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Preface

You don’t need to be a great mathematician or teenage electronics
wizard to do useful and enjoyable work with the Commodore 64. All
you really need is the patience to learn a simple new language,
similar to English, and you can enter this fascinating new world.
Don’t worry if you never liked mathematics - most computer
programming involves no more than simple counting! In fact, the
mainstream of computing nowadays is in data processing, which is
concerned with sorting raw facts (or data) to produce useful
information. Typical data processing activities might involve large
files of addresses, sporting records or data on hobbies such as
photography, music or motoring, gardening, cooking or wine-
making. In each case the data could be searched, printed or stored
far more efficiently than by manual methods.

The main aim of this book is to introduce the Commodore 64 user
to planned or ‘structured’ programming in BASIC, followed by
detailed instruction in the writing of useful programs to handle
information. Numerous sample programs are included to show you
how to approach the work in a planned and logical manner. Another
of my aims has been to avoid, wherever possible, the excessive use of
technical jargon; I know from experience that this causes many
people to switch off from computers altogether.

So,evenifyouare not turned on by ROMs, EPROMs or joysticks
you may still use the phenomenal power of the Commodore 64 to do
rewarding work. This book is particularly aimed at:

® Commodore 64 owners who wish to graduate from computer
games to real work!

@ Students doing project work for examinations in computer
studies or data processing.

® Business users who want to write programs which are tailor-made
for a particular purpose.
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The Commodore 64 is the ideal machine for data processing work.
After mastering the rudiments of BASIC programming, you can
extend the basic computer into a complete business system. The
additional devices, such as the disk drive and line printer, are
available cheaply off the shelf and fit straight into the Commodore
64, without the expensive conversion work necessary on some other
makes of machines. Such a system will enable you to develop large
programs, to create files of data, and run small business programs,
such as stock control, accounts or mailing lists.

Whatever your level of programming knowledge, I hope you will
find this book interesting and enjoyable. Numerous complete and
well-tested programs - which you may copy directly into your
Commodore 64 - are provided. The vast majority are also suitable
for the VIC 20 and Commodore 4000 series machines.

James Gatenby



Chapter One
Introduction

By the end of this book, you should be able to program the
Commodore 64 to store large quantities of data, to display the data
on the screen in an attractive and readable way, and to search the
data to select particular items, printing out useful information in a
special order. It will be possible to do this using numbers or letters,
or a mixture of both.

Furthermore, you will be able to handle the data with little or no
use of mathematics, although a short section is included as an
appendix to show how the Commodore 64 does arithmetic and how
it may be used as a calculator.

You should, for instance, be able to produce a file of names,
addresses and telephone numbers, which can be amended to include
alterations or additions. Similarly, a data file could be based on
recipes, a catalogue of goods for sale, or an estate agent’s register of
houses, displaying, say, those in a particular price range or locality.

The great advantage of these methods is that really massive
quantities of data can be stored neatly on tapes or floppy diskettes,
and amended or updated, searched or sorted in a way which is just
not possible using traditional document files on paper.

Throughout this book, jargon and technical details have been
avoided where possible, but the following pages introduce a few
specialist words necessary for the operation of the machine.

The Commodore 64

The Commodore 64 is a desk-top microcomputer which can store a
set of instructions, known as a program. This enables it to perform
various operations with far greater speed, accuracy and reliability
than a human being. Today’s micros are more powerful than the
enormous computers of a few years ago, which filled a whole room
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with their bulky valves and transistor circuits. This has been made
possible by the development of the microprocessor, a minute ‘chip’
of silicon on which thousands of components are etched.

The processor, often known as the central processing unit (CPU)
contains a memory, in which the current program is held, an
arithmetic and logic unit, which does any sorting or calculations,
and a control unit which transmits electronic signals around the
machine to co-ordinate the various operations. We need not worry
further about the technical details of these components.

The Commodore 64 also has a typewriter-style keyboard, with the
keys arranged in the QWERTY configuration and a visual display
unit (VDU) or screen, on which the results or output are displayed.
You need have no fear of damaging the machine via the keyboard.

The Commodore 64 may be connected to add-on (peripheral)
devices, such as printers, diskette drives, and cassette recorders. The
diskettes and cassettes are used for saving programs and files of data
since information held in the computer’s memory is lost when the
machine is switched off.

Tape cassettes are a cheap form of storage compared with disks,
but are very much slower, since it is necessary to read the cassette
from end to end to find a particular item of data. Recent
developments should, however, bring the disk drive within the reach
of many computer owners.

To give some idea of the efficiency of computer storage, a wafer-
thin floppy diskette, 5!, inches in diameter, can store 170000
characters.

Operating the computer

The cursor

When the machine is switched on, a flashing cursor appears on the
screen. This corresponds to the nib of a pen, and is the point at which
‘writing’ or text is displayed. The cursor can be moved around the
screen in the directions given on the cursor keys (CRSR) on the
keyboard (the upper movements on the key being obtained by
pressing SHIFT together with the required movement).

Before typing on the screen, it is a good idea to remove any
unwanted text. This can be achieved by pressing SHIFT together
with the key marked CLR/HOME. The Commodore 64 contains
the ‘auto-repeat’ facility on the CRSR keys so that if you wish to
move the cursor twenty spaces to the right, say, you simply keep the
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required key held down, rather than making twenty individual
keystrokes.

After typing a line of text, the cursor is advanced to the beginning
of the next line by pressing the RETURN key. (The RETURN key
must always be pressed whenever we need to enter an instruction to
the computer. If we do not press RETURN, nothing will happen.)
To move the cursor to the top left-hand corner of the screen, press
the CLR/HOME key.

You can feel confident about typing anything you like on the
screen. You cannot damage the Commodore 64 via the keyboard
and the machine will give an ‘error message’ when you do something
it does not like. If, for example, you type PLINT instead of the
correct word PRINT the following error message will occur:

? SYNTAX ERROR

To overcome this, just retype the line correctly and press RETURN.

It is particularly easy to make corrections on the Commodore 64.
To delete a character, just move the cursor to the character
immediately to the right of the unwanted character and press
INST/DEL.

To insert an extra character or characters, move to the right of the
required position and press SHIFT together with INST/DEL the
required number of times. The additional characters can now be
typed in the space created.

The computer distinguishes between the letter O and the figure §.
Care should be taken to ensure that these are not accidentally
interchanged. :

So, to start programming we just need to learn the language of
most microcomputers, BASIC, or Beginners All-purpose Symbolic
Instructional Code. Although slight variations or dialects exist for
different models of computer, the main core is common to all and
users have little difficulty in transferring between different types of
machine.

Modes of operation
There are two alternative ways of operating the computer:
immediate mode and program mode.

Immediate mode enables the machine to be used like a calculator.
We simply give the computer a command, which it carries out
without storing anything in its memory. For example:

PRINT “DAVID”
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If we type this and press RETURN, the characters between inverted
commas will be printed literally on the screen but not stored in the
memory. Thus, the word DAVID is printed.

Immediate mode also enables the computer to be used as a
calculator. For example:

PRINT 5+7

will cause the answer to the sum to be printed, and the answer
appears on the screen. However, immediate mode is most used for
typing in the commands which control the running of the computer.

Program mode enables a set of instructions to be stored in the
memory. Each program consists of a set of lines or statements,
which are numbered in ascending order so that the computer
‘knows’ the order in which to carry out these instructions.

The following single line is, in fact, a computer program, which
may be stored, run, saved and loaded.

10 PRINT “A PROGRAM”

To enter this program, simply type the line and press RETURN.
This simple program will remain in the memory of the computer
until one of the following events occurs:

® The machine is switched off.
® The command NEW is typed.
® Another program is LOADED from storage.

Of course, this simple example of a one-line program would be of
little practical use on a powerful microcomputer, and in reality we
will write programs which may be several pages long.

The size of the program which may be stored in the computer will
be limited by the size of the memory of our particular machine. The
jargon for memory is RAM (or Random Access Memory), and the
unit of memory size is 1K, which means 1024 characters (i.e.
numbers, letters, spaces, punctuation marks, etc.). So, a 64K
machine will hold 64 X 1024 characters in its memory. (Here we are
referring to ‘user-available’ memory; other areas of the memory
contain permanently stored programs used in the operation of the
computer. We cannot store in this part of the memory, only read
from it, so it is called ROM - Read Only Memory.)

The sequence of events when developing a program is as follows:

@ Write the program using pencil and paper.
® Perform a ‘dry run’, again using pencil and paper (testing the
program with sample data).
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® Type the program into the memory and test it by running using
the RUN command.

® Modify and improve the program.

® SAVE the program on diskette or cassette.

® [se the program by loading from storage medium (diskette or
cassette) whenever required, using the LOAD command.

Commands

The following list is by no means complete, but contains enough for
the beginner to make a start. The commands should always be typed
on a new line and followed by pressing the RETURN Kkey.

NEW

LOAD

LOAD “JILL”

LIST

RUN

SAVE “JILLY”
VERIFY

More jargon:
DATA

HARDWARE
SOFTWARE

Delete the current program from the computer’s
memory - always used before typing in a new
program.

Load the next program encountered on tape into
the computer’s memory.

Search for and load the program which has been
saved with the name “JILL”. No deviation from
the original spelling of the name is possible; in this
case, it would not load “JILLY”.

Display on the screen all of the instructions or
STATEMENTS of the program currently held in
the computer’s memory.

Execute or carry out the current program.
Copy onto tape the program currently in the
computer’s memory, giving it the name “JILLY”.
Check that the recording just made on tape is
identical to the program in the memory.

Raw facts (i.e. names, addresses, words, numbers,
etc.).

The pieces of equipment.

The programs, usually on cassette or diskette.




Chapter Two
Programming

Line numbers

We have seen that a program is a set of instructions stored in the
computer, and that the order in which the instructions are carried
out is determined by their /ine numbers. Special instructions also
allow us to jump, out of sequence, forwards or backwards to a
specified line within the program.

Line numbers usually are in the range ) to 63999 and it is common
to ascend in steps of 1§, so that intermediate lines may be added as
an afterthought as your program evolves. For example:

1) PRINT “DAVID”
2¢ PRINT “RICHARD”

Inserting a line

We could, if we wish, insert another line as an afterthought, by
typing LIST, pressing RETURN and appending our new line as
follows:

1) PRINT “DAVID”
20 PRINT “RICHARD”
15 PRINT “JILL”

On pressing return at the end of line 15, this new line will be inserted
in the program in the required position, between lines 1§ and 2§.

Deleting a line
To delete an unwanted line, simply type in the line number and press
return. For example, 20 followed by RETURN will delete line 2§
from the memory.

It is good practice to leave ample space between line numbers
since we invariably decide to insert further statements later.
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Most data processing programs involve the same fundamental
operations, such as:

® Reading data into the computer

® Carrying out some sorting, searching (or calculating)

® Amending or updating the data already stored

@ Outputting the results by displaying on the screen or printing on
paper (‘hard copy’).

Later on we will see how it is possible to choose the particular part of
the program we wish to use by selecting from a list of options or
menu. The menu gives us access to the various blocks of the
program, known as modules, and we find that the same modules can
be frequently used in different programs. Writing programs, then,
involves simply assembling the various modules we require rather
than writing a complete program from scratch.

Figure 2.1 shows the plan for a typical data processing program.

1. MENU

{ Yy 4 }
v 2. READING THE DATA

Y 3. SORTING, CALCULATING

[

4. UPDATING, AMENDING —

|__[ 5. DISPLAYING OR PRINTING
THE RESULTS

Fig. 2.1. A modular program.

From the menu it is possible to move to any of the program blocks
or modules, before returning to the menu and choosing another
module to access.

Little skill is required to write the program in this way, since
special instructions are available and are discussed later. The reason
for introducing the idea of modules now is that it affects the way we
allocate line numbers to our program.

Instead of starting at line 1§ and letting our program grow
erratically to, say, line 479, it is often better to decide on the modules
we need. We then allocate blocks of, say, 1§0@ to each module and
write and develop each module as a separate program, as shown in
Fig. 2.2.
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1000

MENU Module 1
2009
3000

READING THE DATA Module 2
4000
5000

SORTING, CALCULATING Module 3
6000
7009

UPDATING, AMENDING Module 4
80dd
9009

DISPLAYING OR

PRINTING THE RESULTS Module 5
10009

Fig. 2.2. Allocating blocks of line numbers.

Although you do not yet have the expertise in the language to
write such a program, it is helpful to appreciate at this early stage the
idea of ‘blocking’ line numbers with ample space between them.

Learning the language

BASIC consists of simple statements, i.e. words or groups of
words, in English, which instruct the computer to do something.
These are usually concerned with reading or printing data, or
making decisions.

The PRINT statement is one of the most frequently used, since it
enables the contents of the computer’s memory to be communicated
to the user. PRINT enables you to:

® Display any message you type in, on the VDU (screen).
® Display on the screen a copy of the contents of the memory and
the results of our programs.
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® Print on paper (‘hard copy’) the results or answers for our
programs.

Try this:
10 PRINT “YOUR NAME” (press RETURN after
20 GOTO 1¢ each line)

Type RUN and press RETURN to execute or run the program.
Press STOP to end the running of the program.

Now clear the screen and LIST followed by pressing RETURN.
Alter Line 1§, or retype, with a semi-colon at the end.

16 PRINT “YOUR NAME”;
20 GOTO 1¢

Type RUN, press RETURN and note the effect of the semi-colon.
Now repeat, but replace the semi-colon in line 1§ with a comma.

The PRINT statement can also be used to print blank lines, i.e.
spaces, between each line of output (Fig. 2.3):

18 PRIMT"YOUR HAME"
28 FRIWT
28 G0T7TO 1a
Fig. 2.3. Printing blank lines.

After you have RUN this, experiment with line 2¢) as shown in Fig.
2.4 in which the colon has been used to allow multiple statements to
appear on one line. This can be used for statements other than
PRINT, and saves space; it also makes programs harder to
understand!

18 PRIMT"YOUR HAME"
28 PRIMT :FPRINT :FRINT
ZE GOTO 18

Fig. 2.4. Multiple statements on one line.

To slow the computer down, we simply make it count up to a
certain number, as shown in Fig. 2.5.

18 PRIMT"YOLE HAME"

28 PRINT

25 FoR T= 1 TO 18@:HEST T
Ze GOTO 18

Fig. 2.5. Inserting a time-delay loop.
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In line 25, we have now introduced a FOR ... NEXT loop, which is
discussed shortly, but simply makes the computer repeat a process a
certain number of times - in this case 19f). Try experimenting with
different values of T. Try, for example:

25 FOR T=1 TO 5¢¢:NEXT T
or
25 FOR T=1 TO 1¢¢¢:NEXT T

Note: Each time we type in a new line 25 and press RETURN, the
old line 25 is deleted from the memory, being overwritten by the new
version. Also note that the new line 25 is automatically slotted into
the correct position in the program order - check this by typing
LIST followed by pressing the RETURN key.

Remember the commands for operating a program:

® NEW followed by RETURN before starting a new program.

® RUN followed by RETURN to execute the program.

® LIST followed by RETURN to display the statements to allow
alteration (editing) or appending further statements. (LIST 20

say, will list the individual statement at line 20). We may also use

LIST 1000-2000, say, or LIST -500@@ or LIST 79@p- to give
partial listings).

Repeating an operation

We have seen that GOTO allows us to go back to anearlier line, and
repeat a process indefinitely.

It is often useful to repeat a process a specified number of times.
We could print a word 10 times as shown in Fig. 2.6, by enclosing the
PRINT statement in a FOR ... NEXT loop.

1@ FOR H=1 TO 1@ Experiment with

=@ FRIWT "YOUR MAME"  different values for N,

3@ PRIMT e.g. 1 FOR N =1 TO 5.
@ HEST M

Fig. 2.6. Repeating a process - the FOR ... NEXT loop.

Every FOR statement must have a corresponding NEXT statement
to complete the LOOP.

In the above example, N is a counter to tell the computer when the
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required number of ‘passes’ through the loop has been achieved. We
could also use N in the process carried out within the loop as shown
in Fig. 2.7.

18 FORE H=1 TO 1@ Type and run this and
28 PRIMT M note what happens.
JE HERT H

Fig. 2.7. Using the FOR ... NEXT loop to increment the contents of a store.

Here N is being used as a store, rather like a box containing any
number we care to put in. The FOR ... NEXT loop first puts | inthe
store labelled N and at line 20 prints on the screen a copy of the
contents of this store. Line 3)) continues the loop, returning to line
10 where the contents of store N are changed to the next value, i.e. 2,
and these are printed at line 2¢). This process continues until the final
figure in the FOR statement is stored. In this example, at the end of
the loop, store N will contain 1, all previous values having been
overwritten. The program will now proceed to the next line after the
FOR ... NEXT statement, 40, and store N will continue to contain
the value 1§ unless it is overwritten by a new value later in the
program.

Our FOR statement can contain any range of numbers - for
example,

1) FOR T=5 TO 1090
and we could specify an increment or step other than 1, such as
1) FOR T=5 TO 1009 STEP 5

which means that the contents of T will successively be 5, 10, 15 ...
1009.

Note that any letter may be used as the store in the FOR ...
statement, but it must have an associated NEXT statement, e.g.

20 FOR X=1TO 1999
3p NEXT X

To appreciate the power of your computer, run the little program
in Fig. 2.8, which prints out the squares of the first 1000 numbers.
Note the spaces which have been incorporated to improve
readability.
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D@ FOR M=1 TOLEGE
2@ FRIMT M" TIMES "FM" IS "F#H
4@ HEST ©

Fig. 2.8. The squares of the first 1000 numbers.

Screen layout

The most brilliant program is no good if the output from it is a
jumbled mess which the user cannot easily understand. Obviously,
the screen should display only information which is necessary at any
particular stage of the program.

To clear the screen during a RUN of the program, the clearing
operation is incorporated into a PRINT statement as follows:

3 FRIMTYCMICROY

When the SHIFT/CLR keys are depressed inside inverted commas
a graphics character appears - =1 The effect in this example is to
clear the screen before printing the word MICRO.

To improve the layout, we may wish to start printing near the
centre of the screen. We have seen how to move down the screen
using, for example, the following routine which would leave three
blank lines:

70 PRINT:PRINT:PRINT

TAB
We can also move from left to right by leaving a specified number of
blank spaces before printing begins.

80 PRINT TAB(15)“MICRO”

The line above leaves 15 spaces before printing starts. Now try to
print your name in the centre of a clear screen.

SPC
Any number of spaces can be printed in between two strings of
characters by using the space function. For example,

PRINT“TOM”SPC(12) BROWN”
would leave 12 spaces between TOM and BROWN.
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Programmed cursor movements

A further feature of the Commodore 64 is the ability to program
movement of the cursor within the inverted commas in a PRINT
statement. For instance, to begin printing 5 rows down we would
use:

lag PRIMT ¢ sleleiei DToRD

The graphics character g is obtained when the CRSR down key is
pressed inside inverted commas. Similarly, the cursor can be moved
in any other direction by typing the required CRSR key within
inverted commas.

Multiple cursor operations
Several operations may be programmed in one PRINT statement:

iEE PRIWNT v Zeelelejmiiidl CRO"

The above programmed cursor operations would first clear the
screen (SHIFT/CLR), then move the cursor down 4 rows (CRSR),
and then 4 columns to the right (CRSR). (Note: It must be stressed
that the above graphics characters are only produced after the
inverted commas are typed and these must be closed after the
required PRINT statement has been completed.)

If, subsequently, you want to amend a line containing these
programmed cursor movements, you must do either of two things:

(a) Approach the inverted commas from the left and retype them
and the required cursor movements and text.

(b) Approach the required position without retyping the inverted
commas, but press SHIFT and INST/DEL to create the spaces in
which to insert additional characters. One depression of SHIFT and
INST/DEL will allow one programmed cursor movement to appear
as a graphics character - if you need to insert two programmed
cursor right movements, then you must press CRSR twice to obtain
EBI. Further depression of CRSR will move the cursor out of the
inverted commas, and not produce the programmed cursor
movement.

The advantage of these programmed cursor movements on the
Commodore 64 is that we can achieve printing anywhere on the
screen in a much more economical way than using several
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PRINT:PRINT statements or PRINT TAB, etc. Try experimenting
with the cursor movements to position a word anywhere on a clear
screen.

Further operations are possible, such as printing titles on a white
background to improve appearance. This requires the inclusion of
reverse field (RVS ON) after the beginning of the inverted commas
and RVS OFF before the close, as shown in Fig. 2.9.

188 FRINT"@ WHITE BACEGROUMD @"

Fig. 2.9. Switching reverse field on and off to obtain a white background to the
enclosed characters.

Summary of uses of the PRINT statement
The PRINT statement is of paramount importance since it is the

main source of output from the computer. The various forms in
which it is used are summarised below.

PRINT “JMK:101” Any combination of charac-
ters may be printed /literally
by enclosing between in-
verted commas.
Displays the number stored
in address A.
PRINT“NUMBER IS ;A Prints the message in
inverted commas, followed
by the contents of store A.

e.g. NUMBER IS 17

PRINT A

PRINT A$ Displays the contents of
store A$ - a string of
characters.

PRINT A,B The comma causes the

screen to be divided into 4
blocks of 10 columns each,
the data being printed at the
beginning of each block.

PRINT“SMITH”,*JONES”,
“BROWN”
PRINT“SMITH”;*JONES”

This produces:

SMITH JONES BROWN
The semi-colon causes the
next item to be printed
immediately following the
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previously printed item. The
example shown would pro-
duce: SMITHJONES

PRINT“SMITH” The semi-colon again causes

PRINT“JONES” the next item to be printed to
follow immediately from the
previous items, again pro-
ducing SMITHJONES.
(Separation could be
achieved by pressing a space
at the end of SMITH, i.e.
“SMITH )

PRINT TAB(X);A$ X spaces are left blank be-
fore printing the contents of
string store AS.

PRINT“SMITH”SPC(17)*JONES” 17 spaces are left between
SMITH and JONES.

Abbreviations

Most of the Commodore 64 commands can be shortened. For
PRINT, the abbreviation is ?, while many other statements require
only the first two letters to be typed. While typing the second letter,
SHIFT is depressed.

SHRYE=Z SHIFT M=
LOAD=L SHIFT O=L["
LIST=L SHIFT I=L-,
WERIFY=% SHIFT E =W~
Filk=F SHIFT U=k .
Fig. 2.710. Some abbreviations used on the Commodore 64.

As an exercise, try finding out for yourself the complete list of
abbreviations on the Commodore 64.

Further uses of the PRINT statement - ASCI Codes, CHR$, ASC
So far we have seen that PRINT can be used to display, on the
screen, the contents of a store:

1§ PRINT A$

Or to display, literally, whatever appears between inverted commas:
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10 PRINT “THE COMMODORE 64”

In addition, it is possible, using a system of code numbers, to use the
PRINT statement to carry out certain operations, as well as printing
text. For a particular make of machine, there is a set of codes,
although most computers use a standardised set, known as the
American Standardised Code for Information Interchange (ASCII,
pronounced ‘Askey’).

Internally the computer works with strings of §’s and 1I’s, so that,
for instance, the letter A is@ 100 PP 1, which is the binary arithmetic
equivalent of the decimal number 65. These decimal equivalents of
the machine’s binary codes form the set of ASCII codes.

CHR$

On the Commodore 64, the various characters have an ASCII code
of between 32 and 127, with further graphics characters from 160
onwards. The full list of ASCII codes is given in the Commodore 64
handbook, but a few examples are given in Fig. 2.11.

ASCII code Binary

Digits: ¢ 48 po11 PPpo
| 49 po11 PPP1
2 50 po11 9p19
9 57 pP11 1991
Letters: A 65 p10p PPl
B 66 p1pp 9P1p
C 67 p1pp pP11
z 9 P101 1019
Instructions:
Carriage RETURN 13 popo 1191
Change to lower-case
letters 14 0opp 1119
Change to upper-case
letters 142 1000 1119

Fig. 2.11. Examples of the ASCII codes and their binary equivalents.
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The ASCII codes may be used in a PRINT statement to perform
operations, as well as PRINT on the screen. For example:

PRINT CHRS$(14)

This means ‘carry out the operation represented by the character
string with ASCII code 14’. In this case the screen display will all be
changed to lower-case lettering. To revert to upper-case letters type:

PRINT CHR§(142)

(While operating with lower-case lettering, it is still possible to
obtain capitals by depressing SHIFT with the required letter.
Lower-case letters give a neater and more readable appearance on
large sections of text.)

It is, if desired, possible to print the normal alphabetical,
numerical and graphical characters using PRINT CHRS, if for any
reason we want to make a program harder to understand!

e FOR M=30 0TO0 g s
ZE PRIMT CHRE$EOHD
HE MERT M

Fig. 2.12. Experimenting with CHR$.

Run, for example, the program in Fig. 2.12 and you will see that it
prints out a large part of the character set for the Commodore 64.

PRINT CHRS is also useful for programming operations which
do not result in any screen display. Later we will see how it is
necessary to program a carriage RETURN character (which has an
ASCII code representation in the same way as a letter, etc.). This is
used in data files to separate items of data.

ASC

PRINT ASC is the reverse of the PRINT CHR$ statement. PRINT
ASC produces the code number for a character string or operation.
It is used in the following ways:

PRINT ASC(“B”)
would print the ASCII code for the letter B.
PRINT ASC(BS$)

would print the ASCII code for the first letter of string B$. Now try
the program in Fig. 2.13.
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16 THFUT G

ZE PRIMNT ARSCOGE

SEOGOTO 16

Fig. 2.13. A program to print the ASC code of any character which is input.

When you run this program, a question mark will appear. Type in
any string you like and press return. The screen will display the

ASCII code of the character you entered (or the first character of a
longer string).



Chapter Three
Storing Data in the
Memory

Numbers

In order to do useful processing, we need to store our words and
numbers in the memory, so that we can retrieve them whenever they
are needed for sorting, calculating or printing. The data will be
stored in locations within the memory which can be thought of as
boxes. We must label the boxes in some way so that we know where
the data is stored. One of the most common ways is to store all
numbers in locations labelled with the letters of the alphabet. For
example,

20 LET A=7 Line 20 instructs the computer to store the
30 PRINT A number 7 in the location labelled A.

If we run this program, line 3() causes the contents of store A to be
printed, i.e. 7 is output on the screen.

Line 30 tells the machine to print out a copy of the contents of
store location A, while leaving the store unchanged.

Overwriting the contents of a store

During the course of a program it is possible to assign a new value to
a store, replacing the original contents. If we add the following lines
to the above program:

4 LET A=42
50 PRINT A
and RUN
and then press the RETURN key, the output will be

7 followed by
42
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(Note: Both values of A are printed, but after running, only 42
remains in the store.) Line 40 overwrites the contents of store A with
the number 42 and line 50 displays the new contents.

We say that the number 42 has been assigned to the store A, and
this value will remain in store A until it is overwritten by a new value.
Of course, if the machine is switched off or a new program is loaded,
the current value of store A will be lost.

We can use any letters for storing numbers, but it is usual to
choose one which reminds us of the data it is holding. For instance,
we might decide to store Tax in store T, or a mark in store M.
Because the contents of the store may change, we say that store A (or
B or C etc.) is a variable.

We can also change the contents of a store by adding, subtracting,
etc., other numbers in a way which makes no sense mathematically.
For example:

20 LET C=13
3p LET C=C+1
40 PRINT C

Run this and note the effect. Line 3§ actually means: ‘Let store C
now contain the old value of C plus I'.

Although we are avoiding mathematics as far as possible, to
reinforce the idea of a store’s contents being overwritten by a new
value, try these:

19 LET Z=7
20 LET Z=15*Z (* means multiply)
39 PRINT Z

19 LET T=18
20 LET T=T/2 (/ means divide)
39 PRINT T

We can also assign the sum of the contents of other stores to a new
store as shown in Fig. 3.1.

L8 LET Fs?
ZE LET B=1S
3 OLET O= A+l
48 PRIMT ©

Fig. 3.1. The use of numeric stores to hold two numbers and their sum.
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It is often useful to give meaning to the variables by including a
message in our print statement, before printing out the contents of
the store (see Fig. 3.2). Remember, whatever is included between the
inverted commas in a print statement will be output literally, and
extra spaces may be inserted to improve legibility.

18 LET =15
28 PRIMT "pMY HUMEBER IS "0
Fig. 3.2. Including a message before a printed answer.
The output of the program in Fig. 3.2 will be:
MY NUMBER IS 15

We have touched on some elementary arithmetic in order to
demonstrate, as simply a possible, the idea of stored data. In most of
our data processing, although we may store both numbers and
words, we may not do much calculating on the data. However, for
those who wish to do some more advanced calculating with the
computer, a calculating section is included in Appendix 2.

Character strings

We can now consider the most important aspect of storing in data
processing, i.e. names and strings of characters (numbers, letters,
etc.) such as car registration numbers, names and addresses,
telephone numbers, employee records etc.

To distinguish string data from pure numbers, we assign the
strings to stores whose letters are followed by a § sign, e.g.

1§ AS=“JACK”
26 PRINT A$

Note: The inverted commas must always be present in assignment
statements such as line 1(). We can still hold numbers in the stores
for strings, but these will then be treated literally as a succession of
individual figures which cannot be used in calculations. Like the
figures in a car registration number or a telephone number, they
have no mathematical significance.

VAL
Sometimes it is more convenient to enter numerical data in string
form, but because calculations subsequently need to be performed,
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this data must be converted into ‘mathematically workable’
numbers - hundreds, tens, units, etc.

This is achieved by the VAL function, which works only on those
digits at the beginning of a string, e.g.

1§ LET AS$ = “20¢0 ABC”
20 LET A = VAL(AS)
3¢ PRINT A

In line 19, 2009 is simply a figure 2 followed by three individual §’s.
VAL(AS$) converts this string of separate characters into the number
two thousand. The contents of store A can now be processed
mathematically.

STR$
To reverse this process, i.e. to convert numbers into strings of
individual characters, the STRS$ function is used, e.g.

LET A$ = STR$(A)
We can also combine strings by “adding” them as in Fig. 3.3.
Fe="TOTTEMHAM *

SE="HOTEFUR"
FRIMT FE+oE

Fig. 3.3. Combining two strings - ‘concatenation’.

[RYEDA

-

163

it

The + sign, of course, has no mathematical meaning when used with
string data, and simply causes the two words to be printed next to
one another. This is called concatenation.

READ and DATA

To save typing in our data in LET statements (which incidentally
will work without the word LET e.g. A$=“JONES"), we can include
them in combined READ and DATA statements (see Fig. 3.4).

18 READ ALE.C
28 DIFRTAHR 1S, 27 .32
2E PRIMT H.B
Fig. 3.4. A program to READ 3 numbers from DATA.

The READ and DATA statements are mutually dependent, every
READ demanding a corresponding DATA statement, which must



Storing Data in the Memory 23

match in every way. Line 1§ assigns the first number to store A, the
second to store B and so on.

The DATA statements may appear anywhere in the program, but
it is common practice to include them at the end, so that additions
may be made with the minimum disturbance to line numbering in
the program.

Now we may write a program to store 4 names and print them on
the screen (see Fig. 3.5).

2 PRIMTUFIRET MAME IS "W

I8 OFRINTYTHIRD HAME IS “Y#

48 FRINTYSECOHD HAME I35 "iE

R PRIMTYFOLRETH HAME Iz "IZf

SE OATAH BROMWH . TOHES  WALEER . DOBRS0OH
Fig. 3.5. A program to READ and PRINT names from DATA.

18 READ W$ =% Y2

Remember, unless we give the computer new information, store W§
will hold the name BROWN while this program is in the memory.
We could have printed the names out by simply typing

26 PRINT W$,Y$,X$,Z$

Try this and note the effects of the comma on the screen layout.

Entering large quantities of data - subscripts

We can enter very large quantities of data into the memory by using
the idea of a subscript. Suppose we are using the store name V$§. We
can use this name to store a hundred different names by calling them
V$(1), V$(2), V$(3), V8(4) ... VS(100). For these large quantities of
data we would have run out of names using A$, B§, C$, etc.

In addition, the programming becomes much simpler, since we
can READ and PRINT our hundred items using single instructions
for each operation.

We will demonstrate the principle using only four names, but we
can easily extend the method to cover a hundred items.

First we must enclose our READ statement in a FOR ... NEXT
loop (Fig. 3.6).

The FOR ... NEXT loop is simply a counter which instructs the
computer to carry out the enclosed instruction the specified number
of times (in this case, four).
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FoOR I=1 TO 4

IS
ficx]

Read module

.
i
Eu
m
T
)
T
#
—

[2]
%1
e’

138

HE=T I

FoR P=1 TO 4

$
=
X

Print module

in

%]

FRIMT AECF2

I
P
e’

ini

HEXT F

FEODAETH JILL - JIM DAVID.RICHARD  Data module
Fig. 3.6. Using subscripted variables to READ and PRINT several names.

On the first ‘pass’ through the loop, I has the value 1, so the first
name inthe DATA, i.e. JILL, goes into store A$(1). Similarly, A$(3)
will contain DAVID and A$(4) will contain RICHARD.

We check this in the printing loop in lines 49-6@). Note, also, that
the letter used in the subscript need not be I; any letter may be used,
but it must be used throughout the loop, i.e. in the FOR statement,
the NEXT statement and as the subscript.

Using immediate mode to ‘peep’ at the contents of a store
It is sometimes useful to check the contents of a store by typing in
immediate mode as follows:

PRINT A$(2)

If the above is typed, without a statement number, on pressing
RETURN, we should see the contents of store A$(2) copied onto the
screen (in this program JIM should appear).

Warning the computer to expect large quantities of data

The computer needs to allocate space in its memory for large
quantities of data and needs notification at the beginning of the
program. The DIM (dimension) is used to specify the maximum
number of items of data being stored in a particular subscripted
store (known as an array).

Supposing names are stored in an array known as N$(I) and
although at present we have seventy names to store, we may need to
extend the data later to hold a hundred names. We would prepare
the computer by the dimension statement as follows:
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10 DIM N$(199)

More than one variable name may be dimensioned in one statement:

19 DIM NS(109), TS(100)

Error Messages

Now that we have covered several BASIC programming operations,
it is perhaps worth summarising some of the most common errors
which occur.

Syntax error

This is frequently a spelling mistake in the BASIC language, such as
PLINT instead of PRINT or LIFT instead of LIST. A syntax
error may also be caused by a missing comma or a missing bracket.

Out of data

Every time a READ statement is executed, there must be
corresponding DATA, which matches the expectations of the
READ statement exactly. Commonly this occurs when not enough
data has been included. Also, when adding several lines of DATA, if
the user forgets to press the RETURN key at the end of a line, two or
more lines of data will be ‘concatenated’ and in effect the number of
separate items of data will be reduced. (The RETURN key must be
pressed even if the cursor automatically returns to the start of a new
line during the normal typing of data.)

Bad subscript
If you are using subscripted variables and you have tried to store
more than eleven pieces of data, then there must be a dimension
statement (DIM), specifying the maximum number of elements in
the array. For example, the program in Fig. 3.7

T DI AR RED

Liey FOR I=1 TO 26

Tag BEAD AECLD

128 MEST 1

L4 DATH & e v w s n

fig. 3.7. An inadequate number in the DIM statement.
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The program in Flig. 3.7 gives an inadequate number in the DIM
statement and will produce the error message:

BAD SUBSCRIPT ERROR IN 12§

This is because the program is only prepared to expect a maximum
of twenty elements for store A$(I) by the DIM statement.
This can be corrected by altering line 100 to:

109 DIM AS$(30)

Of course, if we have not supplied thirty items in the DATA
statement, we will now produce:

OUT OF DATA IN 12§

Type mismatch error
This occurs when we mix numeric data with string variables, or vice
versa as in Fig. 3.8:

18 READ H*

FRIMT S@®AE

1
e}

-3

2 DATH T

fx]

Fig. 3.8. A type mismatch error: attempting to multiply a string.
This results in the error message:
TYPE MISMATCH ERROR IN 2§

Line 1§ reads the first item of data into string store A$. This is
permissible, but the 7 is only stored as the character string 7, not as
the mathematical number 7. Since the character has no numerical
value it cannot be multiplied, as instructed in line 2¢) and the error is
reported.

Of course, numeric data such as telephone numbers can be stored
quite legitimately in string stores (A$,B$,etc.), as long as we do not
attempt to perform calculations on the numbers.

Redim’d array
This occurs when you accidentally repeat the DIMension statement
for a particular variable - only one is permissible. For example:

16 DIM AS$(19¢)
26 DIM AS$(209)
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This will produce
REDIM’D ARRAY ERROR IN 2§

NEXT without FOR

Every FOR ... statement requires a corresponding NEXT statement
to complete the loop and vice versa. This error is particularly likely
to occur if several loops are ‘nested’, as shown in Fig. 3.9.

INCORRECT
—LlEE FOR =1 TO 1@

Loops must
not overlap

ila FOR J=1 TO 1@

-

CORRECT

— e FoR I=1 TO 1aa

— i FOR J=1 TO 188— | Inner loop is
completed first,
before I is incremented

to next value

uuuuuuuuuuuuuuuuuu

218 HEST I

Fig. 3.9. Loops may be ‘nested’ but must not overlap.
The incorrect version above will cause the message

NEXT WITHOUT FOR ERROR IN 21§



Chapter Four
Developing the Program

Now that we have covered many of the basic program elements, we
can start to assemble a complete program. As our example, we shall
try developing, step by step, a personal telephone directory. To
demonstrate a complete program as simply as possible, we will
include only five names and telephone numbers in our data
statements, but dimension to twenty to allow for additions (Fig.
4.1). The method for dealing with, say, a hundred names would be

basically the same, except that we would need to alter the numbers in
the DIM and FOR statements.

-

DM HEs 2@, THORED
FOR I=1 TO 5
REALD HECT  THCTS
HEXT 1

FOR I=1 TO S
FRIMT HELD, THoIs
HERT I

by N e L PO
oo oI o

2
ozt

DATA DR. FOSTER GLOWUCESTER 22324
DATH ACHME MOTORS . SUTTOM 213
DATA RED LIOM, LOMHGFORD 2423
OARTAH CHEMIST . ELY 472

DETAH JILLETHALL 572

on o oan i
o G P o= S
DR Y

[t
iy

Fig. 4.1. A program to READ and PRINT five names and telephone numbers.

We have put the data statements at the end of the program to allow
additions to be made as our directory is increased in size. The line
numbers between 7 and 5@@ are available to include additional
program lines to do extra operations like sorting in alphabetical
order or searching for a particular name, and these are covered later
in the chapter on searching and sorting.
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Holding a screen display
It is often useful to allow the user to study some text displayed on the
screen, and then to allow the user to proceed when ready by pressing
the space bar. For instance, we may have a catalogue of house
particulars stored in the memory, and the user may wish to study
each house for a while before displaying the next one.
Fortunately, there is a statement which expects something to be
typed into the keyboard and assigns it to a store location. This is the
GET statement, and is similar to the INPUT statement to be
discussed later. GET is faster than INPUT; it does not display a
question mark and does not wait for the RETURN key to be
depressed, as the INPUT statement does.

GET

This statement may be used as follows:

62 PRINT “PRESS ANY KEY TO CONTINUE”
65 GET G$:IF G$=""THEN 65

If inserted in our telephone directory program with these line
numbers, it would have the following effect:

During the first pass through the FOR ... NEXT loop between lines
50 and 7@, the computer would print out at line 69 N$(1) and T$(1),
the first pieces of data.

At line 62 the message “PRESS ANY KEY TO CONTINUE” is
displayed on the screen, and this is ‘frozen’ by the GET statement at
line 65.

Line 65 actually means ‘get something which will be typed at the
keyboard, and assign it to store G§’. The colon then signifies a new
statement.

65 GET G$ : IF G§ =“" THEN 65

The IF ... THEN statement says ‘if nothing is typed at the keyboard,
go back to the beginning of line 65°. (Two pairs of inverted commas
“” with nothing in between are interpreted as nothing.) So, if
anything at all is pressed, the IF ... THEN statement will not be true,
the computer will not ‘hang’ at line 65 but instead will continue onto
the next line of the program.

This is not always ideal, since if we are studying an interesting
display on the screen, and we accidentally press any key, the
computer will move on to the next part of the program.
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We can overcome this by only allowing the computer to proceed if
one particular key is pressed, commonly the space bar, e.g.

62 PRINT “PRESS SPACE BAR TO CONTINUE”
65 GET G§:1F G§<> “” THEN 65

We have introduced the symbols <(less than) and > (greater than)
which when combined mean ‘not equal to’. So, if anything other
than the space bar is pressed, the computer hangs in an endless loop
at 65. However, if we do press the space bar, so that G$=" ", and
therefore the IF ... THEN statement is not true, we do not return to
the beginning of line 65 but continue with the next line in the
program.

To show how the ‘press space bar’ routine may be used, consider a
file of one hundred used cars. The details of the first car would be
displayed on the screen using PRINT statements in the following
output.

MAKE: FORD
MODEL.: ESCORT
YEAR: 1984
CONDITION: IMMACULATE
PRICE: £4,500

PRESS THE SPACE BAR TO CONTINUE

On pressing the space bar, the second car will be displayed, and so
on, working through the whole catalogue of cars in the data file.
(Note: *“ ™ is programmed by a single depression of the space bar
within inverted commas.)

This small routine can be inserted anywhere in the program,
whenever we want to stop execution for a while and then continue
when we are ready. It would be much easier if, however, we only
typed the routine once, yet could refer to it whenever necessary.

Subroutines

To save typing in the PRINT, GET and IF ... THEN statements
every time, we can use what is known as a subroutine (discussed
later). This idea is used whenever we have a set of program lines
which we may wish to use repeatedly.

The frequently used subroutine is included once at the end of the
program. The advantage is that we can jump to the subroutine and
RETURN from it whenever needed.
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Our “PRESS SPACE ........... ” routine could become, say, a
subroutine starting at line 89(0§.

8009 PRINT “PRESS SPACE BAR TO CONTINUE”
8010 GET G$:IF G$<>“ "THEN 8010
8020 RETURN

To call up the subroutine, we simply write:
62 GOSUB 8¢¢¢

At line 62 in the program, the computer jumps to line 800,
performs the statements 809 and 80 10, and after pressing the space
bar, line 8020 instructs the computer to RETURN to the line
immediately following our GOSUB 80@¢ at line 62. We can,
therefore, use this subroutine as often as we require by simply
inserting GOSUB 80p@. Later we will see how our entire program
can consist of subroutines, to which we gain access by a menu or
choice of options.

We will now revise the techniques we have covered so far by
incorporating them into our telephone directory program (see Fig.
4.2).

16 DT R 26

26 FOR D=

SR READ HMECT) T#0D0

46 HERT 1

mGOFOR I=1 TO S
FRIMT MECT) TE010
VIS S

R

e DFETH DR, FORTER .20 v e
DFTH. . .

S 2 1

FRINT "FEE

GET GFEaIF

RETLIERM

SRACE BRE TO CORNT IHUE"
Lt THEM SEla

000 03 e
=

Fig. 4.2. A shortprogramto display records one atatime. The user mustinsert
additional DATA at lines 510, 520, etc.

At line 1099, END has been inserted to stop the computer when it
has finished the program and to prevent it from entering the
subroutine unintentionally, which would produce an error message.

Using READ and DATA, if we save our program on tape, we
have a permanent record of our data which can be updated by typing
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in a new line number or amended by typing in a replacement for an
existing line. In this way it would be possible to change a person’s
telephone number or add a new person to our directory. This
method has been used successfully to keep personnel records of
hundreds of people on tape, although more sophisticated methods
of file handling are discussed later. We will also see later how it is
possible to sort the records into alphabetical order - a relatively
simple task for the computer, but a daunting one by manual
methods.

INPUT

Another method of supplying data to the computer is the INPUT
statement, in which the computer displays a question mark and
waits for the user to INPUT the data. One disadvantage with this
method is that no permanent record of the data is stored when the
program is saved. To demonstrate the use of INPUT, try running the
following short program:

1§ INPUT N$
26 PRINT N§

After RETURN is pressed, the computer will display a question
mark. If the user responds by typing in a name, the name will be
stored in store N§ for the duration of the RUN of the program,
unless subsequently overwritten. On a new run of the program, store
N$ will be set to zero, before a new INPUT statement assigns
another value to store N§.

INPUT is usually used with in-built prompts to the user, as shown
in Fig. 4.3.

2 THPUT MWHAT TS YOURE HAME " rFE
2 FRIHT UHMELL "REY T AR YERY PLERSZEDY
4t FRINT "TO MEET Yol

Fig. 4.8. The use of a PROMPT during INPUT.

We have now seen how to enter data, such as names or numbers,
into the computer, and to display them on the screen by copying
from the memory using the PRINT statement. We have also seen
how to halt the program while we study the display, and then
continue the program, stopping and restarting by pressing the space
bar.
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Unfortunately, our simple example of five telephone numbers
does not justify the use of a powerful computer and the next section
gives methods of automatically counting large quantities of data as
it is entered. We will also see how it is possible to check when the end
of the data is reached.



Chapter Five
Making Decisions

Although early computers were greatly used for mathematical and
scientific calculations, it is now the case that processing data is a
major computing activity. In particular, the computer may be used
to read into its memory the details of hundreds of cars, and pick out
the owners, say, of red Ford Escorts, far more quickly than is
possible by human beings using manual methods. Similarly,
hundreds of names and associated details could be sorted into
alphabetical order, or a group of students’ names and examination
marks could be sorted into the rank order. This is the type of work
for which computers are especially suited to improve efficiency and
reduce boring repetitive work.

The searching can be achieved very simply by the [F... THEN ...
statement already discussed. We need first to learn a few simple
symbols used when comparing data, such as<(less than), which can
be used with both numbers and letters.

If A< B THEN ... (If A is numerically less than B)
If AS<BS THEN ... (Ifthewordinstore A$ comes beforethe
word in B$ in the alphabet)

Similarly > means ‘greater than’ with numbers and ‘later in the
alphabet than’ with words.

We will also frequently use =, meaning ‘numerically equal to’ or,
in the case of character strings, ‘identical to’. Similarly <>, is used
to mean ‘not equal to’, and less frequently we may need:

<= less than or equal to
>= greater than or equal to

For example:

10 INPUT “TYPE IN MAKE OF CAR”;CS$
2¢ IF C$ = “PORSCHE” THEN .........
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If the equality at line 20) is satisfied, i.e. the name Porsche is typed in
response to the INPUT question mark, then we branch to the line
number following THEN.

We could also print something after THEN:

20 IF C$ = “PORSCHE” THEN PRINT N$§

where N$ might be the name of the owner.

The idea of searching for a particular item of data can be
illustrated by a modification to our telephone program. In our first
attempt we have specified the number of sets of data to be read, in
this case 5. However, if we had huge quantities of data, it is more
efficient to ‘ask’ the computer to count it automatically (by simply
inserting a counter C = C+1 after it has read each item) and to
search the data for a deliberate end of data marker. This piece of
‘dummy data’ will be tested for each time the data is read. When it is
eventually found, the computer will leave the reading loop and move
on to the next part of the program (see Fig. 5.1):

N B R X B R e

LET G

&

Te=d
A MDD TE L
TF MECT ="FIMIE THER &
A =] s ls=l e
S5 0T RG
E O T s e awasuos

Fig. 5.1. The use of the counter C=C+1. Testing for an end of data marker -
the word “FINISH"".

The statements in Fig. 5.1 set store C to () and store I to 1. Since |
=1, the first name is read into store N$(1) and the first number into
T$(1). At line 35 we test for the ‘dummy’ end of data marker, the
name “FINISH” which appears in the data lines at the end of the
program, as shown in Fig. 5.2.

SEACATH . i s e v w e P

i

-

{
!,

I
ot

IR T N

-

Viaa DIRTAHMFIMISHY s
Fig. 5.2. Marking the end of the data with a complete set of ‘dummy’ data.

Since the name will not be “FINISH” after the first read
statement, we move to line 4f) where stores C and I are increased by
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1. Line 45 returns us to read the next items of data, which are stored
in N$(2) and T$(2). When the computer ultimately reads “FINISH”
into store N§(I), the IF ... THEN ... at line 35 recognises it and the
program branches to line 50.

Two important points should be understood at this stage.

® Store C now contains the total number of names and telephone
numbers we have read.

® We now have in the memory two arrays of data in numbered
stores:

NS$(1) contains the first name we read in.
N$(2) contains the second name we read in.
N$(3) contains the third name we read in.
NS$(C) contains the last name we read in.
(The computer will have a value for C.)

Similarly the telephone numbers will be stored in T$(1), T$(2), etc.

So, in order to use any name or telephone number, we simply refer to
their variable name (such as T$(2) ). We will not have to read them in
again in order, say, to print them or sort them in alphabetical order.

To display the contents of a particular store, we could type in
immediate mode:

PRINT N$(3)

When we press RETURN the computer will display whatever it has
stored in N$§(3), i.e. the third name in our telephone directory.

Using the counter

We have seen how the statement
C=C+1

enabled us to count the number of items read into the memory. If we
had read 99 values into the memory, then C would contain 99. This is
useful, because we can now specify C as the final number in the FOR
... NEXT loop for the PRINT module as shown in Fig. 5.3

Let us now put the whole program together and follow it through
(Fig. 5.4).

Your data should be entered in line 5@ onwards, remembering to
end with your ‘dummy’ data, which could, for simplicity, be “XYZ”
or something equally short and unlikely to be a genuine item of data.



Making Decisions 37
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Fig. 5.3. Using the counter C in the FOR statement.
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SELE GET GELIF GO " THERM SALA Sub-
SRR RETURM routine

Fig. 5.4. A program to READ and PRINT up to 110 names and telephone
numbers.

Your dummy must, however, be identical to the name tested for in
line 35, e.g.

35 IF N$(I) = “XYZ” THEN 5¢

The basic format of this program could be used for any data
processing subject — not just names and telephone numbers. We
would simply extend the number of variable names, to 4, for
instance:

30 READ AS$(I),B$(1),C$(1),D$(I)

and simply alter the DIM and PRINT statements. It is vital,
however, to check that the variable names in the READ statements
are compatible with the type of data in the DATA statements.
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Using a lot of variables, we may wish to print each on its own
separate line, as follows:

6 PRINT AS$(I)
62 PRINT B$(I)
63 PRINT C$(I)

Why bother with a computer?

Taking our simple example of our personal telephone directory, we

could keep these on a piece of paper. As new names are added, we

extend the list, perhaps onto a new sheet. When people change

numbers, we cross the old ones out and write in the new. We usually

finish up with a complete mess which we never quite get around to

rewriting. With our telephone program stored on tape, however, we

simply load in the program, and amend as follows:

® For alterations we either alter or re-type the appropriate DATA
line. This will automatically replace the old line when RETURN
is pressed.

® To add a new item of data we simply insert it at the next available
DATA line with a suitable number.

You can check your amendments by /isting the program. Of
course, to have a permanent record you must now resave the
program on tape and verify. If you are fortunate enough to have a
printer you can now obtain a printout of the latest version.

Remember that the numbers in the dimension statement must be
at least equal to the number of items of data, preferably larger to
allow for future updating. Also, make sure that your ‘dummy’ data is
the very /last DATA statement.

We have already seen, then, that computer storage is neater and
more convenient to amend and keep up-to-date than the equivalent
paper documents. However, we still have not considered the main
advantage of the computer - its ability to search and sort data at
high speed. This is covered in the next two chapters.



Chapter Six
Searching

Searching for a particular piece of data

As already stated, once the data has been read into the memory
during the READ module, it is available to us in stores whose
addresses we know, such as N$(1),N$(2), etc. This means we can
pass through the complete set of data by simply setting up a
FOR...NEXT loop.

Now, let’s suppose that we wish to search through our 100 names
and pick out the telephone number for a particular person.

We set up the loop to pass through all of the data to be sure of
finding the one we need: if the computer finds the name we want it
leaves the loop and prints out this name and telephone number.

Suppose we are looking for “CHEMIST”. Our search module will
therefore be as shown in Fig. 6.1.

iaa FOR I= 1 TO O

i IF HMECI="CHEMIZT" THEH 136

12@a HMEST I Search
125 GOTO 148 module
126 PRINT MECIN THII0

Fig. 6.1. Searching for a name.

(Reminder: C is the number of sets of data, which the computer
counts during the reading module - one set being made up of one
name and its associated number. One complete set is known as a
record.)

This small search routine can be slotted into the program, so that
the program now consists of the following modules:
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READ MODULE

SCREEN DISPLAY

SEARCH FOR AND
DISPLAY A PARTICULAR
ITEM

DATA

In the next chapter we will see how these modules can be reached
from a menu, so that we only run those parts of the program we
particularly want.

We can improve the flexibility of the search module by adding the
facility to type in the name to be searched for, in response to the
INPUT prompt, as shown in Fig. 6.2.

A IHFUT "TYPE IH THE HAME" :Z2%
183 FOR I=1 TO C

112 IF HWECI=Z% THEH 136

128 HEST I

125 GOTO 144

128 PRIMNT HECIy TECID

Fig. 6.2. Searching for a name in the DATA which corresponds to a name
which has been INPUT.

One fault in this routine may be apparent; if the name is not spelt
exactly right, the computer will complete the loop without finding
anything. This will also happen if the name does not exist. In this
case we should send the user to check the spelling, or alternatively
check through the entire screen display of the file. We could do this
more effectively with the menu (to be discussed later), but an
improvement would be to put a message at line 135 to give
instructions to the user, as follows:

134 PRINT “NAME NOT FOUND”
135 PRINT “CHECK YOUR SPELLING”
149 GOTO 9¢

Line 140 returns the execution of the program to line 90, which
instructs the user to type the name, this time correctly.
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Searching for values which fall between a particular range

We might wish to search our data and print out all items which fall
within a given range, such as cars with an engine size between 1500 cc
and 2000 ccinclusive. If E(I) is our engine size in ccs the required cars
would be identified by line 110 in Fig. 6.3.

LEE PR Ts1 T O
118 OIF ECLXOlSEE OF BT DRO0E THEM 138
LEE PRIMT MAKE " sMEC T

25 PRINT UMODELY s2F 010

S )

Fig. 6.3. Bypassing the PRINT statements when search criteria are not
fulfilled (the required cars are printed at lines 12@ and 125).

Written in this way, those cars outside of the range are ignored when
the program steps ahead to line 13). Those falling within the range
are printed at line 120.

A routine for houses with prices between £20000 and £40000
inclusive is shown in Fig. 6.4.

1Tég FOR I=1 T O

Tien ITF POl 030800 OR PO 40008 THEM 136
128 PRINT "AREAY :AFCT

TE% PRIMNT "DETAILEZY (DECL

2e pE=T 1

Fig. 6.4. Rejecting those houses outside of the required price range (those
within the range are printed at lines 12@ and 125).

In this routine, houses which are less than or greater than the
required range are not printed, since the program jumps ahead from
line 119 to line 13@, and on to the next set of data.

We have now seen how to search our data for particular names, or
to pick out all sets of data where a number fell within a certain range.
The basic method for reading, printing and sorting data is the same,
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whatever the type of data to be handled. So, we could modify the
program to build data files on any subject we like, such as:

Ornithology: Name, marking, size, habitat, migration,
nesting.

Car records:  Performance details, prices, searching for fuel
consumption, price range, maximum speed.

Estate agents: Locality, number of bedrooms, detached/semi,
central heating, price range, etc.

Wine-making: Name, type, year, ingredients, quantities.

Recipes: Dish, ingredients, quantities, temperatures, etc.

The most common mistakes can be avoided if the reader bears the

following points in mind:

® The DIMension statement must be adequate for the number of
items of data.

@ For every READ statement there must be corresponding DATA
statements supplying exactly the right number of pieces of data;
ie. for every string variable in READ, there must be a
corresponding string constant in DATA and similarly for
numeric variables and constants.

Adapting the format for other subjects

Using this basic layout we can store data for any subject we choose,
such as the stock in a small business or 200 favourite recipes.

We will consider the records of 300 items in the catalogue of a
small business. Each item or product is known as a record in
computing jargon, each detail within the record is a field and the
whole collection of 300 items is known as a file (see Fig. 6.5.).

We now have to decide on the names to give the various pieces of
data or fields. Since in our previous program we numbered (or
subscripted) the variable names, our record number will already be
provided by store I. Therefore we only need to read in part no.,
description, number in stock and unit price.

BASIC has a way of including messages into the program - it is
the REM or reminder statement. We will use it to allocate variable
names to our data.

11 REM P$(I) = Part number
12 REM D$(I) = Description
13 REM N(I) = No. in stock

14 REM U(I) = Unit cost
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Stock File
Fields
Record Part No. Unit
no. no. Description in stock price
1 CuU1032 Widget 300 0.59 *
2 EF2436 Flange 250 1.50 *
300 RB6124 Socket 100 0.89 *

* One record is one horizontal row.

Fig. 6.5. Extracts from a data file consisting of 300 records.

Note that the REM statement does not play any part in the running
or execution of the program, it simply allows us to include notes to
add meaning. Also, note that the number in stock and the unit cost
are numbers, which we might later wish to use in calculations, so
they are stored in the numeric variables N(I) and U(I) respectively.

The DIM statement must be modified to reserve space for at least
300 items of DATA. Otherwise, the program is basically the same as
for the telephone directory. To allow for additions we will actually
dimension for 310 records.

The complete stock records program, to READ and PRINT up to
310 stock records is shown in Fig. 6.6.

We could have search modules in this program to print out the
details of a particular record, given the part number, description,
number in stock or price. This would be particularly useful if we
wished to reorder when stocks dropped below a certain level, say 100
items.

We simply pass through the data, comparing the number instock
with our reorder level by adding the routine in Fig. 6.7 which shows
how to search for items which need to be reordered.



44 Data Handling on the Commodore 64 Made Easy
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Fig. 6.6. A program to READ and PRINT up to 310 stock records.

SETHFLUT CTYRE I THE RE-ORDER LEWEL" @R
Lews FoR T=1 T O

L1E IF MoToes108 THEM 126

= FRIMT "RE-ORDER"

FRIMT FEoTa DE0T MoT 0T

L6 HERT 1

Fig. 6.7. Searching for items which need to be reordered.

At line 11¢ . >=means ‘greater than orequal to’, so if the stock N(I) is
less than 100, the program continues to line 112.

Note that there could be several items below the reorder level of
100 items, so we must remain inside the loop after we have found one
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- unlike the telephone directory, where we left the loop on finding
the name we wanted. We could modify this by inserting a counter at
line 115, so that if we had no items below the reorder level, a message
would be printed, but this is left as an exercise for you to try out.

Searching a file for records fulfilling more than one criterion

In a file of cars, for instance, we may not just want to find and print
out, say, all Ford cars. We may wish to refine the search to extract
only Ford Escorts, for example. This implies searching for the two
separate fields of make and model which would be stored in
individual array variables, such as MA$(I) and MOS$(I) respectively.

After reading the data, the program would use a FOR ... NEXT
loop to pass through all of the records, comparing the makes and
models stored with those requested by the user in response to
INPUT prompts. Since the car must satisfy hoth make and model,
any car which fails to satisfy either is rejected (by-passing the print
statements during the pass through the loop). A suitable routine is
given in Fig. 6.8.

e FOR I= 1 To 2@

]

X
3

FRINT "MAEE" MAECLD

@ PRINT "MODEL"  MOECT )
ZEE FRINT "FRICE" .FOLD
406 HEST I

Fig. 6.8. By-passing the PRINT statements if either (or both) of two criteria are
not satisfied.

Note the use of OR in line 320. If AND were used, a car would only
be excluded if it were neither say, Ford, nor Escort. A/l models of
Ford would pass through line 32¢) and be printed.

A sample program is shown in Fig. 6.9, and the reader may wish to
modify it for different search criteria, such as make and colour of
car, or an entirely different subject altogether. Twenty complete
records, or sets of data, must be added.

Line 1909 contains I record, consisting of three fields, make,
model and price. The program must be extended to include a further
19 records to agree with the 20 in the FOR ... NEXT loops in the
program.

Note that the price of car was assigned to the numeric variable
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SE DT MAF DA JMOEC3ED PO

188 REM tMAF=MAKE :MO$=MODEL sF=FRICE
118 REM:READIMG THE DATH

128 FaR I=1 TO z2a

138 READ MAFCL MOEI FPODD

1@ HEST I

158 REM: IMFUTTING SEARCH FIELDE
led PRIMTYEMTER THE HAME™

1¥é IWPUT A

186 FRIMT sFRIMT
198 FRIMT'EMTER THE MODEL"

ZEE IMPUT E#

EE REM:SEARCHING THROUGH THE DATA®

3@ FOR I= 1 TO 28

IF MA$CTHC3AE OF MOECI0C3ES THEM 46
FRIMT "MAKE" MR

FRIMT "MODEL" . MOFCL0

FRIMT "FRICE".Folo

MEHT I

LE@aE DRTH ALSTIN,MINT 2568
161

]
Y s w s w e s e s s s m s e s s

Py
1

-

ot

Fig. 6.9. A program to search the records of twenty cars.

P(I) rather than a string variable such as P$(I). This would allow
calculations to be performed on the price, such as PV(I)= P(I)*1.15
to include VAT, etc. This would not be possible using P$(I), which
stores numbers only as a mathematically meaningless string of
characters, like the figures in a telephone number or car registration
number.

The search routines in the previous examples work well enough,
but depend on the user knowing the exact spelling of the required
name. In practice, we may only remember part of a name, such as the
first letter or a combination of characters contained somewhere
within the required string.

The next section gives more refined searching methods which
allow us to search for right-hand, left-hand and middle sections of
character strings appearing within our strings of data.
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Manipulating parts of strings using LEN, LEFT$, RIGHT$
and MID$

It is often useful to be able to examine not only whole strings of
characters, but also parts of strings. For example, if a witness noted
that a car registration number contained the letters AL, thenall cars
with these letters somewhere in their registration could be identified.

Similarly, it might be necessary to pick out all names beginning
with @ particular letter or perhaps those containing either MR,
MRS, etc. If a code, such as M and F for male and female, were
appended to a name, then the computer could identify these if
necessary.

Four of the main functions used in this work are as follows:

(1) LEN
This is the number of characters in the string. For example:

1§ AS = “COMMODORE 64”
20 PRINT LEN(AS)

RUN this and 12 should be printed. Note that the space in
“COMMODORE 64” counts as a character. (To the computer it is
just another string of @’s and 1's entered when the space bar is
pressed.)

(2) LEFT$
This enables us to manipulate one or more characters on the left of a
string. For example:

1§ A$ = “COMPUTER”
20 PRINT LEFTS$(A$.4)

When the above is run, line 2¢) prints the 4 left-most characters of
string A$, in this case “COMP”.
Try the program in Fig. 6.10, which experiments with LEFTS.

LB Fup= b TH IR
S OFOR H=1TO LEHCAED
3 FRIMT LEFTEOAS MO
i Tel TG LEEEHERT T

a]

AT R

Fig. 6.10. Experimenting with LEFT$.

Repeat this with various strings instead of “ANYTHING”.
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(3) RIGHT$

This is a similar function to LEFTS, but operating from the right-
hand side of the string. Repeat the previous program in Fig. 6.10,
but replace LEFTS$ in line 3¢ with RIGHTS.

Note that when N = LEN(AS$), (i.e. the number of characters in
string A$), we are asking the computer to print out the whole string.
Line 4 is just a time delay which may be adjusted as required by
altering the number 1000.

If we needed to search a file of data to find all names beginning
with certain letters, we could program it by inserting some lines into
the program as shown in Fig. 6.11.

SEEE THPLUT S

SEZE FOR M=1 TO ..... .

BAZE IF LEFTHORECHD  LENEED 3 EE THENSERE
SESE FRIMT AEOHD

Fig. 6.11. Part of a program to search for names which begin with a certain
letter or group of letters.

In this routine, we enter the letter(s) we wish to search for at line
5009. Since this could be the first letter of a name, or the first few
letters, or even the whole name, we cannot just compare the input
name with the names stored. For instance, if we are only inputting
the first letter, then we must only look at the first letters of those
stored. If we input 3 letters, we must only examine the first 3 of those
stored. So we examine LEFT$(A$(N),LEN(S$)) where LEN(SS) is
the number of characters we are searching for and A$(N) is the array
of names in our DATA.

Now we can write a program to read thirty names, say, and search
for and print out all those beginning with certain letters or
combinations of letters (see Fig. 6.12). This is purely a demonstration
program searching thirty names - in practice, hundreds or
thousands of names might be interrogated.

(continue adding data until 30 names are included).

Inthefollowingprogramwecaninput either thefirst letter or several
letters on the left of the required name, or the whole name itself. If
we only enter the letter K in response to the input prompt (INPUT?)
then the computer will pick out all names beginning with the letter
K. In this case KEITH,KIM, etc. would be printed.
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T8 DI PO 38D
118 FoR M=1 TO 28
1568 RERD AFOHD
128 HEST M
125 PRIMT "3
14@ PRIMT "EMTER THE CHARACTERCZ
1&E IHPLUT S
TEd FOR M= 1 TO 28
17 IFLEFTECAECH (LEMOSE 0I0E THEH 1398
FRIMT REOHD
HEST M
GOTO 13RS
CETHA PETER . JOHM  MTEE EITH . TOM
CETA FEITM, T DR IO RICHARD. ..

Fig. 6.12. A program to identify names beginning with certain letters.

(4) MID$
This function enables us to identify groups of characters contained
anywhere within a string. For example:

20 A$ = “COMMODORE”
390 PRINT MID$(AS,3,5)

In the above example, the PRINT statement displays 5 characters
from “COMMODORE”, starting with the third. The third
character is M and so MMODO should be displayed when this
program is run.

Repeat this with different strings for A$ and vary the number of
characters to be printed and also the position of the first character to
be printed.

Checking whether a string contains another string

We can use MIDS$ to check whether a string contains another string.
One method is to work through the main string from left to right,
comparing the required character(s) with those in the main string. If,
for example, the main string were “COMPUTER” and we were
checking for all words which contained, say, “MP”, then we would
compare MP with first CO, then OM, then MP, when a match
would be found. In this way, we could pick out all strings from a
large list, which contained a certain group somewhere within them.
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(We can search for a ‘mid-string’ of any length, not just the two-
character example shown on the previous page.)

Example:

This is not a practical search program, but just a demonstration of
the principle. In practice, you would search hundreds of strings for
those containing a required combination of characters.

L]
i

THFLT =%

FoOR =1 TO LEHCRE?

IF MIDECAE M LEMCSE? p=5F THEHN Y&
HESET H

FRINT AE"DOES HOT COMTRIM"S$:GOTO 20
FRIMNT AF " COMTATHS S GOTO 28

18 AE="AMNYTHING YO LIKE"

ok
b

Ty i gt

Ty L
ARy

o

s
R

it

Here, S$ is the small string we wish to search for, and AS is the

complete string which is tested throughout its length to see if it
contains S§.

We should now be able to include LEFTS$, RIGHTS, MIDS, in
search modules in larger programs, to improve the flexibility of
search routines.

Y ou should note that the program logic is different when we leave
the loop as soon as we have found a unique name, compared with the
case when we remain within the loop to print out, say, all words
beginning with a certain letter.

A learning program

The program in Fig. 6.13 allows the user to be tested on topics such
as the capitals of countries, language translation, etc., where single
word questions require single word answers. The question (e.g.
country) and the answer (its capital) are entered in adjacent pairs in
DATA statements. The user types in his/ her answer in response to
an INPUT prompt and the program compares the user’s answer
with that in the DATA. Suitable instructions are embodied in the
program to respond to either a correct or incorrect reply from the
user.

As we do not need to search or sort through the DATA (since we
are only interested in individual pairs taken one at a time) we do not
need to store all of them in an array of subscripted variables, so a
DIM statement is not necessary.
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18 REM CH=COUMTRY :CAF=CAPITAL
FEM AF=USER"S ATTEMRTED AMSHER
FEAD CF CHRE

IF Cg="uAE" THEM S@d

PRIMNT"A" ePEINT sFRINT sFEINT
FRIMT"WHAT IS THE CAFITRL OF " :0F
FERIMT :FRIMNT

FEIMT"TYFE IH YOUR AMSHER" sPRIMT :FRINT
IMPUT A :PRIMT :FRINT

IF A$=CARF THEH 280
FRIMTYSORRY-TRY AGRIH"

FOR T= 1 TO 2888 :HEST T

GOTO 115

FRIMTYCORRECT"

iy

DR B B IR A e

R B IR |

R N R O B 8 T LA O T e e e e e e e e S e i 1N

RS B SR £ B O % T OO R WS T o Ao B DB S Ao 0 St SN SO 0 1 B Y TN O L O N O K'Y

B FOR T=1 TO ZBAE:HEST T
BOGOTO 1@
B PRIMT :FPRIMT sPRIMT D"
= FRIMTYEMTER F TO FIMISH ¢
e PRIMTYOR R TD REFEAT THE TEST"
18 GET G IF GECHUFY OAMD GECHURUPTHEMS1G
B OIF GE="R" THEH S48
S3E EMD
S RESTORE sGOTO 188
=58 OATEAMER TCA . MESHIHGTOM  BUSSTH . MOSC0M
Se@ DATA FRAMCE .FARIS, ITALY . ROME
578 DATHEHGLAND  LOMHDOM  SCOTLAND  ED I HEBURGH
=EE DETE HUMGARY  BUDRFEST , #2587

Fig. 6.13. Testing countries and capitals.

You can extend this data to include as many questions and answers
as you like, provided that the ‘dummy’ variables XXX,ZZZ are
included to mark the end of the data.

The same program might easily be modified to test, say,
translation between two languages, writing the equivalent words
side by side in the DATA statements. For example:

550 DATA A HOUSE,UNE MAISON,A FISH,UN POISSON

This program could be enhanced by displaying the correct answer if
the user is unable to proceed. One method might be to include a
counter and increase it by one every time an incorrect answer is
input, displaying the correct answer after a certain number of
failures. Fig. 6.14 shows how this may be done.
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i1
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IF C% THEHM 1926

FREIMT :FRIMT"THE IFIFLTHL Tt 2 RFE
FOR T=1 TO ZBES HEXT TiFRIMT I
GOTO 166

FRIMT"SORREY-TREY AGHIMY sG0TOL1S
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Fig. 6.14. Displaying the correct answer after a certain number of attempts.

Time delay loop

In order to delay the messages “CORRECT” and “SORRY - TRY
AGAIN” we have inserted counting loops at lines 170 and 200 in Fig.
6.13. which simply make the computer count up to a certain number
before moving on to the next statement. The delay can be adjusted to
suit the user by replacing the number 2¢§ in the FOR ... NEXT
loops, with larger or smaller values.

By entering the data for question and solution in adjacent pairs in
DATA statements in this way, this program may be adapted for
testing in any subject where a single correct solution exists, such as
spelling, geography, languages or history.
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Sorting Data

It is often useful to have our data arranged in a particular order,
usually alphabetical or numerical. Obviously it is more convenient
to scan a list for a particular item if it is ordered in some way.

The alphabetical sorting routine compares the first two names
(using >=) and, if they are already in order, moves on to compare
the second and third. If the first and second were not in order, they
are swapped. The swap routine is shown in Fig. 7.1.

e LET HE=RgolD
BOLET Ao lr=REc el
Eaf LET P L+l o=

Fig. 7.1. The swap routine. K$ preserves a copy of store A$(I) before it is
overwritten.

KS$ is a spare store used to keep a copy of what was initially in store I.
Line 230 says ‘let store A$(I) now contain a copy of the contents of
store A$(I+1)’. Line 240 has the following effect ‘let store A$(1+1)
now contain a copy of store K$, which contains the original contents
of store A$(1). (Note: It was necessary to introduce the ‘keeper’ store
K$, since the original contents of store A$(1) are overwritten at 230
and would otherwise be lost forever.)

Initially T will have the value 1, so we start by comparing the
values A$(1) and A$(2). We will now enclose the swap routine in a
FOR ... NEXT loop and include the IF ... THEN statement which
tests for alphabetical precedence. Figure 7.2 shows how to sort six
names into alphabetical order.

In the following routine, if the two names were already in alpha-
betical order, the program leaps to line 4¢@) and no swap takes place.
If the two names are not in order at line 22() the program continues to
line 260 where the swapping begins.
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W FOR I=1 TO S
3 OIF FEC D I=REC Dl THE M @

2EE LET EE=RfII
2VE LET AFCIs=RECl+10
208 LET AfCI+1 =%
dEE HEST I -
Fig. 7.2. Part of a program to sort six names into alphabetical order.

The program continues through the data until consecutive pieces
of data have been sorted in pairs. At this stage, however, the whole
list is not yet in alphabetical order and we will illustrate this with six
names as follows:

SMITH BROWN BROWN BROWN BROWN
BROWN | |[SMITH JONES JONES JONES

JONES JONES r_SMITH | SMITH SMITH
WALKER WALKER ’WALKER, WALKER| ABLE

ABLE ABLE ABLE ABLE WALKER
BONNER BONNER BONNER BONNER |BONNER

m———-
| | compared

| ]

compared and swapped

Number of swaps = 4

It can be seen from the example that although we have made some
progress, the list is still not in alphabetical order. So, the process is
repeated by passing through the FOR ... NEXT loop again.

EEOWN;fggyN BROWN BROWN BROWN
IJONES ! [JONES| JONES  JONES  JONES
SMITH 'SNHTH' SMITH| ABLE ABLE

ABLE "ABLE ABLE SMITH BONNER

BONNER BONNER BONNER |BONNER SMITH?
WALKER WALKER WALKER WALKER IWALKER'

Number of swaps = 2

During subsequent passes, the words are ‘bubbled’ up into the
correct position, so that this is known as a bubble sort.

Although the names are still not in alphabetical order, we are
getting nearer. Eventually a pass through the data will result in no
swaps taking place, and the list will then be in alphabetical order. We
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can easily test for this situation by settinga counter in store S to zero,
and incrementing by | every time a swap takes place (see Fig. 7.3). If,
at the end of the pass, S = zero, no swaps have taken place, so the list
must be in alphabetical order.

In our swap routine, S must be set to zero before we enter the loop,
and increased by | after each swap has taken place. S therefore
registers the number of swaps on a particular pass through all of the
data.

A LET S=a
e FOR I=1
AOTF RECT e
LET E#E=
LET HL:

;] L.ET

T =
l“&,r IE A+ 10

IF S8 THEH

Fig. 7.3. Testing for alphabetical order, i.e. no swaps having taken place.

HEE

At line 440 we test to see if any swaps have been made during the
pass through the data, i.e. if S is not equal to §. If swaps have been
made we must return to line 40@ and re-pass until no swaps are
made, i.e. the list is in alphabetical order.

We will now consider the remainder of the sorting process for the
six names. Three more passes will be required before the data is
known to be in alphabetical order.

:"BROWN‘. BROWN BROWN BROWN BROWN

' JONES ! [JONES ABLE ABLE ABLE
Third | ABLE ABLE JONES | BONNER BONNER
pass BONNER BONNER |BONNER uJONES| JONES

SMITH SMITH  SMITH lS_I\_/If[I;I' ISMITH |

WALKER WALKER WALKER WALKER | WALKER!

Number of swaps = 2

BROWN| ABLE ABLE ABLE ABLE

ABLE BROWN gqrjrjl_sR BONNER BONNER
Fourth | BONNER [BONNER .BROWN, BROWN ~ BROWN
pass JONES  JONES  |JONES | rJONES. JONES

SMITH SMITH  SMITH (SMITH: [SMITH |

WALKER WALKER WALKER WALKER |WALKER!

Number of swaps = 2
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After the fourth pass, the names are in alphabetical order: the
computer will pass through them again and on counting no swaps
(i.e. S = @) will leave the sort routine to print the final sorted list.

We have now rearranged the data so that, although the content of
the data is unchanged, some or all of it may have been swapped into
new stores with different subscripts. In our example, N$(5)
originally stored ABLE but this was ‘bubbled’ up in the sorting
process until it finally resided in store N$(1).

So now that the data is stored in alphabetical order, it is simply a
matter of printing out the sorted list in a FOR...NEXT loop (Fig.
7.4).

4&8 FOR I=1 TO &
423 PRIMNT HECIs
458 MEST I

Fig. 7.4. Printing the sorted list of names.

We can now fit this alphabetical sort routine into the telephone
directory program discussed earlier. We will encounter one
problem, however, unless we also swap the telephone numbers along
with their names - i.e. swap T$(I) as well as N$(I). We can achieve
this by swapping the numbers at the same time as the names, in
multiple statement lines. This is shown in Fig. 7.5.

LET K#=H$I2:LET O0%=T#$01>

LET M Io=HECI+15:LET TH$CIo=T#oI+1>
LET MECI+10=K$:LET T${I+10=0%

P PO P
DO I 5
IO RO

Fig. 7.5. Swapping both name and number.

Sorting numbers

The sort routine for numbers is identical to that for words except
that we will, of course, use numeric variable names, instead of string
names. Take, for example,

IF A(I) >= A(I+1)THEN ...

This could mean, say: ‘If the number in store A(2) is less than or
equal to the number stored in A(3) then ...’

Remember - sorting takes time! When running the sort routine
with, say 300 names, there may be a delay while the machine does the
sorting. Do not worry, it has not ‘crashed’.
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Telephone directory - including alphabetical sort and
search routines

Now let us rewrite the telephone directory program to include the
alphabetical sort and the search routines. First, set out the modules
of the program:

READ MODULE

SCREEN DISPLAY

SEARCH AND
PRINT PARTICULAR ITEM

ALPHABETICAL SORT

DATA

The telephone directory program is shown in full in Fig. 7.6.

T8 DM MEC L La  TECLLED

A LET Cm@slET I=1

3 READ MECLr  THECL: Read
E5OIF MECTo="FIMISHY THEH 56 ca
43 C=ClsIsT+] module
SECGTTO R

SEOFOR T= 1 TO oo

SEOPRIHT Printing
S0 OFRIMT MECT  TH:T entire
S5 GOSUER S5 .

s ) file

v I

FEORRIMT v
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2@ THPUT "TYPE IM THE HAME" 5%

185 FOR I= 1 TO o Searching for,
11@ IF M#CIor=2% THEM 13282 and printing a
128 HE=T I particular

136 PRIMT H$0I), THoIo name and number
131 GOSUE SRE6

1 To o1

IF HMEo Ty osbEr T+1 0 THE @R

LET E#=t#:l:LET D#=T$iI) .
LET ME0Tvs=tErI+10 sLET Té#ol o= Alphabetic
THI+10 sort

LET HECT+10=kEl BT THoI+1o=pg | module
S=Sae ]

HEMT 1

IF So3@ THEM 286

FRIHT D"

FOR I=1 ToO O Printing the
PRIMT BECly TH0I sorted directory
MEST 1

R
]
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OATA DR FOSTER  GLOLMCESTER Te3d4
N N s e e as s s Eaw s

iRn
]

T,

EX

=3 £h

LS LI L I

T T O
ra
i)
-4
1
a
"
5
n
"
s
-
u
s
5
a
a
a
s
a
=
u
=
=
=
i3
=
a
s

FRIMNT"EFRESS SPACE BRRE TO COMTIMUOE!
GET GE:IF GEC:" UTHEM 2@18
FEETLRH

Fig. 7.6. Telephone Directory: a program to ‘handle’ up to 110 names and
numbers. Later chapters show how this program may be improved.

Note: In the sort process we only need to go to C—I in the
FOR...NEXT loop, since in our sorting we compare N$(I) with
N§(I+1).

So, we compare N§(C—1) with N§(C—1+1), i.e. N§(C), and swap
if necessary.



Chapter Eight

Menus, Modules and
Subroutines

The telephone directory program in the previous chapter will
definitely work, but it can be improved. At present the program has
the following limitations:

(1) As it has evolved, the line numbers have increased erratically
and we could be short of numbers if we develop the program further.
(2) The program consists of standard routines which are common
to most programs, so we could have allocated blocks of line numbers
from the start.

(3) The way the program is written we will have to execute each
module whether we want to or not. Yet, at a particular time, we may
not want an alphabetic sort or a display of the entire file.

We can overcome these difficulties, and tidy up the program
generally in two ways:

(1) Divide the various phases of the program into independent
modules, allocating blocks of line numbers.

(2) Create a menu or choice of options, enabling us to access
independently only those modules which we wish to use.

Some parts of the program are not optional - we must, for
instance, always READ the DATA at the start of the program in
order to allocate the store locations such as A$(I).

The menu

Here we give the user a choice of options such as those shown in Fig.
8.1 which also incorporates an ‘error trap’ at line 1$9§.

Line 1099 checks to see that a number between 1-3 inclusive is
input at line 1980, otherwise the program returns to ask for the
option to be typed in again. (We could use INPUT A, but if a letter is
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19d PRIMT oFRINTYHERE ARE THE OFT oMY
S FRIMT(PRIMTY L. DISFLAY THE FILE"®
FEIMNTFRIMNTYZ. SEARCH FOR A HAME"
FRIMT dFRINT" 3, S0RT ALPHABETICALLY "
FEIMT :PRINT"TYFE IH YOUR OFTION"
FRINT:PRINT"IT MUST BE IM THE RAMGE®"
FEIMHT sFRINT" L-2"

THFUT AFLET AsWYRALORE:

TF AL AMD AR AMD A22THER L oss
SN 8 S R o e 1 e N v o o, e s T

e GOTO 1aEa

Fig. 8.1. A choice of options with an error trap at line 1090 .

accidentally pressed, an error would occur. The use of A= VAL(AS)
prevents this.)

At line 110§ we have introduced a very important idea - ON ...
GOSUB... We have previously mentioned the idea of a subroutine -
a frequently used module which can be accessed and returned from
at will. Now we can branch to the required subroutine by typing a
single number. ON A GOSUB 2000,4000,6009 means ‘if I is input
for A, goto the subroutine starting at line 2009, if 2 is input for A, go
tothesubroutinestartingat40@@, etc.’ (Similarly ON...GOTO.. . has
the same effect without the RETURN capabilityof ON... GOSUB...)

So, each of our optrional modules becomes a subroutine, accessed
by inputting an option number A, into ON A GOSUB
2000,4000,6000. The optional subroutines will be:

(a) 2009  REM: DISPLAY ENTIRE FILE
30090 RETURN

(b) 4000 REM: SEARCH FOR A NAME
5000 RETURN

(c) 6000 REM: ALPHASORT AND PRINT
70090  RETURN

Just as we can branch to any one of the optional subroutines, we
also return from them, inserting RETURN at the end of the
subroutine.

This will return us to the line immediately after the ON ...
GOSUB ... statement.
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However, we will normally wish to return to the beginning of the
menu, before making another choice. This can be achieved by
inserting a GOTO at line 111 to transfer all returns from the
subroutine to the beginning of the menu.

Immediately before printing the menu, it would be desirable to
program the clearing of the screen. It is also worth taking trouble
with the layout of the menu to make it ‘user-friendly’. Taking an
overall view of the program, we have an initial reading process, in
which data is assigned to store locations, followed by a menu, from
which we travel to, and return from, various parts of the program as
often as we like. The menu gives complete control of the routines
which are accessed - so the program is described as menu-driven.

Telephone directory program - using a menu to access
subroutines

Our telephone directory can now be rewritten in modular form,
complete with menu. This improved version is shown in Fig. 8.2.

LR DVTF MECL 180 T 110

118 LET C=0:LET I=1

113 REM: READ MODULE

128 READ MECI), T

TEEIF MFOIr="FIMISH"THEH 1066

148 C=0a1:I=T+1

15@ GOTO 120

293 REM: THE MEML

LEEE FRINT :PRINT"IHERE ARE THE OFTIOHS"
1818 PRINT:PRIMT"1. DISPLAY THE FILE"
1826 PRINT:PRINT"Z. SEARCH FOR A MAME"
18233 PRIMT:PRINT "3, S0RT ALPHABET ICALLY"
1848 FRINTsPRIMT'TYFE IH YOUR OFTION"
1858 PRINT:PRIMT'IT MUST BE IN THE RAMHGE"
1AER FRIMT sPRINT " 1-3"

LESE THPUT A% :LET F=YALA$D

1898 IF ACFL AND ACD2 ARD RCIETHEM 1686
L1@E OH A GOSUE 2000, 4800 , G000

1118 GOTO 1o
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REM: FRIMTIMG THE WHOLE FILE
FOR I=1 TO G
FRIMT" 3" sFRIMT sFRIHT

PRIMT H$:12, T$0Io

FRIMT :FPRIMT sFRIMT

GOSLIE S8

MEHT 1

RETURH

1V et
oL
Ui

.
= i
1ab
T i
LR B WU

LR

K%
i’

JOLIRK

G B
XA

R
il

L

REM:SERRCHING FOR A HAME
FRIMT"3" sPRIMT sFRINT
FRIMT'TYFE IH THE HAME"
IHFUT Z#

FOR I=1 TO C

IF M#0Ir=2% THEM 4@5a
MEHT I

PRIMT tFRIMT :FRIMNT

FRIMT"" sFRIMT M#0Io, TH0Io
il = SRR

B IRy IR Y]
T
X
'::' '-l-'

-

LRGN

FETLIRE

REM:SORTING IMTO ALFHABETICAL ORDER
P LET S=0
FOR I=1 TO G-1

IF MElro=HEil+1r THEM 8878

LET K#=p#iIosLET o$=T$I)

LET M#0Io=MElI+10 sLET THoIo=THII+10
LET M#EoI+lo=kse LET THil+lo=0%

""IHFH
3 PRIHT PRESS
B OGET GEp IF
1 RE TR

l HZE BRE TG SONT THUE"
FOHUOW OTHEM 2Bli

]
L I e Y
..- 1Ty

X%

-

]

IR}

i

| DR FOETER  GLOUCESTER 7TE5d

[REIRN S

SR THTEH N

Fig. 8.2. A menu-driven program with options to DISPLAY, SEARCH, or SORT
a personal telephone directory.
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So, this program allows us to read in a large amount of data and
allows access to any one of three subroutines. After each subroutine
has been executed, the user is returned to the menu to make a further
choice of option.

Supposing we have completed our use of the program and wish to
finish. All of the subroutines return the program execution to line
1119, which uses a GOTO to branch back to the beginning of the
memory. This would be a convenient place to give the user an
opportunity to end the program.

Asking a question - to be answered ‘yes’ or ‘no’

We can ask a question and get an answer using GET and the options
Y for ‘Yes’ and N for ‘No’. A module setting out these options is
shown in Fig. 8.3. This module can be introduced into the telephone
directory program.

1118 PRIMT"ZERD THIS EUM OF THE PROGEAMY

1128 PRIWTPEHTER Y FOR YES .M FOR RO

Tize GET GFf

1135 ITF GE0%" AMD GECHY THEML 128

i TF GeE="H" THEHM 1888

1= ERD
Fig. 8.3. A module which gives the option to end the current run of the
program.

Line 1130 ensures that the program will only continue if either Y or
N is typed at the keyboard. At line 1140, if we say ‘No’ to ending the
program we return to the menu at line 109@ (see Fig. 8.2). If we type
Y the program continues through line 1140 to end at line 120¢.

Note that although this END statement is not literally at the end
of the program, it is in practice and it can only be approached by
typing Y on return from any one of the subroutines.



Chapter Nine

Developing a General-
Purpose Data Handling
Program

We can now use the telephone numbers program as a model to make
a DATA file on any subject we like, but the following points must be
borne, in mind:

@ The DIMension statement must contain adequate numbers.

® The READ and DATA statements must be exactly compatible in
the number and type of variables (numeric or string), and
constants.

You are not limited to the two variable names N$(I) and T$(I), of
course. You must, however, ensure that if you are reading in, say,
five pieces of data, the five variable names must be consistent with
the DATA statements and the PRINT statements. Wherever N$(I)
and T$(I) appeared in the telephone directory program, they must
be replaced by five variable names such as A$(I), B$(I), C$(I), D$(I)
and E§(I).

This sample program includes REM statements or REMinders,
which are simply notes which are ignored by the computer but make
the program listing easier for humans to understand.

You can improve the program layout by inserting
PRINT:PRINT etc. to give vertical spacing and TAB(X) to give
horizontal movement, clearing the screen where necessary. The
program can be extended to include as many items as you like,
subject only to the memory size of your machine. You may do this by
adding DATA statements from 99¢§ onwards.

Note that the inverted commas are not always necessary in the
data except when the data is to include leading or trailing spaces,
commas, or colons.
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Long strings of data

Items of data need not be confined to single words or strings of
characters. For instance, string variable A$, say, could contain a
sentence such as:

10 A$ = “THE BOY SAT ON THE BURNING DECK”
26 PRINT A$

This would be particularly useful for an address, which if it
contained commas, must be enclosed in inverted commas. For
example:

1§ A$ = “26,LONDON ROAD,0XFORD”
20 PRINT A$

For simplicity, our previous work was based on the personal
telephone directory. Now we will consider extending the basic
program for more lengthy items of data. We could, for instance,
have included both name and telephone number in one long string:

N$ = “DR. FOSTER:GLOUCESTER 7694

However, for the purposes of printing, searching and sorting it is
sometimes convenient to have different names for different parts of
the data. For instance, if storing names and addresses, we might use
variables as follows:

N$(I) = name

A1S$(I) = Ist line of address e.g. street
A2%(1) = 2nd line of address e.g. area
A3S$(1) = 3rd line of address e.g. town
A4$(1) = 4th line of address e.g. postcode

While it might be possible to store the whole address in one variable
name, it would be more difficult to search for a particular postcode
or town, etc., than with the separate variables shown above.

We will now extend the basic program to allow, say, five separate
lines of data to be processed for each record. This might be suitable
for the five lines of an address or for recipes, etc. The choice of five
lines is purely arbitrary, and you may extend or reduce this as
necessary. Similarly, you may decide to put two data ‘fields’ into one
variable, such as storing town and postcode together and printing
side by side - although, as mentioned previously, this limits the
searching/sorting processes.

Our data will be stored in variables:
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A18(1),A28(1),A38(I), A4$(I),A5S$(I)

We now need to consider the telephone program for changes.
Wherever we had N$(I), we mustnow have A 1$(I) and similarly T$(I)
is replaced by A2$().

In addition, all READ and PRINT statements should now
contain the new list of five variables. Also, instead of printing name
and number side by side, these new records, being much longer, need
to be printed on separate lines. So, instead of

2029 PRINT N$(I), T$(I)

we shall need the routine showed in Fig. 9.1, which enables us to
print 5 strings on separate lines.

ot

s,

18 BRIMT A1$01)

A FRINT Rzl
FRIMT FAE$0I)
PRINT Ad$:lo
PRIMT ASECL)
FRIMT sPRIMT sPRIMT

s
.

K
Ly

i

W%
ot

153

-,
'

._
YR % B Y I N
[X I B I

REE AR VI NI
5y}

P
by

Fig. 9.1. Printing five strings on separate lines.

The same effect could be achieved by multiple program statements,
separated by colons, which will still print A1$(I),A2$(I), etc. on
separate lines (Fig. 9.2).

SRZE PRINTALEC I iPRIMTAZS I sPRINTAZS D)
S PRIMT A0l sFRINT ASE0D0
SEEE PRIMT sFRINT

Fig. 9.2. Multiple statement lines.

The alphabetical sort module will also need to be modified to
swap the five variables instead of the two in the telephone program.
The new swap routine is shown in Fig. 9.3, assuming we sort on
A1$(D), the first field in the data.

RS LET =@

EEle FOR I=1 TO C-1

SEZEIF ALEC I C=A1FII+10 THEH @7
EEDE KE=ALECLD D sLF=RZE0 L0 s ME=RIECLD
EEES HE=A4F0 I sFE=ATECLD

EEdE ALECTr=RLEC[+10 sAZEC I o=RZEITI+10
EEdl FRECI=AZEIIHLD
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SRS AGFCT =R ECTHL D s FEE ] be=RBE T 0
SEEE ALECT+HL b=RE s RSEC T+ b=0E
Gy b S I R L T

SEDS AdEC I+l i=HE ATECI+L D=FE
SEEER S=541

SETE HEST 1

SEEE TF S0 THEH SBaS

SEnE PRIMTS

alae FoR I=1 TO O

G118 PRIMTARLIECI sPRINTR2ECL
2111 PRIMNT AZE010

Gl1S PRIMNT A4F010 sPRINT RSE010
clad HMEST I

138 RETURHM

Fig. 9.3. Alphabetical sort module for records containing five variables.

Here K$,L$,M$,N$ and P$ are the holding stores which preserve a
copy of the original contents of a store after it has been overwritten
in the swap process.

In lines 6030 to 6955 we have omitted LET from the assignment
statements, for brevity although, for instance, A1$(I)=A1$(1+1)
still means ‘Let store A1$(I) now contain a.copy of what is in store
Al$(1+1), etc.

In the above list, a record refers to one set of data, such as the
name and address of one person, the details of one car or the recipe
for one dish. A field is a separate piece of data within the record,
having its own store location, such as postcode, telephone number,
etc.

Identifiers
In our telephone program, we searched for a particular name and
found the name and hence the number. Whenever we store data we
are likely to interrogate it to find a particular record, so we need to
have a variable in each record which uniquely identifies that
particular record in some way. This could be done by including a
record number with each record in the data statements, or
alternatively the names might be used if they were all different.
The general data file program is shown on the following pages. If
you wish to store more or less than five lines of data you must modify
the variable list A1$(I),A28(1),A3%(I), etc. accordingly. Alternatively,
if you have more than five lines per record, perhaps two or more
lines could be compressed into one variable. For example, instead of
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A53(I) containing LONDON and A6$(I) containing ENGLAND,
we could simply put “LONDON,ENGLAND?” in store A5$(I).

Searching for a category (containing more than one
record)

The example shown is to store 300 recipes, searching for a particular
dish by its name. This is not ideal, since we may not remember how
to spell ‘Creme Patissiere’ or ‘Gateau St. Honore’ and, as mentioned
earlier, any deviation from the spelling used in the storage of the
data will result in a search which is unsuccessful. In the case of
recipes, this problem could be overcome by inserting an extra
module and searching for a category such as cakes or soups rather
than a particular name. Our search would then produce a set of
records, such as all cake recipes. As our previous program was
written to assume that only one record would fit the search criteria
(i.e. the name and telephone number of a unique individual), we left
the loop knowing that the search was complete. If searching for a
category, rather than an individual name, we must remain within the
searching loop in order to identify further records in that category,
such as all cake recipes, say. Figure 9.4 shows what our category
search module then becomes:

EEMsZERECHIMNG FOR A CRATEGOREY

FEINTY A sPREINT :PREIMT sPRINT

FREIHTYTYFE I THE CRTEGORY"

THFLITCE

FORET=1T00

B OIF AE$CICOETHEM Fos
A6 FPRINT aFRERIMT sFPRIMT

' FRIMTYS sPRIMTHLE Oy sFRIMNTAZS L)

CPREIHTAZE D D sPRIMNTHGEC D o PRIMNTASEC D

B Seaiie

TI

B EETUIRM

]

b

F/'g.A 9.4. A program module to search for a category, in this case the second
variable in a record consisting of five variables.

In the previous module, we have stored the category, such as cakes
in store A2%(1), while still keeping A 1$(1) for our unique identifier
such as the name. Thus,

A1$(I) = name (or some other unique word or code)
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A2§(I) = category (group such as cakes, soups, starters)
A3$(I) = Ist line of ingredients

A43(1) = 2nd line of ingredients

etc.

Since we have introduced a further module to the program
(inserting at lines 70@ onwards), we must also modify our menu to
include the extra option to search for a category and modify the
corresponding ON ... GOSUB in order to gain access to it. The
complete general data program is shown on the following pages.
Since we have included rather a lot of changes in a piecemeal fashion
it may be worth giving an overall description of the program.

A general-purpose data handling program

Purposes:

(1) To enable, say, 300 records of data, such as recipes, to be stored
in the computer or permanently on tape or diskette.

(2) To allow all of the data, if desired, to be displayed individually on
the screen, under the control of the user (via the space bar).

(3) To allow the user to produce a list of all records, sorted
alphabetically on the names of the records.

(4) To enable the user to search for an individual record (such as
‘Maids of Honour’), provided a unique name or code is known.
(5) To enable all items in a particular category to be printed out.

This program is suitable for up to 300 records, each record
containing up to five lines of data.

e [0IM ALECZRE)  A2FC300 )0 A3E 0306 )
1% DM P D286 ASE 03080

11 LETC=8:ETI=1

113 REM:THE READ MODLE

T2 READALECTDY FAZECl) A3ECT

125 FERD A4E0I0 AS5E01

1728 IFRLECI="FINISH" THEH 1 BHH

148 C=C0+12I=1+1

158 GOTOoLza
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The DATA can now be added from line 999§ onwards - we can
insert as much as the computer’s memory will hold, but if there are
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more than 300 records, the DIM statement must be altered. (In
theory we can use line numbers up to 63999.)

Some reminders

® Insert PRINT:PRINT:PRINT etc. to produce spacing between
lines (one PRINT gives one blank line).

® “ ” means the space bar.

Note: Your last statement must include the ‘dummy’ data marking
the end of the data, made up to a complete set of five ‘dummy’
variables. For example,

The DATA
The program can be used for any type of data and we will now use it
to enter some recipes. The name of each recipe will be stored in
A1$(I) and the category in store A2$(I). The remaining data can be
stored in A3$(I), A4$(I) and ASS$(I).

The program may be tested using only one or two recipes; to make
a worthwhile file it is simply a case of typing in more DATA
statements. Considering one recipe initially:

9¢¢¢ DATA HONEYED BANANA SCONES,CAKE

9p¢1 DATA“1 CUP SELF-RAISING FLOUR:!, TSP. SALT”
9p92 DATA“] CUP ALL-PURPOSE FLOUR:2 BANANAS”
99¢3 DATA*2 TBSPS. BUTTER: 2 TBSPS. HONEY”

. Notice that the first item of data, the name, will be stored in A1$(I)
and the second item, the category, will be placed in A2$(1). Inverted
commas are necessary in the remaining data items since we have
included colons. These last three lines of data are to be entered into
stores A38(I), A4$(I) and AS5$(]).

Line 99 1, for instance, provides the third item of data, so that 1
CUP SELF-RAISING FLOUR:!, TSP SALT will be stored in
A33%(I). This will cause no technical problems but if the string
exceeds 40 characters, it will spill over onto a second line when
printed, so adjustment to spacing may be needed to give a screen
display which is aesthetically pleasing. For this purpose it may be
worth obtaining or drawing up some 40-column coding sheets (as
shown in Fig. 9.5) so that our strings, when printed will not split
words between two lines.

We must also check to ensure that since our variable list contains
five variables, then for each record there should be five distinct fields
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or pieces of data. The first two, such as PAVLOVA and GATEAU
in record 2 are separated by a comma. The fourth and fifth
fields are separated by starting new line numbers, with RETURN:
_depressed between each.

Notice that in line 9992 our item of data has extended to two lines
and this is acceptable provided we do not press RETURN until we
reach the end of that particular string of data.

Try running this program, either with the limited data supplied in
this book, or by extending it to include your own. Possible uses
include:

Estate agents’ house file

Car showroom stock file

Medical records

Product range in a small business
Photographer’s records

Name and address file
Gardener’s seed/plant records
Motoring records and expenses

Limitations

As written, the program provides for data to be stored in
AIS$(1),A2%(1),A38(1),A48(1),A5%8(1). This set of variables would
need to be extended if each record contained, say, ten lines of data
which could not be compressed.

We might also fill the memory of the computer. In order to check
this, type PRINT FRE(f). On pressing RETURN a number such as
5928 is displayed - the number of unused ‘bytes’ or characters of
memory. In the recipe program, we have compressed several lines of
data by including them in one string between inverted commas.

Supposing we do not have enough data to fill all five variable
stores. This can be overcome by typing in dummy data, such as
“***” or similar, so that if the computer expects five data items, then
that is what it actually reads. If, for instance, we are printing out
names and addresses, and only need four lines, the output including
the dummy data would be as follows:

JOHN BROWN

129 LONDON ROAD,
OXFORD,
ENGLAND.

3k 3k ok %k k



Chapter Ten
Files

1. Program files

Saving permanently on cassette tape

Having entered a large quantity of data into the computer’s memory
via the keyboard, it is necessary to preserve a permanent copy so that
the program and its data may be used in the future without retyping.
The program will normally be saved on ‘floppy’ diskette or cassette
tape by using the SAVE command and a suitably short name, such
as:

SAVE “MY FILE”

If we have invested a substantial amount of time in entering the
program and its data, and bearing in mind the relatively low cost of a
tape or a diskette, it is usual to make at least two copies of a program
for security purposes. Commercial organisations such as banks keep
duplicate tapes in different places, as a precaution against theft, fire,
or accidental damage. In the case of a cassette tape it is usual to snap
off small tabs which make over-writing impossible and on diskettes
a small tab is stuck on to ‘write protect’ the stored data.

When saving an important file on cassette tape it is worth
dedicating one tape to that file alone, so that there is no confusion
about finding and loading. For this purpose, the special 12- or 15-
minute computer tapes are ideal and generally far more efficient
than 90-minute music cassettes containing numerous programs.

Apart from being much faster than tape, the disk drive enables the
user to display rapidly a catalogue of all files (programs and data).
This allows the user to check the exact spelling of a filename, before
trying to load from diskette into the memory. The Commodore 64
disk drive provides the user with 170K of backing storage to
supplement the computer’s memory.
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Maintaining the file

Let’s assume that we had used the General-Purpose Data Handling
Programto record, say, 100 names and addresses. The data, saved as
an integral part of the program in lines 9909 onwards, will not be of
maximum use to us unless it is always up-to-date. Some names and
addresses may need to be removed from the file entirely, details may
change, or new records may need to be added. This process is called
updating the file and the three operations are known as:

® Amending Modifying one or more fields of an existing record
within the file, such as a change of telephone number only.

® Deleting Removing a record no longer needed such as the name
and address of a person leaving an area.

® Appending Adding a new record to the file.

With our file stored in DATA statements, the procedure would be
as follows:

(1) LOAD the program into the memory from cassette or diskette.
(2) Amend any records by retyping or ‘screen editing’ the required
DATA statement.

(3) Delete a record by typing the appropriate line number(s) and
pressing RETURN.

(4) Append a new record by typing a suitable line number and
DATA statement, checking for consistency with previous records
for type and number of variables. (The new record could either have
a line number at the end of the data, or be inserted by allocating an
intermediate line number.)

(5) LIST the program and check that the required changes have in
fact been accepted into the memory.

(6) SAVE the updated file by recording on tape or diskette with a
suitable new name.

Out-of-date files

It may not be necessary to keep every old file after it has been
updated, perhaps several times. We may need the space the file
occupies on a floppy diskette, or we may not want numerous
cassettes creating clutter. However, with important files, it may be
necessary to have the ability to retrieve information should our
latest copies of the file be lost or damaged. The ‘grandfather-father-
son’ system requires the 3 latest versions of a file to be kept, so that as
an updated file is made (becoming the ‘son’) the previous
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‘grandfather’ may be destroyed and replaced as ‘grandfather’ by the
previous ‘father’.

So far we have only considered program files, in which our
program contained the data in an integral unit. It has been shown
that this system works and may be used to handle the records of, say,
250 people, sorting and updating as necessary. However, the
program file has the following disadvantages:

(1) Every statement must be preceded by characters such as 99 19
DATA ..., which uses up memory space and takes typing time.
(2) The updating requires some knowledge of programming in order
to alter the DATA statements. In other words, it is not ‘user-
friendly’ to everyone who may wish to use the program.

(3) We may wish to use our General Purpose Data Handling
Program to handle files on several different subjects or several
separate files on the same subject. It is inefficient to have to save the
same program, involving several thousand characters, along with
‘the data on every file. Itisrather like having an expensive tin-opener
attached to every tin in the larder. One good separate device would
give us access to all of the various contents of the tins and we could, if
necessary, improvise with another tool.

In the same way, it is possible to store data, separate from the
program, but accessible to the ‘purpose-built’ program and also to
other programs which we could write to examine the file. We will
now consider special data files in which data alone is stored, separate
from the program, but accessible to it.

2. Data files

The data file is simply a very long string of all of the ‘fields’ of data in
our records. Our program will take care of presenting the data in
rows or columns, etc. by PRINT statements, when it is transferred to
the screen or paper.

Each field will have a variable name, as in the General Purpose
Data Handling Program, such as A1$(l), etc. and these fields are
stored on tape as separate pieces of data. We can either write 10 a
data file, or read from it and separate programs, or program
modules can be written simply to do this.

First it is necessary to OPEN the file, with a statement like:
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2009 OPEN 1,1,1“DAT”

File Numbér  Device number 1 means we wish to
inserted by (cassette, usually 1) write to the file.
the user (Omitting the 1 would

open the file for reading.)
“DAT” is any name invented by the user for their particular file,
preferably short and unique.
After the file has been used it must be closed as follows:

3p@¢ CLOSE 1

Writing to a file
Having opened the file to write, the PRINT# statement copies the
contents of the variable name stores onto the tape (Fig. 10.1).
A OFER L1 T DERT
SEET FOR I=1 T O
ERLE PRIMTHL FLEC D)
SER2E PRIMTHL AZ$CT

8 5 w8 8 8 oaon ® 8 8 8 uasonon

Fig. 10.1. Opening a file to write data into it.

Note that in order to record Al$(1) and A2$(I) as distinctly
separate pieces of data, they have been included in separate PRINT#
statements, so that a carriage RETURN separates each variable
name. If we want to include the variables in a single PRINT#
statement, then separation must be achieved by programming a
carriage return using the CHRS$ function:

S Cg=CHRER O LED
SELE PRIMTHL.ALECTD CEASECT 0 OF A2E0T 2.,

where CHR$(13) means character string 13, the coded representation
of a carriage return. (All of the keys have a CHR$ number -
experiment with PRINT CHRS$(#) inserting numbers from 33
onwards in the brackets.)

After writing DATA to the file, the computer writes an end-of-
file-marker at the end of the data.

Reading from a file

The file must first be opened to read, then the variables are
transferred from file to computer by the INPUT# statement as
shown in Fig. 10.2.
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=998 OFEM 1.1 ."DHETY

s FoR I=1 TO O

FalE THFUTHL DRLECDD AZECLD

SEEEa HEST I

d@ame CLOSE 1
Fig. 10.2. Opening a file to read data from it, back to the computer.

Unlike the PRINT# statement, several variables may appear on one
INPUTH# statement separated by commas.

The reading of the file is complete when the end-of-file marker is
detected, and individual machines will have different tests for this.
So, the file of data will exist independently on its own tape or
diskette.

We can either write a small program to read the file or a more
complex package of modules to read and write to the file, including
options to update the file. Usually we deal with sequential files on
home computers, where the file is read from end to end, although on
diskette systems, in addition to sequential files, we can access data
directly.

User-friendliness

It is now possible to write a program, using a sequential file, so that
instead of using data statements, the user is asked to type in the data
in response to INPUT statements. These include a prompt to help
the user, such as:

209¢ PRINT “ENTER THE DATE”
2010 INPUT D$

or
2000 INPUT “ENTER THE DATE”;D$

The complete record is then displayed on the screen by PRINT
statements, and if the user is satisfied with the display, it is writren ro
a file, before the next record is entered. There is, therefore, no
separate operation to save data on tape, since the recording is
accomplished by the PRINT# statements built into the program.
With further options, chosen from a menu, to read and update the
file, it is possible for an operator to use the program without
becoming involved in the programming language data statements.
At the end of the process, the user will have a program which still
contains no data whatsoever, and a tape or diskette file, which
contains a long string of data but no program instructions.
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Creating a sequential data file

The following program shows how to create a sequential data file on
cassette tape. The procedure for a diskette sequential file would be
the same, although there are slight differences in the opening and
closing statements. These are discussed in more detail in the section
on disk drives in the next chapter.

The sample program shown uses a set of cars for sale, with fields
for make, model, year of manufacture and price. These are written
to the tape, quite separate from the program, and for an important
file it would be worth devoting a new tape exclusively to this file. The
program would be loaded into the memory from tape and then the
program cassette would be removed and replaced by a new cassette
on which the sequential file would be written.

The user enters the data in response to INPUT prompts, such as:

ENTER THE MAKE
?

When a complete record for one car has been entered during four
INPUT operations, the user is given the opportunity to retype the
record or save it on tape. After an affirmative reply, the record is
saved using PRINT# statements. Further records may be entered
until the user chooses to cease, in reply to:

“ENTER ANOTHER ITEM - Y OR N?”

Using a simple menu, the program allows the user to open the file to
read, and search for all cars of a particular make. This make is
entered by the user after an INPUT prompt.

Reading of the program continues until an end of file marker is
detected. During this process, any cars in the file which match the
make entered by the user are printed out.

The user may notice the cassette drive stopping and starting
without the keys being depressed. Under the control of the
computer, data is temporarily stored in a buffer, before it is
displayed on the screen. When the buffer is ‘full’, the cassette will
stop and the data will be displayed. The cassette drive will then
restart and refill the buffer, the process continuing until the whole
file has been read.

A sequential file for car records
Figure 10.3 sets out the program for a sequential file of car records.
Note that this program contains no data, either before or after
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lead REMMEML OF OFTIOHS
lale PREIHTUENTER 1 TO CREATE A FILE"
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Fig. 10.3. Creating a sequential file of car records.
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running the program - the only data is stored on the separate data
file. Thus we could use one program to access several files of the
same type - in this case several different files of cars - each on an
individual, labelled tape.

When the file is written to the tape, it is recorded as a continuous
string of characters, including the carriage return characters
separating the strings of car details.

FORD <CR> CORTINA <CR> 1982 <CR> 2500 ...

As stated previously, the carriage return may either be achieved by
separate PRINT# statements for each variable name, as in the
previous program:

2118 FRIMNTHI1 H$
2128 PRIMNTHIL M#$

or by using a single PRINT# statement, including the carriage
return between the variable names, e.g.

2185 CF=CHREE L3
2116 PHIHT#i,Hi,C$IM$JG$,?$;C$;P

CHRS$(13) is the code for a carriage return, and this is assigned to
store C$ for economy in the PRINT# statement. The file consists
only of our strings of data and carriagereturnstrings. The dataonthe
tape is not assigned variable names as in a file in the computer’s
memory, so when the file is read back from tape we can asign it to
any variables we choose, provided they are of the right type, either
string ($) or numeric.

Examining a previously recorded file

Let’s suppose that we want to have a look at an existing file.
Provided we know the file number given to it on recording (usually 1
if you only use files one at a time), we can open it to read without a
file name:

1) OPEN 1,1 (open file number | on the cassette unit)
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GET#
Using the GETH# statement we can read the file a character ata time,
using the program in Fig. 10.4.

16 OPEM 1,1

EEOGETH A%

I FRIMT Ff

43 IF SToxEd THEH 26
SE CLOsE 1

Fig. 10.4. Reading a file one character at a time.

The result of this program would be a display of the sequential file as
a succession of individual characters as follows:

Note: '

The gap between D and C

is the carriage return written

to the tape to separate the string
constants.

200N U®mOT

By inserting a semi-colon at line 3§,
30 PRINT AS;
the display would become

FORD CORTINA ... etc.

The fact that the sequential file is stored merely as a continuous
single line of data does not affect the final display of data on the
screen or printout on paper. This is controlled by the format used in
the PRINT statements after the data has been read from the tape
and assigned to the variable names which we have chosen to use in
the INPUT# statements. These may be different from the variable
names used during the saving of the data in the PRINTH# statements.

Sequential file maintenance

A file of records may not be accurate for long - it will usually need
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updating from time to time. For example, a person may change his
address or telephone number. Prices of goods may need to be
increased in line with inflation. It is necessary, therefore, to have the
ability to modify parts of a file without retyping the entire set of
records.

Unfortunately, with cassette files, it is not easy to overwrite fields
in the old data with the modifications, since the characters to be
replaced cannot be located with sufficient precision. The method
used is to read the complete file into the computer’s memory, carry
out all necessary modifications, then re-save the new file in its
entirety, preferably on a new and separate tape.

Provided records were kept of the modifications, the old tapes
could be kept as security copies. If the latest version of the file were
lost or damaged, it could be reconstructed using the old file and the
modifications. It is normal to keep only the last three in the sequence
of up-dated files, known as the grandfather, father and son. When a
new file is created, it becomes the son, and the previous grandfather
may be scrapped. For a very important file it may be worth making
duplicate copies to store in a different location, in case of fire, or
theft, etc.

The next program shows how a sequential file may be written, and
a module is included to perform the various maintenance
operations. The program has been written to allow five lines of data
to be entered via INPUT statements; the program could easily be
modified to allow more lines of data by extending the list of
variables.

Any number of records, such as names and addresses may be
entered. No data appears in the program itself - it is written directly
to the tape file after INPUT by the user. The same program may,
therefore, be used to create files on any subject. The amount of data
stored in the file is governed by the available space on the tape or
diskette, not by the space in the memory.

Updating the file
The operations which may be needed either singly or in combination
are:

® Modify an existing record, by altering one or more fields.
® Add a new record to the end of the file (appending).
® Delete a complete record which is no longer required.

Before any alterations can be made to the file, it must be read from
tape into the memory. The strings are read into subscripted variable
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names A$(1),B$(I), etc. and the subscript I is provided by a counter
as shown in Fig. 10.5.

2038 OPEN 1,1

281 I=1

2828 IMPUTH#1 A% 1)  BFCI)  CHilo

2825 IMPUTH#1, 0501 E$CI)

2833 I=I+1

28a4a IF ST<»E4 THEN 2826

2058 CLOSEL sRETURN

Fig. 10.5. Counting the number of strings read from a file.

DU

When all of the file has been read, the final value of I is assigned to
N, for use in the FOR I=1 TON ... NEXT loops when displaying or
rewriting the file.

Modifying a record

When the file has been read into the memory using subscripted
variables, it may be displayed on the screen using the subscript as the
record number (Fig. 10.6).

FELE FOR I =1 TO M

BEZE PRIMNTY"RECORD MHOL " eI
FE3E PRIMNT AFCLD aPRINT BEOI

Fig. 10.6. Displaying the file after reading.
etc.

To modify, say, record number 17, we are asked to INPUT the
record number, then retype the amended record. Thus the strings
A$(17),B$(17) etc. will be overwritten by the new version, and the
process may be repeated with different records as required. At this
stage the new file exists only in the computer’s memory, and if no
further changes are needed the complete file must be written to tape
for permanent storage.

Appending a record

The appended record must be given the next subscript to that of the
last record in the old file. This can be obtained by reading and
displaying the file. The user is asked to INPUT the required record
number and the program modifies N, the number of records, to
allow for the appended record.
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4029 INPUT A:IF A>N THEN N=A

The record to be appended is now entered in response to the INPUT
prompts. Again, the complete file must be recorded on tape for
permanent storage.

Deleting a record

The procedure is the same as for modifying a record, except that we

retype the first line with a ‘dummy’ string, such as “DELETED”,

filling in the other lines with more dummy characters, such as ** **,
When the file is written to tape we test for the word “DELETED”

and if found that particular record will not be written to the file.

Figure 10.7 shows how this is done.

Bt

SRR T=1 T H _

OIF AECIy=VYRELETED" THER 4356
AIEE CE=UHEEC LD

AZAE PRIMNTHL AEC T OF BECL D OE CECT
A4S PRIMTHL DECDY OF E$0D0

S425E HERT I

Fig. 10.7. Deleting a record as a file is rewritten.

Alternatively, if we also need to add a new record, this could be
inserted, by overwriting the unwanted record, typing the new record
with the same record number.

Creating and maintaining a file of data such as names and
addresses

A diagram of the modules for a program to create and maintain a file
of data is shown in Fig. 10.8. If it becomes necessary to perform
additional operations, such as searching or sorting, then these could
be inserted as additional modules. It would, of course, be necessary
to modify the menu and the ON ... GOSUB statements. A program
for creating and maintaining a file of data such as names and
addresses is shown in Fig. 10.9.

You may wish to enter the program in Fig. 10.9 and create a file
(on a separate tape from the program). You can improve the
presentation by screen clearing and using PRINT:PRINT etc., TAB
or programmed cursor movements.

Additional instructions to the user may be inserted such as:
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Menu

. Create a file
. Read a file

. Display a file
. Update a file

‘i}' A 4 VF i A I\ AL a

Creating a file

HWN =

Records entered and
written to tape

Reading a file

Records read from tape |—
to memory, and assigned
to variable names

Display a file
Printing each record on
the screen Additional modules
may be added to

search, sort or
print hard copy,
Update a file as described previously.

Amend or delete existing
records.

Append new records.

Fig. 10.8. The modules of a general program to create and maintain a file of
data.
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REM:THE MERHL
PRIMT"DEMTER 1 TO CREARTE A HEW FILE"
FRIMT:PRIMNT"EMTER 2 TO READ A FILE"

FRIMT
FRIMT"EHTER = TO DISFLAY A FILE"
FRIMT

FREIMT"ERTER 4 TO UPFDATE A FILE"

GET RAF:LET R=YAL A%

IF A2 1AMORC a,HHDH CHEANDRC A THERZ 48
O A GOEUER 1886, 2 3‘3, :Ul.:ﬂ.:",4l'1|-‘|”
PRIMTYEHD THIS F.:UH OF THE PROGRAM?"
FEIMT :PRINT"PLEASE TYFE Y QR H"
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FEM::DISPLAYIMNG THE FILE

LET H=1-1

FOoR =1 TO H

FRIMT "SRECORD MHO" I

FEREIWHT A2 sPRINT BEOI

VO RPRIHTOEC L s PRIMNTOECD ) s FPRIMNTEECL »

P FRIMNTY"FREESS SPACE BRE TO COMTIMNUE"
GET GF:IF G0 UTHEM 2

ME =T s ETUIRM

FEMPDATING A FILE

FRINTVEMTER THE MO, OF THE RECORDY
FRINT"TO BE CHAMGED OF APFEHDEDY
THFUT AeIF ARM THERM M=

THFLIT HAME" »RE A

THFUT"LIHE LY 2BEOAD
TRFUT UL T HE 2 a0 @

TRHFLUT " LIHE 2" 2 0R

TRFLIT L IHE 47 sE$ 0/

FREINTYMOODIFY ANOTHER RECORD v
FRINTYEMTER & OF MY

GET GFEsIF GRS AEMOGE R THERS 1 B3
TP Gttt THERM S EGBE

REMWMREITIMG THE UPDATEDR FILE

CHER 1101 L THER

COFOR D=1 TO M

IF AECI="0ELETED" THEHWH 4136

Vs CHREEC LS

FPRIMTH$L A0 O B0 OF CECL
FRIMHTHL DECTY O EE0I0

MEST T

CLOZE 1 aRETLREH

Fig. 10.9. A program to create and maintain a file of data such as names and
addresses.

“PLACE A NEW TAPE IN THE CASSETTE UNIT”
Frequently appearing messages, such as
“PRESS SPACE BAR TO CONTINUE”

may be displayed in reverse field to distinguish them from the data
itself.

Once this program has been entered and recorded it may be used
to save data of any type. After a file has been created for, say, names,
addresses and telephone numbers, the same program could be used
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to set up a file of photographic records, a personal library, a music
library or a recipe file.

Although this program has been written for records each
consisting of five pieces of data, it could easily be extended or
reduced by modification of the list of variables:



Chapter Eleven

Extending the System

The previous chapters described work which can be carried out
using the Commodore 64 and cassette recorder. Additional
equipment is available to extend the computer into a powerful
business system which is still sufficiently compact to fit unobtrusively
into the average home.

The complete system consists of the Commodore 64, disk drive
and printer, and although eminently suitable for the small business,
the home user will also find immense advantages in obtaining the
extra equipment (Fig. 11.1). These include the greater speed of the
disk drive compared with cassette tape, the ability to produce
permanent output as hard copy on paper and the development of
larger programs with the aid of printed program listings.

o0

%
ar———

R A
TR R

{ —
< P ——
LINE PRINTER COMMODORE 64 SINGLE
DISK DRIVE

Fig. 11.1. The Commodore 64 expands easily into a complete system for the
small business or experienced programmer.

All this additional equipment is readily available from Commodore
dealers, without the need for special conversion work which involves
considerable expense on some other brands of computer.
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Disk files

The advantages of diskette files
The new owner of a Commodore 64 may not initially be able to
justify the additional expense of the floppy disk unit. However, as
you become more experienced and begin to write lots of substantial
programs and data files, the benefit to be gained is enormous. Asan
indication of the relative speeds, a large program which takes 3
minutes to load from cassette is in the computer’s memory after only
22 seconds from diskette! Similar savings in time occur with data
files, so a disk unit is essential for the serious data processor. Once
you have experienced the pleasure of using a disk unit you will be
reluctant to return to cassette.

Apart from much greater speed in loading and saving programs
and searching data files, the diskette has several other advantages:

® You can display, in seconds, a directory or catalogue of all
programs and data files stored on a particular disk. This is not
possible on cassette.

@ One diskette can store 170K of programs or data files, or both.
Banks of these can be stored neatly in special lockable cabinets
containing masses of data in a very small space; the ‘paperless
office’ becomes a possibility.

® Many files can be stored on the same disk and accessed during the
same program. I have used such a system to store student bank
accounts: each student’s account represents an individual file and
any one of these files may be accessed during a run of the
program. Each disk can hold 144 different files on the
Commodore 64.

There are also several ‘housekeeping’ operations which are just not
possible using cassette tapes:

® On diskette it is possible, using a simple command, to resave a
new version of a program or data file, with the same name as used
previously. This is very useful, for instance, in updating a file and
resaving, and avoids the need for ‘MARK I’, ‘M ARK 2’, etc. (Of
course, earlier versions may still be retained if desired.)

@ It is also possible to rename an existing file, to duplicate a file with
a different name or to erase an unwanted data file or program
from the disk.

Such precise operations are not possible with cassette tapes because
it is not possible to locate the files with the same degree of accuracy.
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This precision is made possible because the Commodore 1541 disk
drive has its own microprocessor which monitors where everything
is stored at known locations on the disk.

The floppy disk

The Commodore 64 uses S5Y,-inch, single-sided, single-density
diskettes. These are inserted into the drive with the label uppermost
and to the right, and with the ‘write protect’ notch to the left. (A tab
stuck over this notch prevents valuable programs or files from being
overwritten.)

Warning! The disk is encased in a 5Y,-inch square cardboard case
and this case must not be removed.

Using the 1541 floppy disk unit
The diskette should be entered into the drive with the ‘write-protect’

notch to the left and the labels uppermost and to the rear (see Fig.
11.2).

DIRECTION OF INSERTION

A

Read/write slot

Sector hole L
Hub reinforcing ring

Write-protect notch

To prevent accidental
overwriting or wiping
of the diskette, cover
with a small sticky \]
label.

Cardboard jacket —
(must not be Lvivad N8O

removed)

Fig. 11.2. The floppy disk in its cardboard jacket.



94 Data Handling on the Commodore 64 Made Easy

Under no circumstances should the diskette be removed from its
cardboard jacket and care should be taken to avoid damage from
dust, magnetic fields, bending, coffee or extremes of temperature or
humidity! In practice I have found floppy disks to be extremely
reliable .and durable, provided they are handled sensibly. The
lockable cabinets which contain 50 diskettes are ideal and as this
represents 8500K of backup storage for the Commodore 64, they
provide a very compact filing system for the home or small business.

While a diskette is being processed, the red warning light will
appear. Should this not be extinguished on completion’ of the
operation an error has occurred and reference should be made to the
User’s Manual.

The Commodore 1541 disk unit uses 35 track disks. Each
concentric track is divided into a number of blocks, as shown in Fig.
11.3. The outer tracks, being longer, accommodate more blocks
than the inner. One block of the disk can hold 256 bytes or
characters. As there are 664 available blocks, the capacity of the
diskette is 664 X 256, i.e. 169984 in addition to the directory track,
number 18.

1 Block (256 Bytes)

TRACK 1

TRACK 35

TRACK 18 (DIRECTORY)

Fig. 773 The 5y4-inch floppy disk as used on the Commodore 64.
(Specification: 5Y,-inch, single-sided, single density, soft sectored.)
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Preparing a new disk

In order to prepare a new diskette or to clear an old one, the
formatting process must be carried out. This erases the entire
diskette and divides the tracks into sectors or blocks. As already
explained, the Commodore 1541 disk unit uses 35 track disks. When
the diskette is formatted the concentric tracks, numbered from 1 to
35 inwards are divided into varying numbers of blocks, depending
on the distance of the track from the centre (and therefore the length
of the concentric track) - see Fig. 11.4.

Track Blocks
number per track Total blocks
1-17 21 17 X 21 = 357
18-24 19 7X 19 =133
25-30 18 6 X 18 =108
31-35 17 SX17= 85
TOTAL 683

Fig. 11.4. The organisation of blocks on a floppy disk (diskette).

Therefore the diskette is divided into 683 blocks or sectors during
the formatting process. At the same time the directory is written on
track 18 (using 19 blocks), leaving 664 blocks available to the user.

The format statement

To format a new disk, we must give the entire disk a name, such as
FLOPPY, and a short 2-character identification code, such as ¢ 1.
The format statement (typed in immediate mode) would then be:

OPEN 15,8,15,“N@:FLOPPY 01>

This will take about 85 seconds since the whole disk has to be
processed. The same statement will also wipe clean a previously used
diskette.

The disk is now ready for use in saving program or data files, the
formatting process having written on the disk the title and the
identification (@1 in this case).

The directory
To check the directory, type LOAD“$”,8 then, after loading, type
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LIST, press RETURN. Figure 11.5 shows what should appear on
the screen.

{9 “FLOPPY "1 2A

664 BLOCKS FREE

Fig. 11.5. The directory of a newly-formatted diskette.

Saving a program
To save a program which is in the memory, give the program a short
name, such as “TEST” and type:

SAVE “TEST”,8
We will use as an example a simple one-line program such as:
1) PRINT*COMMODORE 64” »

When we type SAVE“TEST”,8 the screen will display SAVING
TEST then READY. While saving, the red light will appear on the
disk unit and then go out when saving is complete. To verify that an
exact copy of the memory has been made on the diskette, type:

VERIFY “TEST”,8
The screen will display:

SEARCHING FOR TEST
VERIFYING
O.K.

Again, the red light will come on during the verifying process, then
go out when the operation has been successfully completed. We can
now examine the directory of the disk to check that it contains the
new program:

Type LOAD“$”,8
The screen should now display:

SEARCHING FOR §
LOADING
READY

Since the directory is now stored in the memory, it can be listed like a
program, so type LIST followed by RETURN. The directory has
now been updated to include our one line program “TEST”, and is
displayed as shown in Fig. 11.6.



Extending the System 97

| 9 “FLOPPY "0l 2A |
I “TEST” PRG
663 BLOCKS FREE

Fig. 11.6. The directory of a diskette containing one program file.

Comparing this with theinitialdirectory obtained after the diskette
was formatted, shows that there are now 683 blocks free. Our one-
line program has used 1 block (shown on the left) and is saved as
a program file (PRG), to distinguish it from a sequential file (SEQ)
or a relative file (REL) which may be saved and listed in the same
directory.

Saving a new program with an existing name

Sometimes we may wish to replace an earlier version of a program
(or a data file), by a new version, using the same name. For instance,
our simple program “TEST” could be altered, then resaved under
the name TEST. This avoids using TEST 1, TEST 2, etc. Suppose
the new one-line program was:

1p PRINT“SAVING ON DISK”
To save this new program under the old name “TEST”, enter:
SAVE“@{):TEST”,8

After verifying, if we now type LOAD“TEST”,8 and LIST, the
latest version of the program should appear, having replaced the
previous version of the same name.

Note: The directory is loaded and listed as if it were a normal
program file. Therefore, before typing in a new program it is
necessary to type NEW and press RETURN - otherwise the
directory will become the first few lines of your program!

Removing a program - the SCRATCH command
This enables you to erase a program (or data) file using the
SCRATCH command (abbreviated to S) as follows:

OPEN 15,8,15,“SP: TEST”

If we type this and press RETURN, the program TEST will be
removed from the disk. This can be checked by displaying the
directory.

Most of the commands for cassette file handling may be used with
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diskette files, provided they are suffixed by ,8 to specify device 8, the
disk unit. For example:

SAVE“TEST”,8
VERIFY“TEST”,8
LOAD“TEST”,8

In addition, these can be abbreviated by the normal method
available on the Commodore 64, i.e. the first letter of the command,
followed by the second letter pressed together with SHIFT. Some of
the abbreviations which can be used are shown in Fig. 11.7.

LoAD=t SHIFT O L

]

SAYE=S SHIFT A = S

VERIFY =% SHIFT E = %=

File 11.7. Abbreviations used on the Commodore 64.

Data files

Sequential files

These were covered in the section on cassette files and most of the
information given there applies equally to sequential files on
diskette. The essential differences are:

® Although the file is still read in sequence, from end to end, it is
much faster on the disk unit.

® A directory can be displayed showing all of the files stored on the
disk, and the amount of space they occupy. A maximum of 144
different files can be stored on one disk - this is obviously a totally
different concept from cassette files. Each of these files can be
accessed very quickly by simply typing in its unique name which
will be used in an OPEN statement.

The main difference between programming sequential files on disk
and those on cassette is in the OPEN statements, which must specify
device 8. All other instructions, such as PRINT# to write to the disk,
and INPUTH#, to read from it, are identical.

Writing a diskette file
A short program to write names to a file (until a ‘dummy’ word ‘end’
is typed in) is shown in Fig. 11.8.
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CFEH 4,8, 4, "B DAT. S, 1"
THEUT FA$

PRINTHS FE

IF A$C"EHDUTHEH 260
CLOSE 4

DRI S ORI LN
By B oot IR I Y

Fig. 17.8. Writing to a diskette sequential file.

Only line 1§ contains any new ideas compared with the earlier
chapter on cassette files:

1) OPEN 48,4 “p:DAT,S,W”
In the above statement:

® The first 4 is the file number, which can be any number from | to
255.

® The 8 specifies the disk unit, device 8.

@ The second 4 is the channel number which can be between 2 to 14,
inclusive.

® The ) specifies disk drive §. (Some devices have two drive slots, §
and 1.)

e DAT is any short name which we care to give this particular file.

@ S is the abbreviation for sequential file.

@ W specifies that we are opening to write to the file.

When we run this program, we can keep entering names until we
type END to finish. There will be some initial activity at the disk unit
while the name is written on the file. While we are inputting the
names the drive may be silent, until we type END, when the file will
be closed and all data in the buffer will be written onto the diskette.

If we now load the directory (LOAD*$”,8) and LIST, we should
see what is shown in Fig. 11.9 on the screen.

[0 “FLOPPY "1 2A |
| “TEST” PRG
| “DAT” SEQ

662 BLOCKS FREE

Fig. 11.9. Diskette directory containing one program and one sequential file.

Our sequential file “DAT” appears next to our program file “TEST”
(see Fig. 11.9), classified by the letters SEQ and shown to occupy |
block of data. (Again, remember to type NEW after using the
directory, to avoid mixing the directory with future programs.)
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Reading a diskette file

To read from the diskette file, the procedure is the same as for
cassette files, the only difference being the OPEN statement (Fig.
11.10).

L AT s R

Fig. 17.70. Opening a diskette file to read.

Line 1§ OPENS the sequential (S) file called DAT for a read (R)
operation. Data is INPUT from the file until the end of the file is
detected by a status equal to 64.

Apart from the OPENing statements just described, the programs
and information given in the previous chapters may be applied to
diskette files. When writing to a diskette file with the PRINT#
statement, strings must again be separated either by individual
PRINT statements for each variable or by programmed carriage
return characters (CHRS$(13)) - see Fig. 11.11.

LEGE CEsCHRE D L3
LEE FRIHTH  FECEEE

Fig. 11.17. Using the carriage return (CHR$(13)) to separate strings in a
sequential diskette file.

Similarly, the GET# statement may be used as previously described,
to retrieve single characters from a diskette file.

Replacing a file by a new file of the same name

Frequently a file may need to be updated then resaved. In the case of
a sequential file, it is necessary to resave the whole file. The replace
option (available only on disk) allows the new file to replace the old
file with the same name. The statement to OPEN to write a
replacement file is as follows:

OPEN 4,8,4,“@):DAT,S,W”

The reader may test this by rewriting a second file of names under
the file name DAT as before, then reading them back from disk. A
further check could be made by listing the directory.
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Relative files

The reader will find that sequential files on diskette are a great
improvement on the equivalent files on cassette. However, relative
files enable the user to access a particular piece of data without
reading through the whole file. This is obviously quicker when large
quantities of data are to be processed. The programming required
for relative files is rather more complicated than for sequential files
and it is not considered within the scope of this book.

Line printers

It is often useful (if not essential) to produce a permanent record of
the computer’s memory on paper - ‘hard copy’ in computing jargon.
There are two main uses of the printer: (a) for program listings (the
actual BASIC statements which make your program) and (b) for
program output (the results or answers which your program
generates when it RUNS).

Program listings

When you start to develop large programs, it is inconvenient and
inefficient to try to modify statements using the screen. It is not
possible to see the whole program at once and therefore it is difficult
to see how various parts or ‘modules’ interrelate.

When the current version of a program needs to be modified, it is
easier to make amendments and corrections on paper first, before
entering them into the computer. It more than one person needs to
use the system, this approach maximises the utilisation of the
equipment.

It is also useful to keep blocks or modules from successful
programs to be used in other programs at a later date. If these
listings are kept on printout, writing of programs then involves the
assembly of standard modules rather than starting from first
principles every time. If, at various stages in the evolution of a
program, a program listing on paper is made and labelled, it will also
be easier to make comparisons should problems arise in later
versions.

Printed output

Hard copy is simply the diversion of the screen display to the paper
in the line printer. The results of the running of the program may
need to be communicated to another person needing a permanent
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record, such as a payslip, gas bill, or a bank statement. Also, hard
copy is needed if the computer is used for word processing or
printing address labels.

Most printers accommodate rolls of sticky labels (in addition to
normal ‘listing’ paper) so that addresses can be stored on disk, then
printed out whenever necessary. In addition, it is possible to obtain
more expensive ‘letter quality’ printers if presentation is very
important.

To operate the Commodore 64 printer, it is necessary to OPEN
the computer to the external device (the printer, device No. 4),
specifying a file number (in the range 1-255). The OPEN statement
is typed in immediate or program mode.

Obtaining a printed listing
The computer should be opened to the printer as follows, to obtain a
program listing.

In immediate mode:

OPEN 4,4:CMD 4:LIST

File number in the Device 4, the printer
range 1-255

When RETURN is pressed, the prograrﬁ listing will be printed on
paper. To return all output to the screen it is necessary to close the
channel to the printer as follows:

PRINT#4:CLOSE 4

Diverting program output to the printer

To print the results of the program on paper instead of on the screen,
it is necessary to insert — at an appropriate line number within the
program - the statement to open up the channel to the printer. For
example:

5p¢¢ OPEN 4,4:CMD 4

The above line must appear before the statements which we wish to
cause printing on paper, but after any statement which we wish to
cause printing on the screen. For instance, a program may need to
print instructions on the screen, and perhaps display menus and
input prompts.

The statement to OPEN the printer must come after these screen
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displays, but before the required paper-printed output.

As soon as the print statements for the output on paper are
complete, we must close the printer to return the display to the
screen. The following statement might be used on the Commodore
64: ‘

5509 PRINT#4:CLOSE 4

Note that you may insert the printer opening and closing statements
anywhere in the program, using any line numbers.
A very simple example is shown in Fig. 11.12.

iy
0S

O THFUTPERTER A WORD, p/E
CIFE R e MO

FRINTMY wWORD IS" 28
FRIHTHS s CLOZES

GOTO 168

e
i

03

.
—L'

I
[ IRy I

Fig. 11.12. Inserting the printer OPEN and CLOSE commands around the
PRINT statements.

This program displays the INPUT prompt on the screen after line
100:
ENTER A WORD?

When a name is entered and RETURN is pressed, line 11§ causes
the channel to the printer to be opened. The statement CM D4 causes
all subsequent output to be diverted to paper on the line printer, not
onto the screen. So the word we input will be printed on paper by the
PRINT statement at line 12¢. At 130, future output is diverted back
to the screen by the PRINT#4 statement, and CLOSE 4 closes
the ‘File’ which was opened up for communication with the
printer.

Note: The normal Commodore 64 abbreviation for PRINT (i.e. ?)
cannot be used in a PRINT# statement, which should also be typed
without spaces.

By inserting the OPENING and CLOSING lines in the program,
printed output can be obtained from any part of the program, (as
often as desired). For example, in a large program, we may wish to
give the choice of displaying on the screen or printing on paper.
From the previous chapters, we can see that this can be achieved by
two similar subroutines, one enclosed by printer OPEN and CLOSE
statements and the other not. Each subroutine would be accessed
from a menu, as discussed earlier. Figure 11.13 shows the modules of
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Menu

Create a file
Read a file

Display a file
Print on paper -

¥ 4

Creating a file

PWN=

vy VY Records entered and A AN A
written to tape or disk

L Reading a file

Records read from a
tape/disk

Displaying a file

Printing each record
on the screen

Printing on Paper

10000 OPEN 4,4:CMD 4
— 10010 PRINT A$,B$,C$.D$
10020 PRINT#4:CLOSE 4
10030 RETURN

Fig. 171.13. Inserting an option to PRINT output on paper. The OPEN and
CLOSE of the line printer may be programmed as an independent module
accessed as a subroutine from the main menu with subsequent RETURN.

a simple program which includes an option to print the output on
paper.

Print layout
The line printer uses a moving electromechanical print head, quite
different from printing text on the screen. In addition, printers
normally print 80 characters per line, instead of the 40 columns
displayed on the screen. In general, it is not possible to improve our
layout by the method of programmed cursor movements described
earlier in this book.

One of the PRINT formatting techniques which does work on the
line printer is as follows:

;  The semi-colon will cause succeeding PRINT statements to be
printed next to each other (concatenation) as shown in Fig. 11.14.
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18 OFEM 4.4 3CHMD 4
FEPRINT COMMODORE
FE PRIMT G40

48 PRIMT#4 1 CLOSES

Fig. 11.74. Using the semi-colon to cause ‘concatenation’ on the line printer.
Run this and COMMODORE 64 should be printed on paper.
Vertical spacing

This can be achieved by printing blank lines in between the
appropriate lines as in Fig. 11.15.

<hid F H .{ HT nr UH
TE PRINTHS o 0L
Fig. 11.15. Using PRINT:PRINT to obtain two blank lines on the line printer.

If we run this, the two PRINT statements at line 3¢) cause a space on
the paper of two blank lines as follows:

SMITH
JONES

This is useful when regular spacing needs to be adjusted, say, when
printing address labels which must have a set distance between
corresponding lines on adjacent labels. Any number of PRINT
statements may be inserted wherever necessary, such as

PRINT:PRINT:PRINT
which gives a space of three blank lines.
Horizontal spacing - SPC

The SPC statement allows a specified number of spaces to be left
between printed strings, as shown in Fig. 11.16, for example,

e CFERE - e M 4

0 U EHGL R

Fig. 17.716. The use of SPC to obtain spacing on the line printer.

Line 2§ leaves 15 spaces before printing “LONDON?”, then 8 spaces
before printing “ENGLAND™:
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--------------- LONDON--------ENGLAND

15 characters 8 characters (spaces)

This method works for single lines of printing but does not allow
several rows of names to be printed in vertical columns underneath
one another.

The following program will demonstrate the problem. We need to
print 5 pairs of names in pairs, with the beginnings of the namesin a
vertical line. Our first attempt might be to leave 3 spaces between
each pair of names using SPC(3) as in Fig. 11.17.

[y

-
AR NERS]

CIFEH 9,4 s0MD 4

e FOR I= 1 To 5

IEREAD FE L EE

G PRIMNT AFSPCos R

HEMEST T

S FPRIATHS s OO

VEDETA SMITH, JOHES  BROMWH  MITCHELL
s DETA WMILLIAMS  PETERSOM SCO0T  MCHAR
S TR ARCHTEALD (LEE

Fig. 11.17. A first attempt at printing two vertical columns of names on the
line printer. .

When we run this program, A$ and B$ are printed on paper as
follows:

SFTTH JOHES

B MITOHELL
HILL TAME FETERSOM
or MCHAR
ATHTEALD LEE

Fi

The problem in the above erratic layout is that SPC(3) leaves 3
spaces after the end of each name printed. Obviously, the position of
the start of printing the second name depends on the /ength of the
first word.

Now, if we were to work from the beginning of the first word, and
wish all second words to start at, say, column 21, we have:

(Lefigth of first name) + (number of spaces) = 2§
Therefore, number of spaces = 20 — length*of first nage

We have seen earlier that the length of a string can be counted using
the LEN function. So, to start printing in column 21 we may use:
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SPC(20—LEN(AS)).
The full program is shown in Fig. 11.18.

18 OFEM 4.4 :0MDd

28 FOR I=1 TO S

20 READ A%, B3

48 PRINT F#SPCC2E-LEMNF$ ) 1B

S MEHT I

S8 PRIMT#4 :CLOSES

7@ DATA SMITH, TOMES  BROMM , MITCHELL
S8 DATA WILLIANS  PFETEREOM , SOOT  MOHAE
@ DATA ARCHIBALD, LEE

Fig. 17.18. Using LEN to obtain vertical columns on the line printer.

When the program in Fig. 11.18 is RUN, the output should now
appear in vertical columns:

ZMITH JOHES
BRI MITOHELL
WILLIAMS FETERSON
SCOT M HFAE
FFECHTEALD LEE

This technique can be used to obtain a second vertical column of
names anywhere on the paper; you simply alter the number 20 to
whatever number of spacings you require. Similarly, the idea can be
extended if you were printing more than two strings on a line.

And finally
I hope you have found this book helpful and that my aim to provide
a text which is easy to read and understand has been achieved. The
examples included in the text will, I hope, provide a skeleton on
which you can build larger and more ‘friendly’ programs.
Don’t be afraid to explore new ideas; you cannot damage the
machine via the keyboard, although you may waste a lot of time!
The satisfaction which you will feel on successfully using a
program which you have developed will more than compensate for
the frustrations you have suffered in writing it!



Appendix 1

A Glossary of Terms used
in Data Handling

BASIC: Beginners All-purpose Symbolic Instructional Code. A
language used on most personal computers, it must be translated
or interpreted into the machine code language of the computer.

Byte: A set of eight binary digits (f’s and 1’s) representing a
character (e.g. P,7, etc.) in the internal code of the machine.

Cassette: Small magnetic tape used for recording computer
programs — special C15 computer cassettes are available.

Character: A figure, letter, punctuation mark, graphics symbol and
also a space.

Constant: A number or a string of characters to be stored in a
named memory location, e.g. in LET A=17 and LET A$=
“JONES”, the number 17 and the string “JONES” are constants
(unlike the variables A and A$ whose contents may be over-
written or changed).

Data: Facts, figures, words, characters, input in a ‘raw’ or unpro-
cessed form, to the computer.

Data bank: A large collection of files or databases. One program
might gain access to several of the files in a data bank.

Diskette: See floppy disk.

Documentation: A written report on a program, including its
purpose, limitations, listing, sample output and operating
instructions.

Execution: Carrying out the instructions during a RUN of the
program.

Field: An individual piece of data within a record, such as a
postcode within a name and address.

File: A set of records, such as the names and addresses of all of the
members of a club.

Floppy disk: Magnetic disk, often 5Y, inches in diameter, on which
data can be stored and retrieved at high speed, using concentric
tracks. Single-sided/single-density disks may hold 100K
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characters while double-sided/double-density have the capacity
for 400K per disk. Dual disk drive units give the facility for
copying. Disk is much faster, but more expensive than cassette
tape.

Grandfather-father-son system: When files are frequently updated
with new records, etc. it is normal to keep only the last three in the
line of development - the latest version being the son.

Hard copy: The name given to the print-out from a computer on
paper, rather than as a screen display.

Hardware: The metal, plastic, silicon components of the computer.

Information: The final output from the computer after processing,
which may have included sorting or calculating. Information
implies facts which are meaningful to the reader.

INPUT —~— PROCESS - OUTPUT

Raw data Meaningful information

K (kilobyte): The unit of memory capacity - 1K is 1024 (or 210)
characters.

Listing: A display on the VDU or printer of all of the lines of the
program currently in the memory.

Loop: A section of a program whose instructions are repeated until
some condition is satisfied, usually achieved by FOR ... NEXT
and on some machines REPEAT ... UNTIL.

Machine code: The internal language of the computer, consisting of
combinations of ()’s and 1’s, enabling instructions, calculations,
sorting and storing of data to be performed, e.g. the letter C is
often 100PP11; the figure 7 is @11Q111.

Megabyte: A million bytes.

Menu: A list of options displayed on the screen from which the user
can opt to run any one of several independent routines, before
returning to the menu to make a further choice, e.g. if we INPUT
A as either 1,2, or 3 respectively, we gain access to one of three
subroutines starting at lines 5000,7000,993¢9 by the statement:

ON AI GOSUB 5009.7909.9p0¢
2
3

Microprocessor: A chip, often silicon, containing an arithmetic and
logic unit, a memory and a control unit. Microprocessors are used
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in washing machines, watches, calculators, etc. as well as
microcomputers.

Microcomputer: In addition to a microprocessor, the micro-
computer contains additional storage, a typewriter-style key-
board, and facilities to display output on a screen (VDU) or print
on paper.

Peripherals: External devices separate from, but connected to, the
computer, e.g. printer, disk drive, cassette tape recorder.

Program: A set of instructions known as statements, which can be
stored in the computer, enabling a particular task to be repeated
as required.

QWERTY: The standard layout for the letters on the keyboard of
many computers (and typewriters).

RAM: Random Access Memory. That part of the computer’s
memory which is available to the user to ‘write’ to and ‘read’ from.

Record: One set of data, within a file, such as the name and address
of one person, or the recipe for one dish.

ROM: Read Only Memory. Part of the memory which contains
permanently stored programs used in the operation of the
machine and not available to the user for storing programs.
(EPRCOM - Erasable, Programmable Read-Only Memory - may
be reprogrammed by the user with specialist knowledge and
equipment).

Searching: Scanning the data to identify those items which fulfil
particular requirements. For example

IF A$(l) =“PORSCHE” THEN ...

Software: Programs and files, usually stored on diskette or tape.
Commercial programs for a particular application are known as
‘software packages’.

Sorting: Arranging data in a particular order, such as alphabetical
or numerical. ‘

String: A string of characters, e.g. “CECIL” or “A549LAP”.

Subroutine: A section of a program which is included only once, but
which may be called up and ‘executed’ frequently. Usually called
up by GOSUB ... and left by RETURN.

Subscript: A number appended in brackets to a variable so that one
letter may uniquely identify a large array of stores. For example:

AS$(1),A$(2),A$(3)........... AS(309)

The following routine shows how to read numbers into an array.
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teae FOR D=1 TO 266
1918 READ RECI
1Eze HERT I

Syntax: The rules for the programming language. Thus, PLINT
insiead of PRINT would produce a SYNTAX error.

Variable: The label given to a memory store, whose contents can be
changed and therefore vary. Numeric data is stored in A,B,...Z
and AIl,A2, etc. String data is stored in A$,BS,...Z$ and
Al1$,A28, etc.

VDU: Visual Display Unit - the television or monitor screen on
which programs and output are displayed.

Word processing: Typewriting using a microcomputer. Text may be
checked and corrected on the screen before printing on paper.
Standard letters and files may be permanently stored on diskette
for subsequent recall, infilling from a file of names and addresses
and other individual details. Multiple copies may be made.



Appendix 2
Caiculation Supplement

This book was specifically written to show that computing had
extended its scope well beyond the limited field of mathematical
calculation, for which the early computers were predominantly
used.

However, the owner of a personal computer may well wish to do
some arithmetic in such tasks as accounts, VAT calculations, etc.
This section gives the necessary additional statements which may be
inserted as calculation modules into the programs given in the
previous chapters. '

We have already seen that the computer may be used as a
calculator in immediate mode. For instance, type in (without a line
number)

PRINT 7%9

Then press RETURN (* means ‘multiply’ in BASIC). As a result, 63
is output on the screen.
This method may be used for all of the mathematical operations:

PRINT 7/3 divides 7 by 3
PRINT 213 raises 2 to the power of 3 (i.e. 23 or 2X2X2)

When several operations are combined in the same line, they are
done in a definite order or hierarchy. For example:

PRINT 3*412—57*(8+7)
The order of operations here is:

First . Evaluating brackets

Second : Raising to a power (1)

Third  : Multiplication (*) and Division (/)
Fourth : Addition and subtraction

In the example above, the bracket would be evaluated to give 15,
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then the power 42 to give 16, followed by the multiplication. The
remaining operations of addition and subtraction would, being of
equal priority, be performed from left to right. So, the answer to this
problem would be worked out as follows:

Normal mathematical format:3 X 4—57(8+7)

BASIC format: 3*412—-57*%(8+7)
Sequence of operations: 3*%412—57*15
3*¥16—57*15
48—855
—807

Note that while in mathematics 57(8+7) is assumed to mean
57X (8+7), in BASIC the multiplication sign must be present, i.e.
ST*(8+7).

Our arithmetic can, of course, be written into BASIC statements.
Figure A.l shows how to add two numbers and print their
total:

23]

LR

SR U I S
i

R
Y

EC
o~
Ry

FRINT "TOTAL IT% "0

Fig. A.1. Adding two numbers and printing their total.

Figure A.2 shows how to find the mean of 5 numbers:

18 READ FLELCLDLE
20 LET S=A+BCaD+E
BELET Fl=s

SEIMT UMERM TS

SEODFETA ST 2L 85, a2 8l

.
L
1

Fig. A.2. A program to find the mean of 5 numbers.

A program to print the squares of the first 200 numbers is given in
Fig. A.3:

Le PRIMNT “HRUMBER"™ SO EEE o
28 FOR M=l TO S66 similarly for
HEOFRINT MR cubes (13) etc.
43 MEHT H

Fig. A.3. A program to print the squares of the first 200 numbers.

(Note: Square roots may be obtained by using Nt .5 or SQR(N) .)
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The sort of problems we are likely to tackle on a personal
computer are calculations such as VAT, where a price must be
increased by 15% i.e. a factor of 11%,,, or 1.15. A suitable program to
do this is shown in Fig. A.4.

FEM WE=WAT ERCLUSTWVE FPRICE
FEM WI=WAT IHCLUSIVE FRICE
IHFUT"EWHTER THE FPRICEY :VE
WIsWE#L, 1S

FRIMT"FRICE MITH WAT"YI
GOTO 30

& By ]

i

H

DT I N NN LN
XX 15

-

Fig. A.4. A program to calculate VAT on prices INPUT by the user.

In the same way, National Insurance at, say, 6% would be calculated
as ¢, or a factor of 0.06 of gross salary:

30 LET NI = GS*§.06

Compound interest

Assuming a constant interest rate of say, 8% or ¥,,,, we multiply the
principal or original amount by 1.08 to obtain the amount after one
year. The new amount is again multiplied by 1.08 to obtain the
amount after 2 years and similarly for succeeding years. This leads to
a general formula:

» \\"
A=P (H— l 00)

where A is the total amount, P is the principal or original amount, r
is the interest rate as %, and » is the number of years. A suitable
program is set out in Fig. A.S.

LE THPLT "EMTER THE PRIMIIFALY @

28 THFUT "EMTER THE RATE X'k

S THPUT "ERTER THE TIME IM YERRS" :H
A8 LET F=Pso RS 1T880TH

S LET I=RA-F

SE FRINTYIMTEREST AFTER "H" YEARZ QR "
FEOFREINT PUPOUMDE TS "I POLMOS"

s EMD

Fig. A.5. A compound interest program.
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Try running this program with a range of values for P,R and N and
improve the screen layout by clearing the screen, and PRINT:
PRINT to give spacing between lines (see the section on screen
layout in Chapter 2).

Random numbers - the RND function

This function allows you to generate ‘random’ numbers within any
desired range. The quotation marks are included because the
numbers are not truly random, but part of a predetermined sequence
of random numbers permanently stored in the computer. If we type
in immediate (or program) mode

PRINT RND(1)

a random number will appear when this statement is executed. If
you now switch off your machine and then switch on again, retyping

PRINT RND(])

will again produce the same random number, in this case
.185564016. (Note: To save switching off and on again it is possible
to achieve the same effect by typing the machine code instruction
SYS 64738 and pressing RETURN.)

The above test shows that when using the RND function, we are
using a fixed sequence of random numbers each time the machine is
switched on. To investigate this further, type SYS 64738, press
RETURN, then RUN the program in Fig. A.6 which prints ten
random numbers in the range 0-5.

18 FOR M= 1 T 1@
ZE PRIMT IMTOSgRMDCL 202
2@ MEST H

Fig. A.6. Printing 10 random numbers in the range 0-5 inclusive.

Line 20 may be explained as follows. RND(1) generates random
numbers to nine places of decimals in the range from 0.000000000 to
1.000000000 ‘inclusive’:

185564016
046898635
82774380 |
etc.
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The probability, when working to 9 places, of achieving either
exactly 0.000000000 or exactly 1.000000000 is so small as to be
practically impossible. So RND(1) generates random numbers from
a fixed sequence, in a range greater than 0 and less than 1.

6*RND(1) produces ‘random’ numbers in the range 0-6, although
again this is not, in practice, inclusive. For example:

1.1133841
281391809

4.9664628

etc. '

Rounding down using INT

In line 2 in Fig. A.6, INT(6*RND(1)); rounds the numbers down to
the nearest integer (i.e. whole number), so the only possible results
must be taken from the set of integers:

{ 0,1,2,3,4,5 }
Running the program of Fig. 13.6 produces the following output:
19043535515
If we run the program again, we produce
4244522453
then
4132014344

Clearly, although each run of the program is producing a different
set of 10 random numbers, the same sequence of sets will be repeated
every time the machine is switched on and this program is run.

To start off with a different set of random numbers every time the
machine is switched on, type:

RND(-TI)
We have seen that:
INT(6*RND(1));

produces random numbers in the range 0-5 inclusive. We could, for
example, simulate dice throwing by using

INT(6*RND(1))+1 giving a range 1-6 inclusive.
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Similarly, a program to test multiplication tables at random might
use:

INT(12*RND(1))+1

to generate numbers in the range 1-12 inclusive. Finally, to generate
random numbers in a given range A to B inclusive, where A is the
larger number, we can use:

INT ((A-B)*RND(1))+B

Obviously, the RND function will probably find most use in
learning, games or simulation programs. It could, though, be useful
in choosing names at random from a large data file for market
research or advertising purposes or to simulate some process in
which events occur randomly.

INT

As mentioned earlier, INT rounds numbers downto the nearest lower
whole number or integer. For example,

1§ PRINT INT(39.765)

produces 39 when RUN.
INT can be useful to test whether a number is divisible by another
number. For example,

35+8 = 4.375
INT(35+8) = INT(4.375) = 4
~.35+8 does not equal INT (35+8)
However, 4+8 = 5
INT(49+8) = INT(5) = 5
S 4p+8 = INT(40+8)

The test, therefore, to see if a number A is divisible by a number B is
that:
A/B = INT(A/B)

A practical application of this might occur when we were printing
out records in a FOR ... NEXT loop, and wished to halt the screen
display after every 3 records. The program is shown in Fig. A.7.
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SRS FOR M=1 TO ZB3
EOPRIMNT AECH sPREINT BEOH sPRINT CEop
TF ORASZ=THTORASZ Y THEM GOSUER 2066
WERE MERET M
Fig. A.7. Halting the screen after every three records have been printed
(using N/3=INT(N/3)).

Note: GOSUB 80f@ branches to the subroutine “PRESS SPACE
BAR TO CONTINUE”. Thisis nota complete program - to apply it
to your programs, insert a line like 593 in your print module. If
necessary, replace 3 by the number of records to be displayed on the
screen at any one time. For example, for 4 records use:

..... IF N/4 = INT(N/4) THEN GOSUB 8¢¢0.

Obviously, you must have the subroutine at line 800@, as used
frequently earlier in this book. This halts the screen while “PRESS
SPACE BAR TO CONTINUE” is displayed on the screen.

Correcting to the nearest whole humber

As we have already seen, INT rounds numbers down to the nearest
lower whole number. Clearly this is not always the most accurate
approximation, since, for example, PRINT INT(14.9999999) would
yield 14 as the nearest integer.

Obviously, this rounding down using INT is not always
satisfactory and in some cases could lead to serious errors. A
common mathematical practice is to round down all integers when
the first decimal place is less than 5, and to round up when the
decimal is 5 or more. A comparison of this ‘true’ method with the
results produced using INT (using numbers between 7 and 8 as an
arbitrary example) is set out in Fig. A.§.

It can be seen from this table that rounding 7.9 down to 7.0
obviously causes