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Unit 1 Computer Science

1 Introduction

Computer science, study of the theory, experimentation, and engi-

neering that form the basis for the design and use of computers
devices that automatically process information. Computer science traces
its roots to work done by English mathematician Charles Babbage, who
first proposed a programmable mechanical calculator in 1837. Until the
advent of electronic digital computers in the 1940s, computer science
was not generally distinguished as being separate from mathematics and
engineering. Since then it has sprouted numerous branches of research

that are unique to the discipline.

2 The Development of Computer Science

Early work in the field of computer science during the late 1940s and
early 1950s focused on automating the process of making calculations for
use in science and engineering. Scientists and engineers developed theo-
retical models of computation that enabled them to analyze how efficient
different approaches were in performing various calculations. Computer
science overlapped considerably during this time with the branch of
mathematics known as numerical analysis, which examines the
accuracy and precision of calculations.

As the use of computers expanded between the 1950s and the 1970s,

the focus of computer science broadened to include simplifying the use of

computers through programming languages artificial languages used

to program computers, and operating systems computer programs
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that provide a useful interface between a computer and a user. During
this time, computer scientists were also experimenting with new appli-
cations and computer designs, creating the first computer networks,

and exploring relationships between computation and thought.

In the 1970s, computer chip manufacturers began to mass produce mi-

Croprocessors the electronic circuitry that serves as the main infor-
mation processing center in a computer. This new technology revolu-
tionized the computer industry by dramatically reducing the cost of
building computers and greatly increasing their processing speed. The
microprocessor made possible the advent of the personal computer,
which resulted in an explosion in the use of computer applications. Be-
tween the early 1970s and 1980s, computer science rapidly expanded in
an effort to develop new applications for personal computers and to drive
the technological advances in the computing industry. Much of the earli-
er research that had been done began to reach the public through per-
sonal computers, which derived most of their early software from exist-

ing concepts and systems.

Computer scientists continue to expand the frontiers of computer and in-
formation systems by pioneering the designs of more complex, reliable,
and powerful computers; enabling networks of computers to efficiently
exéhange vast amounts of information; and seeking ways to make
computers behave intelligently. As computers become an increasingly
integral part of modern society, computer scientists strive to solve new

problems and invent better methods of solving current problems.

The goals of computer science range from finding ways to better educate
people in the use of existing computers to highly speculative research
into technologies and approaches that may not be viable for decades.
Underlying all of these specific goals is the desire to better the human
condition today and in the future through the improved use of informa-
tion.

2



3 Theory and Experiment

Computer science is a combination of theory, engineering, and experi-
mentation. In some cases, a computer scientist develops a theory, then
engineers a combination of computer hardware and software based on
that theory, and experimentally tests it. An example of such a theory-
driven approach is the development of new software engineering tools
that are then evaluated in actual use. In other cases, experimentation
may result in new theory, such as the discovery that an artificial neural
network exhibits behavior similar to neurons in the brain, leading to a

new theory in neurophysiology.

It might seem that the predictable nature of computers makes experi-
mentation unnecessary because the outcome of experiments should be
known in advance. But when computer systems and their interactions
with the natural world become sufficiently complex, unforeseen behav-
iors can result. Experimentation and the traditional scientific method are

thus key.parts of computer science.
4 Major Branches of Computer Science

Computer science can be divided into four main fields: software develop-
ment, computer architecture (hardware), human-computer interfacing
(the design of the most efficient ways for humans to use computers),
and artificial intelligence (the attempt to make computers behave intelli-
gently) . Software development is concerned with creating computer
programs that perform efficiently. Computer architecture is concerned
with developing optimal hardware for specific computational needs. The
areas of artificial intelligence (AI) and human-computer interfacing of-
ten involve the development of both software and hardware to solve spe-
cific problems.

4.1 Software Development

In developing computer software, computer scientists and engineers study
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various areas and techniques of software design, such as the best types of
programming languages and algorithms (see below) to use in specific pro-
grams, how to efficiently store and retrieve information, and the computa-
tional limits of certain software-computer combinations. Software designers
must consider many factors when developing a program. Often, program
performance in one area must be sacrificed for the sake of the general per-
formance of the software. For instance, since computers have only a limited
amount of memory, software designers must limit the number of features
they include in a program so that it will not require more memory than the

system it is designed for can supply.

Software engineering is an area of software development in which com-
puter scientists and engineers study methods and tools that facilitate the
efficient development of correct, reliable, and robust computer pro-
grams. Research in this branch of computer science considers all the
phases of the software life cycle, which begins with a formal problem
specification, and progresses to the design of a solution, its implemen-
tation as a program, testing of the program, and program mainte-
nance. Software engineers develop software tools and collections of
tools called programming environments to improve the development
process. For example, tools can help to manage the many components
of a large program that is being written by a team of programmers.

Algorithms and data structures are the building blocks of computer pro-
grams. An algorithm is a precise step-by-step procedure for solving a
problem within a finite time and using a finite amount of memory. Com-
mon algorithms include searching a collection of data, sorting data,
and numerical operations such as matrix multiplication. Data structures
are patterns for organizing information, and often represent relation-
ships between data values. Some common data structures are called
lists, arrays, records, stacks, queues, and trees.

Computer scientists continue to develop new algorithms and data struc-
tures to solve new problems and improve the efficiency of existing pro-
4



grams. One area of theoretical research is called algorithmic complexi-
ty. Computer scientists in this field seek to develop techniques for de-
termining the inherent efficiency of algorithms with respect to one an-
other. Another area of theoretical research called computability theory

seeks to identify the inherent limits of computation.

Software engineers use programming languages to communicate algo-

rithms to a computer. Natural languages such as English are ambigu-

ous meaning that their grammatical structure and vocabulary can be

interpreted in multiple ways so they are not suited for program-
ming. Instead, simple and unambiguous artificial languages are used.
Computer scientists study ways of making programming languages more
expressive, thereby simplifying programming and reducing errors. A
program written in a programming language must be translated into ma-
chine language (the actual instructions that the computer follows) .
Computer scientists also develop better translation algorithms that pro-

duce more efficient machine language programs.

Databases and information retrieval are related fields of research. A da-
tabase is an organized collection of information stored in a computer,
such as a company’ s customer account data.. Computer scientists
attempt to make it easier for users to access databases, prevent access
by unauthorized users, and improve access speed. They are also inter-
ested in developing techniques to compress the data, so that more can
be stored in the same amount of memory. Databases are sometimes dis-
tributed over multiple computers that update the data simultaneously,
which can lead to inconsistency in the stored information. To address
this problem, computer scientists also study ways of preventing incon-
sistency without reducing access speed.

Information retrieval is concerned with locating data in collections that
are not clearly organized, such as a file of newspaper articles. Comput-
er scientists develop algorithms for creating indexes of the data. Once

the information is indexed, techniques developed for databases can be
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used to organize it. Data mining is a closely related field in which a large
body of information is analyzed to identify patterns. For example, min-
ing the sales records from a grocery store could identify shopping pat-

terns to help guide the store in stocking its shelves more effectively.

Operating systems are programs that control the overall functioning of a
computer. They provide the user interface, place programs into the
computer’s memory and cause it to execute them, control the comput-
er’s input and output devices, manage the computer’s resources such
as its disk space, protect the computer from unauthorized use, and
keep stored data secure. Computer scientists are interested in making
Operating systems easier to use, more secure, and more efficient by de-
veloping new user interface designs, designing new mechanisms that al-
low data to be shared while preventing access to sensitive data, and de-
veloping algorithms that make more effective use of the computer’s time

and memory.

The study of numerical computation involves the development of algo-
rithms for calculations, often on large sets of data or with high preci-
sion. Because many of these computations may take days or months to
execute, computer scientists are interested in making the calculations
as efficient as possiblé. They also explore ways to increase the numeri-
cal precision of computations, which can have such effects as improving
the accuracy of a weather forecast. The goals of improving efficiency
and precision often conflict, with greater efficiency being obtained at

the cost of precision and vice versa.

Symbolic computation involves programs that manipulate nonnumeric
symbols, such as characters, words, drawings, algebraic expres-
sions, encrypted data (data coded to prevent unauthorized access), and
the parts of data structures that represent relationships between values.
One unifying property of symbolic programs is that they often lack the
regular patterns of processing found in many numerical computations.
Such irregularities present computer scientists with special challenges in
6



creating theoretical models of a program’s efficiency, in translating it
into an efficient machine language program, and in specifying and tes-

ting its correct behavior.

4.2 Computer Architecture

Computer architecture is the design and analysis of new computer sys-
tems. Computer architects study ways of improving computers by in-
creasing their speed, storage capacity, and reliability, and by reducing
their cost and power consumption. Computer architects develop both
software and hardware models to analyze the performance of existing
and proposed computer designs, then use this analysis to guide develop-
ment of new computers. They are often involved with the engineering of
a new computer because the accuracy of their models depends on the de-
sign of the computer’s circuitry. Many computer architects are interest-
ed in developing computers that are specialized for particular applica-~
tions such as image processing, signal processing, or the control of
mechanical systems. The optimization of computer architecture to spe~

cific tasks often yields higher performance, lower cost, or both.

4.3 Artificial Intelligence (AD)

Artificial intelligence research seeks to enable computers and machines
to mimic human intelligence and sensory processing ability, and models
human behavior with computers to improve our understanding of intelli-
gence. The many branches of Al research include machine learning, in-
ference, cognition, knowledge representation, problem solving, case-
based reasoning, natural language understanding, speech recognition,

computer vision, and artificial neural networks.

A key technique developed in the study of artificial intelligence is to
specify a problem as a set of states, some of which are solutions, and
then search for solution states. For example, in chess, each move cre-
ates a new state. If a computer searched the states resulting from all
possible sequences of moves, it could identify those that win the game.
However, the number of states associated with many problems (such
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as the possible number of moves needed to win a chess game) is so vast

that exhaustively searching them is impractical. The search process can

be improved through the use of heuristics rules that are specific to a
given problem and can therefore help guide the search. For example, a
chess heuristic might indicate that when a move results in checkmate,

there is no point in examining alternate moves.

4.4 Robotics

Another area of computer science that has found wide practical use is

robotics the design and development of computer controlled mechan-
ical devices. Robots range in complexity from toys to automated factory
assembly lines, and relieve humans from tedious, repetitive, or dan-
gerous tasks. Robots are also employed where requirements of speed,

precision, consistency, or cleanliness exceed what humans can accom-

plish. Roboticists scientists involved in the field of robotics
study the many aspects of controlling robots. These aspects include
modeling the robot” s physical properties, modeling its environment,
planning its actions, directing its mechanisms efficiently, using sensors
to provide feedback to the controlling program, and ensuring the safety
of its behavior. They also study ways of simplifying the creation of con-
trol programs. One area of research seeks to provide robots with more
of the dexterity and adaptability of humans, and is closely associated
with AL

4.5 Human-Computer Interfacing

Human-computer interfaces provide the means for people to use com-
puters. An example of a human-computer interface is the keyboard,
which lets humans enter commands into a computer and enter text into a
specific application. The diversity of research into human-computer in-
terfacing corresponds to the diversity of computer users and applica-
tions. However, a unifying theme is the development of better inter-
faces and experimental evaluation of their effectiveness. Examples in-
clude improving computer access for people with disabilities, simplify-
ing program use, developing three-dimensional input and output devices
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for virtual reality, improving handwriting and speech recognition, and
developing heads-up displays for aircraft instruments in which critical
information such as speed, altitude, and heading are displayed on a
screen in front of the pilot”’s window. One area of research, called vi-
sualization, is concerned with graphically presenting large amounts of

data so that people can comprehend its key properties.
S. Connection of Computer Science to Other Disciplines

Because computer science grew out of mathematics and electrical engi-
neering, it retains many close connections to those disciplines. Theo-
retical computer science draws many of its approaches from mathematics
and logic. Research in numerical computation overlaps with mathemat-
ics research in numerical analysis. Computer architects work closely

with the electrical engineers who design the circuits of a computer.

Beyond these historical connections, there are strong ties between Al
research and psychology, neurophysiology, and linguistics. Human-
computer interface research also has connections with psychology. Ro-
boticists work with both mechanical engineers and physiologists in de-
signing new robots.

Computer science also has indirect relationships with virtually all disci-
plines that use computers. Applications developed in other fields often
involve collaboration with computer scientists, who contribute their
knowledge of algorithms, data structures, software engineering, and
existing technology. In return, the computer scientists have the oppor-
tunity to observe novel applications of computers, from which they gain
a deeper insight into their use. These relationships make computer sci-
ence a highly interdisciplinary field of study.

Words and Expressions

1. artificial neural network A L¢P 2 W%
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