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Introduction

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

e “Algorithm is more of an art than science”

e 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:

e 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.

e Analysis of worst-case running time as a function of the input
size.
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Introduction

@ Algorithm Design Techniques
e Divide and Conquer
o Greedy Algorithms
e Dynamic Programming
e Network Flows
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Introduction

@ Material that will be covered in the course:

e Basic graph algorithms
e Algorithm Design Techniques
e Divide and Conquer
o Greedy Algorithms
@ Dynamic Programming
o Network Flows

e Computational intractability
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Introduction
Divide and Conquer

@ Some examples of Divide and Conquer Algorithms:
Binary Search

Median finding

Multiplying numbers

Merge sort, quick sort.
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Introduction
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.
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Introduction
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.
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Introduction

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:

@ cach job is assigned to a different person, and

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

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

Problem

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

e 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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Course Overview

@ Material that will be covered in the course:
e Basic graph algorithms
e Algorithm Design Techniques

e Divide and Conquer

o Greedy Algorithms

@ Dynamic Programming
o Network Flows

e Computational intractability
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End )
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