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What is an algorithm?

* Analgorithm is a set of instructions to solve a given problem.

m Origin of the word ‘algorithm’

The word algorithm is derived from the name of a Persian
mathematician, Abu Ja'fer Mohammed Ibn Musa al
Khowarizmi, who lived sometime around 780-850 AD. He
was from the town of Khowarazm, now in Uzbekistan. He
was a teacher of mathematics in Baghdad. He wrote a book
titled Kitab al Jabr w'al Mugabala (Rules of Restoration
and Reduction) and Algoritmi Numero Indorum where
he introduced the old Arabic-Indian number systems to

Europe. He also introduced the simple step-by-step rules
for addition, subtraction, multiplication, and division in
his book. The word algebra has also been derived from
the title of this book. When his book was translated to
Latin, his name was quoted as Algorismus from which
the word ‘algorithm’ emerged. Algorithm as a word thus
became famous for referring to procedures that are used
by computers for solving problems.
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Some Examples of Algorithms in daily life

Searching for a specific book

Arranging books based on titles

Using a recipe to cook a new dish

Packing items 1n a suitcase

Scheduling daily activities

Finding the shortest path to a friend’s house
Searching for a document on the Internet
Preparing a CD of compressed personal data
Sending messages via email or SMS
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A Typical Algorithm Environment

— Algorithm —— Output

Valid
input

Fig. 1.1 Typical algorithm
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Characteristics of an Algorithm

Inpur An algonthm can have zero or more mputs.
Outpur  An algorithm should produce at least one or more outputs.

Definiteness An algonthm is charactenized by defimiteness. Its istructions should be clear and
unambiguous without any confusion. All operations should be well defined. For example, opera-
tions mvolving the division of zero or taking a square root of a negative number are unacceptable.

Uniqueness An algorithm should be a well-defined and ordered procedure that consists of
a set of instructions 1n a specific order. The order of the instructions 1s important as a change
in the order of execution leads to a wrong result or uncertainty.
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Characteristics of an Algorithm

Correctness The algorithm should be correct.

Effectiveness An algorithm should be effective. which mmplies that 1t should be traceable
manually.

Finiteness An algonthm should have a fimte number of steps and should termunate after
executing the finite set of istructions. Therefore. finiteness 1s an important characteristic of
an algorithm.

Some of the additional charactenistics that an algorithm 1s supposed to possess are the
following:

Simplicity Ease of implementation 1s another mmportant charactenistic of an algorithm.

Generality An algonthm should be generic. independent of any programmung language
or operating systems. and able to handle all ranges of mputs: 1t should not be written for a
specific mstance.
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Need for Efficiency

* Time

* Space
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Stages of Problem Solving

Understanding the problem

Planning an algorithm

Designing an algorithm

Validating and verifying an algorithm
Analyzing an algorithm

Implementing an algorithm

Performing empirical analysis (if necessary)
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Computation Model

Need of Computation model

Alan Turing

Alan Turing (1912-1954) is well known for his contribution  a theoretical machine, called the Turing machine that is used
towards computing. He is considered by many as the father  widely in computability theory and complexity analysis. Alan
of modem computing’. His contribution towards computability  Turing is also credited with the designing of the Turing Test
theory and artificial intelligence is monumental. He designed  as a measure of testing the intelligence of a machine.
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Data Organization

Data structure concerns the way data and its relationships are stored. Algorithms require data
for solving a given problem. The nature of data and their organization can have impacts on the
efficiency of algorithms. Therefore, algorithms and data structures together often constitute

an important aspect of problem solving.

Fuel station

Queue of trucks
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Algorithm Design

Algorithm design 1s a way of developing algorithmic solutions using an appropriate design
strategy. Design strategies differ from problem to problem. Just imagine searching a name i a
telephone directory. If anyone starts searching from page 1, it 1s termed as a brute force strategy.
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Algorithm Specification

Communication to programmer is called algorithm
specification

1. Natural Language
2. Pseudocode
3. Programming language
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Validating and Verification

Algornthm validation and verification are the methods of checking algorithm correctness.
An algorithm 1s expected to give correct outputs for all valid mputs. Sometimes, algorithms
may not give correct outputs due to logical errors. Hence, validation of algorithms becomes
a necessity. A/gorithm validation 1s a process of checking whether the given algorithm gives
correct outputs for valid mputs or not. This 1s done by comparing the output of the algorithm
with the expected output.
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Analysis of Algorithms

1. To decide the efficiency of the given algorithms
2. To compare algorithms for deciding the effective solutions for a given problem
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Time and Space Complexity

Time complexity means the tume taken by an algorithm to execute for different increasing
mputs (1.e.. differently-scaled mputs). In algorithm study. two tune factors are considered—
execution time and run time. Execution time (or compile time) does not depend on problem
instances. Additionally, a program may be compiled many times. Therefore. time 1n an algo-
rithm context always refers to the run tume as only this 1s characterized by instances. Another
complexity 1s space complexiry. which 1s the measurement of memory space requirements
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Comparison of Algorithms

Example 1.1 Assume that there are two algonthms A and B for a given problem P. The
tune complexity functions of algorithms A and B are, respectively. 3» and 2" Which algonthin
should be selected assummung that all other conditions remain the same for both algonthims?

Solurion Assumung that all conditions remaimn the same for both algonthis, the best

algonthm takes less tume when the mmput 1s changed to a larger value Results obtained
employing different values of » are shown i Table 1 3.

Table 1.3 Time complexities of algorithms A and B

Input size (n) I Algorithm A T(n) = 3n Algorithm B T(n) = 2” l
1 3 2

: s a2 |
10 30 1024

100 300 2" |

It can be observed that algorithm A perforis better as n i1s increased; time complexity
increases hinearly and gives lesser values for larger values of 7. The second algonthm instead
grows exponentially, and 2'% is a very large number

I'herefore. algornthm A 1s better than algonthim B
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Empirical and Post martem Analysis

1. Is the problem solvable?

. Are there any limits for this algorithm? Is there any theoretical limat for the efficiency of
this problem?

. Is the algorithm efficient. and are there any other algorithms that are faster than the current
algorithm?

I-2
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Classification of Algorithms

Algorithms
Classification Classification Classification Classification
based on based on based on area of based on
implementation design specialization tractability

Fig. 1.5 Classification of algorithms
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Recursive Algorithms

Recursive algorithms use recursive functions for creating repetitions required for solving
a given problem.
A good example of recursion 1s computing the factorial of a number ». Factorial of a number
can be computed using the recursive function as follows:
_[0 if n=0
" lnxm—1) forn=1
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Parallel and Distributed Algorithms

A parallel algorithm 1s designed for systems that use a set of processors. The concept of
parallel processing and distributed processing are mterrelated. Parallel systems have mul-
tiple processors that are located closely. Distributed systems, on the contrary, have multiple
processors that are located at different places separated by a vast distance geographically.
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Exact Vs Approximation Algorithms

An exact algorithn finds the exact solutions for a given problem. Some problems are so
complex that finding their exact solutions 1s difficult. Approximation algorithms (discussed
in Chapter 19 of this book) find equivalent or approximate solutions for a given problem.
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Deterministic Vs randomized Algorithms

Deterministic algorithms always provide fixed predictable results for a given mput. In con-
trast, non-deterministic algorithms or randomized algorithms take a different approach. For
determuinistic algorithms, the output should always be true. On the other hand, randomized
algorithms relax this condition. It 1s argued that outputs based on random decisions may not
often result in correct answers or the algorithm may not terminate at all. Thus, the accuracy
of an output 1s associated with a probability. In daily life, we often use random decisions,
for example, in games such as dice. Industries conduct random quality checks on products.
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Based on Design

Example Greedy, dynamic programming, Brute force
Techniques.
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Based on Specialization

General Algorithms

Example; Searching and Sorting
Domain Specific Algorithms
String Algorithms

Graph Algorithms
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Some Interesting Problems

Chinese postman problem This problem is the same as a TSP, but instead of vertices, an
edge should be visited only once. There 1s no restriction on vertices in this problem.

Graph colouring problem This problem is about how to colour all the vertices distinctly using
only a small number of colours such that no two neighbouring vertices share the same colour.

Combinatorial algorithms The focus of combinatorial algorithms 1s to find a combinatorial
object inherent in the problem such as permutations, combinations, or a subset that satisfies
some constraints and objective functions. These problems are difficult to solve, and many
problems do not have algorithmic solutions. TSPs and graph colouring problems are examples
of combinatorial problems.

Geometric algorithms Geometric algorithms deal with geometrical objects such as pomnts,
lines, and polygons. The following are some of the algorithms discussed in this textbook:

Closest pair problem This problem deals with finding the distance between points mn a 2D
space and finding a pair of points that are closest to each other.

Convex hull problem This problem deals with finding the smallest convex polygon that
includes all points 1 a 2D space.
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Based on Tractability

Tractability means solvability of a given problem within a reasonable amount of time and
space. An intractable problem is difficult to solve within the reasonable amount of computer
resources. Based on tractability, the following categories are possible:

Easily solvable problems These problems have polynomial time complexity or their upper
bounds are characterized by a polynomial. These problems are solvable. For example, sorting
1s an example of solvable or polynomual problems.

Unsolvable problems Problems such as halting problems cannot be solved at all. These
are called unsolvable or non-computable problems. Knowledge about the non-computability
of these problems helps in project management.

Intractable problems These problems are of two categories. One category comprises a
set of problems that have algorithmic solutions but require more computer resources. Hence,
these solutions are practically non-implementable. In addition, these have been proved to be
computationally hard. The other category consists of a set of problems that have been proved
to be computationally hard. For example, a TSP is a proven computationally hard problem:
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Example of Tractability
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Glossary

GLOSSARY

Agent A performer of an algorithm Algorithm verification The process of providing a mathemati-
Algorist Aperson who is skilled in algorithm development cal proof that the algorithm works correctly for all valid inputs
Algorithm A step-by-step procedure for solving a given  Algorithm validation The process of checking the correct-

problem ness of an algorithm, this is done by giving valid inputs to
Algorithm gap The difference between lower and upper it and checking its results with expected values

bounds Approximation algorithms Algorithms that provide ap-
Algorithm specification Formalization of an algorithm in proximate solutions for problems whose exact solutions

a suitable form that can be conveyed to a programmer are difficult to obtain
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Glossary

Complexity theory A field of algorithm study that deals
with the analysis of algorithms

Computability theory A field of study that deals with the
theory of algorithms and solvability of the algorithms

Computational model An abstraction of a real-world com-
puter system

Computational problem A problem that can be solved by
computer systems

Deterministic algorithm Algorithms that always give the
same result for a fixed input

Exact algorithm An algorithm that is designed to give an
exact solution for a given problem

Experimental algorithmics Afield of study that deals with
the analysis of algorithms experimentally using a large
dataset

Intractable problems Problems that cannot be solved within
a reasonable amount of computer resources

Lower bound Atheoretical best solution for a given problem

Non-deterministic algorithm An algorithms that uses ran-
domized choices that determine the course of execution
of instructions; hence, the output of an algorithm varies
even for a fixed input

Non-recursive algorithm (iterative algorithm) An algorithm
that is developed using iterative constructs for creating
repetition of tasks instead of using recursive functions

Parallel algorithm An algorithm designed for systems that
use multiple processors

Profiling The process of measuring time and space com-
plexity by running a program on a larger dataset

Proof The logical derivation showing that the preconditions
of algorithms imply their postconditions

Recursive algorithm An algorithm that uses a recursive
function

Sequential algorithm An algorithm that is designed for a
single-processor system

Space complexity Measurement of space required for
an algorithm

Strategy A way of designing algorithms

Time complexity Runtime measurement of the algorithm
when the input is scaled to a larger value

Tractable problems Problems for which algorithms that
find solutions within a reasonable amount of computer
resources exist

Upper bound The worst-case complexity of an algorithm
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