symbols to represent an

algorithm graphically. Table 1.1 represents the symbols used to implement flowchart.

Table 1.1

Symbol/Shape Name Description

Terminal It is an oval rectangle, which represents the beginning or
ending of a program. It is a starting and ending block.

Process It is a rectangle, which represents the collection of
instructions to be executed.

Decision
It is presented as a diamond. It is a decision making
shape which decides the outcome based on the given
condition.

Input/Output
Represents a parallelogram, which is input statement to
accept the user input and display the result as output
statement.

Flow Line Represents an arrow to determine the flow of
instructions.

2 Fundamentals of Algorithms



3Introduction to Algorithm

Program
Program is a group of instructions performed to complete a particular task by the computer. It is

execution of the algorithm.

Algorithm
An algorithm defined as a sequence of definite and effective instructions, which terminates with

production of correct output with given input. It is a step-by-step instruction for solving a particular
task in finite amount of time. Algorithm is an effective method for solving a problem expressed as
finite sequence of instructions.

All algorithms must satisfy the following five conditions:

1. Input: There are zero or more quantities supplied as input to algorithm.
2. Output: By using inputs, that are extremely supplied an algorithm produce atleast one

quantity as output.
3. Definiteness: The instructions used in algorithm must be clear and certain, i.e.,unambiguous.
4. Finiteness: An algorithm must terminate after some finite number of steps. For all cases, i.e.,

every algorithm should have some termination or end-point after finite number of steps.
5. Effectiveness: To complete the task, each instruction must be basic that is human being can

trace the instruction by using paper and pencil method.
For example: Write an algorithm and draw a flowchart to add two numbers and store the result.

Fig. 1.2: Flowchart for addition of two numbers

Algorithm for addition of two numbers:
Step 1: Start

Step 2: Take two numbers a and b as input from the user



Step 3: Add two numbers and store it in the third variable SUM

Step 4: Display SUM

Step 5: Stop

Data Structure and Algorithm
Data structure is a logical or mathematical model of particular organization of data. The

mathematical model explains how the data is stored in memory and which operations are possible on it.
Both data structure and algorithm work together. When set of statements do not suggest basic steps to
solve the problem, it is called as procedure. For example, a program is always an algorithm except
a slight difference that a program need not to be terminate.

For example: Write an algorithm and draw a flowchart to find the largest of three numbers.

Algorithm:
Step 1: Start

Step 2: Input a, b, c.
Step 3: If a > b, goto step4. Otherwise goto step5.
Step 4: If b > c, goto step6.Otherwise goto step8.
Step 5: If a > c, goto step7.Otherwise goto step8.

Step 6: b is the largest, goto step9.
Step 7: a is the largest, goto step9.
Step 8: c is the largest, goto step9.
Step 9: Stop

4 Fundamentals of Algorithms
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1.2 ALGORITHM ANALYSIS
Analysing the algorithm means solving the problem statement of an algorithm with different

approaches. It also means to check for the best algorithm. Analysis of an algorithm performed in two
phases:

1. Prior estimate: It is concerned with theoretical mathematical calculation that uses
asymptotic notations for its representation.

2. Posterior estimate: It is concerned with writing a program and therefore depends on
operating system, compiler, etc.

1.3 RUNNING TIME ANALYSIS
The running time of an algorithm for particular input based upon the number of operations

executed. The greater the number of operations performed, the longer the running time of an algorithm.
When a user writes a program, he is concerned about the resource requirement of the program.
Algorithm analysis is determination of time, amount of memory utilized and other resources by the
system to execute a particular task. Running time analysis increases the execution time (number of
computational steps) of an algorithm depending on the increase in its input size.

Consider the input size denoted as n, and then the running time of that problem is function f(n).
Running time of an algorithm measured using following steps:

1. Computing primary functions: Primary functions are instructions with fixed
implementation time. These instructions include:
(a) Assignment of variables to objects
(b) Performing arithmetic operations like addition of numbers, subtraction of numbers, etc.
(c) Comparing two numbers
(d) Defining a function and calling that function

2. Computing operation of input size n: Growth rate represented in algorithm as function
f(n).

1.4 COMPARING ALGORITHMS
Algorithms compared based on its time complexity and space complexity. Algorithms with better

time complexity and less memory space is better algorithm.

Performance analysis of an algorithm depends on two factors:

1. Space Complexity: The amount of memory space required by an algorithm to run to its
completion.

2. Time Complexity: The amount of time required by an algorithm to run to its completion.
Number of step count taken by algorithm to complete its task calculates time complexity of
an algorithm.



There are three types of step count:
(a) Best case: The best-case step count the minimum number of steps executed for given

parameters.
(b) Worst case: The worst-case step count the maximum number of steps executed for

given parameters.
(c) Average case: The average case step count the average number of steps executed for

given parameters.

1.5 RATE OF GROWTH
Growth rate is used to analyse the algorithm. The greater the amount of data, larger the amount of

resources required by an algorithm. Therefore, there is a resource growth rate for a piece of code in the
form of function f(n). Commonly used rates of growth to analyse the algorithm are:

1. Constant function: A constant resource need is one where
the resource need does not grow. The simplest function
with some fixed constant c such as c = 10 or c = 2, etc. The
constant function is calculated as:

f(n) = c

i.e., for any number n, the constant function f(n) assigns the value c. The constant function is
used to add two numbers, initialising value to a variable, comparing two numbers. The
graph of such growth rate is represented by a horizontal line.

2. Logarithmic function: Logarithmic growth rate is a growth
rate where resource need increases by one unit each time the
data is doubled. The logarithmic function is calculated as:

f(n) = log n for constant b > 1

This function is defined as x = log n iff bx = n, where
value b is called base of the logarithm.

3. Linear function: Another simple important function is linear function calculated as:
f(n) = n

Given an input value n, the linear function f assigns the
value n itself. A linear growth rate is a growth rate where
the resource needs and amount of data directly proportional
to each other. The growth rate of linear function is
represented by a horizontal line. The example include
comparing a number to each and every element of size n
require n comparisons.

6 Fundamentals of Algorithms
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4. N-Log-N function: This type of function is calculated as:
f(n) = nlogn

The function that assigns to an input n, the value of n times
the logarithm base-two of n. A log linear growth rate is
slightly curved, i.e., for lower values than higher ones. The
example include possible algorithm for sorting n numbers.

5. Quadratic function: The quadratic function is calculated as:

f(n) = n^2
Given an input value n, the function f assigns the
product of n with itself. The example includes
algorithm with nested loops, where inner loop
implements linear number of instructions and outer
loop implemented linear number of times.

Vertical (Value) Axis Major Gridlines

6. Cubic function: The cubic function is calculated as:
f(n) = n^3

which assigns to input value n the product of n with itself
three times. The example includes Matrix Multiplication
with three loops.

7. Exponential function: The exponential growth rate is
one where extra unit of data requires double amount of
resources. It is calculated as:

f(n) = b^n
where b is a constant called base and n is called exponent.

1.6 ASYMPTOTIC NOTATIONS
Asymptotic notations represent the limiting behaviour concerned with the increase in running

time of algorithm with size of input as a limit. There are three types of asymptotic notations:

1. Big-O Notation: Let f(n) and g(n) be positive integers. This notation is represented as:

f(n) = O(g(n))
iff there exists two positive constants c and n0 such that f(n) cg(n), i.e., f(n) is asymptotically

less than or equal to g(n) for all values of n n0 where Big-O represents upper bound.

Chart Area



Fig. 1.3: Graph representing Big-O Notation where function f(n) = Og(n), since f(n) cg(n) where n n0

Examples Based on Big-O Notation

1.6.1 Let the function f(n) = 3n + 3. So, prove that f(n) = O(n) and identify the
function type.

Proof: Assume n = g(n)

Since Big-O notation formula includes,

f(n) cg(n)

3n + 3 c(n) for all n n0.

Let n = 1, c = 4 (3(1) + 3) 4(1)

6 4, so this condition fails for n = 1.

Let n = 2, c = 4 (3(2) + 3) 4(2)

9 8, so this condition again fails for n = 2

Let n = 3, c = 4 (3(3) + 3) 4(3)

12 12, so this condition pass for n = 3

Let n = 4, c = 4 (3(4) + 3) 4(4)

15 16, so this condition pass for n = 4

Now, we can say that 3n + 3 cn for all values of n 3 and c = 4.

Hence, function f(n) = O(n) for n 3 is a linear function.

1.6.2 Let the function f(n) = 10n² + 5n + 2. So, prove that f(n) = O(n²) and
identify the function type.

Proof: Assume n² = g(n)

Since Big-O notation formula includes,

f(n) c. g(n)

10n² + 5n + 2 c(n²) for all n n0

Let n = 1, c = 100 (10(1) + 5(1) + 2) 100(1)

8 Fundamentals of Algorithms
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17 100, so this condition pass for n = 1.

Let n = 2, c = 100 (10(2²) + 5(2) + 2) 100(2²)

52 200, so this condition pass for n = 2.

Let n = 3, c = 100 (10(3²) + 5(3) + 2) 100(3²)

107 900, so this condition pass for n = 3.

Now, we can say that 10n² + 5n + 2 cn² for all values of n 1 and c = 100.

Hence, function f(n) = O(n²) for n 1 is a quadratic function.

1.6.3 Let the function f(n) = 5logn + 6. So, prove that f(n) = O(log n) and
identify the function type.

Proof: Assume log n = g(n)

Since Big-O notation formula includes,

f(n) cg(n)

5 log n + 6 c(log n) for all n n0

Let n = 1, c = 100 5 log 1 + 6 100.log 1

5(0) + 6 100(0)

6 0, so this condition fails for n = 1.

Let n = 2, c = 100 5 log 2 + 6 100.log 2

5(0.30) + 6 100(0.30)

7.5 30, so this condition fails for n = 2.

Now, we can say that 5 log n + 6 c.log n for all values of n 2 and c = 100 since, for n = 1 log
n = 0.

Hence, function f(n) = O(log n) for n 2 is a logarithmic function.

2. Omega Notation: Let f(n) and g(n) be positive integers. This notation is represented as:

f(n) = (g(n))

iff there exists two positive constants c and n0 such that f(n) cg(n), i.e., f(n) is asymptotically
greater than or equal to g(n) for all values of n n0 where represents lower bound.

Fig. 1.4: Graph representing Omega Notation where function f(n) = g(n), since f(n) cg(n) where n n0



Examples Based on Omega Notation

1.6.4 Let the function f(n) = 3n + 3. So, prove that f(n) = (n) and identify the
function type.

Proof: Assume n = g(n)

Since Omega notation formula includes,

f(n) cg(n)

3n + 3 c(n) for all n n0

Let n = 1, c = 1 (3(1) + 3) 1(1)

6 1, so this condition pass for n = 1.

Let n = 2, c = 1 (3(2) + 3) 1(2)

9 2, so this condition pass for n = 2.

Let n = 3, c = 1 (3(3) + 3) 1(3)

12 3, so this condition pass for n = 3.

Now, we can say that 3n + 3 cn for all values of n 1 and c = 1.

Hence, function f(n) = (n) for n 1 is a linear function.

1.6.5 Let the function f(n) = n³ + 10 n² + 6. So, prove that f(n) = (n³) and
identify the function type.

Proof: Assume n³ = g(n)

Since Omega notation formula includes,

f(n) cg(n)

n³ + 10n² + 6 c(n³) for all n n0

Let n = 1, c = 1 (1³ + 10(1²) + 6) 1(1³)

17 1, so this condition pass for n = 1.

Let n = 2, c = 1 (2³ + 10(2²) + 6) 1(2³)

54 8, so this condition pass for n = 2.

Let n = 3, c = 1 (3³ + 10(3²) + 6) 1(3³)

123 27, so this condition pass for n = 3.

Now, we can say that n³ + 10n² + 6 cn³ for all values of n 1 and c = 1.

Hence, function f(n) = (n³) for n 1 is a cubic function.

3. Theta Notation: Let f(n) and g(n) be positive integers. This notation is represented as:

f (n) = (g(n))

f(n) is a Big Theta of g(n).

10 Fundamentals of Algorithms
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Iff f(n) is Big O of g(n) and f(n) is Big Omega of g(n), i.e., c’g(n) f(n) c”g(n), i.e., f(n) is
asymptotically equal to g(n) for all values of n n0.

Fig. 1.5: Graph representing Theta Notation where function f(n) = g(n), since f(n) cg(n) where n n0

Examples based on Theta Notation

1.6.6 Let the function f(n) = 3n + 3. So, prove that f(n) = (n) and identify the
function type.

Proof: Let g(n) = n

f(n) = (g(n)), i.e., f(n) is a Big Theta of g(n)

Iff f(n) is Big O of g(n) and f(n) is Big Omega of g(n).

c’g(n) f.(n) c”g(n) for all values of n n0

Let n = 1, c’ = 1, c’’ = 100 1(1) 3(1) + 3 100(1)
1 6 100, so this condition is passed for n = 1.

Let n = 2, c’ = 1, c’’ = 100 1(2) 3(2) + 3 100(2)
2 9 200, so this condition is passed for n = 2.

As in above examples mentioned in 1.6.1 and 1.6.3, we have proved that
f(n) = O(n) and f(n) = (n), i.e., 3n + 3 = O(n) and 3n + 3 = (n)
Hence, function f(n) = (n) for n 1 which is the exact bound.

1.6.7 Let the function f(n) = 10 n² + 2n + 6. So, prove that f(n) = (n²) and identify
the function type.

Proof: Let g(n) = n²
f(n) = (g(n)), i.e., f (n) is a Big Theta of g(n)
Iff f (n) is Big O of g(n) and f(n) is Big Omega of g(n).

c’g(n) f (n) c”g(n) for all values of n n0
Let n = 1, c’ = 1, c’’ = 100 1(1²) 10(1²) + 2(1) + 6 100 (1²)

1 18 100, so this condition is passed for n = 1.
Let n = 2, c’ = 1, c’’ = 100 1(2²) 10(2²) + 2(2) + 6 100 (2²)



4 50 400, so this condition is passed for n = 2.
We have proved that,
f(n) = O(n) and f(n) = (n), i.e., f(n) = 10n² + 2n + 6 = O(n) and f(n) = 10n² + 2n + 6 = (n)
Hence, function f(n) = (n) for n 1 which is the exact bound.

EXERCISE QUESTIONS
1. Let function f(n) = 8n + 12. So, prove that this function f(n) = O(n) and also identify the function type?
2. What is an algorithm? How to analyse the algorithm?
3. Let function f(n) = 2n³ + 3n² + n + 10. So, prove that this function f(n) = O(n³) and also identify the

function type.
4. Write a note on asymptotic notations.
5. Let function f(n) = 8n + 12. So, prove that this function f(n) = (n) and also identify the function type.
6. Explain growth rate in terms of algorithm.
7. Let function f(n) = 9n² + 3n + 12. So, prove that this function f(n) = (n²) and also identify the

function type.
8. How to calculate running time of an algorithm?
9. Let function f(n) = 7 log n + 2. So, prove that this function f(n) = O(log n) and also identify the

function type.
10. Let function f(n) = 8n log n-2. So, prove that this function f(n) = (n log n) and also identify the

function type.
11. Let f(n) = 8n + 12. So, prove that this function f(n) = (n) and identify its function type.
12. Let f(n) = 3n log n + 2n. So, prove that this function f(n) = (n log n) and identify its function type.

12 Fundamentals of Algorithms


