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ABC of Computing A J ASBURY

THE PROCESSING UNIT AND
THE PROGRAM
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In the previous papers computer input and output were described as parts
of a four component system. In this paper the activity of the third
component, the processing unit, is explained.
Computer processing is undertaken with binary numbers, the simplest of

all possible number systems, where counting is done in twos using only
the digits 0 and 1. This lack of digits is disadvantageous in that binary
representations of decimal numbers are always long and consume valuable
memory space-for example, the number 1023 in the decimal system
requires 10 digits in the binary. The advantage of the binary system is that
the information can be coded on the simplest of all possible switches;
transistor switches which can be electronically operated in nanoseconds are
used. The normal arithmetic functions can then be undertaken by electronic
manipulation of the switches according to rules built into the computer by
the manufacturer.

Alphabetical characters can be also represented in the computer by
giving each letter a numeric code, and computers are often designed so that
the whole typewriter keyboard plus a number of graphics characters can be
represented. The graphics characters are used to make computer output
more acceptable to users.
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How to add
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Language BASIC

The computer has two forms of memory, and in the modern
microprocessor they are on the same silicon chip.
Read only memory (ROM) contains information inserted by the

manufacturer, which tells the microprocessor how to perform the simplest
functions such as adding and subtracting. This area of memory also
contains instructions which tell the microprocessor how to interpret the
user program. The contents of this memory are usually specific to each
manufacturer and are permanent while that chip lasts. The microprocessor
can take instructions from this memory (read fronm the memory), but it
cannot store information here (write to memory).
Random access memory (RAM)-The other form of memory, also on

chips, is a read-write memory, often termed random access memory. This
area of memory, which on a modern microcomputer may comprise about
64 kilobytes and in minis and mainframes many megabytes, holds the
user's program and probably some of the data. This is termed volatile
memory because when the computer is switched off the information is
lost; the information in the read only memory is, however, retained.
The important feature of both memories is that read and write

instructions can be executed within nanoseconds-in contrast with the
slower access to data held in the auxiliary storage devices, which may take
several milliseconds. This difference may not seem very great, but when
commercial computer time is charged by the millisecond and a simple
operation such as sorting a list of numbers into descending order may require
thousands of read-write instructions the time taken becomes important.
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The user program
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Computer software is the general name given to any form of
instructions used by computer. The instructions in the read only
memory inserted by the manufacturer are one example and the user

program another.
The user program is an ordered series of commands which interact with

the built in commands in the read only memory to execute the task. The
program has two main features-firstly, the desired actions are translated
into computer language, and, secondly, it is made up of many simple
operations which may be repeated and used in many combinations.
The computer works using the simplest possible collection of functions

-for example, add, subtract, identify zero, and the logical functions and,
or, not-and most complex tasks, such as long division, are performed
by ordered repetition of these functions. The computer manufacturer
combines these simple functions into bigger functional units (take the
square root of, take the sine of) which users understand. When
long division is required the program directs the manufacturer's software in
the read only memory to implement the sequence of simple functions.
The programmer uses a programming language to instruct the computer;

he could use ordinary English, but the computer would then need a

massive built in vocabulary to be able to interpret all the possible
linguistic forms. In practice a computer language uses a restricted set of
words-usually up to 30. Because computers may be used for many
different tasks several programming languages have been developed. Each
language is conceptually the same in that it calls up a series of simple
functions, but they may be very different in the words they use and the
facilities they offer. Some languages are easy to use as the programs read
almost like English-for example, Basic and Pascal-and they are termed
high level languages. Some high level languages are designed especially for
mathematical use-for example, Fortran and Algol-and have enhanced
mathematical facilities, whereas others are designed for business use, such
as Cobol, which has excellent facilities for accounting. Basic, the
Beginners All Symbolic Instruction Code, is a modern language which,
though having many disadvantages, is provided with many microcomputers
and therefore seems destined to become universal.
The user program can be run in two different ways. In batch processing

the user program is submitted to the computer, which holds it along with
many others in its memory. When the computer has all the relevant
facilities ready-for example, data held on magnetic tapes the program is
run. This method is efficient in computer time and memory use but is

slow when the programmer is trying to develop and correct a program, as

he might have to wait some time to see the results of his work. This
method is often used for running fully developed Fortran programs that
need no alteration-for example, the routine calculation of monthly
statistics for a practice report. Batch processing is usually confined to the
larger minis and mainframes.

Interactive processing is completely under the control of the user. The
program is loaded and executed line by line and the user can see the results
as they are produced. The computer may be programmed to request data
and the user may enter data accordingly; the program may check the
entered data. This method of processing is slower than batch processing; it

is universally used in microcomputers and is increasingly becoming
available on minis and mainframes. A modern mini may be able to handle
up to 30 users all apparently running their programs simultaneously, but in
reality the computerjust does a small bit of each user's program, and then
moves round to the next. A hospital based interactive system could have
many data input poinits with visual display units-for example, biochemical

results could be directly entered on the computer in the laboratory and
reviewed within seconds by the doctor on the ward using a visual display
unit; meanwhile the patient's admission record could be being typed on to
the computer by a clerk in an adjacent office.
The main attraction of interactive computing for the programmer is that

programs can be developed very rapidly. The user, on the other hand,
finds the rapid provision of results helpful.

Dr A J Asbury, FFARCS, PHD, is lecturer in anaesthetics, University of Sheffield.

Basic
10 Print "addition program
20 Print"ype ih twb numbers"
30 Input A.B
40V:- A.B.
50 Print "total is".C

End
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