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Preface

Computers are now a part of our lives, almost as familiar as the telephone and the
microwave oven. Microbiologists are not divorced from this general trend and their
attitudes to this technological revolution is quite varied. Some have never programmed
a computer in their lives and view the keyboard with a certain suspicion even now.
Othiers are converts, happily exploring the power arid the puzzle that computers provide.
Many have used computers for most of their professional lives.

This book was written by microbiologists who are experts in their fields for other
microbiologists. Hopefully each of the groups described above will gain something from
these articles.

The areas covered in the book discuss the application of computers to a number of
fundamientally important areas in microbiology. These include clinical microbiology.
data analysis, fermentation measurement and control, image analysis, modelling and
simulation, taxonomy and systematics, and finally teaching. Each chapter illustrates
how computers can be used to solve microbiological problems and is not concerned
with computer programming per se.

~ T.N.Bryant
J.W.T.Wimpenny
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CHAPTER 1

Introduction
T.N.BRYANT and J.W.T.WIMPENNY

1. INTRODUCTION

Computers are at the centre of a modern technological and information revolution. Their
speed, power, flexibility and sheer value for money are changing almost every aspect
of our lives, hopefully for the better.

" Microbiology, like almost any other field of endeavour, stands to gain from this
revolution. Microbiologists, as do scientists in other fields, vary in their response to
the phenomenon of compyting. A few enthusiasts are familiar with the theoty of
computer operation. They understand the operating system and are able to design and
implement programs of varying degrees of sophistication. Others are excited by the
possibilities of applying these techniques to their werk but lack both the experience
and the confidence perhaps to get started. Another group eschew the field for one of
a number of reasons. This book is aimed at all these classes. We hope that experienced
tomputer users will gain at least some information from these pages whilst the reluctant
and not so reluctant debutante will find that taking the plunge is really not so hard.

- The application of computers in any field roughly divides into two parts. First,
general computing techniques not confined to any one discipline, and second, specific
applications used mainly or wholly by practitioners in the field. Since the first area
(which includes, e.g. word processing); can actually take up most of the scientist’s
computing time we plan to discuss these topics briefly in this introductory chapter.
Specifically microbiological subjects will be treated separately in the relevant chapters.

2. WHAT IS A COMPUTER?

Many readers already have a working knowledge of computers and so may skip this
brief introduction. If fuller details are needed the bibliography at the end of this chapter
should be consulted. Most people have some idea of what computers are and what they
can do, thus a computer is, *a machine which, under the control of a stored program,
automatmaliy accepts and processes data and supplles the results of that processmg
(British Computer Society, 1).

2.1A snmple computer

The diagram (Figure 1) is a simple representation of a computer showing the hardware
or the physical components that are needed. The essential element of any computer
is the central processing unit (CPU). The CPU carries out two basic functions, it stores
information and it acts as a calculator. The CPU is a very simple brain analogue and
‘w the same way that the brain can only function in the context of the rest of the body,

1
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the CPU requires ‘peripherals’ to perform useful work. The latter include the provision
of power and the ability to communicate with a wide range of input and output devices.
Although the CPU contains memory this is typically *dynamic’-and once the electrical
power is switched off its contents are lost, ' o

i Permanent me'r,nbry or ‘backing store’ is usually provided by magnetic disc or magnetic
tape although optical discs based on laser technology are now available. Discs are either
*floppy’ (also called disceties) or ‘hard’ (sometimes referred to as Winchester discs).
Floppy discs are removable, lightweight, flexible structures that can be sent through
the post. Hard discs are rigid and they operate within a sealed unit. With few exceptions
they are not removable, Because they are rigid, hard discs have closer geometrical
tolerances leading to higher packing densities and rates of data trapsfer that may be
10 times that possible with floppy discs. Optical media, though capable of storing gigantic
amounts of information, are primarily for data that, once created, does not need altering.
Such devices include WORM drives. The acronym stands-for write once fead many
(times). )

2.2 Types of computer

In pringiple the organization of the CPU is the same for all computers, be they micro-,
mini- of mainframe. The classification of computer types is very blurred, the British
Computer Seciety defines a mainframe computer as, “a computer with a variety of
peripheral devices, large amount of backing store and a fast précgssitig unit. The term
is generally used in comparison with a smaller or subordinate computer’ (1). Clearly
the terms used in this definition are relative since the modern microcomputer is as
powerful as the mainframe system of 10 years ago. Perhaps a better definition of a
mainframe computer is that it costs a great deal of money and it needs an air conditioned
environment and operators to run it! The term minicomputers is vague and perhaps
only persists now bécause historically some computer firms established a niche selling
small laboratory-based computers which, to distinguish them from their costlier brethren,
‘were chiristened minicomputers, Today both mainframe and minicomputers share another

4



T.N.Bryant and J.W.T.Wimpenny

attribute. They aré designed and optimized to sharé processor power between & number
of different énd-users or tasks. The power and the speed of these systerns, allow each
user his own ‘virtual’ computer even though many other users could .be connected
simultari€ously. For some applications this concept of the virtual computer could be
unsatisfactory. Thus a few procéssor-intensive numerical simulations or a system
operatifig near its design capacity could become intolerably slow. Highly interactive
applications such as word processiitg, especially using screen editing systems, become
impossible to usé properly under these conditions and perform much better on a
microcomputer dedicated to a sirigle user. As a result word processing programs on
mainframe computers remain at the dinosaur stage in evolution! The mainframe computer
comes into its own in a number of important dreas. It can run lengthy numetical programs
in batch mode as a background job or overnight; it offers nessage and file transfer
and electronic mail facilities between its own usérs and between users at other sifes
throughout the world and last, but not least, it offers comprehensive archiving and backup
facilities as a routine service. ‘ ,

One feature that distinguishes mi¢rocomputers from the rest is that they have becorne
consumer durables traded like TV sets from high street stores. They have becomeé
desk-top artefacts not ouit of place in an office of a living foom. They need neither
sophisticated power supplies nor air conditioning and their computational power,
however it is measured, is still increasinig at an astonishing rate. o

This rapid increase in power and availability mears that a great deal of time and
application is needed to assimilate the necessary inforimation o use it to its full potential.
On the other hand power and sophistication also means that ‘user-friendliness’ can be
designed inte operating systems and commercially available software so that comparative
novices can achieve results quickly. ‘This is quite in contrast to the situation on mainframe
and on some minicomputers, where it is expected that computer staff will customize
applications plus documentation for a generally computer literate population.

2.3 Representing information in a computer :

The basic elernent used to hold information in a computer is the binary digit or bit.
Like a switch this can have either of two states, off 6r on, represented ift binary form
as 0 or 1. Computers manipulate collections of bits. A group of 8 bits is kinown as
a byte which represents 256 combinations ranging from 00000000 to 11111111
(0—255 in decimal). Since it is tedious to work in binary notation the hexadécimai
notation using numbets to the base 16 is used instead. Here numbers up to niné ar¢
represented by 0—9 as usual whilst 10— 15 use the lettérs A—F. This reduces the number
of digits used to express a number and is more appropriate than decimal notatiori
especially when dealing with bytes and binary data. Thus the decimal number 197,
is 11000101 in bigary and CS5 is hexadecimal. Information may be manipulated as a
single byte or as a combination of bytes called a word. The size of computet word
can vary according to the type and make of mainframe systems where the word may
be 32, 36 or even 60 bits long. Computers can obviously manipulate textual information,
the 236 possible permutations of 8 bits are more than enough to allow a single byte
to represent upper and lower case letters, digits, punctuation marks and so on. The
most commoti code used to represent characters is called ASCIL, or American Standard
Codé for Information Interchange. ASCII provides an easy way, although not the only

3
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Figure 2. The main components of a microcomputer.

one, of allowing computers and peripheral devices to exchange information. Storage
capacity in computing is frequently expressed as thousands of bytes or kilobytes, this
is not exactly 1000 but 1024 bytés in decimal since it actually corresponds to the binary
expression 2'°, Computer capacities are therefore larger than one might at first expect:
for example 640 kilobytes (K) of RAM actually méans 655 360 bytes of memory whilst
20 megabytes quoted for the capacity of a disc means that 21309 440 bytes can be
stored on it.

2.4 A typical microcomputer

The main compohents ofa typxcal’ mlcrocomputer are shown in Fzgure 2. In principle
the organization of larger computers is quite similar, though commonly Several
components are used to create the functional equivalent of a single component in a
microcomputer. A typical microcomputer is based around a microprocessor unit, or
MPU, which is a CPU without thé meniory, manufactured as a single intégrated eircuit.

The activities of the MPU are synchronized by a clock whose frequencies range from
1 MHz upwards; dependmg on the type of microprocessor. All systems have a limited
amount of pérmanént ROM or read only mermory: thi§ contains instructions to bnng
the machine to life when it is first switched on (booting it up in computer jargon). It
usually provides some basic operating | fac:lmes such as the ability: to deleté or print
information and a language such as BASIC in some systemis. The information in ROM
cannot be altered. A variation of this is the EPROM (erasable programmable read only
memory) and sundry other sirnilar devices which may be pment in some systems. RAM,

standing for random access memory, is the main memory in a computer Its contents
are volatile and lost when the power is switched off. Ram memory is used o store
programs and all the necessary data required for the program to operate. Ini many
computers- it also contairts the opcratmg systém (a specific set of programs) which is
read into memory from & disc on booting up the machine. Input ahd output devices
cominunicaté with the MPU asing a parallel input/output device or PIO and it is the
latter which provides the link to the outside world. The ttahsfer of ififormation between

4



