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Part |. Microcomputers — the hardware

Unit 1.1 Microcompnters

A microcomputer, like any computer, is a device capable of input, performing calcu-
lations, and output. It also has a large capacity for storing both data and programs.

Input is usually via a keyboard attached to a screen, referred to as a visual display
wunit (VDU). Alternatively, some more direct form of input may be used such as a light
pen or joystick device, or a magnetic ink reader.

Output can be to the screen, to a printer, to a more specialised device such as a
graph plotter, or even to another computer.

The calculations that can be performed by a microcomputer are actually individually
very limited. It can simply add, subtract, multiply and divide numbers, and compare two
numbers; but the ability 1o make decisions, based upon comparisons, is an-extremely
powerful one. This implies’ being able to jump to different points in the computer pro-
gram logic depending on whether two numbers are equal or not equal, or to jump only if
one number is greater than the other. This enables the computer system, for example, io
refuse to issue an invoice if the item requested is currently out of steck or if the customer
concerned has already exceeded his credit limit,

 The control function of the computer (to determine what operation is next) and the
arithmetic function (o perform calculations) are both carried out by the central process-
ing unit (CPU). The CPU accesses the memory, which provides immediate storage for
holding programs and data.

Memory is limited in size, and erasable. Hence, bucking storage is also needed, 1o
provide more permanent storage for both computer programs and data. The backing stor-
age can be a magnetic cassette, but on a micro computer it will be a magnetic disk of some
kind.

Figure 1.1.1 shows a typical configuration for a single-user microcomputer system.

Computers are made up of two-state devices, i.e., devices that have two possible
states which can be used to represent either 0 or 1; the smallest unit of storage is called a
bit (binary digit). A byte is the most commonly used unit of storage for a computer, and
is equal 1o eight bits. A byte can store a number from 0 to 255, or it will store one char-
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Figore 1.1.1 Typical single-mser microcomputer system. The cen-
tral processing unit and disk drives may be in the same case.
acter, coded as a number. Table 1.1.1 shows some character codings from ASCII, which
is the most commonly used coding system.
Table 1.1.1  Some ASCII codes for storing characters

Character Code Character Code
A 65 + 43
Z 90 7 63
a 97 H 50
Z 122 = 61

Much of the data stored on commercial systems is in text form (for example,
customers’ names and addresses}, and hence a byte is a convenient unit to refer to. It be-
comes refatively easy to calculate how much disk capacity is needed to store the data files
for a business application. Disk capacities are given in *K’, 1K being approximately on
thousand bytes (actually 2'° or 1024). Larger campacities are measured in megabytes
(1Mbyte = one million bytes). Typical calculations for disk requirements for various ap-
plications are shown in the relevant chapters of this book.

Hardware, softwafe and firmware

Hordware is the physical equipment that makes up the ‘computer system, such as
the visual display unit, processor, disk drives and printer.

To carry out any task, the computer requires a set of logical instructions, referred to
as a computer program. Computer programs are frequently referred to as computer
software, and companies specialising in writing computer programs are known as ‘soft-
ware houses’. Often, manufacturers concentrate on hardware design and get a software
company to produce applications programs. Good hardware and software are both essen-
tial to produce a ‘user-friendly’ microcomputer system.

If a microcomputer often looks sophisticated, even capable of making decisions or
playing a good game of chess, this is not because of any creative intelligence. Instead,
what is being demonstrated is the ability to store a complex sequence of instructions and
to execute this program as relevant. The creative intelligence lies not with the computer
but with the programmer who wrote the software.

- 2 . .



Most microcomputer software is stored on magnetic disk or cassette and loaded from
there as needed. Sometimes, programs are supplied eiched into a microchip. This is re-
ferred to as firmaare.

This chapter describes the hardware that makes up the microcomputer, while the
next chapter describes the system software that is essential to make the microcomputer
easily usable. Most of the remaining chapters discuss different types of applications soft-
ware availahle on microcomputers. It is necessary to understand what the hardware does,
but the major priority in choosing a business microcomouter must be the correct choice of
software.

Microcomputer hardware

Internally, microcomputers consist of a number of printed circuit boards (PCB) on
which are mounted ‘microchips’. These contain integrated circuits etched into a chip,
usually of silicon and metal oxide semiconductor. The chip is enclosed in a block of epoxy
resin and metal.

Microchips are standard circuits in effect building blocks, from which complete com-
puter circuits can be built up. It is the cheap availability of microchips in large numbers
which has led to the microcomputer revolution. Thus Apple, now a huge American public
corporation, started originally in a garage in California with the two founders soldering
chips on to printed circuit boards. There are still new companies starting to manufacture
microcomputers, and it is still quite possible for a company with just a few employees to
produce six microcomputers a week, and to make a healthy profit.

Processor chips are referred to as 8-bit, 16-bit or 32-hit, depending on the number of
bits they can process simultaneously. In principle, a 16-bit (or 32-bit) microcomputer is
likely to run faster than an 8-bit machine, but we shall see that having a faster processor
is not enough in itself to make a computer perform impressively.

Most older 8-bit machines are hased on one of three possible chips (or their later
variants ) ; MOS Technology 6502, Intel 8080 or Zilog Z80. For example, the BBC-B, Ap-
ple II and Commodore PET all use the 6502 chip; the Superbrain, LS1-M3 and others use
Zilog Z80 or Z30A chips; a few microcomputers such as the Rair Black Box and Panasonic
use the Intel 8085 or 8085A.

Newer 16-bit or 32-bit machines use mainly the Motorola 6809 or one of the Intel
8086 family (which includes the 8088 and the more powerful 80X86). Of these, Intel are
probably the most used, if only because the 8088 has been adopted for the IBM PC. Some
recent microcomputers use the Motorola 68000 chip, which is partly 32-bit. These in-
clude the Apple Lisa and Macintosh, as well as the very cheap Sinclair QL business ma-
chine.
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microcomputer A small computer consisting of a microprocessor on a single silicon
chip, togeter with chips containing the internal memory, a keyboard for the entry of data
and programs, a screen for display purpoces, and interfaces for connecting peripherals
-sych as cassette units, disc handlers and printer.

RBITHN  —#NRIEN, TREAERRS LGB R U RS HERREY -
SR, ATHRARBENRFNER., ATEBRENMBEEMATESNBEERE, magR
B &, BARAREMNITHLSN —BE AR,

data® The term is both a singular and plural term which describes a single unit or a
coliction of facts. Data represent facts, concepts, or instructions in a formalized mannér
suitabe for communication, interpretation, or processing by human or compnters. Some-
times, programs and instructions are excluded from data. However, in the usual sense of
the word, data Include programs and instructions.

BE XPTRENRARGUEER, RAAMNRESHES, BBARE —-HRLMHF
ARBHEEL, MESRES, BT ARITENHTENR, MBRLAHE, Hof, BERKESR
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input May he defined as a verb describing\the activity of transfering data into a computer
for processing. Also used to describe the data to be processed.

BN AbigoE XAESE, REABABRBRI R L ELENED, AT RRELEN
HiE

output The resulta of processing, are whether sent to the screen or printer, stored on
disk as a file, or sent to another computer in a network. “Output s _variously used as

@ “dat" P FEEHER.



noun, adjective, or verh.

Bl AEMNERIEAITIBEFERITON, RTFEMEERS BN, iﬁﬁﬂj_ﬁﬂﬁ
EITHW. ovtput X AI{E R & i8] . A E K3,

chip Xk, W Silicon chip.

silicon chip isa srnall plece of silicon containing a semiconductor device, i.e. , a tran-
sistor, diode or mtegrated circuit (IC). It is now possible to have many thousands of tra-
sistors and diedes on a single chip of silicon with dimensions of not more than 5mm

square.

BHAR E—ARE, ZAEEEIAXIAES, BRET. ZRERNERLBUC).
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Hardware and Software

In examining a computing system the first distinction to be made in its components is
that between ‘hardware’ and ‘software’. Hardware consists of the physically solid pieces
of the computer containing all of the circuitry and mechanical parta necessary to carry out
the system functions. A visitor to a computer installation will see only hardware.

* Software is the ‘invisible’ part of the computer and is the name given to the collec-
tion of programs available for use in the system, together with the documentation ex-
plaining the use and control of such programs.

A distinction can be made between ‘system software’ and ‘application software’.
System software is almost invariably supplied by the computer manufacturer and is used
for system control and to aid the development of the application software which, unlike
the system software, is specific to a particular problem. Often system software is re-
ferred to as “software’ and application software as ‘user programs’ or, simply, ‘pro-
grams’.

Despite the relatively short life span of the modern computer, system software is
very sophisticated and is capable of protecting the user from individual machine character-
isties by providing generalised high level functions which are used as ‘building blocks’ for
the creation of the specialist user programs. In a small number of cases, howeve, a
knowledge of the basic machine characteristics is essential,

These latter situations principally involve one or more of the following:

(i) creation of programs to control hardware that is non-standard (in the sense that
the computer manufacturer did not supply it);

. 8 .
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(ii) provision of programs which need to operate in an environment which is not ca-
pable of definition within the generalised functions of the system software;

(iii) use of a system for which little, or no system software is provided.

An example of the first situation given above is where the computer is connedted to
some lahoratory equipment-either to controi such equipment, or to monitor its output. In
these cases, both the hardware to connect the device to the compater — the interface —
and contrel software need to be provided,

In example of the second type of situation is where the purchased computer system is
needed to respond very quickly to user or equipment demands. Despite containing only
standard equipment from the manufacturer it may well be impossible to achieve the de-
sired speeds using the generalised software tools supplied with the computer. Specialist
software may need to be provided having due regard to the exact nature of the required
system performance and the hasic hardware system characteristics.

The third situation has arisen with the advent of so called ‘microcomputers’. These
are miniature computing systems which are extremely cheap to produce. They are com-
monly used as intelligent control devices, where specific software will be developed once
and then distributed in many handreds or thousands of units, thereby spreading the soft-
ware cost which can be prohibitively high for singie systems. It is in the form of micro-
processors that computers will become household items and, indeed, already have done so
in the ‘pocket calculator’ market. Microprocessors also are a growing area in medical
physics computing, bringing the flexibility of the computer io medical equipment. Such
systems can provide a set of built-in protocols for control or monitoring purposes, thereby
cutting down on the number of individual tasks which an operator needs to perform. Little
or no system software is provided with microprocessor ‘kits’ availaable for development
purposes.

When a programmer makes use of the generalised functions provided with the com-
puter, in order o generate applications software, he is said to be using the system at a
‘high level’. Conversely, provision of programs which require a knowledge of the hasic
machine characteristics forces a user to become involved with the system at a “lower lev-
el’. But it is unnecessary for a high level user to fully understand the lower levels of the
system.
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HTHERXFFERPI,
What is a mieroprocessor?

A microprocessor is a large scale integrated (LSI) circuit which contains the complex
. 9 -



