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Administrative Information

o Course Instructor:
o Ragesh Jaiswal
o Email: ragesh@iitdabudhabi.ac.ae
o Office: 117
e Course Time/Place:
o Lectures: (Classroom 4)
e Mon (10:00 - 10:50)
o Tutorial: (Classroom 4)
e G3: Mon, 2:00 - 2:50
o G4: Tue, 2:00 - 2:50
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Administrative Information

o Grading Scheme

@ Assignments: 95%
@ Attendance: 5%
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Administrative Information

@ Tools:

o Course page: https://www.cse.iitd.ac.in/~rjaiswal/
Teaching/2025/AGRL112/. The site will contain course
information, references, assignments, course slides, etc. Please
check this page regularly.

o Gradescope: A paperless grading system. You will be added
to Gradescope for the course by the instructor.

o Piazza: A discussion forum. You are allowed to make private
and anonymous posts. All announcements will be made on
Piazza.

o Blackboard: This is the official tool that we must maintain
for administrative purposes. | shall post all the course material
also on Blackboard.
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Administrative Information

@ Homework:

e Schedule for completion date of homework will be posted on
the course page.

e Tutorials: The tutorials will be used to (i) provide help in
completing the assignment associated with the lecture, and
(ii) cover additional help material, in case required.
Attendance may be required depending on the purpose of the
tutorial.

@ Policy on cheating: Students using unfair means will be
severely penalised.

@ Textbooks: There is no prescribed textbook for this course.
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A brief introduction to Algorithms J
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Introduction to Algorithms

@ What is an algorithm?

Ragesh Jaiswal, CSE, IITD AGRL112: Introduction to Computer Science and Engineering



Introduction to Algorithms

e What is an algorithm?
o A step-by-step way of solving a problem.

@ How do we measure the performance of an algorithm?
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Introduction to Algorithms

@ What is an algorithm?
o A step-by-step way of solving a problem.

@ How do we measure the performance of an algorithm?
@ Main ideas for performance measurement:

o Worst-case analysis: Largest possible running time over all
input instances of a given size n and then see how this
function scales with n.

o Asymptotic order of growth: The worst-case running time for
large n (e.g., T(n) = 5n3 +3n% + 2n + 10)
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Introduction to Algorithms

@ What is an algorithm?
o A step-by-step way of solving a problem.

@ How do we measure the performance of an algorithm?
@ Main ideas for performance measurement:
o Worst-case analysis: Largest possible running time over all input
instances of a given size n and then see how this function scales
with n.
o Asymptotic order of growth: The worst-case running time for large
n (e.g., T(n) =5n°+3n%+2n+10)
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Introduction to Algorithms

@ What is an algorithm?
o A step-by-step way of solving a problem.

@ How do we measure the performance of an algorithm?
@ Main ideas for performance measurement:

o Worst-case analysis: Largest possible running time over all
input instances of a given size n and then see how this
function scales with n.

e Asymptotic order of growth: The worst-case running time for
large n (e.g., T(n) = 5n3 +3n% + 2n + 10)

e Asymptotic order of growth (0,2, ©):

o T(n)is O(f(n)) (or T(n) = O(f(n))) iff there exists constants

¢ > 0,ng > 0 such that for all n > ng, we have T(n) < c-f(n).
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Introduction to Algorithms

o Growth rates:

o Arrange the following functions in ascending order of growth
rate:

n

oViogn

nlogn

2|ogn

n/logn
nn
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Introduction to Algorithms

Problem
Given a positive integer, check if the number is prime.

isPrime(n)
-Fori=2to(n—1)
- If (n%i == 0) then output “no”
- output ‘“yes"”

@ What is the running time of this algorithm?

@ Is this an efficient algorithm?
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Introduction to Algorithms

Problem
Given a sorted array, check if it contains a given number n.

@ Solution: Binary search
o What is the running time?

@ Alternate solution: Divide the array into 3 parts and
recursively find the given element in one of the three parts.

o What is the running time?
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Introduction to Algorithms

Problem
Given a sorted array, check if it contains a given number n.

@ Solution: Binary search
o What is the running time?

@ Alternate solution: Divide the array into 3 parts and
recursively find the given element in one of the three parts.

o What is the running time?

@ Which one is the better algorithm?
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Introduction to Algorithms

@ Problem: Given two n-bit numbers, multiply them.
@ What is the running time of the naive algorithm?

@ Is it possible to get a better algorithm?
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Introduction to Algorithms

@ Algorithm: A step-by-step way of solving a problem.
@ Design of Algorithms:

o "Algorithm is more of an art than science”

o However, we study some basic tools and techniques that have
evolved over time. These tools and techniques enable you to
effectively design and analyse algorithms.

@ Analysis of Algorithms:

o Proof of correctness: An argument that the algorithm works
correctly for all inputs.

@ Proof: A valid argument that establishes the truth of a
mathematical statement.
o Analysis of worst-case running time as a function of the input
size.
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Introduction to Algorithms

@ Proof: A valid argument that establishes the truth of a
mathematical statement.
o The statements used in a proof can include axioms, definitions,
the premises, if any, of the theorem, and previously proven
theorems and uses rules of inference to draw conclusions.

@ A proof technique very commonly used when proving
correctness of Algorithms is Mathematical Induction.

Definition (Strong Induction)

To prove that P(n) is true for all positive integers, where P(n) is a
propositional function, we complete two steps:
o Basis step: We show that P(1) is true.

o Inductive step: We show that for all k, if P(1), P(2),..., P(k)
are true, then P(k + 1) is true.
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Introduction to Algorithms

@ Algorithm: A step-by-step way of solving a problem.
@ Design of Algorithms:

o "Algorithm is more of an art than science”

o However, we will learn some basic tools and techniques that
have evolved over time. These tools and techniques enable you
to effectively design and analyse algorithms.

@ Analysis of Algorithms:

o Proof of correctness: An argument that the algorithm works
correctly for all inputs.

@ Proof: A valid argument that establishes the truth of a
mathematical statement.
o Analysis of worst-case running time as a function of the input
size.
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Introduction to Algorithms

@ Topics in Algorithms:
o Algorithm Design Techniques

o Divide and Conquer

o Greedy Algorithms

@ Dynamic Programming
o Network Flows

o Computational intractability
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Introduction to Algorithms

Divide and Conquer

@ Some examples of Divide and Conquer Algorithms:
Binary Search

Median finding

Multiplying numbers

Merge sort, quick sort.

®© 6 o6 o
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Introduction to Algorithms
Greedy Algorithms

Problem

Interval scheduling: You have a lecture room and you get n
requests for scheduling lectures. Each request has a start time and
an end time. The goal is to maximise the number of lectures.

L, Ly Le
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Introduction to Algorithms

Dynamic Programming

Problem

Interval scheduling: You have a lecture room and you get n
requests for scheduling lectures. Each request has a start time, an
end time, and a price (that you will get in case the lecture is
scheduled). The goal is to maximise your earnings.

————
Ly L Ls
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Introduction to Algorithms

Network Flows

Problem

Job assignment: There are n people and n jobs. Each person has a
list of jobs he/she could possibly do. Find a job assignment so
that:

@ each job is assigned to a different person, and

@ each person is assigned a job from his/her list.

.

P1 1
P2 12
P3 13
P4 Ja
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Introduction to Algorithms

Computational Intractability

o Is it always possible to find a fast algorithm for any problem?

Given a social network, find the largest subset of people such that
no two people in the subset are friends.

P1

P7
P2

Ps

P4 Ps
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Introduction to Algorithms
Computational Intractability
@ The problem in the previous slide is called the Independent
Set problem and no one knows if it can be solved in
polynomial time (quickly).

@ There is a whole class of problems to which Independent Set
belongs.

@ If you solve one problem in this class quickly, then you can
solve all the problems in this class quickly.

@ You can also win a million dollars!!

@ We will see techniques of how to show that a new problem
belongs to this class:

o Why: because then you can say to your boss that the new
problem belongs to the difficult class of problems and even the
most brilliant people in the world have not been able to solve
the problem so do not expect me to do it. Also, if | can solve
the problem there is no reason for me to work for you!
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.

o Cartographer's problem: Given a map, colour the countries
with a minimum number of colours such that countries
sharing a border get different colours.
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.

o Cartographer's problem: Given a map, colour the countries
with a minimum number of colours such that countries
sharing a border get different colours.

Gt -
L ind
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Costa Rica Nicaragua EIl Salvador Mexico

Panama Honduras  Guatemala Belize

@ Node = Country; Edge = Neighbors

Ragesh Jaiswal, CSE, IITD AGRL112: Introduction to Computer Science and Engineering



Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.
o Cartographer's problem: Given a map, colour the countries

with a minimum number of colours such that countries
sharing a border get different colours.

@ The registrar's problem: Schedule the final exam using a
minimum number of slots such that two exams with a
common student/faculty is not in the same slot.
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.

o Cartographer's problem: Given a map, colour the countries
with a minimum number of colours such that countries
sharing a border get different colours.

@ The registrar's problem: Schedule the final exam using a
minimum number of slots such that two exams with a
common student/faculty is not in the same slot.

o Node =7
o Edge =7
o Colour =7
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.

o Cartographer's problem: Given a map, colour the countries
with a minimum number of colours such that countries
sharing a border get different colours.

@ The registrar's problem: Schedule the final exam using a
minimum number of slots such that two exams with a
common student/faculty is not in the same slot.

o Node = course
o Edge = common student/faculty
o Colour = slot
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.

o Cartographer's problem: Given a map, colour the countries
with a minimum number of colours such that countries
sharing a border get different colours.

@ The registrar’s problem: Schedule the final exam using a
minimum number of slots such that two exams with a
common student/faculty is not in the same slot.

@ Both the above problems (and many more) can be modelled
as the same graph problem known as graph colouring.
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.
@ Optimization problem:

Instance: What does the input look like?

Solution format: What does the output look like?
Constraints: What properties must a solution have?
Objective function: What makes a solution better or worse?
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Introduction to Algorithms

Problem modelling

@ One of the most important skills for algorithms design is
problem modelling.

@ Graphs are important mathematical objects used for modelling
many interesting computational problems.
@ Optimization problem:

Instance: What does the input look like?

Solution format: What does the output look like?
Constraints: What properties must a solution have?
Objective function: What makes a solution better or worse?

®© 6 o o

@ Another object that is used to model many optimization
problems in logistics (and many others) is linear programming.

o The problem is modelled using real valued variables, where the
goal is to optimize a linear objective function while satisfying
several linear constraints.

Ragesh Jaiswal, CSE, IITD AGRL112: Introduction to Computer Science and Engineering



Introduction to Algorithms

Problem modelling

@ Linear Programming: Optimize (i.e., maximize or minimize) a
linear objective function under linear constraints.

o Example: A student cafeteria is trying to come up with a side
dish to fulfill requirements of vitamins A, C, and fiber
requirements. All the relevant information is given in the table

below.
Food Carrot, White Cucumber, || Required
Raw  Cabbage, Raw Pickled per dish
Vitamin A [mg/kg| 35 0.5 0.5 0.5mg
Vitamin C [mg/kg] 60 300 10 15mg
Dietary Fiber [g/kg] 30 20 10 dg
price [€ /kg| 0.75 0.5 0.15* —

@ The problem is to find the quantities of Carrot, Cabbage, and
Cucumber such that:
o Objective function: The price is minimized.
o Constraints: The vitamin and fiber requirements are satisfied.
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Introduction to Algorithms

Problem modelling

o Linear Programming: Optimize (i.e., maximize or minimize) a
linear objective function under linear constraints.

o Example: A student cafeteria is trying to come up with a side dish
to fulfill requirements of vitamins A, C, and fiber requirements.
All the relevant information is given in the table below.

Food Carrot, White Cucumber, || Required

Raw  Cabbage, Raw  Pickled | per dish
Vitamin A (mg/ke] 35 0. 05 0.5mg
Vitamin C [mg/kg] 60 300 10 15mg
Dictary Fiber [g/kg] | 30 20 10 g
price [€ /kg] 0.75 0.5 0.15°

@ The problem is to find the quantities of Carrot, Cabbage, and
Cucumber such that:

o Objective function: The price is minimized.
o Constraints: The vitamin and fiber requirements are satisfied.

Minimize : 0.75-x3 +0.5-x +0.15- x3
Subject to
35:x1+05:-x+05-x3 >0.5
60-x31 +300-x2+10-x3 > 15
30-x1+20-x+10-x3 > 4

x1,%2,x3 > 0
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Introduction to Algorithms
Problem modelling

e Linear Programming: Optimize (i.e., maximize or minimize) a
linear objective function under linear constraints.

o Example:

Minimize : 0.75-x3 +0.5-x, +0.15- x3
Subject to
35-x14+05-x+4+05-x3>05
60-x3 +300-x +10-x3 > 15
30-x1+20-x+10-x3 > 4

X1, X2, X3 > 0

@ There are fast LP-solvers that can find a solution for Linear
Programs such as above. In the assignment, you will be asked
to use one such LP-solver to solve a larger dietary problem.
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Introduction to Algorithms

Problem modelling

o Linear Programming: Optimize (i.e., maximize or minimize) a
linear objective function under linear constraints.

@ Something to think about: Can the independent set problem
be modelled as a Linear Program? If so, why is the
independent set problem not easy?
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