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Computer Science

Introduction

Computer Science is the study of the theory, experimentation, and engineering that form the
basis for the design and use of computers—devices that automatically process information. Com-
puter 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.
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 theoretical models of computation that enabled them to analyze how efficient
different approaches were in performing various calculations. Computer science overlapped consid-
erably during this time with the branch of mathematics known as numerical analysis, which ex-
amines 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 that
provide a useful interface between a computer and a user. During this time, computer scientists
were also experimenting with new applications 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 microprocessors—the
electronic circuitry that serves as the main information processing center in a computer. This new
technology revolutionized the computer industry by dramatically reducing the cost of building
computers and greatly increasing their processing speed. The microprocessor made possible the ad-
vent of the personal computer, which resulted in an explosion in the use of computer applica-
tions. * Between the early 1970s and 1980s, computer science rapidly expanded in an effort to de-
velop new applications for personal computers and to drive the technological advances in the com-
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puting industry. Much of the earlier research that had been done began to reach the public
through personal computers, which derived most of their early software from existing concepts
and systems.

Computer scientists continue to expand the frontiers of computer and information systems by
pioneering the designs of more complex, reliable, and powerful computers; enabling networks of
computers to efficiently exchange vast amounts of information; and seeking ways to make com-
puters 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 information. S

Theory and Experiment

Computer science is a combination of theory, engineering, and experimentation. 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 the-
ory in neurophysiology.

It might seem that the predictable nature of computers makes experimentation 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 behaviors can
result. ® Experimentation and the traditional scientific method are thus key parts of computer sci-

ence.
Major Branches of Computer Science

Computer science can be divided into four main fields: software development, computer ar-
chitecture (hardware), human-computer interfacing (the design of the most efficient ways for hu-
mans to use computers) , and artificial intelligence (the attempt to make computers behave intelli-
gently). Software development is concerned with creating computer programs that perform effi-
ciently. Computer architecture is concerned with developing optimal hardware for specific compu-
tational needs. The areas of artificial intelligence (AI) and human-computer interfacing often in-
volve the development of both software and hardware to solve specific problems.

Software Development

In developing computer software, computer scientists and engineers study various areas and
techniques of software design, such as the best types of programming languages and algorithms
(see below) to use in specific programs, how to efficiently store and retrieve information, and the
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computational limits of certain software-computer combinations. Software designers must consider
many factors when developing a program. Often, program performance in one area must be sacri-
ficed for the sake of the general performance of the software. For instance, since computers have
only a limited amount of memory, software designers must limit the number of features they in-
clude 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 computer scientists and en-
gineers study methods and tools that facilitate the efficient development of correct, reliable, and
robust computer programs. 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 implementation as a program, testing of the program, and program main-
tenance. Software engineers develop software tools and collections of tools called programming en-
vironments 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 programs. An algorithm
is a precise step-by-step procedure for solving a problem within a finite time and using a finite
amount of memory. Common algorithms include searching a collection of data, sorting data, and
numerical operations such as matrix multiplication. Data structures are patterns for organizing in-
formation, and often represent relationships 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 structures to solve new
problems and improve the efficiency of existing programs. One area of theoretical research is
called algorithmic complexity. Computer scientists in this field seek to develop techniques for de-
termining the inherent efficiency of algorithms with respect to one another. Another area of theo-
retical research called computability theory seeks to identify the inherent limits of computation.

Software engineers use programming languages to communicate algorithms to a computer.
Natural languages such as English are ambiguous—meaning that their grammatical structure and
vocabulary can be interpreted in multiple ways—so they are not suited for programming. Instead,
simple and unambiguous artificial languages are used. Computer scientists study ways of making
programming languages more expressive, thereby simplifying programming and reducing errors. 7
A program written in a programming language must be translated into machine language (the ac-
tual instructions that the computer follows). Computer scientists also develop better translation
algorithms that produce more efficient machine language programs.

Databases and information retrieval are related fields of research. A database is an organized
collection of information stored in a computer, such as a company’s customer account data. Com-
puter scientists attempt to make it easier for users to access databases, prevent access by unautho-
rized users, and improve access speed. They are also interested in developing techniques to com-
press the data, so that more can be stored in the same amount of memory. Databases are some-
times distributed 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

3



Unit 1

ways of preventing inconsistency without reducing access speed.

Information retrieval is concerned with locating data in collections that are not clearly orga-
nized, such as a file of newspaper articles. Computer scientists develop algorithms for creating in-
dexes of the data. Once the information is indexed, techniques developed for databases can be
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, mining the sales records from a grocery store could i-
dentify shopping patterns 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 with interface, place programs into the computer’s memory and cause it to exe-
cute them, control the computer’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 developing new user interface designs, designing new mechanisms that allow da-
ta to be shared while preventing access to sensitive data, and developing algorithms that make
more effective use of the computer’s time and memory.

The study of numerical computation involves the development of algorithms for calculations,
often on large sets of data or with high precision. Because many of these computations may take
days or months to execute, computer scientists are interested in making the calculations as effi-
cient as possible. They also explore ways to increase the numerical precision of computations,
which can have such effects as improving the accuracy of a weather forecast. The goals of improv-
ing efficiency and precision often conflict, with greater efficiency being obtained at the cost of pre-
cision and vice versa.

Symbolic computation involves programs that manipulate nonnumeric symbols, such as char-
acters, words, drawings, algebraic expressions, encrypted data (data coded to prevent unautho-
rized 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 spe-
cial challenges in creating theoretical models of a program’s efficiency, in translating it into an
efficient machine language program, and in specifying and testing its correct behavior.

Computer Architecture

Computer architecture is the design and analysis of new computer systems. Computer archi-
tects study ways of improving computers by increasing their speed, storage capacity, and reliabili-
ty, 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 development of new computers. They are often involved with the engi-
neering of a new computer because the accuracy of their models depends on the design of the com-
puter’s circuitry. Many computer architects are interested in developing computers that are spe-
cialized for particular applications such as image processing, signal processing, or the control of
mechanical systems. The optimization of computer architecture to specific tasks often yields high-
er performance, lower cost, or both.
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Artificial Intelligence

Artificial intelligence (Al) 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 intelligence. The many branches of Al research include machine learning,
inference, 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 creates a new state. If a computer searched the states resulting from all possible se-
quences of moves, it could identify those that win the game. However, the number of states asso-
ciated with many problems (such 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. 8

Robotics

Another area of computer science that has found wide practical use is robotics—the design
and development of computer-controlled mechanical devices. Robots range in complexity from
toys to automated factory assembly lines, and relieve humans from tedious, repetitive, or danger-
ous tasks. Robots are also employed where requirements of speed, precision, consistency, or
cleanliness exceed what humans can accomplish. 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 mecha-
nisms 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 controlling programs.
One area of research seeks to provide robots with more of the dexterity and adaptability of hu-
mans, and is closely associated with Al.

Human-Computer Interfacing

Human-computer interfaces provide the means for people to use computers. 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 interfac-
ing corresponds to the diversity of computer users and applications. However, a unifying theme is
the development of better interfaces and experimental evaluation of their effectiveness. Examples
include improving computer access for people with disabilities, simplifying program use, develop-
ing three-dimensional input and output devices {for virtual reality, improving handwriting and
speech recognition, and developing heads-up displays for aircraft instruments in which critical in-
formation such as speed, altitude, and heading are displayed on a screen in front of the piiot’s
window. One area of research, called visualization, is concerned with graphically presenting large

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

Because computer science grew out of mathematics and electrical engineering, it retains many
close connections to those disciplines. Theoretical computer science draws many of its approaches
from mathematics and logic. Research in numerical computation overlaps with mathematics re-
search 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 psycholo-
gy, neurophysiology, and linguistics. ® Human-computer interface research also has connections
with psychology. Roboticists work with both mechanical engineers and physiologists in designing
new robots.

Computer science also has indirect relationships with virtually all disciplines that use comput-
ers. Applications developed in other fields often involve collaboration with computer scientists,
who contribute their knowledge of algorithms, data structures, software engineering, and exist-
ing technology. In return, the computer scientists have the opportunity to observe novel applica-
tions of computers, from which they gain a deeper insight into their use.!? These relationships

make computer science a highly interdisciplinary field of study.
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Notes

. Charles Babbage(1792~1871), British mathematician and inventor, who designed and built mechanical comput-
ing machines on principles that anticipated the modern electronic computer. Babbage was born in Teignmouth,
Devonshire, and was educated at the University of Cambridge. He became a fellow of the Royal Society in 1816
and was active in the founding of the Analytical, the Royal Astronomical, and the Statistical societies. In the
1820s Babbage began developing his Difference Engine,a mechanical device that can perform simple mathematical
calculations. Babbage started to build his Difference Engine, but was unable 1o complete it because of a lack of
funding. However, in 1991 British scientists, following Babbage’s detailed drawings and specifications, constructed
the Difference Engine. The machine worked flawlessly, caleulating up to a precision of 31 digits, proving that Bab-
bage's design was sound. In the 1830s Babbage began developing his Analytical Engine, which was designed to
carry out more complicated calculations, but this device was never built. Babbage’ s book Economy of Machines
and Manufactures (1832) initiated the field of study known today as operational research.
. Until the advent of electronic digital computers in the 1940s, computer science was not generally distinguished
as being separate from mathematics and engineering. B ¥l 20 tH40 40 S FEF AN E I, iHE O
AN TR by B ik
. ...to include simplifying the use of computers through programming langunages. ..
B0 include G sl A1, AT HAE R, AP ELEH,
. The microprocessor made possible the advent of the personal computer, which resulted in an explosion in the use
of computer applications.

possible 7& &) PAE R IE#ME 1R, B T EiE the advent of the personal computer i3+ , TiH /G X R— 3R
il M A2 15 M AT, R possible AR
. Underlying all of these specific goals is the desire to better the human condition today and in the future through
the improved use of information. F7F iX 4 H A& HAR AR A, 328 o ARG Bk B E S R AR sk AR
BRI,

ey 1 B AR 43 1R) underlying 51 S 582 B1 3 4], KRR, IEH 1B F N M : The desire to better the
human condition today and in the future through the improved use of information is underlying all of these speci-
fic goals.
. But when computer systems and their interactions with the natural world become sufficiently complex, unfore-
seen behaviors can result.

R result —TA7EMAL BRI, G R (R A - FIFER)" . Xan:

If we announce the news,a panic will result. X & TH B —& K, E SR
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7. Compuier scientists study ways of making programming languages more expressive, thereby simplifying pro-
gramming and reducing errors.
thereby — 18] R 1E 2 H1& ,E“by that, by means of that”f#, & A “fE L, BHIk”, tbib5 915 simplifying
AL ESRRIE, X
(1) Our bodies can sweat, thereby losing heat by evaporation. A JH BHR AT LA T, R Rk £ ]E,
(2) A firm might sometimes sell at a loss to drive a competitor out of business, and thereby increases its
market power. — 23 B IR A B 5 A B MBS E B 45 DR E HTTHEE ).
8. For example, a chess heuristic might indicate that when a move results in checkmate, there is no point in exam-
ining alternate moves.
There is no {or not much) point in doing sth. B A “MAEEREFHABE XK, 418 in F B o] 48,
Xam:
There’s not much point in arguing any further. BSOS F EHRE L KE XL,
9. Beyond these historical connections, there are strong ties between Al research and psychology , neurophysiology,
and linguistics.
beyond 1E“apart from” 8, B R “Bxe ZAN . XA
He appears to have no personal staff, beyond a secretary who can’t make coffee. B& T — 4~ A2 7 M0 HE A £
Bob, MBAF A DA
10. In return, the computer scientists have the opportunity to observe novel applications of computers, from which
they gain a deeper insight into their use.
in retrun (for) B R“ER----- HIARE , VE R IR, 3an
(1) I presented him with a picture,and he gave me his photograph in return. 3% 1% %5 fth — 0% & i} , {th [0] %
BN ABA,
(2) He didn’t expect anything in return for his help. {5 Bh 5 A F - A< BA 5 4FfA] 2148 .

Exercises

I . Answer the following questions according to the text .

. What is computer science concerned with?

. Discuss briefly the development of computer science.

. What are the goals of computer science?

. What are the key parts of computer science?

. How many fields does computer science fall into? And what are they?

. What are the building blocks of a computer program?

. Why are natural languages such as English not suited for programming?

. What is meant by a database?

Nl R = Y Y T S

. What is, by definition, computer architecture?

10. What are the connections of computer science to other disciplines?

I . Translate the following paragraphs into English .
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Unit 1

Computer (1)

Introduction

Computer is a machine that performs tasks, such as mathematical calculations or electronic communi-
cations, under the control of a set of instructions called a program. Programs usually reside within the
computer and are retrieved and processed by the computer’s electronics, and the program results
are stored or routed to output devices, such as video display monitors or printers. 'Computers are

used to perform a wide variety of activities with reliability,accuracy,and speed.
Uses of Computers

People use computers in a wide variety of ways. In business, computers track inventories with
bar codes® and scanners, check the credit status’ of customers,and transfer funds electronically. In
homes, tiny computers embedded in the electronic circuitry of most appliances control the indoor
temperature, operate home security systems, tell the time, and turn videocassette recorders on and
off. Computers in automobiles regulate the flow of fuel, thereby increasing gas mileage. Computers
also entertain, creating digitized sound on stereo systems or computer-animated features from a
digitally encoded laser disc. Computer programs,or applications, exist to aid every level of educa-
tion, from programs that teach simple addition or sentence construction to advanced calculus. Edu-
cators use computers to track grades and prepare notes; with computer-controlled projection units,
they can add graphics,sound, and animation to their lectures (See Computer-Aided Instruction).
Computers are used extensively in scientific research to solve mathematical problems, display com-
plicated data,or model systems that are too costly or impractical to build, such as testing the air-
flow around the next generation of space shuttles'. The military employs computers in sophisticat-
ed communications to encode and unscramble messages, and to keep track of personnel and

supplies. ®
How Computers Work

The physical computer and its components are known as hardware. Computer hardware in-
cludes the memory that stores data and instructions; the central processing unit (CPU)® that car-
ries out instructions; the bus that connects the various computer components; the input devices,
such as a keyboard or mouse, that allow the user to communicate with the computer;and the out-
put devices, such as printers and video display monitors, that enable the computer to present infor-
mation to the user. The programs that run the computer are called software. Software generally is
designed to perform a particular type of task—for example, to control the arm of a robot to weld a
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