


































































































































































































































































































































































































120 Commodore 64 Computing

number beyond limits. A crash during a sort may leave some of your
data in a peculiar state, to say the least. Any string sort should
always be tested with the maximum number of items, and this is
something that you cannot simulate by using small numbers. One
method is to add temporarily to the program a subroutine (Fig. 9.1)

5 DIMG$C19a)

G Ss:ll "

18 FORM=1TO100

20 FORJ=1TOIMTCRMDCL %30
25 G=IHNTCRHDC1#2E+65)
30 S$=35+CHREG)

48 MEXT

o6 S4(MI=5%

55 5$=.ll "

Ea MEX

Fig. 9.1. Creating random ‘words’ for testing programs.

that generates the correct number of ‘words’ made out of letters
chosen at random, and with random length (perhaps from two
characters to nine). You may then find that a string sort which is
perfectly satisfactory for 50 entries is desperately slow for 350
entries. It’s better to find this out at the testing stage than later when
you are sorting a set of strings that took you the best part of a couple
of days to enter. Even if nothing can be done to speed up the sort
(and something can a/lways be done) then it’s a comfort to know that
it will finish eventually, rather than leave you wondering if the
computer is in an endless loop. Just for the record, a string sort that I
once used (never again) took 1, hours.

Patience is the name of the testing game, and the ultimate test is to
write brief instructions, and have someone who has had no part in
designing the program test it for you, with no prompting. It can be a
humiliating experience, but it will certainly teach you a lot about
testing!

Machine code access

When you type an instruction word like PRINT in BASIC, this
causes a long chain of actions to start. These actions are carried out
by the microprocessor (a type 6510) inside the 64, and its
instructions are in the form of electrical signals. We can convert
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these electrical signals to and from binary number codes which don’t
mean very much to you unless you have had a lot of experience with
them. Programs written in these number codes are called machine
code (or object code) programs.

In the space of a book that is dedicated to the 64 and its
programming in BASIC, we can’t possibly start to deal with the
writing and use of machine code, but we can deal very briefly with
the ways in which the 64 can make use of such programs. Machine
code can be placed in the memory from cassettes, from disks, or by
means of cartridges, and each machine code program will have some
unique starting address in the memory. This address has to be passed
to the computer — it may be stated in the program documentation.
To make the machine code program run, you will then need one of
two instructions SYS or USR, unless a cartridge is being used.
Cartridges are normally self-starting, and need no special action on
your part.

The simpler of the two start-up commands is SYS (SYStem).
Typing SYS followed by an address number in denary will, when
you press RETURN, have the effect of starting the microprocessor
executing machine code that starts at that address. Machine code is
executed very quickly so that unless the program causes some
noticeable effect, like printing a message on the screen, you may not
be aware that the program has run. The SYS command is used when
the machine code is a ‘patch’, meaning a piece of code that adds some
modification to the behaviour of the machine itself, rather than one
which operates on the values of variables that are present in a
BASIC program. A typical ‘patch’ might be one which added a new
command word “DUMP” which sent any picture on the screen to
the printer to be reproduced.

When variables are operated on by a machine code program, then
the instruction USR(X) is used in preference to SYS. The address at
which the machine code starts is placed in coded form into two
memory locations, and the variable X has a value that will be used by
the machine code program. When the machine code has done its
work, a new value may be passed back, as for example by use of a
line such as:

NX = USR(X)

in which the value NX is one that has been obtained by the action of
the machine code on the quantity X.
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The real-time clock

The 64 reserves two variable names, TI and TI$, for maintaining a
‘real-time clock’. The phrase ‘real-time’ is used to distinguish the
action of timing in seconds from the action of the high-speed ‘clock’
pulses which determine the speed at which actions are carried out.

The variable TI is used as a counter. When the computer is
switched on at first, T is reset to zero, and its value is incremented
(increased by 1) at intervals of 1/100 second (Europe) or 1/120
second (US and Japan). The limit to the count is 16,777,215 — this
means that the value of TI will let you time more than 46 hours
(European version) before the value resets. TI$ is a more useful
time display, consisting of hours, minutes and seconds. When
TIS is reset, using TIS=“PPPPAP”, then TI is reset also. Note the
quotes round the zero, made necessary because TI$ isastring variable,
not a number.

TI can be used in delay loops which must be exactly timed - for
example:

199 S =TI
11¢ IFTI<S + 1¢¢¢ THEN 11¢
126 PRINT “END”

which gives a ten-second delay (in Europe). For a ten second delay in
the US, use 120§ in place of 1¢$§ in line 11§.

TI$ can be used to establish a time display that can be called up at
any stage in a program. An outline for this is shown in Fig. 9.2 in the

1@ FRIMT"": 5T4=""

20 PRIMT:PRIMT

39 PRIMT"PLEASE TYPE HOUR - USE 24 HOUR CLOCK":
48 IMFUT H%:IF LEMCH$ =] THEM HE="@"+HE

56 PRIMT"PLEASE TYFE MIMUTEE";

£8 IWPUT M$:IF LEMCMES=1 THEM HME="@"+M3

78 FRIMT". .HOW SECOMDE. . ")

88 IMFUT 540 IF LEM(S$3=1 THEM S$="0"+5%

96 IF LEHCH$+ME+SE026 THEM PRIMT"MISTREE -
PLERSE TRY AGAIM":G0TO1E

168 TIf=HE+M$+5%

118 PRIMT"I" :PRINT:PRINT:FRIMT

128 PRIMT"TIME IS ",LEFT#(TI%.20+":"+MID%
CTIE, 3,204 "+RIGHTS(TI$, 20

130 S#=RIGHT$(TI$. 2>

148 IF RIGHT$(TI#$.25=S4THEN146

158 GOTOL16

Fig. 9.2. A digital clock program using TI$.
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form of a digital clock program. Lines 1{) to 90 establish values of
hours, minutes and seconds in string form. If any value is a single
figure, it is then padded out with a zero so as to conform to the
standard that is needed for TI$. Finally in line 1¢§, TI$ is equated to
the string of hours, minutes and seconds. From this point on, TI$
will be synchronised to the time of day, so that printing TI$ will
produce a time display. This is not in a very readable form, however,
and line 12¢) improves on it by adding colons between each of the
three separate sections of TI$. In addition, if TI$ is updated in a
loop, the screen will flicker very noticeably, so that lines 130,140
ensure that the loop caused by the GOTO11§ in line 15§ is traversed
only as each second is completed. This is done by using a temporary
variable S$ to hold each value of seconds, and keeping the program
looping in line 14() while TI$ contains the same value of seconds.

In a program, the time value might be set initially, using lines 1§ to
199, but the value might be printed as a reminder only at intervals
(perhaps each 20 minutes), not using the continuous loop that has
been illustrated. Line 120 is, however, a useful method of displaying
the time which can be used in other subroutines. Alternatives to
display include sending a warning when a preset time is reached
(alarm clock action), recording a time on cassettes of data, or
printing a time on memos.




Chapter Ten
System Expansion and
Advanced Features

Printer connection

The 64 allows for the connection of the Commodore printer to the
serial port. The serial port is one from which data is taken piece by
piece in sequence, and this port permits inputs or outputs. Only the
Commodore printer can be connected directly — the use of any other
type of printer requires modifications either to software (adding a
‘driver’ program) or to hardware (adding an interface). A particular
advantage of using the Commodore printer is that it will reproduce
on paper the effects that appear on the screen.

The use of a printer is essential for most data processing purposes,
and business users may feel that they need two printers, one dot-
matrix type for fast printing which need not be of the highest quality,
and one daisy-wheel type which is slower, but which gives print
quality comparable with a good electric typewriter. At the time of
writing, ink-jet printers which combine reasonable prices with fairly
high quality were just becoming available. Your local Commodore
dealer will be able to show you examples of work printed on
different types of printer. The 64 will permit more than one printer
to be connected at the same time, selecting which one is used by the
OPEN statement, assuming that suitable interfaces are used.

Communicating with other computers

The 64 is constructed so that it can be used in networks with other 64
machines. By using the serial input/output connections, data can be
fed into or out from the computer. The source or destination of the
data can be another computer, and the system can be arranged so
that one computer can control the other. The serial input/output
can be used along with a device called a modem to send and receive
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computer signals over the telephone lines, allowing your 64 to pass
data to or receive data from any other 64, and possibly other
machines as well. This facility is useful if the telephone system
permits links of reasonable quality, but if the service is poor, then
radio links may be preferable. In some countries, pigeon post is
quicker!

Joysticks, paddles, graphics tablets and light-pens

Joysticks and paddles are traditionally associated with games, but
can also find uses in data processing applications. The use of a
joystick, for example, can allow the computer to be operated by a
partially disabled person, providing that the programs have been
written with this in mind. Joysticks can also be useful in point-of-
sales applications, in which the customers can use the joystick to
move an arrow on the screen to select an item of information. This is
usually preferable to allowing the keyboard to be used, because the
joystick use can be controlled by the program in such a way that no
fatal mistakes can ever be made. By contrast, the use of the
keyboard, with its inviting STOP and BREAK keys, cansoon result
in a program crash, which does not inspire confidence.

Graphics tablets, as the name suggests, are like miniature drawing
boards. A drawing traced on the graphics tablet can cause a
corresponding pattern to appear on the screen of the computer, and
a suitable program will allow the data from the drawing to be
recorded and later replayed. The matching accessory, the XY
plotter, will produce a drawing from X,Y co-ordinates and on/ off
pen controls fed to it from the computer, and is a very valuable
accessory when the computer is used in drawing offices. The prices
of graphics tablets and XY plotters have been traditionally very
high, as these were normally used only with high-priced computers,
but the falling price of computers has caused a fall in the price of
these accessories. The fall has not assumed great proportions as yet,
but we can expect that in the near future you will not have to pay
more for a graphics tablet or an XY plotter than for any other
computer accessory, and certainly not as much as the computer cost.

The light-pen is, as its name suggests, a pen-like object whose tip is
light-sensitive. The light-pen is connected to the computer and used
to detect light, usually on the screen, under the command of a
program. One typical use is in drawing patterns. When the tip of the
light-pen is placed close to the screen, a spot of light appears on the
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screen where the light-pen is pointing, and this remains lit when the
pen moves on. If the pen is held close to the screen as it is moved, the
tip will leave a path of light drawn on the screen. If the pen is lifted
away from the screen, drawing stops, but will resume at any other
place where you put the tip of the pen against the screen.

The light-pen requires both hardware (the pen and its cable) and
software. For a drawing program, the software consists of a routine
which pokes each screen address until the light-pen responds. The
points which do not cause any response are restored to their original
contents, but when the point that causes a response is found, the
character poked into this address is allowed to remain. This is
repeated as the pen moves, but the search is easier when the pen is
kept in contact with the screen, because only the area round the
point of contact needs to be searched. This search program needs to
be written in machine-code, because BASIC is generally too slow to
respond.

The light-pen can also be used in menu selection, pointing to an
item that you want to select, or for deleting an entry (draw a line
across the item with the light-pen). These uses are particularly
appropriate for business purposes, in which the light-pen can often
provide an alternative to typing an entry. This has obvious
advantages for many disabled users, and also the advantage that the
keyboard need not be made available to all users of the program.

Cartridge options

The 64 provides for a range of plug-in cartridges which contain
memory that is already programmed in a permanent form. This can
be used to add new facilities to the machine in a particularly simple
way. The IEE-488 cartridge, for example, allows the 64 to make use
of the attachments which were designed for the older CBM designs,
notably the PET series. If you already have a PET printer or disk
system, for example, or have developed control equipment that is
operated by a PET, then the 64 with its IEE-488 cartridge will also
connect to and operate the same equipment.

A PET Emulator cartridge is also available which allows the 64 to
run programs that were designed for the PET computer. This allows
you access to a huge range of well-tried and well-known software,
and, once again, allows you to replace a retired PET with a 64
without having to replace all of the valuable software.

The Z-80 cartridge contains more than just a program in memory.
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It contains a Z-80 type of microprocessor, and by re-allocating the
memory of the 64 and controlling it with the Z-80, this allows the
CP/M operating system to be used on the 64. This can be good news
if you have a considerable investment in CP/M programs which can
be transferred from another machine into the 64, butthesystemis not
quite so attractive as it might appear. Programs that use CP/M will
generally be on disk, and it is unlikely that a disk created by a
different type of machine will be able to operate on the 64 disk
system. This is why the method of passing the program from one
machine to the other is more useful. In addition, it would be
pointless to use the CP/M option just to gain access to software,
because the price of CP/M software is very high. Several CP/M
programs cost more than the 64 itself, and in general you could
obtain programs to carry out the same results much more cheaply if
you do not use CP/M but concentrate on the PET option. In
addition, CP/M was designed to be used by professional
programmers rather than users, and is not particularly easy or
convenient compared to some other systems, particularly if you
have only the manuals to go on.

Another cartridge option is Simons BASIC. This consists of a
very greatly extended BASIC language that contains a large number
of the instructions that have appeared in other versions of BASIC. It
offers a choice of new keywords which greatly extend the usefulness
of BASIC, and in particular allows graphics and sound program-
ming to be carried out much more easily without the use of POKE
instructions. The use of this BASIC, however, eats up a very large
part of the memory of the 64.

The use of cartridges can permit other programming languages to
replace the BASIC of the 64, and also permits the BASIC to be
replaced by specialist programs. Other languages, such as
PASCAL, very popular among academics, and FORTH, used for
machine-control, can be achieved with cartridges, and machine
code programs, such as word-processor programs, can replace
BASIC, so as to leave a lot of free memory available for text. All of
these cartridges will eventually be available from your Commodore
dealers — and probably sooner than I shall be able to get a working
operating system for my other computer!

Disk systems

A disk system is virtually essential for a computer that is to be used
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for business purposes. A disk drive consists of mechanical parts
which can grip a thin plastic disk and revolve it at 300 r.p.m. A
record/replay head can then be positioned over tracks in the disk,
and data can be recorded on to the magnetic coating of the disk, or
replayed if the disk has previously been recorded. Included in the
same casing as the disk drive, however, must also be a disk
controller. An important difference between a disk system and the
use of a cassette recorder is that the disk system is operated under
complete computer control. Any disk command that is contained in
a program will cause the disk to be spun at the correct speed, the
head to be placed on the correct track, and the correct data read, or
new data recorded in the correct place. All that the user needs to do
is to ensure that the correct disk is in place! All of this, however,
needs a very complex control system, which is the factor that
accounts more than anything else for the price of disk systems.
The control system for Commodore disk system uses its own
complete computer system and memory built into the disk system
itself. Because of this, disk systems made by other manufacturers are
not generally suitable for Commodore systems, since most of these
other systems make use of the computer in some way. The
Commodore system has the great advantage that the addition of a
disk system to the 64 does not require any of the memory of the
computer. Many other types of computers use 3K to 5K of the
computer’s own memory in order to control the disk system, and in
some cases this leaves very little room for programs in the computer.

Other developments

At the time of writing, several miniature disk systems, using disks
ranging in diameter from 3” to 4”, are on the point of production.
These systems are in no way inferior to 5Y,” disks in terms of storage,
and we can expect the use of such miniature disks to increase if only
the manufacturers can agree to a common standard. At present,
each disk system for 5,” disks uses different standards, so that disks
are not interchangeable, even when a common operating system
such as CP/M is used. If a common standard for smaller disks can
be agreed, then the advantages to software suppliers will be
enormous. If there is no agreement, we can expect to find the same
conditions applying to the miniature disks as to 5Y%,” disks, and there
will be little, if any, incentive to use the smaller disks. At present, the
only agreement is on the format of the older type of 8” disk, but 8”
disk drives are less common on the smaller computers.
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These and other newly developed devices will be evaluated for use
on your 64, and put on sale whenever Commodore are convinced of
their usefulness. Keep a close watch on the computing magazines,
and on the local Commodore dealers to keep in touch with progress.

Last word

We’ve reached the end of this particular path now. With the
formalities of introduction now complete, you and your 64 now
have to get thoroughly acquainted. You can do this by tackling
problems, not the problem examples that you find in some
textbooks, but your own real problems. It’s by using the 64 for
problem solving on your own applications that you will make the
most rapid steps in learning the art of program design and the rather
lower level craft of using BASIC to carry out that design. Happy
programming!




Appendix

The BASIC of the Commodore 64 is MICROSOFT, which is
regarded as a worldwide standard form of BASIC, and is very
widely used on computers. Two computers, however, use instruc-
tions which differ considerably from MICROSOFT in some details.
These are the Acorn Atom, whose BASIC is very different from

MICROSOFT, and the
instruction is used for

Sinclair ZX series, in which a different
the LEFT$, MID$ and RIGHTS$ of

MICROSOFT. The table below deals with the conversions which

are needed for programs
instructions can be used.

written for these computers so that these

XZ Series

LET B$ = AS%(3)
LET B$ = A$(TO 3)
LET B$ = A$(3 TO)

LET B$ = A$(3 TO 5)

Atom

$B = SA

$B _|_ 3 — (133}
$B=S%5A+2
$B = $A

$B _|__ 6 — €69
$B=$%B + 2

Commodore

B$ = MID$(A$,3,1)

B$ = LEFT$(AS,3)

B$ = RIGHTS$(AS,5) assuming
LEN(AS) =7

B$ = MID$(AS$,3,3)

Commodore
B$ = LEFT$(AS,3)
B$ = RIGHTS$(AS,2)

B$ = MIDS$(AS,2,6)
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Acorn Atom, 130
Address, 73

Adventure programs, 54
Alarm-clock action, 123
Alphabetical sort, 68
Animation, 73
Arithmetic, 29
Arithmetic symbols, 16
Array, 50

ASC, 36

ASCII code, 36
Assignment, 22

Attack, 106
Attack/decay numbers, 110

Bar chart program, 77
Base for numbers, 83
BASIC, 15

Binary number count, 84
Binary numbers, 83
Branching step, 40
Bubble sort, 68

Byte, 85

Cartridge options, 126
Cartridge use, 14

Cassette file, 64

Cassette recorder, 1
Changing volume, 114
CHRS, 36

CLOSE, 68

CMD, 67

CONT, 116

Co-ordinate addresses, 90
Co-ordinates, 88

Colour codes, keyboard, 99
Colour displays, 98
Colour memory map, 102
Colour of sprites, 94
Comma, 19

Commodore key ( Cz), 7
Commodore printer, 72
Company logo, 72
Computing Today, 70
C.T. standards, 70
Concatenating strings, 33
Conditions to test, 45
Connecting up, 2

Core, 60

Crashing through, 42
Cursor, 8

Data entry subroutine, 62
Data processing, 55
Debugging commands, 166
Decay, 106

Defined function, 30
Delete action, 9

Digital clock program, 122
Dimensions, 52

Direct commands, 16

Disk drive, 1

Disk systems, 127

Disk use, 13

Dummy variable, 31, 115

Editing key, 9

End of file marker, 65
End of tape marker, 65
Envelope, 106
Extracting numbers, 34

Field marking, 71
Fielded input, 71
Financial spreadsheet, 54
Floppy disk system, 1
FOR ... NEXT, 46
FORTH, 127

Frequency and amplitude, 105

FRE(X), 115
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Function keys, 103

GET, 27

Ghosting, 4

GOSUB, 41

GOTO, 41

Graphics characters, 8, 69
Graphics strings, 72
Graphics tablets, 125

High-resolution, 82

IF test, 41

Inputs, 24

INT, 31

Integer number, 23

Joysticks, 125

Keyboard, 7
Keyboard graphics, 69
Keywords, 15
Kilobyte, 85

Leader, 64
LEFTS, 37

LEN, 33

LET, 23

Level of sprite, 87
Light-pen, 125
Line, 17

LIST, 18
Loading, 1, 12
Loop, 27, 44
Low-resolution, 82
Lower-case, 8

Machine code access, 120
Matrices, 53

Matrix, 53

Memory map, 75

Memory mapped screen, 74
Menu, 35, 55

MIDS, 38

Miniature disk systems, 127
MOBS, 82

Modem, 124

Modulator, 4

Monitor, 3

Movement of sprite, 88
Mugtrap, 51, 57
Multicolour sprites, 96
Multiple sprites, 91
Multi-statement line, 21
Musical notes, 104

Names for aliens, 49
Nesting, 49
Number variables, 23

ON N GOSUB, 57
ON N GOTO, 57
OPEN, 64

Other languages, 127

PASCAL, 127

PEEK, 78

PET, 15

POKE colours, 100
POKE graphics, 73
PRINT, 16

PRINT #, 64

Paddles, 125

Pattern inversion, 79
Pitch, sound, 104
Planning block graphics, 80
Position of sprite, 88
Power connections, 2
Power switch, 3
Practical sprite generation, 85
Printer connection, 124
Priority illustration, 95
Priority of sprites, 92
Program instructions, 17
Program testing, 118
Programming mode, 9

Quit option, 56
Quotes, 18

Random fraction, 39
Random words, 120
READ... DATA, 26
Real number, 23
Real-time clock, 122
Re-dimensioning error, 52
Release, 106
Reserved names, 24
RESTORE key, 11
RETURN key, 17
RIGHTS, 38
RND(1), 39
RUN/STOP key, 10

Saving, 1, 12

Sawtooth wave, 109
Screen-plan diagram, 80
Semicolons, 19

Serial input/output, 124
SGN (X), 115




Shell-Metzner sort, 68
SHIFT, 8

Simons BASIC, 127
Sound generator, 103
Sound POKEs, 107
Sound-program design, 111
Sound subroutines, 112
SPC, 22

Sprite collisions, 96
Sprite colour, 94

Sprite graphics, 83
Sprite level, 87

Sprite planning grid, 82
Sprite pointers, 88
Sprites, 82

Square wave, 109
Statement, 22

STOP, 116

STRS, 35

String array, 51

String literals, 19
String slicing, 37

String sort, 119
Subroutine, 31, 42
Subroutines, 61
Subscripted variables, 50
Sustain, 106
Sustain/release numbers, 110
Syntax, 15

SYS, 121

System expansion, 124

TAB, 21

Index 133

Test conditions, 45
Top-down design, 59
Transformer unit, 3
Triangle solver, 33
Triangle wave, 108
Tuning TV, 4

TV connection cable, 3

Unused bytes, 115
Upper-case, 8
Uses of loops, 47
USR(X), 121

VAL, 33

Variables, 22

VDU, 3

VIC-20, 15

Video chip, 87

Video inversion, 81
Video monitor, 3
Visual menu choice, 58
Voice settings, 106
Volume, sound, 104

Warbling note, 113
Warning note program, 111
Warning notes, 109
Waveforms, 105
Waveshape, 106

X-Y plotters, 125

ZX series, 130
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