TheWorking
Commodore

234567899

g ol
2078901234567899
2712345678901 23456789

4567891.2345678901234567899

591234567891234567890123456789¢
3456 1
234567891

345678

4 8 345
456789012345,

¥

e







TheWorking
Commodore

64

A library of practical
subroutines and programs

David Lawrence



Published by:

Sunshine Books (An imprint of Scot Press Ltd.)
Hobhouse Court,

19 Whitcomb Street,

London WC2 7THF

Copyright © David Lawrence
First published February 1983
Reprinted July 1983
Reprinted September 1983
Reprinted October 1983

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted in any form or by any
means, electronic, mechanical, photocopying, recording and/or
otherwise, without the prior written permission of the Publishers.

ISBN 0 946408 02 5

Cover designed by

Three’s Company.

Photograph of the Commodore 64
kindly supplied by Commodore UK.
Typeset and printed in England by
Commercial Colour Press, London E7.

2



CONTENTS

Page

Calling up Commodore 9
1 Good things in small packages

Clock 11

Graph 16

Texted 22
2 Programming tools

Merge 31

Delete 33

Renumber 35
3 The colourful 64

Artist 41

Characters 50

Sprites 60

Hi-Res 69
4 The 64 as secretary

Unifile 77

UnifileIl 89

Nnumber 101
5 Home education

MultiQ 111

Words 119

Typist 125
6 High micro-finance

Banker 131

Accountant 139

Budget 148

7 Music 163






Contents in detail

CHAPTER 1
Good things in small packages

1.1 Clock—introduces the 64’s flexible time function to create a colourful
way of telling the time.

1.2 Graph—build your own coloured three-dimensional displays.

1.3 Texted—your own simple word-processor.

CHAPTER 2

Programming tools

2.1 Merge—allows you to keep useful modules on tape and string them
together when needed.

2.2 Delete—a routine enabling you to load an original program and delete
parts of it to suit new applications.

2.3 Renumber—give a professional look to your programs with this
renumbering routine.

CHAPTER 3
The colourful 64

3.1 Artist—enables you to use the screen like an easel, painting on
coloured graphics characters, erasing and changing them, and saving them
onto tape.

3.2 Characters—allows you to create your own special characters, using
the user-defined character capability.

3.3 Sprites—lets you move high-resolution designs easily around the
screen.

3.4 Hi-Res—introduces bit-mapped graphics, allowing you to set any
individual dot or pixel on the screen.

CHAPTER 4

The 64 as secretary

4.1 Unifile—this uses the 64’s strengths as a filing cabinet, enabling you
to store up to 500 entries, search for named items, and to amend or delete
them.
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4.2 Unifile II—similar to the previous program, this tackles less
structured files and introduces the multiple search routine.

4.3 Nnumber—this copes with numeric data when you need to store
names of items along with a unit of quantity.

CHAPTER 5

Home education

5.1 Multig—this program explains how to enter a series of questions and
answers which form the basis for multiple choice tests.

5.2 Words—similar to Multiq, here the questions take the form of
pictures.

5.3 Typist—improve your touch-typing with this short, neat program.

CHAPTER 6

High micro-finance

6.1 Banker—allows you to present your financial transactions in the form
of a neat bank statement.

6.2 Accountant—a simple way of keeping track of your accounts.

6.3 Budget—a powerful and flexible tool allowing you to plan your
finances over a 12-month period.

CHAPTER 7

Music

The 64 has no less than three sound synthesisers. This program explains
how to develop your own music and embellish other programs in this book.



PROGRAM NOTES

A number of functions on the Commodore 64, as with other Commodore
machines, are dictated by ‘control characters’ which are contained in
ordinary strings and take effect when the string is printed. Control
characters can normally be recognised by the fact that they are inverse
characters (the colours of the background and foreground are reversed in
the character position). The functions under the control of such characters
include cursor position, print colour, inverse (RVS) on and off, cursor
home and clear screen.

The following table shows the control characters as they appear in the
programs in this book:

ELACK [
WHITE |
RED ]
CYANH

PURFLE |
GREEH Wi
BLUE a
YELLOW m
ORAMGE ol
BROMM [ 4
LIGHT RED =
GREY 1 0
GREY 2 |
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LIGHT GREEH W
LIGHT ELUE 0

GRAY = H
F.E O |
E\z OFF -
LIF 1
DO L)
RIGHT ]
LEFT u



Calling up Commodore

This book, and the series of which it forms a part, was undertaken to try
and fill what seemed to be a yawning gap in the provision of books for
home micro-owners. That gap was the absence of works aimed at fulfilling
the dream that I think almost every owner has, that the new machine will
not simply be a toy, not even an educational introduction to the silicon age,
but a tool, taking over all kinds of tasks and opening up all kinds of
possibilities. The majority of books consist either of trivia or assume too
great a desire—perhaps even the capacity—to experiment.

I wanted to write a book based on a solid collection of programs that
would be worth having—programs that would handle such areas as data
storage, finance, graphics, music, household management and education.
Discussion of programming techniques would arise out of the programs
themselves rather than as part of a curriculum of ‘things that should be
learned’. I hope that you will find the book that has emerged from that
desire a useful one, not only as a way of learning new programming
techniques, but also as a collection of programs in itself, all of them tested
by an independent assessor for errors and offering a wide range of
applications that might only have been open to those prepared to buy
expensive commercial software or already able to write substantial
programs to fit their own needs.

In addition to the programs in this book you have the parts of the
programs—not as silly as it sounds for the programs in the book are written
in ‘modular’ form. That is to say they are made up of clearly identifiable
functional units which, as you come to understand them, can be lifted out
and employed for your own purposes. Each module is commented upon
fully where it covers new ground and instructions are given for testing the
programs as the modules are entered.

In using this book, though you will find that there are sections where
general issues are discussed, it is not a book to be read but to be used. The
relevance of the comments and advice will only be apparent when you have
taken the plunge and and begun the task of entering what appear at first to
be dauntingly long and complex programs. Here, the modular approach
will help to prevent programs becoming unredeemable tangles of errors, so
do test modules as suggested, especially in the early stages.

In the end however, the success or failure of the book must be judged on
whether it helps you to enjoy your 64. It is very much a ‘64 book’, for while
the general structure of the book is based upon its two predecessors in this

9



Calling up Commodore

series, the programs were adapted and new programs added to take
account of the 64’s extraordinary abilities. While writing a book such as
this is hard work, I have nevertheless enjoyed the polish that the 64 has
given to programs that on less capable machines might have been far less
exciting. In using these programs you won’t have to work quite as
hard—but the end product will be just as exciting.

Finally, no introduction to a book such as this could end without
expressing profound thanks to Commodore UK for all the facilities they
have made available and not least to Steve Beats at Commodore’s UK
headquarters, for his patience in answering the idiotic questions that
opened up the 64 for me.

10



CHAPTER 1

Good things in small packages

The programs in this book are intended to be put to work on a variety of
important applications. Because many of the applications are complex, so
are many of the programs. That should not be taken to mean that useful
programs cannot be compressed into a small space. As an introduction to
the approach adopted, this chapter presents three relatively short
programs that are anything but toys.

1.1 CLOCK

This program provides quite a pleasant introduction to some of the 64’s
abilities—it’s easy to enter, fun to leave running on the family TV and it
makes good use of the 64’s flexible string and screen handling.

The program is exactly what it says, a clock, but you won’t see a circle
and hands appear when it is run. The 64 clock uses two lines sweeping
across the screen, left to right for the minutes and downwards for the
hours, dividing the screen into different colour areas. All of this is only
possible because the 64 has a flexible time function which can be set and
read in a straightforward way from within the program.

Clock: Table of Variables

CS Address of the start of colour memory

DT$ Formatted adaptation of TI$

H Hour value adjusted into screen units

M Minute value adjusted into screen units

MI1§,M28 Two-colour strings displaying hour and minute values

SS Address of the start of the screen

TI$ A system variable containing the time by the internal
clock

MODULE 1.1.1

TURNRE R Il o o oo o e o s sl ol e o o

11919 REM IMITIALISE TIME AHD DISPLAY

1182 POKE S2z88, 8 POKE 5222101

1189468 THPUT "TEOFLEASE IHFUT THE HOURE o6

T—-120 i HE

11
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IHPUT “ERLERASE  THPUT THE MIMUTE o

(R
X
I EA)]
it

St

B TIE=HE+ME+S" @R

B OFRINT "TI0m 5 18 15 28 25 26 35
oOSE SE AR

B mh=1024 Ch=05290 FOR I=8 T0 24

B OFOEE CS+40&], 0 POKE SE-eaim ], e

[
A6 POKE CO+4@#I+1, 00 POKE S5+40% I+, 16

11110 POKE CE+4a%1+32, 0 FOKE SS+d40#]+38,
1ei

itz FORE CS+4@$I+39, 0 POEE SS+40% T +29,
Tl

EIEe MEET I

1114@ PRIMT "&"'FOR I=1 TO 11:PRIHT "@";
MITECSTRECTD Y 20 FRINT HEXT

1115@ FREINT " MIDECSTREC T, 20

This module allows the user to input the time in hours and minutes (12 hour
clock format), sets the timer and then displays the clock face.

Commentary

Line 11030: Two useful memory locations: 53280—redefines the colour of
the border around the screen, 53281 redefines the screen background
colour. Either of these can be reset instantaneously during the course of a
program. In this case the border is set to black and the screen to white.

Lines 11040—11060: Hours and minutes are input in two digit form. They
are then added together and 00 is added for the seconds. The system is told
that this is TI$ and immediately resets the internal clock to count from that
time.

Line 11070: The screen is cleared, the print colour set to black and reverse is
set, then the figures are printed across the top of the screen.

Lines 11080—11130: The black borders of the clock area are now put onto
the edge of the screen. When printing right to the edge of the screen it is
often more convenient to POKE characters onto the screen, since this
avoids the print position jumping from one line to the next. In order to
POKE the screen successfully, two locations must be dealt with, one within
the screen memory itself (addresses 1024—2023) and the other within the
colour memory (55296—56295). All that this loop does is to POKE the first
two characters and the last two characters of the 25 lines on the screen with

12



Chapter 1 Good things in small packages

a character code of 160 (an inverse space) and the corresponding location
in the colour memory with zero, which turns that character position black.

Line 11140: The cursor is homed and the hours are printed down the left
hand side of the screen. The last value is printed separately with a semi-
colon following, so that the screen will not scroll upwards, since it is on the
bottom line of the screen.

Testing Module 1.1.1

Insert a temporary line 11160 GOTO 11160 and run the module. You
should be asked to input hours and minutes, then the borders of the clock
face will be placed onto the screen. The temporary line ensures that the
screen does not scroll upwards to print READY when the module is
finished.

MODULE 1.1.2

12886 REMEREEEEEEEREECEEREE R
12@1a REM CALCULATE AMD DISFLAY TIME
12628 FEMESEFfEsfesi e eipisr s
12830 M=TMTOOYALCMIDECTTE, 3, 20 048, S35
LB H=2¢VAL CMIDECTIE. 1,200

12058 IF MZ=328 THEM LET H=H+1

1268e@ IF Hx=24 THEM LET H=H-24

Teaed IF M= THEM LET M=1

1260s8

M1E="nRERA

PEEen LET Mig=LEFTHOM1E, Med 4 @ +R IGHTE0
M1%. S
12160 M2$="pREEx

12118 LET M=l EFTEM2E, M40 +" 4" +RIGHT £
M2E, Be-MD

12128 PRIMT "t

12138 IF H3B THEW FOR I=1 T0 HIFRIMT MiF
THERT

12148 IF H<23 THEH FOR IsH+1 TO 22 FRIMT
Mz%  MEX

12158 PRIMT M24;

12168 FREINT "asisEeppEeenehekBresRhahaRR
IBNRREERENRRI NN

12178 DT#=LEFT$CTIE 20+"  "+MIDFCTIF, 2,2
Mt TR IGHTSCTI$, 20

13



The Working Commodore 64

12128 FOR I=1 70 LEMCDTE) CFREIMT MITECITE
ST VR G HERT
Ta1ma GOTO 12Esa

This module derives the values necessary to create the display from the
internal clock and displays the time in two forms.

Commentary

Line 12030: There are 36 available spaces across the screen once the
borders have been drawn, so the number of minutes must be divided by
60/36 (5/3) to obtain the right units to move across the screen.

Line 12040: There are 24 screen lines available, so all that is necessary is to
multiply the hours by 2.

Line 12070: The program is designed always to display minutes, so that on
the hour the minute value increments to show one unit.

Line 12080: M1S$ is set equal to two cursor moves to the right plus the
purple control character and the reverse control character, followed by 36
spaces. If printed, this would show a purple line.

Line 12090: M1$ is now changed so that it becomes equal to the first four
control characters plus M spaces, then a red control character, then the
remaining spaces. This creates a new string which changes colour at a point
defined by the value of M.

Lines 12100—12110: The same process is carried out for M2$, which will
begin blue and end white.

Lines 12130—12150: M18$ is printed for as many lines as there are hours;
M2§ is printed on the remainder of the lines. The two strings thus define a
border between different colour areas dictated by the value of H.

Line 12160: The cursor is homed and the print position moved to about one
third of the way down the penultimate column of the screen, with the print
colour set to black. \

Line 12170: DT$ is now defined as TI$ with two spaces inserted between
the hour, minute and second values. Throughout the course of the
program, the system has been updating TI$ so that it always contains the
latest time.

14



Chapter 1 Good things in small packages

Line 12180: DTS is printed down the right hand side of the screen. The
method used is to print one character at a time, then move the cursor down
and back.

Testing Module 1.1.2

Your clock should now be ready to run, with four different rectangles of
colour marking the lines for hours and minutes. The time is displayed
digitally on the right-hand side of the screen.

Having said what it should do, almost inevitably there will be errors in
what you have entered. If not here, then in later programs. From the kind
of queries that come to me it seems that many micro-owners find it very
difficult to know how to begin to deal with such errors and perhaps a few
basic guidelines might be of help:

1) Make the most of the help available to you. If there is an error message,
make sure you take account of it, noting the line where the error occurs and
the type of error.

2) Don’t run the program again to see if it will work a second time. If it does
work then you are in a worse state than you started since you have lost the
chance of running down the error for the present.

3) Use the direct mode (commands entered directly from the key board
rather than program lines) to print out the values of all the variables in lines
that appear to have an error. A ludicrous value will often give you the clue
as to what is going wrong. An awful lot of almost indetectable errors result
from the simple misspelling of a variable name, substituting 1 for I for
instance.

4) Follow the program through in your head or on paper, using simple
values so that you can see exactly what it should be doing at each point.
5) Don’t be too hasty in making an alteration until you are sure that it is the
only one you want to make. Once you enter a change to a line, all your data
disappears and with it your chance to make further checks without running
the program again.

6) Save your program regularly as you discover errors and/or add new
lines. Many errors in final programs result from changes which were
entered into a program but never finally recorded on tape. All my
programs commence with the following 3 lines:

1 GOTO 3
2 SAVE ‘XXXX’:STOP
3 REM

These three lines allow programs to be saved with the command ‘GOTO
2’ (provided ‘XXXX is replaced with the program name. One incidental
side-benefit is that I can always start my programs with GOTO 1 rather
than having to remember the first line number of the main program.

15
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Everybody makes mistakes in designing and entering programs, the
difference is whether they learn to cope with their mistakes competently.

Summary

Whether you like the clock is something only you can say. Personally I
find it quite attractive. Regardless of the clock, however, the techniques of
slicing up strings and of POKEing the screen and colour memory
contained within the program will come in useful in a wide variety of
programs, so it is worth entering the program and ensuring that you
understand how it functions.

1.2 GRAPH

If you want to understand this program you can do no better than to look
at the box in which your 64 arrived. There you will find a colourful
three-dimensional bar chart—this program is an attempt to reproduce the
prbgram that generated the chart. I say attempt, because on successfully
reproducing the chart on the box I discovered that the data it was given to
work on had been carefully chosen to hide the limitations of the tightly
packed bars. Other data led to the graphics characters making up the bars
knocking holes in neighbouring bars, making the whole thing a great deal
less attractive than the box display.

This program, then, is a compromise, producing a less packed display
but one which will work on any set of data and still look as good—so good,
in fact, that when you have completed entering it, it is the kind of program
to call the family in to impress them with your wizardry.

Colourful and practical, the displays produced will no doubt find many
applications. In addition the program provides a simple introduction to
the subject of saving data on tape and later reloading it.

Graph: Table of Variables

COS$ Three-character string used to decide colour of different
bars on the graph

F$ Formatting string of right cursor characters

F1$,F3% Formatting strings of down cursor characters

F2$ Temporary string derived from F$

HH(2,6) Array holding data for graph

NB Number of banks in front of each other (1-3)

ND Number of columns along the horizontal axis (1-6)

NHS$ N\ Name for horizontal axis

NV$(Q2) Names for each separate bank

TT$

16



Chapter 1 Good things in small packages

Temporary string used to format printing of vertical axis
names ~
uv Number to be represented by each unit on the vertical axis

MODULE 1.2.1

1 REMBREE R R
FEM ACCEFT DATH

SN RS b R R R AR R EEEEEEE LR R BT E T
1POFE S2231, 15 THPUT "Tmel0 Yo WIs
LWHD FROM TAFE oYty " 0F

f IF fE="Y" THEM 12428

b FRINT TR FEaGERe

= FREINT "MRTHERE ARE 1% UMITS OM THE
VERTICALLY.

11aya PRIMT "E@RIMFUT HUMBER TO BE REFPRES
EHMTED BY ERCH"

11eza THPUT "UHIT: "o

11836 THFLUT "eFAME FOR MORIZOMTAL AxIsS"
HHE

11186 PRINT “TIHmyO0 CRM HAVE OHE TO ST
COLURRE, @

11118 THFUT “EHOM MAMY WOULD Yo LIKE: "
HI

11126 PRIMT “wEEHOL CAM HAVE OHE T THRE
E BAMEZ, "

141 TZE THRPUT AHOM MAMY WOULT Y0 LIKE: "

ME

11148 FOR T=0 T0O MBE-1

11158 PRINT "PRHAME FOR WERTICAL M:Is"I
10 THPUT MWYECT D HERT T

11168 DIM HHCZ, &

11178 PRINT "0" FOR I=8 TO HE-1

111268 FOR JI=1 TO HD

10126 FRINT "BIMPUT BAME" IT+1:" YALLE":T
UL CIHRPUT T

-
24

h&’—b!—-“_ﬂ

|""| T — T T S T
T. ﬂ.,.‘s n't!‘u—bl\‘l

i T E )

]

1
1
1
11
H
116
116
116

=
2

.I

it

11208 IF THTCTA 219 THER FPRIMT "MMALLE
TOD HIGH. " GOTO 111nn
11218 HHMCT, Joa=T HEKT J.1

The purpose of this straightforward module is to allow the input of the
data which will be used to build up and label the graph. Rather than ask the
user to input maximum and minimum figures for the range of values and
then calculate the units (which can result in extremely odd units), the

17
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program asks the user to specify how many units of the data input will be
represented by each vertical unit on the graph. Names are given to the
horizontal axis and to the banks of 3-D pillars, starting from the back.
Finally data is requested in conformity with the structure chosen by the
user.

Testing Module 1.2.1

Simply a matter of running the module to check the syntax is correct.
Nothing can be drawn yet.

MODULE 1.2.2

12EEAE REMEE s ol ook e ek e
12828 REM DREAM GEAFH
TR ERE R R et o e e ol 40
1E84E POKE S2221, 8:FRINT " IFeTaTeIaTa]sIaTaTNIe]x]
mmmmmna,";
12053 FE="pNbRk]"
llﬁﬁﬁ FOR I=1 TO 4:PREIMT FE, ™8

N FE=RES R HEST
12878 PRINMT "shRBkis
PoREM 28 CHAR LIME
2@ FOR I=1 TO 19:FPEIMT "shbeNL.";
268 PRIMKT "
AN THEET
121@@ PRIMT "8"::FOR I=1 T 4 FRINT ek
)1 1 111 ]
12114 FRIWT
w' CHESRT REM 22 CHAR LIME
12128 FlE=" s{uenIn]a]a]aTeIo]n e o] nIo a0 0Tl © F 3= " pli
ANEPRRRRRRRRER R NS COE=" TR
1&13@ FRIMT " cfeelnIeaqunenTaTe]aIn o] s o] o] 6o o] o]0 " |
FAHE
12140 FOR H=8 TO HE-1:'PEIHT "s*IARNANAI"
MIDECFE, 12 CHAL 00 MIDECCOFE  HEL 10
12158 TTHE=HYECH+" $"+STRFON D FOR I=1 T
0 LEMCTTED
1216 PRIMT MIDECTTE, T, 1o "00a" 0 cHESTI L H
12178 PRINT 'ehbkieeleIn]] SNRITTe0eT0]] 5 RMeIe]ele]0 ]
L LILICIEILT R
12158 FIi=F1%:FOR H=¢ TO HE-1:FRIMT MILE
CCOFH+1, 10
12158 F (=l EFTE#CFE, S4+d%CHD~1 2 +H) TPRTHT F
1#.F2 $
12288 FOR I=MD TO 1 STEP-1:IF THTOHHOH. T

18



Chapter 1 Good things in small packages

L r=E THER 12EYE

RO Tl TO THTOHHCH, T eH y
A IF THTOHHOH, Th A0 D=0 THEM 12278

IF J=1 THEM FEIMT “E&E " MIDECCOE,
Mt WTRREWE

3 IF Tl THEW PREIMT " 1@ "RRBE
voREEM CHARS ARE " L L EGD . L ETLEL LK

MEST T

FEIHT " ™Mmg ™"

A FRINT  F2E=LEFTEFE®, LEMOFZE -4 1 PR
FLESFSE CHERT I

1 F1E=F1E+" 0"
Fag=lEFTERE, Dag M- 1 30 FRINT Fig

FERT
FOR I=1 TO MDCPRINT FI2
A FEFs=LEFTEOFE, DraRcI-100  PREINT FZE,;
FHP J=10T0 HE
aaz@ IF T OR HHOZ, T-10=0 THEH FREINT

i ""M' H F ! I' AT U ERlt  CHERET T T

L Hf - TF FF="" THEHW 12350

Th1s isa f1ddly module which is based, not on any clear set of methods but
simply on the conditions that I found, in practice, had to be fulfilled to
complete an attractive presentation of the graph.

Commentary

Lines 12040—12060: The screen is set black and the brown base on which
the graph stands is painted in.

Lines 12070—12110: The grid surrounding the graph area is drawn, units
are marked down the sides and lines placed across to mark the five unit
levels.

Lines 12140—12160: These three lines determine a print position at the top
right hand corner of the screen and print the names of the three banks
there, down the screen, in colours corresponding to the banks themselves.
The screen position is determined using a chunk taken out of F$ and the
colour by printing a different one of the three colour control characters for
each execution of the loop.

19



The Working Commodore 64

Lines 12180—12300: Three loops are called upon in this section. The H
loop determines how many banks will be drawn in front of one another,
being also used to extract a colour control character from CO$ and to
determine how many down cursor characters will be printed, thus moving
the banks down consecutively. The I loop controls how many columns will
be printed across the screen, the J loop controls how high any particular
3-D block will be.

Line 12190: The horizontal print position at the start of each bank (they are
drawn from right to left) is calculated according to the bank—each bank
moves across one, giving the 3-D appearance to the three banks.

Line 12200: A column is not printed if the relevant array element in the
array HH is zero.

Lines 12230—12240: At the bottom of each column is printed the slanting
bottom which makes the column look as if it is resting on the surface.

Line 12260: When the top of the column is reached the sloping top is added.

Line 12270: For the next column, four characters are subtracted from the
cursor right string, defining the new print position.

Line 12280: The vertical print position is moved down before printing the
next bank.

Lines 12310 - 12340: In printing the banks the bottoms of the columns
have been corrupted. These are filled in.

Line 12350: The graph remains on the screen until a key is pressed.

Testing Module 1.2.2

Once again a straightforward matter of running the program and seeing
that the resultant display does look right. If you run into problems, then
the answer is to cut down the number of banks to one, and perhaps even the
number of columns to one, to simplify your analysis of what is going awry.
Look at the function of each of the loops separately to decide which of
them appears to be producing the error. This is a frustrating module to
debug so, if you think that a change to your lines would overcome the
problem, €ven though you can’t see where you have departed from the
listing given here, make the change and see—nothing here or anywhere else
in this book is sacrosanct.

20



Chapter 1 Good things in small packages

MODULE 1.2.3

1228 IMPUT "TIEmn0 YOu WIsH T0 SAYE DATA
CSHD NS OENTE GE="H" THEM EMI

12278 IHPUT "EFOSITION TAPE CORRECTLY. T
HEM ERETLRNS-~"0f BE=CHREC 120

t2zen OPEM 1.1.1. "GRAPH"

12298 FRIMTH#1 . HER® D REE HHE RE LY
1240@ FOR I=@ TO HE-1 FRIMT#1.HWEC I FOR
J= TO MIGPRIMTHLHHOT . T o HEST T, 1
12418 CLOSEL EMD

12428 THPUT "THEFDSITION TAPE CORRECTLY
THEH SEETURM®-~" 0 IIM HYECZ 0  HHCZ, 60
124328 0PEM 1.1.8, "GRAPH"

12448 THFUTH#1 . HE. HD, HHE, LY

124560 FOR I=0 TO ME-1:IHPUTH#L. HYECT2 FOR
J= T DG THPUTH#HL HHOT  T0 HEST T.1
laded CLOZED  GOTO 1260568

tEdye GOTO 12470

..

Now that you have defined your graph, rather than lose the data and have
to enter it again, you can store it on tape. This module will allow you to do
that and to recall it subsequently. The module is designed to make tape
storage as easy as possible in that it gives you time to position your tape to
the correct place before it begins the process of loading or saving.

Commentary

Line 12380: This line opens a file, a place into which data is to be placed,
and in this case the storage place is the cassette recorder. The three figures
represent:

a) The number of the file—any instructions to store something in a file
must mention the file number

b) The device number (the piece of equipment which is to receive the data)
with 1 representing the cassette recorder

¢) The type of file—1 means that it is a file into which data is to be placed
rather than one from which data is to be taken.

NB,ND,NHS$ and UV are placed into the file (onto tape). Note the use of
the variable R$ here. When storing data on tape the 64 is a little finnicky
about how each item is separated from the next—simply putting in
commas can result in errors when the data is reloaded. R$ was defined in
Line 12370 as CHR$(13), the code for RETURN, and placing it between
items ensures that they are properly separated.

Line 12400: The program’s arrays are printed one by one to the file.
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Line 12410: When you have finished with a file for the time being it must be
CLOSEd. Failure to do this will result in an error the next time you try to
OPEN a file of the same number.

Line 12420: This is the part of the module which loads back data into the
64. The only difference between the specifications for the two types is that
this one has a file type of 0, which means a file from which data will be
taken.

Lines 12440 — 12450: Data which was printed into the file is now recalled.
The safest way to build up your loading routine is to edit the line numbers
of the SAVE routine and change the PRINT commands to INPUT. That
way you know that the routine will pick up the data in exactly the same
order as it was stored. If the data is picked up in the wrong order, not only
will it make nonsense of your program but an error may result in the
program stopping.

Testing Module 1.2.3

The simple test for this module is whether you can input data to the
program, save it on tape and then reload it.

Summary

This program is a tribute to the quality of the 64’s graphics set and screen
handling. Once you have entered it you begin to see thatitisnot at allsucha
difficult thing to use loops and simple calculations to draw shapes and
apparently solid objects at controlled places on the screen and that such
displays are one of the most effective ways of getting the facts across that
you will ever find.

1.3 TEXTED

The final program in this chapter is an attempt to provide some of the
simpler functions of a word processor in a relatively short and
uncomplicated program. The program is, of course, no match for a
professionally written machine-code based word processor, nor would it
be the tool I would choose for writing a book like this one, if only because
Commodore UK were kind enough to provide me with a copy of their
excellent Easyscript program for the purpose. Nevertheless the program
works and I would and have chosen it in preference to a typewriter for
many purposes because of the flexibility it provides in entering and editing
text before it is finally output onto paper. Of course, if you don’t possess a
printer, then you will need to rush out and buy one to get the most out of the
program.
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Texted: Table of Variables

AS$ Line of text being entered

CH Code of character under flashing cursor

FNA(P) Calculates position in memory of flashing cursor in text
being entered

FNB(P2) Calculates position in memory of edit cursor in main
body of text

LL Number of lines of text in main body of text

P Position of flashing cursor in line being entered

P2 Position of edit cursor down screen

PL Line number of edit cursor in main body of text

SP Number of spaces available at end of line when
formatting

SS Line number of first line of part of main text being
displayed

T$ Last character input when entering new line of text

T1$ Character input as command in Move Edit Line module

TEXT$(500) Main array for the storage of text

TT$ Temporary storage of lines being entered into main body
of text

X Number of lines of text extracted from batch of text being

inserted into main body

MODULE 1.3.1

A RE Tk
FEM IMITIALIZE

FE Mk b R R e A
FRIMT"": :DIM TEAT#CS800 LL=1 FL=1
TESTECR = " T W W W o w o

12030 TESTE L =" W ey Wi
e A e

12646 DEF FHACF =1024+20%404+F

12653 DEF FHBIFZI)=1824+40%P2

1260 GOSUER 14116

AR R

Do Ry sg; *'x
[y = 51— ,::s

[N}

3

This initialises the main variables and places beginning and end of text
markers into the main array.

MODULE 1.3.2

SEOE FEMEEE R R A
2E1e RE

515
160 FEM EDIT LIME

]
o
]
l
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13020 REMEFEHERESEERREERER R R RN
].:E:E':E:El F1$'~'l i

et S o S S B S LI G L L DI G LG L LI GG

1356

JHE

12050 CH=FEEK FHRACF 3 POKE S4272+FHACR Y.
14 PORE FHACFY . L&l

LEBEd FOR TT=1 TO S:HEXT TT:FOEE FHACFD,
-H

12878 GET T IF TE="" THEMW GOTO 126056
12688 IF TH#=CHRE£:13) OF LEMOAFI=E21 THEH
GOSUR 14886 :50T0 13858

12658 IF TH="1" THEH GOZUR 1560606 FOKE FH
BoPL-S=0, 62 GOTO 1323640

12186 IF TH="+" AMD FOHE THEW 12848
12418 IF TH="e" MARNDP=E THEM P=l EROFHE -1

GOTO 13159

12126 IF P>@ AMD T#=CHEF£ 28> THEM AF=LEF
TFRF P-10+MIDECAF F+1 0 F=F-1G0TO1LZ156

15138 IF T#=CHREFZ60» THEH 128%3

13148 IF THCH"U"AMDTE "W AMD TE:R" TH
EH RE=LEFTFOHF, Fo+TE+MIDECHEF P10 =P+l

12158 PREIWT " sinwieleIn]soqaTara]a]slan]elnioolee" : H¥ 1
F T#="W" AMD P>A THEM F=F-~1

12168 IF THE="m" AHD FILEMCAE -1 THEMW P=F
+1

12178 GOTO 126056

The purpose of this module is allow the user to input and edit up to two
screen lines of text at the bottom of the screen and to edit those lines in
preparation for inserting them into the main body of the text with a
subsequent module.

Commentary

Lines 13050—13070: Our first encounter with a flashing cursor routine. On
the basis of user-defined function A, these lines PEEK the screen memory
at the point indicated by the variable P and obtain the code of the character
located there. An inverse blue space is then POKEd into the same location,
left there for the duration of a short timing loop and then replaced by the
original character. If there has been no input from the keyboard, as
indicated by the GET statement, the process is repeated.

Line 13080: Pressing RETURN inserts the line into the main body of text
—a later module is needed. The line is also inserted automatically if the
length exceeds two screen lines—this may strip the final characters from
the line.
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Line 13090: Pressing the ‘1’ symbol allows the user to move into a
subsequent module which acts on the main body of text.

Lines 13100—13110: Pressing the left arrow symbol at the top left of the
keyboard moves the cursor either to the beginning of the line or to the end,
depending on its current position.

Lines 13120—-13130: Provided that the cursor is not positioned at the
beginning of the line, pressing DELETE removes the character before the
cursor. Note that, using GET, the control keys such as DELETE have no
effect unless they are PRINTed, so that if we do not print them we can
redefine their function.

Line 13140: If the character entered is not a cursor move arrow, then it is
assumed to be a character to be printed and it is added to the string in the
position of the cursor. If the cursor is in the middle of the string, then the
character is added in—it does not replace the character under the cursor.

Lines 13150—13160: The string is reprinted in its changed form. If the
input was a cursor arrow then the cursor position is changed accordingly.

Testing Module 1.3.2

By entering a temporary RETURN at Line 14000, you should now be able
to input text to the bottom of the screen and to edit that text.

MODULE 1.3.3

14018 REM IHMSERT LIME

148720 H=@

14846 IF LEMCAF <41 THEW TT#(X)=LEFT#(A%
SLEMCAEN-1 A= 1GOTO 14678

14056 FOR I=41 TO 1 STEP-1:IF MIDECAE.I.
10" " THEM HMEXT I:I=41

14068 TTHCH)=LEFT$(A%, I~-12 AE=MIDFAE, I+
13

14878 H=x+1IF AFEE"" AMD AFC:" " THEM G
070 14640

14826 FOR I=LL+x TO FL+% STERP-1:TEXTHCI
=TESTECI~=0 i HEST 1

14690 FOR I=@ TO <=1 :TEATEPL+I=TT$I:
HE "

141068 Af=" ":P=@0:FRIMT """, LL=LL+=: FL=2F
L+
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1411@ 25=pPL-7:IF LL-PL<2 THEM SS=LL-1%5
14126 PRINT "7TeleIesin]aTe]n]To]nToTe]oTeTeTnlu]oin " © [
TR TF mEaen THEM SR
14128 FOR I=55 TO SE5+15:PRINT "W TEATEC
ToioIF LEMCTERTHCI D 2046 THEM FRIMT
14148 IF I=FL~1 THEM FEIMT CHRECEZD
14158 HMEXT I:FRIMT " &

"RETLIRM

The purpose of this module is to enter the current line into the main body of
text.

Commentary

Line 14040: If the line being inserted is less than 41 characters long it is
placed into the position indicated by the > edit cursor.

Lines 14050—14070: If the line is longer than 41 characters, these lines
search back for the ending of the last word which will fit fully onto the line
and make everything to the left of it the first line to be inserted and store it
in TTS. A$ is now redefined as what is left and the process is repeated. The
variable X records how many lines result.

Lines 14080—14090: The main body of text, from the edit cursor on, is
shifted to make room for the X new lines and the new lines are inserted.

Lines 14100—14110: AS$ is set to a single space, the flashing cursor position
is set to zero and the edit cursor is moved down below the new lines. The
start of main text display is redefined so that the edit cursor remains
roughly in the middle.

Testing Module 1.3.3

You should now be able to insert lines of text into the main body of text by
pressing RETURN.

MODULE 1.3.4

15808 REMBEEEEEEEEEEE R R
15818 REM MOVE EDIT LIHE

15820 REMEEEEEE R RS e s e ks
15658 Pe=FL~-55

15@48 GET T1$:IF T1<:"" THEM 15078
12658 FOKE S4272+FHBORZY, 2 POKE FHEOFZY
g FORIT I=1 TO 20:HEXT

153868 FORE FHEOPZ, 32 G070 15646

N
[=))
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12678 FL=PL+CT1E="T1" 0+ 108 T 1E="L1" 2 TF PL
=1 THEM FL=1

156828 PL=PL-CT1$="0"2~10% T1E="T"2 IF PL
sLL THEM PL=LL

12@EE TR T1E=CUHEFC1ZY THEM EETURH

13168 IF FL=>LL OR T1$OCHRECOZEY THEM 15
126

13118 LL=LL-1FOR I=FL TO LL:TEXT$II)=TE
ATECTHL 0 HERT CTEATECLL+L D=

15126 IF PL<LL AMD Tif="C" THEM AE=TE=TF

CPL T+ 0 RETLIRH

15178 IF Tig="F" THEM GOSUE 17866
15148 IF Tig="3S" THEM GOSUE 12086
15158 IF Ti#="F" THEHM GDSUE 1cE0@

151ed GOSUE 1411@:G0T0 156260

This module allows the main edit pointer to be moved about in the main
body of text, thus allowing lines to be inserted at different points. From
this module the user is also able to call up other modules which format the
text, output it to a printer or save it to tape.

Commentary
Lines 15040—15060: Flashing cursor routine for the main edit cursor.

Lines 15070—15080: These two lines move the main edit cursor up and
down. Single line moves are accomplished by the ordinary cursor move
arrows. Pressing U or D will result in a 10 line jump. Note the use of logical
conditions to accomplish these moves. The expression (T1$=‘U’) has a
value of zero when the condition is false and of minus one when it is true
and can thus be used to economically replace an IF statement such as IF
T1$=‘U’ THEN etc.

Line 15090: Pressing RETURN will return to the text entry module.

Lines 15100—15110: Pressing DELETE removes the line beneath the
cursor.

Line 15120: Pressing C copies the line beneath the cursor to the bottom of
the screen for further editing.
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Testing Module 1.3.4

You should now be able to move the main edit cursor, to delete lines and to
copy them back to the bottom of the screen.

MODULE 1.3.5

16E0A REMEEEEREEEREEE gk b e ik
1ea1@d REM FORMAT LIHE

1EBZE FEMEEEEfeeEf e i essaiieiies
1e@3a FOR I=1 TO LL-2:IF TEST#(Ix="" 0OF
TET®CI+10="" THEH 1&£126G

leddn SP=40-LEMCTEXTECI FOR JI=1 TO LEH
CTESTECTI+1 00

16858 IF MIDFECTESTECTI 1, T 105" " THEH
MEST J:J=J-1

16Bs8 IF SPCT OR J=LEMCTESTECI+100 THEH
156036

-,

166878 TEXTECI=TEXTE(I24+" "+ EFTHCTEXT$¢
I+10,J-12

160286 TEATEF I+ 0=MIDETESTEC I+ . T+ 10 G0
O 18846

Te@sd IF LEMCTESTECI+100=05F THEM 18126
161808 TEATEFCIv=TEXTE I 2+" "+TESTECI+1
lhllm FOR J=I+1 TO LL:TEXTE( T =TEXT$J+1
DHERT JTULL=LL~-1:PL=PL-1 GOTD 156048

1612@ ME=TI ‘EETLIEH

This module formats the text, that is to say the text is rearranged so that
empty spaces at the end of lines are, where possible, filled with words from
the subsequent lines.

Line 16030: When an empty line is entered into the main body of text it will
not be formatted. Empty lines can thus be used to separate paragraphs or
other lines the user does not wish to have run together.

Lines 16040—16080: The space at the end of the line is calculated and an
assessment is made of whether there is a word at the beginning of the next
line which will fit the space—if so it is transferred.

Lines 16090—16110: If the whole of the next line will fit onto the end of the
current line then it is added and the file collapsed to cover the resulting
space.

Testing Module 1.3.5

If you input a series of single word lines to the main body of text you should
now be able to enter the main edit mode, press F and see the words run
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together into continuous lines. You can also insert short lines into the
middle of the main text and then reformat it.

MODULE 1.3.6

17000 FEMEBEEERERE RGeS e
l“Hlf FEM QUTFUT TO PRIMTER

1?@3@ ﬂFEH 1.4 E=1

1vadn IF ==L THEH 17166

17850 IF TEXTHCHi="" THEW PRINT#1,"" =¥
+1:0G0TO 17948

1786l PRIMT#1, TESTFC " ")

176va IF H+1=LL THEHM 17103

17858 FRIMTHL.TEATHH+10 IF TEST$O8+10="
" THEM FRIMTH#1.""

17B98 H=K+2:60T0 17048

17186 PRIMTH#1."" CLOSEL :RETURH

This simple module opens communication with the printer (device 4) and
prints out the main body of text. Text is printed in 80 column format (ie two
screen lines make one printed line), and clear lines are printed wherever
thereis a clear line in the main text. Note that though the program itself will
happily deal with characters in lower case mode (press SHIFT and
COMMODORE key together), most printers require a special command
to actually output lower case characters. This is not provided since it
differs from printer to printer. Your printer manual will provide the
necessary information.

MODULE 1.3.7

12008 REMESFEEEEEEEEEEEEEREEEEEEER R
12610 REM DRTA FILES

12020 REM#EFEE4EEEFEEEEREREEEREREEEEE SR
12828 RRIMT "TMaFOSITION TRAPE CORRECTLY.
THEHM HRETURHE---"

12048 IMPUT "MOTOR MWILL STOP AUTOMATICHL
LY "0 POKE 192,V POKE 1,323

15056 PRIMT "COMMAMDS AYAILABLE: " :PRIMT
"EML2SAYE DATA" :PREINT "M2)LORD DATRY
12858 IHPUT "MERJHICH DO YOU REGUIRE: ",
OH @ GOTO 12038, 18120

13078 RETURH
12@38 POKE 1.7V:FOR I=1 TO 2006 HEXT
12628 OFEM 1. 1;' "TEATED" FRIMT#1.FL:PEI
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HTHL.LL

12168 FOR I=68 TO LL - FFE=TESTEFCL+"E" PRI
HTHLFFEHEST I

12116 CLOSEL:RETLRH

Tatee OFEM 1. 1.8 "TESTED" - THFUT#L L FPL.LL
181260 FOR T=6 TO LL:IHFUTHEL. TEXTECI Y (HE
T:CLOSEL

1"14” FOR I=@ TO LL

12156 IF TESTEOT»IME" THEM TESTECI »=LEF
T#: TE TECT D LEMOCTESTECI 2010

18168 TF TESTECTd="@" THEM TEXTECT b=t
12178 MEST 1T:RETURM

“J)
i

00

A standard data-file module.

Summary

The techniques used in this program of altering something while you are
looking at it on the screen bear some study since this is by far the easiest way
(for the user) of altering strings and can be written into a variety of
programs where string data, having been input has to be changed—
including, if you wanted to, most of the programs in this book.

Texted: Summary of one-key instructions
Text entry mode:

Text characters may be entered at position of flashing cursor.

Left and right arrows move cursor over string.

‘<’ moves cursor to beginning or end of line. ‘|’ calls up main edit module.
RETURN places current string into the main body of text.

Main edit mode:

RETURN returns to previous mode

uU,D and up and down cursor arrows move main edit cursor
DELETE removes line beneath main edit cursor

C copies line beneath main edit cursor

P sends text to printer

S saves text on tape

F formats text
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CHAPTER 2

Programming Tools

Having been introduced to some of the 64’s capabilities we now depart
from the normal format of the book for a brief space to present three
tightly packed programs which will provide you with essential tools
enabling you to merge separate programs together,renumber them and
delete whole sections with ease. The programs are densely packed for the
simple reason that, using the Merge routine, they are intended to be strung
together and then added to the end of existing programs without taking up
too much memory space. When you have finished merging in extra sections
to your program and renumbering it, the Delete routine will happily delete
itself and its two companions!

2.1 MERGE

This program, together with the other two presented in this short chapter,
is a must for those who intend to take modular programming seriously.
Using this tiny program hours of work can be saved by keeping useful
modaules on tape and simply stringing them together with the press of a tape
recorder button. In presenting the program I am indebted to Steve Beats of
Commodore UK, who suggested to me the basic idea from which it was
developed.

There are no modules in the program—at eight lines it would hardly be
worth it and yet a program such as this will make modular programming
come alive for you.

What the program does is to pick up another program, or section of a
program from tape and to enter it into the 64 without danger of losing what
is already there—unless the line numbers coincide, in which case the first
program will be overwritten.

MODULE 2.1.1
RASRE PRIMT "I

3951 OFEM 1.1.@,"TEST"

A9%2 POKE 124, 1'FOEE 125,26 POEKE 1386, 1¢
FOEE 152,01 :PRIWMT "Il&"

EE390d GETH#1.AF: FRIMT A CIF ST THEM o323
5
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E2995 IF AFCCCHRESOLZ22 THEM ©239324

G399 PRIMT "GOTO e£229z28": POKE 621.,12:F
NKE &322, 13 FOKE £23,132

2997 POKE 132, 2 EMD

FoRas CLOSE]

Commentary

Line 63991: The file which this program will read is a listing of any other
program which was stored on tape using the following command: OPEN
1,1,2‘TEST’:CMDI1:LIST. The CMD command means that anything that
would normally be output to the screen is actually sent to the file number
specified—in this case a file opened to the cassette recorder. The only
distinctive thing about the file is the secondary address, which is 2,
meaning that this is an output file which will have a special end of file
marker printed at its conclusion. The LISTing of the program is sent, not
to the screen, therefore, but to the cassette recorder, not in the same form
that a program is normally stored but in ASCII format or character for
character what you would see on the screen if the program were listed out.
When the cassette recorder stops, without switching off the cassette
recorder you must finish the file off by entering: PRINT #1: CLOSE1
which ensures that the final characters of the program are printed and the
file properly closed.

Lines 63994—63995: Skipping over line 63992 for a moment, the merge
program now begins to pick up the characters of the program listed onto
tape, until it reaches a RETURN code, signifying the end of a line.

Line 63996: This strange line is actually the key to the program. Having
picked up a line and printed it onto the screen, the program now prints, just
underneath the line, the command GOTO 63992 and the cursor home con-
trol character. Following this, three RETURN codes are POKEd into the
keyboard buffer, the area of memory which stores any keys which have
been pressed but not yet acted upon, and the number three is POKEd into
location 198, which records how many keys have yet to be acted upon.
Having done this the program now ENDs. Or at least it would do, except
that the 64 now believes that RETURN has been pressed three times and
proceeds to react accordingly. The effect of this is to move the cursor down
over the line picked up from tape and printed on the screen and over the
GOTO 63992. The result is that the line is entered into the memory just as if
you had placed the cursor over it and pressed RETURN. The program then
begins again at 63992.
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Line 63992: This line of mysterious POKE commands is there to overcome
a basic problem—whenever a new line is entered to a program, all existing
files are CLOSEd. When the first line of the new program is entered, the
file to the cassette recorder is closed and any instructions to GET from it
will result in an error. The file cannot be re-opened with a Basic command
because we are already past the file header, which would tell the 64 that a
file has been found on the tape. What the POKEs do is cheat a little and tell
the 64 that file number one, with a secondary address of zero, is opento the
cassette recorder. The second line can now be picked up, and so on ad
infinitum.

Eventually the program encounters the end of file marker which means
that the listing is complete and then the second part of line 63994 (IF ST
THEN 63999) detects this and jumps to the last line. Normally the program
will stop with the error message OUT OF DATA. This means the merge has
been a success.

In actual use this program is by no means fast. It alternates between the
blank screen of tape-loading and flashes of lines at the top of the screen. It
needs a good tape, since a tape with dropouts may well crash the whole
thing. But given a little care this is a program you will come back to time
and time again—try it and see.

2.2 DELETE

When developing programs which use similar modules to programs you
have previously entered, a useful ability is to be able to load the original
program and delete only those parts that are not needed for the new
application. This 12 line routine will allow you to do just that.

The routine is based upon the extremely clear and simple way in which
program listings are set out in the memory of Commodore computers.
Each program line in the memory begins with two link bytes of memory
which specify the start address in memory of the next line. This is followed
by two bytes which record the actual line number. What this routine does is
to scan along the line numbers between a start number specified by the user
and a finish number also user specified. When the address of the final line
to be deleted is found, the program simply sets the next line address in the
first line to be deleted to point to the line after the last line to be deleted. The
effect of this is to produce a single line stretching from the beginning of the
first line to be deleted to the end of the last. Deletion can now be
accomplished by merely deleting the first line—all the others go with it.

MODULE 2.2.1

e378@ IHPUT "FIRSTLIWME TO BE DELETED:".D
1

eavld IMPUT "LAST LIME TO BE DELETED:":D
=

I
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63715 DEF FHDHCK)=PEEK (¥ +25A%FEEK (H+1

E3716 DEF FHMH1CK)=: AND 259

52717 DEF FHHZ A =IWT(E 2580

B372R LA=28437

B3P LHMsFHDHOLA+2 Y IF LMDl THEM LA=FHD

HILA? (GOTO 3730

3748 DETART=LA

6225@ LH=FHIHTLA+22  IF FHDHCLAM=G THEH &

SRR

63g55 IF LH<=D2 THEM LA=FHDHC(LA» :GOTO &3

T

£3768 POKE DETART.FHHLCLAY (POKE DSTART+1

SFHHZCLA

EéT”ﬁ FOKE DSTART+4,142:FOF I=5 TO 18:F0
s

THRET+I1.33 :HEKT

Commentary

Line 63715: This function, which can be useful in a variety of contexts,
converts a two byte number of the kind that most computers work with,
into a normal decimal number in the range 0-65535. The two byte number
effectively has a base of 256, that is to say that it is composed of up to 255
units and a second digit of up to 255*256, in the same way that 99 is 9 units
and 9 times 10. Just to confuse you, however, the digits are stored back to
front, with the higher value byte coming second.

Lines 63716—63717: These two user-defined functions do the opposite job
of transforming a decimal number into a two byte form.

Line 63720: LA is set equal to the start address of the first line of the
program.

Line 63730: LN is set equal to the value of the third and fourth bytes of the
line—the line number—and if this is less than the value of the first line to be
deleted then LA uses the two link bytes to jump to the start address of the
next line. The process is repeated until a line number is found which is equal
to or greater than the first line number to be deleted.

Line 63740: The start address of the first line to be deleted is stored in the
variable DSTART.

Line 63750: Using the FNDH function, the variable LA shoots up the

memory from line start to line start, and with each jump the variable LN is

set equal to the line number found there. If FNDH finds a memory location
~
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with zero in it, where there should be a pair of link bytes, it has reached the
end of the program.

Line 63755: Each time a new line number is found, it is compared with the
number of the last line to be deleted. If the last line has not been reached,
the next jump is made.

Line 63760: If the program has reached this point, it has found the last line
to be deleted and into the two link bytes at DSTART it POKEs the address
of the line after the last line to be deleted.

Line 63770: The first character of the new single line block to be deleted is
made into a REM statment and a series of exclamation marks are POKEd
in after the REM to mark the line to delete.

The routine has now finished its job and all that remains is to enter the
number of the line marked and press RETURN—the whole block, from a
few lines to a complete program, will disappear.

In practice, this routine is best used with the merge routine in the
previous section of this chapter (load the merge routine and either add this
one or merge it), since this will allow the routine to be added to existing
programs from which you wish to extract some lines while discarding
others. It takes only moments to run and can save a lot of key pounding!

2.3 RENUMBER

One thing that everyone wants to do is to have neatly numbered programs
—somehow it makes all the difference between something that looks
professional and something which appears downright sloppy. Using the
relatively short program presented here, you can renumber to your heart’s
content, though it isn’t what you’d call fast and it does impose a simple
limitation on the range of program lines.

The program will renumber any program, including GOTOs, GOSUBs,
ON...GOTOs and GOSUBs and line numbers following IF...THEN.
What it will not do is relocate the program in the memory, so it cannot add
digits to a GOTO (etc.) or subtract digits, for to do so means moving the
whole of the program that follows the altered address. It is not that that is
impossible, or even particularly difficult, it is simply that to be at all
practical it must be done in machine code, which is outside the scope of this
book.

It is because of that limitation that all the programs in this book, which
were renumbered using this routine (where line numbers are irregular it is
because changes were made late in the process), begin at 11000, thus
ensuring that all line numbers have five digits.

35



The Working Commodore 64

The way in which the renumbered program is structured can be
controlled by the use of formatting lines within the program to be
renumbered. Look closely at the programs in this book and you will see
that the modules almost invariably start with a REM statement, and that
the first character after the REMis a ‘ #’ symbol. The renumber program is
so designed that it starts renumbering at 11000, and continues in steps of 10
until it comes across such a line, then it increments the line number to the
next 1000 up.

Not only does this make for easily readable programs, it means that you
can control the structure of the program to be renumbered. Say you have
an existing program from which you want to use three or four modules, but
the present line numbers do not conform to the structure you want for the
new program—not enough space between the modules, say, to merge in
something else you have on tape. By inserting two REM statements, whose
first character is a ‘#’ and then renumbering, you automatically open a
gap of 2000 where the REM statements are located—hardly complex!

MODULE 2.3.1
EaREE CLE:DIM 2205686, 10 LA=2843 FFP=LA
£281@ DEF FHMDHCHI=FEEE (I +2Z00%FEEK (410

e3E132 DEF FHH1CxD=4 AMD 255

GIE1E DEF FHH2 e a=THT O 2080

EI3A5R IF PPFMDHOLAY THEW &20668

AERSE LA=FHDHCLAY | HL=FHDHCLA+2)  IF ML=

3@HB THEM GOTD 2325688
2 IF PEEP LA+5=1472 THEM FP=FHIHCLAY
%
PP=PP+4
IF FEEE CFFIF16Y THEM &3 QTW
=@ IF PEEKCFP+13=322 THEM !
IF FEEE C(FPP+1+Z)4 48 OF PEEK LR+
THEH 32868
GOTO &26878
IF PEEE <PF2<>137 AMD PEEECPFC:14
2@1
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F SRS GDI“"" FﬂF I=1+5 TO S+%:IF PEEPLPP
2 0OF PEEKCFF+IHEY THEM GOTO &3146
LET GUE=GOE+CHRECFEEKCFP+] 20 HEXT
GO=YALCGOED L1=2045  L2=FHIH 2851 0
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2327 L1=FHIHCLL»  L2=FHIHCL1+20 (LL=LL+1@
BIERE IF PEERCLI+43=143 AHND FEEKCL1+50=3
5 THEM LL=1000%IHT oL L+180665 106087

EIAYS GOTO 3R

E31E LET Z2021,80=LL:LET ZZ2¢Z1.12=FPP+5:
LI=21+1

3118 IF FEEK(PF+S+£0=44 THEM PP=FP+&+5:
GOTO &3A7E

S3125 GOTO &3280

£2148 PREINT "HOM-STHMDARD COMMAMD AT LIW
E " HL STOF

FP=FF+1:GOTO S2056

LA=2845 | |_=16080E

IF PEEECLA+43=143 AMD FEEKCLA+S =0
H LL=1000%IHTCCLL+18002 /1866

IF FHIHCLA+E =6308008 THEM S2606
FOKE LA+2Z,FHHLICLL Y POKE LA+3. FHHZC

[ T Y]
Ll U SN i:'
= n ]'!1 O T

LET LL=LL+18:LET LA=FHDHCLAD :GOTO

AR AN IR R ey R e S ]

RO

"1 o LS

IF Z1
SIEES FOR 1
J

THEH STOF
TO 21-1

TD S IPOKE 2201, 1047, ASCCNI
33, J+10 T HERT T

) Ty O O A e 0O — OR CR F

IXETY R ROV aa e

1T
=

55618 FﬂP
UleTP$a

Commentary

Line 63000: The array ZZ will be used to record the addresses of GOTOs
etc. that need to renumbered and the new number they are to be given.

Lines 63010—63016: The same functions as in the block delete routine. If
you merge the two together you will need to delete this set.

Lines 63050—63059: PP is a pointer that scans the memory for GOTOs etc.
It starts at the beginning of the program area at 2049. Every time it reaches
the start of a new line the line address variable (LA) is incremented. The
line number of the current line is stored in LN and the program stops
working at line 63000—the start of this routine. PP now jumps to the first
character of the line.

Lines 63060—63065: These lines check when THEN is found in the
memory, to see if it is followed, either immediately, or after a space, by a
number. The variable S simply records whether a space is present. If
THEN is not followed by a number, PP moves on.
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Lines 63070—63085: If the code for GOSUB or GOTO is found the
program checks to see whether a space follows or not. GG$ is constructed
out of the digits of the line destination. Less than five digits produces an
error message at line 63140.

Lines 63090—63099: GG is set equal to the GOTO or GOSUB destination.
The routine now scans up the line numbers in the program from the start,
looking for the destination. For each line that is examined, the variable LL
is incremented by 10, starting at 11000, and thus records what the line
number will be once the program is renumbered—the line cannot be
renumbered at this point since there may be another GOTO pointing to it.
When REM # is encountered LL increments to the next 1000 upwards.

Line 63100: At this point the correct line number has been found, so the
address of the GOTO is stored in the array ZZ along with its future line
number (LL).

Line 63110: If the 6th character after the GOTO or GOSUB is a comma, it
is assumed that this is an ON...GOTO—GOSUB and PP is moved on and
the new line destination picked up by an earlier part of the routine.

Line 63200: The process continues, with PP moving up the memory until
Line 63000 is encountered.

Lines 63500—63520: These lines start at the beginning of the program and
renumber the lines only (remembering REM #).

Lines 63600—63650: All that remains is to take the addresses of all the
GOTO—GOSUB destinations out of ZZ and to POKE the new
destinations into the five bytes following each address—they have already
been calculated.

Though this program does not compare in speed or flexibility with a
good machine code utility, it does do the job, as the programs in this book
illustrate. If you do not own a machine code renumber routine then I
predict that you will come back to this routine more often than almost any
YOUu possess.

/
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e
When merged with the two previous utilities, with all three isolated from
each other by STOP statements, you will have built for yourself a powerful
three function tool which will make your programming more pleasant and
your programs more presentable.
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CHAPTER 3
The Colourful 64

The Commodore 64 provides an almost bewildering array of graphics
capabilities. The shapes and colours that it can display are enough to cover
almost any imaginable need and certainly enough to keep the amateur
artist occupied for a lifetime. In this chapter you will find four graphics
programs which will allow you to explore the world of the graphics
character set, user-defined characters, sprites and bit-mapped graphics. A
mere four programs are by no means the last word in what the 64 can
achieve so the programs are designed as tools, whose object is to allow you
to feed into your later programs all the colourful features that will lift them
out of the ordinary run.

3.1 ARTIST

Few home micros have a graphics character set as useful as that of
Commodore machines. Using the combinations of characters available
from the keyboard it is very difficult to think of anything that could not be
drawn in some shape or fashion. This is extremely useful when livening up
the output of the most mundane programs, especially when combined with
the 64’s excellent colour capabilities.

One limitation to all of this is in the creative process of actually
developing graphics displays. Of course, this can be done purely with print
statements in a program, but getting the print statements exactly right,
with a variety of colour commands, reverse commands and so forth, with
each line having to be defined separately can be an extremely tedious
process. What is really needed is a way of using the screen rather like an
easel, painting on graphics characters in a variety of colours, erasing,
changing at will and then, for the sake of posterity or at least for the sake of
other programs which could use the design created, saving the design onto
tape. All of this the current program sets out to do.

Along the way you will pick up a fair amount of information about how
to manipulate the screen and colour memory, together with useful memory
locations for controlling such characteristics as print colour.

Artist: Table of Variables

CC The current cursor position
CO0@3) Co-ordinates of two corners of design to be saved
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CT Temporary storage of cursor position

CU Current cursor colour

D1$ Values of characters in design to be saved

D2§ Colour values of characters to be saved

D3$,D4$ Temporary copies of D1$ and D2$

MODE Defines which of a variety of colour characteristics is
being addressed

PC The colour of the character in position PP

PP The original contents of the current cursor location

PT Location in memory of the two corners held in array CO

MODULE 3.1.1

118189 EEM YARIAELES

118268 Rf=CHRE£C13)

Hardly fair to call this a module, but its presence does mean that if you
decide to develop the program further, there is a proper area set aside for
the necessary variables. The string actually defined is a standard-data file
separator.

MODULE 3.1.2

12080 FEEMESEEESEEErEakfEsf et eE e
12818 REM CURSOR. MOWE, PRIMNT

L12E20 EEMEEEEEEE R ad s e e e
12826 PRINT "0

12046 POKE &50, 255 GET A#

12650 CO=FEEK (2113 +PEEK (210 %2S6+PEEK (20
31 PP=PEEKCCC)  PL=FEEK (CC+342720

1208 POKE CCL42 POKE CO+54272, 0L FHP I=
1TO1S  HEXT :POKE CC,PP:POKE CL+S4272, PG
128va IF AF="" THEW 1264Q

lepzn TF CCH122% AMD AF="R" THEW 12648
12a20 IF CC=2822 AHD AF="W" THEH 12040
l21aa IF CC=1824 AMD AF="N" THEM 12848
lile IF CCOieed AMD AF="T1" THEW 1Z@44

12128 IF AF="T71" OR FAE="A0" OR AF="M" OF A
F="W"' THEM FREINT A%::GOTO 12846

12128 IF AF=CHR¥C12Z) THEM MODE=1

12148 IF A$=CHE£C13F) THEM MODE=Z2

12158 IF AF=CHREC124) THEW MODE=32

12125 IF AF=CHR$(132» THEHW 1Z828 \
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12166 IF (MODE=1 OF MODE=Z OR MODE=3) A
I Ag="+" THEW MODE=MODE+.S: GOTO 12648

12178 IF AF=CHRFC1Z32 THEM IHW=CThY=E0
12126 IF AF=CHREFC1232 THEH MODE=:
12126 IF A¥=CHE$C1363 THEW MODE=Y
12200 IF AF=CHREFC1402 THEM MODE=E

1221a IF MODE=1 AMD AF:="1" AMD AFI="8"
THEM POKE CC+54272.WALCAEI -1 GOTO 1"E4E
12228 IFMODE=1.5AMDA$F:="1" AMD AFI="a" T
HEH FORE CE+_4;“' BevALCA$Y~1GOTO 12046
12270 IF MODE=Z AMD AFx="1" HHMD AF ="8"
THEM FOEE SE3281WALORE) -1 GOTO 12046
12246 IF MODE=Z.5 AHD AFZ:="1" AHD AFI="Z
" THEM FPOKE S2231.S+WALCAF-1:GOTO 12848
2258 IF MODE=3 AMD AF:="1" AMD AF="8"
THEM POEE &del VAL CAE -1 GOTO 12848

lzzed IF MODE=3.5 AMD AFe="1" AHND A ="2
" THEH POEE &d6. 3+VALCAE -1 GOTO 1&@4ﬁ
12278 IF MODE<>& OF CAFRE" AMD AFD0
AL FAECES" Y THEH 12326

!

1zza8 IF AF="R" THEM GOSUE 13600
2258 IF Ax="D" THEM GOIUE 132868
12788 IF AF="2" THEW GOSUER 14868

12210 CC=CT: GOTD 12848

12228 IF MODE=2 AMD AF:="1" AMD AF="a"
THEH CU=YALCAF) -1 GOTD 126848

12238 IF IMY=-=1 THEHW FRIMT "#§".

123468 PREIMT Ax; "

122568 GOTO 12040

This module is really all that is needed to turn your screen into a graphics
easel. Its purpose is to allow you to move a flashing cursor around the
screen, printing characters, changing them, erasing them, changing
colours for foreground and background of characters......

Commentary

Lines 12040—12070: This routine provides a flashing cursor under user
control.

Line 12040: This POKE sets the repeat characteristic so that a key, once
held down, will continue printing the same character. The second part of
the line receives any single character input from the keyboard.
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Line 12050: CC is set equal to the address in the memory of the current
print position. PEEK(211) gives the position along the line (0-39) while
PEEK(210)*256 + PEEK(209) gives the memory address of the beginning
of the line. PP is set equal to the screen code of whatever is currently
occupying the position where the cursor is about to flash. PC is the colour
of the character in that position.

Line 12060: An asterisk, screen code 42, is now POKEd into the position
where the cursor is meant to flash and the current cursor colour CU, is
POKEd into colour memory at the corresponding position. A short timing
loop keeps the asterisk on the screen for a moment, then the orginal
character (code PP) and the original colour (PC) are rePOKEd into the
memory.

Line 12070: If no key has been depressed then the cycle is repeated.

Lines 12080—12110: These lines check that if cursor move arrows are
input, the cursor does not attempt to move off the screen.

Line 12120: If a cursor control is input and passes through the tests in the
four lines above it is immediately printed and the program returns to the
flashing cursor routine.

Lines 12130—12200: Using the function keys on the right of the keyboard
asinputs, these lines allow the user to specify different modes which permit
different colour characteristics to be set.

Line 12130: Pressing key f1 puts the program into MODE 1. In this mode,
pressing any of the keys 1 to 8 will redefine the colour of any character over
which the cursor is currently placed. The colour will be that indicated on
the front of the key.

Line 12140: Pressing f2 allows the same procedure to redefine the screen
background colour.

Line 12150: Pressing f3 allows the resetting of the print colour by the same
procedure.

Line 12160: Since there are in fact 16 colours available, input of the left
arrow at the top left hand corner of the keyboard whilein MODEs 1,2 or 3,
redefines the mode so that entry of keys 1-8 will provide the colour that
would normally be obtained by pressing that key together with
Commodore logo'key. The characteristic redefined will be the same as that
referred to by the main mode number.
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Line 12170: On pressing f5 the inverse characteristic is set or reset—thus
allowing inverse characters to be printed.

Line 12180: On pressing f6 the program will allow the saving of the
design created. The correct procedure will be explained in detail later.

Line 12190: Pressing f7 does nothing at all except to redefine into a non-
effective mode. This allows the user to print the numbers 1-8 on the
screen rather than redefine a colour characteristic.

Line 12200: Pressing f8 allows the user to change the cursor colour to
any of the first eight colours. This is useful if the screen colour has been
re-defined in such a way that the cursor is no longer clearly visible.

Lines 12210-12220: If MODE is 1 or 1.5 then the colour input is
POKEJ(d into the colour memory for the current square.

Lines 12230—-12240: If MODE is 2 or 2.5 the new colour code is POKEd
into location 53281, which sets the screen background colour.

Lines 12250-12260: If MODE is 3 or 3.5 then the new colour code is
POKEd into location 646, which dictates the current print colour.

Lines 12270—12310: When in MODE 6 this routine relates to the saving
of either small or large designs. Input of R allows the definition of a
rectangle of screen to be saved. D saves a small-scale design. S saves the
whole screen to tape.

Line 12310: CT is used to save the current cursor position, which may be
altered during the SAVE routine.

Line 12320: If MODE is 8 then the new colour code is stored in the
variable CU.

Line 12330: If the inverse characteristic is set (INV=-1) the RVS ON
control character is printed, thus inverting the next character to be
printed.

Line 12340: If the program has reached this point then whatever
character was input is printed on the screen and the reverse off control
character is printed following it.
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Testing Module 3.1.2

After entering this module you should be able to create designs on the
screen at will, using the whole character set available from the keyboard.
All the colour redefinition commands should be available but you will not
yet be able to save any design you create.

MODULE 3.1.3

17000 REEMEEEEEEEEEaEEfep ik s s f e skse

12818 FEM SRYE DESIGH

12020 EEMEsfEeasn s epeeesedieioiey

13028 GET T#:IF TH="" THEH 1287320

1384a IF TH:"1" AMD T$0 “"“*HFH FEETUREH

12856 COOVAL CTE k- M'"FEEr 1L CNALET
FokZ-10=THTCCC-1024 0, 4ﬂ'1-ETUEH

12856 FEH+*¢*#####*++#**+#++++#++++**¥¢

13676 CT=C0 FPOKE nqw L

1 EEEE IF COCRAM=C002Y AMD COdt ss=Coas T
HEM 12116

1339@ FRINT "SEECTAMGLE IMPEOFPERLY DEFIH
EL.U:FOR I=1 TO 1666 HEXT

131UH FREIMT "=

i RETLRERH

120108 TF CCOC2i=COc@dd =1 000z -C00 =10
L2511 THEM 12148,
13128 PRIMT "SMESTGH TOO LARGE. ") FOR I=
1 TO 1866 HEAT
131328 PRIMT "ﬁ
13140 FOR I=1 TH 2 PT=1024+40%C00 T#2-1 0+
COCT®2=-20  TCO L p=P T TOOT+23=PEEK CFT 2
131568 PORE FT. 42 FORE FPT+54272, CLEHERT
2168 THPUT "STHESE POIMTS O.K. or Hi:o;
REIF GEs=UYY OTHEM 12174
12162 PRIMT "S

FOR I=1 TO 2 POEE TCOT, TOOI+20 tHERT

-t L

13184 RETURH

12178 DlE="" Dag="" FOF I-6 A1+ TO GO
-1 FOR J=C00@041 TO COCZh—-1q

12158 D1E=D1%+CHREE(FEER 1ﬁ£4+4@$I+J}}fPD
FE 10Z2d4+40%]+T, 42

121268 D2E=D2%+CHE$ FEEK (S523C+4B8 T+ T 0 F
NEE S522e+40%1+T, 8 HEST J. T PEINT """,
1"4.3'@[ TE3gF=11% DdE=D2% FOF I=C0O010+1 TO C
DuZa-1:FOR JI=C00@aY+] TO COgza-

H
(=,
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13216 POKE 1824+40%]+ T, AZCCLEFTECDEE 100
CDEF=RIGHTHCDZ2E, LEMCD3$0-10
12220 POKE SSz3c+dasl+ . AECOLEFTES Tidg, 10
RERIE PIHHT¥HD4$.LEH.D4$J-1J HE=T J.1
12238 PRIWT "STHIS IS WHAT IS BEIHG ZAVE
DLUFOR I=1 TD 1686 HEXT
12248 IHPUT “sP0SITION TAPE CORRECTLY. T
HEM RETURM: " iF
12250 FRIMT "S

:"-'i" .;
pFzed OFEM 1.1, 1, "ARTIST" FOR I=a TO 3:F
RIMTH#1,COCT s tHEST  FRIMTH#L, LEHCTLED
12276 FOR I=i 70 LEMCDIE) PRIMTH#1,RZCCMI
DECDLE, 1,100 BE RSCOMIDECDZE, T 102 tHERT
12286 CLOZEL RETUREH

The purpose of this module is to allow a small design to be defined on the
screen and then saved economically.

Commentary

Lines 13030-13050: If, in the previous module, MODE 6 is set and then R
pressed these three lines accept the input of a further character which must
be a1 ora2. If 1is pressed, the current cursor square is defined as the top
left-hand corner of a rectangle to be saved, 2 defines the bottom right-hand
corner. These two squares are actually outside the design to be saved, they
define an outside border to what is to be saved. The positions in memory of
the two design corners are stored in the array CO. Note that this array has
not been declared since it has less than 10 elements—simply inputting a
value to it will set it up satisfactorily. CO(0) or CO(2) is set to the position
of the cursor in the row, as indicated by PEEK(211). CO(1) or CO(3) is set
to the current screen line number + (actual memory position-screen
start)/40.

Lines 13060—13280: These lines allow the saving of the rectangle
previously defined.

Line 13070: The print colour is set temporarily to the colour of the cursor.

Line 13080: A check is made that a valid rectangle has been defined ie that it
has length and width). If not, an error message is printed.
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Line 13110: Data for the design will be temporarily stored in a string so a
check is made that the string will not be too long. An error message is
printed if the string is likely to be too long.

Lines 13140—13160: Using the co-ordinates contained in the array CO, the
corners of the rectangle are rePOKEd onto the screen and the user is asked
to confirm the correctness of the rectangle to be saved.

Line 13170: The two strings which will be used are initialised. The two
loops combine to mean that J characters (the width of the design) will be
read from the screen for I lines (the height of the design).

Lines 13180—13190: On the basis of the addresses provided by the loops,
the screen and colour memory are PEEKed, and the values added to the
storage string in the form of characters of that code value. The two strings
thus formed would make no sense printed out, they are merely a simple
way of temporarily storing a series of values without having to set
complicated pointers to a position in an array. After this is done, an
asterisk is POKEd into the screen location and its colour characteristic set
to black, making the processing of the design visible.

Line 13200: A copy of D1$ and D283 is taken, then two more loops are used
to POKE back onto the screen the characters which have been stored,
together with their colour characteristics. Each time a character is POKEd
back onto the screen the two strings are stripped of their left-hand
character, so that it is always the first character of the string which is used.
It is this stripping process that necessitates the creation of a temporary
copy of the two original strings. The sole purpose of these two loops is
really to re-assure the user that the design is going to be saved correctly.

Lines 13240—13280: The design is saved onto tape.

Line 13260: The values in the array CO are saved, together with the length
of D1§ (which is also the length of D2$).

Line 13270: A loop equal to the length of D1$, saves the values of the
characters of both strings (ie the values taken from screen and colour
memory). Unfortunately the two strings themselves cannot be saved onto
tape since they may contain non-printing characters which the 64 is not
capable of saving in string form.
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Testing Module 3.1.3

You should now be able to save a design onto tape. If the redisplay of the
design is satisfactory, it is likely that the saving is being done correctly, but
this can only be fully tested if you subsequently enter at least the relevant
module of the program Words, which is intended to make use of the
designs so created.

MODULE 3.1.4

14318 REM SAVE =CREEM
14856 PRINT "SFOSITION TAPE CORRECTLY. T
HEM RETLIREH: "0
146848 PRIWNT "=

"IOOPEW 1.1.1."SCREEM"
14856 FORI=ATOX33 : PRIMT#1.FEEKC 162441 F
RIMT#1.FPEEK (SS236+T 0 HEST (CLOSE]L : RETURM
If, during the execution of Module 2, MODE 6 is set and S then pressed,
this module will ensure that the whole of the contents of the screen are
saved to tape. This is done by the uncomplicated method of PEEKing the
contents of the memory from 1024 to 2023 (the screen memory) plus the
equivalent colour memory locations and saving the values. A later
program can read the values from tape and POKE them back into the same
locations.

z.‘

k

et

xY)

i

Summary

This program is capable of providing a great deal of fun but its greatest
contribution is the capacity that it gives you to design complex graphics
with ease, editing them at will and simply calling them up for use in
subsequent programs. You should also, based on the techniques employed
here, have no difficulty with subsequent programs of your own which need
to POKE the screen and colour memory.

Going Further

1) No provision is made to save the screen background colour—it would be
a simple matter to add this.

2) Why not add a display on the bottom line of the screen to show which
mode is currently set.

Artist: Table of one-key commands

fl Allows redefinition of colour of character under cursor
f2 Allows redefinition of screen colour
3 Allows change of print colour
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fa Erases current design

fs Sets or resets RVS

fé6 SAVE mode

7 Dummy mode

8 Allows change of cursor colour

- Allows entry of second colour set in modes 1-3
SAVE mode:

R then 1 or 2 defines corner of rectangle to be saved
D saves small scale design

S saves whole screen

3.2 CHARACTERS

No matter how good the character set provided by a home micro, there is
bound to come a time when the character you want is not available. It may
be that you want to print in another language and use characters with
accents, or in abstruse mathematical symbols, or it may be that you need
something rather special to put the finishing touches to your latest game.
Whatever it is that you need, the 64 is waiting to meet that need with its
user-defined character capability.

When the 64 is started up, all its potential characters are stored in its
Read Only Memory, in a section beginning at address 54248. Each
character takes the form of eight bytes of memory and the 8*8 grid of dots
making up each character is represented by the individual bits of the eight
bytes set aside for each character. For instance, if the eight bytes of
memory for a particular character were 128, 64, 32, 16, 8,4, 2and 1 then, in
binary notation they would be 10000000, 01000000, 00100000, 00010000,
00001000, 00000100, 00000010 and 00000001. Now place those valuesin a
grid:

10000000
01000000
00100000
00010000
00001000
00000100
00000010
00000001

The bits which are set (or on) define a character (in this case a diagonal line)
with each set bit being translated into one pixel on the screen.
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That’s all very well but since the character data is stored in Read Only
Memory, it cannot be changed—it is permanently set when the ROM chip
is manufactured. Fortunately the 64 provides a neat way around the
problem but to understand it we first have to examine the method by which
the video display is generated.

All the tasks relating to the video screen on the 64 are handled by a
separate chip, the 6567 Video Interface Chip (or VIC II chip). This
workhorse handles both the screen itself and the characters which are to be
placed onto the screen, defining an area of memory in which the screen
information will be stored and another it will draw upon for character
data.

Contrary to what you might expect, the VIC II does not draw its
character data from the ROM at address 53248. The reason for this is that
the VIC I1 is only capable of perceiving 16K of memory at one time, so with
the screen memory in its normal position at 1024—2023 in the memory,
character data must be drawn from somewhere between 0 and 16383 in the
memory. To achieve this, the operating system cheats a little and makes the
VIC 1I believe that there is copy of the character set data located at
4096—6143. Whenever the VIC II looks at that memory area it detects the
character set data, despite the fact that in actual fact that area of memory
will probably be filled with a Basic program.

This may seem a little abstruse but it is of vital importance since it means
that, rather than looking for its character data in the ROM, which cannot
be altered, the VIC II looks for the data in Random Access Memory
(RAM), that is to say memory that the user can get at and alter. Of course
it’s not quite that simple. We have already noted that when the VIC I1looks
at the memory area from 4096 onwards, it is not actually those addresses
that it sees but an image of the character datain the ROM. Fortunately, this
is a feature of only two blocks of memory within the 16K block, 4096—6143
and 6144—8193. If the VIC II is instructed to seek its character data from
any of the other 2K blocks within the total 16K, then it will not see the ROM
image but will take the data which is actually in memory and treat it as if it
were the character set.

The question now becomes, which block shall we specify? The first one
available is 2048 —4095 but this has the slight drawback that it is where the
Basic program starts and POKEing it with new character data will crash the
program. We could use the blocks at 8192, 10240,12288 or 14336, but
unfortunately this would mean that we would have to limit the area
available to the Basic program quite drastically since otherwise there
would be a danger that a large program would overwrite the area used for
characters. The solution adopted here is to move the whole area that the
VIC II chip addresses further up into the memory.

You will remember that the VIC II is capable of seeing a 16K chunk of
memory at one time, however it is not fussy which 16K block it sees. There
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are four such blocks, beginning at 0,16384,32768 and 49152. Moving to the
block at 49152, while providing the maximum memory area for Basic,
presents the problem that that is where the ROM is, so we shall ask the VIC
I to address the 16K block starting at address 32768. Having done that, all
that remains is to specify where in that block the character data will be
taken from and where the screen data will be located. There will now be
30K of memory available for a Basic program (2048—32767) and the
potential for a user-defined character set in the RAM above 32768.

No doubt all this seems inordinately complicated. In fact it is simply a
matter, given the 64’s flexible memory structure, of a few POKEs and the
job is done. On the basis of the changes wrought by those POKEs, the
program which follows will allow you to completely redefine all or part of
the 64’s character set and to store your new character set so that it can
picked up and used by other programs.

Characters: Table of Variables

AS$ Single key command obtained by use of GET
Cl Original colour of screen at location CC
CC Current position of flashing cursor in the screen memory
CH Number of current character in character set
CP Pointer to location in memory of character CP
MM Value input to change CP
Pi Row of cursor position on screen
P2 Column of cursor position on screen
PP Original contents of screen at location CC
TT(7,7) Used to allow the manipulation of data for current
character
MODULE 3.2.1
110868 FEMESssfEEEekesk ke ii ek e s
118168 REM FE-~-AREAMGE MEMORY
11920 REMsffkskskhsnsstnpphiokoksgE
118328 POKE S2221. 6 PREIMT CHEFC1420
11848 FOKE S2. 128 POKESE. 128
11858 POEE 563534, F’FEF CEE3ZGAMD 25
11868 POKE 1.PEEECLY AMI 25
11878 FOR I=a TO 2847 FPOKE 227as+1.PEEKC
SE24E+ I HERT
11628 POKE 1.FEEKCL2ORS
118268 FOKE Se3h4, FEEPLQﬁZ' MR
111688 POKESES?E, PEEKCSESPEI0RZ
11116 POKE SESTE. (PEEECSESTEAMDEEZ M 0R]
11128 POKE &42, 1328
11138 POKE 232272, 22
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The purpose of this module is to accomplish all the changes to memory
structure specified above and to copy an initial character set into the RAM
area specified.

Commentary

Line 11030: This sets the machine in capital characters mode, since only the
first of the two available character sets on the 64 is going to be usable once
the VIC II stops looking at the ROM image.

Line 11040: These two POKEs set the top of the area available for the Basic
program in such a way that any program entered will not be capable of
interfering with the area of memory set aside for characters. 30K of
memory is available under this setting.

Lines 11050—-11060: These two POKESs switch off the keyboard scan so
that no interrupts can disturb the next section of the program and then
make the ROM character set visible to the program by switching off the
normal process of input and output. During the loop that follows, the only
way to stop the program will be to switch off the machine.

Line 11070: This copies the character set from ROM to the memory area
beginning at 32768—this involves the transfer of 2K bytes.

Lines 11080—11090: These switch the normal input—output regime back
on and restore the normal interrupts.

Lines 11100—11110: These two POKE:s first ready the VIC II chip for a
change of memory block and then specify Block 1 (32768-49151).

Line 11120: This location is outside the VIC II chip and is the operating
system’s guide to where screen memory is to be located—in this case
starting at 256*136 = 34816.

Line 11130: The location at which the VIC II expects to find both screen
and character data within its 16K block is dictated by the contents of
address 54272—the upper four bits for the screen, the lower four for the
character set. This POKE sets the upper four bits to 0010, which signifies
the 1K block starting at 32768 + 2048 for the screen, and the lower four bits
to 0000, specifying that character data will be taken from 32768 + 0. To
arrive at other possible locations in the 16K block, the formula to dictate
the POKE would be ((SCREEN START-BLOCK START)/1024)*16 +
(CHARACTERS-BLOCK START)/2048). The screen can only start at a
1K boundary within the block and characters at only a 2K boundary. Note
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that we could have left the screen at 1024 and the character memory at
4096, except that in this 16K block of memory as in the block starting at
address zero, the VIC II sees a ROM image at 4096 onwards.

Testing Module 3.2.1

The test for this module is quite simple. Run it and the machine will lock up
for a while—there is nothing you can do to interrupt it. When the READY
comes up on the screen, nothing should have changed—which shows that
the module has worked! If the module has not worked, then the screen will
be filled with garbage.

MODULE 3.2.2

FEM FRIMT GRID

FEEMES g Rk o
CH=@:TIM TTHIT. 7

FEIMT "7I¥0 FOR I=1 TO 2:PRIMT "
III "INER

FRINT "3 "

CP=2Z7ES+CHER

FFIHT "SEi"; CFOR I=CP TO CR+7:FOR J
I 8 STEF ~1

IF WFEEK T AMD 2

[ ] 1:_: [ Y]
B DG = T
(ANt Y]

LR B LN LR LA LN

[ E xY]
s 0": hn

a0
:‘_1:« i

LSRR L

b R R R Y]

ZTY THEM FEIM

=

IR it | Bl aal aaall - = Y S N S S Wy
1)

1'
iF CVFEEKCTY AMD Z1Th=8 THEM FPRINT

31 I
B )
=i

[y}

MEAT JT:PREIMT HEXT 1

| FRIMT "TIRCHARACTER HUMEER: " CH
IMFUT "MHUMEER TO MOVE POIWTER: (@=
w M CH=0HAMM
IF CH<E THEHW CH=@
IF CH>255 THEM CH=;
IF MM=0 THEM 132@00
GOTO 12846

T e 0 T RD = D

R I W R Y] TI Do I I B

P F3 PO TR s T

et e e e I s

There are many ways in which new characters can be entered into the
character memory. You can, if you wish, draw them on an 8*8 grid,
translate the lines of dots into binary and then into decimal, enter the
figures as data statements and then POKE them into the memory.
Fortunately, it is much easier to get the 64 to do the work by drawing the
current character grid on the screen and then allowing it to be easily
manipulated. This module draws the character grid, the next one allows
manipulation.

54



Chapter 3 The Colourful 64

Commentary

Lines 12040—12050: An 8*8 box is outlined in the top-left hand corner of
the screen.

Line 12060: The position of the current character’s data is calculated.

Lines 12070—12100: An enlarged version of the current character is
printed in the box outlined. Note the use of AND here to get at the contents
of individual bits within the eight bytes of memory for the character. All
that AND does in this context is to compare two binary numbers and
produce a third which has only those bits set which were also set in both the
two numbers originally compared. Thus if 193 is ANDed with 129
(Binary:11000001 AND 10000001) the result is 129 since bit 6 in the first
number is not set in the second as well. ANDing the value of a byte with
21(J) where J is from O to 7, will show whether bit J is set or not—remember
that bits are numbered from 0-7 right to left.

Lines 12100—12160: The number of the character displayed is given and
the user has the option to move the character pointer within the 255
characters. If zero is input, the program moves on to the next module.

Testing Module 3.2.2

Once again, the test is quite simple. If the module has been correctly
entered, running the program will result (after a pause) in the printing of an
enlarged version of ‘@’ on the screen. You should also be able to page
through the other characters.

MODULE 3.2.3
12080 EEMBE¥EEEEEREREREEERERE R
12418 FEM REDEFIME CHARACTER
123620 EEMESEEEEFEEEEEEEEEEEEEEEREERBA R
12850 PRIMT "7

TIMEEM 48 SFACES
12@48 FREINT "a°I7 TO IMVERT"..,"®W'M" TO
MIEEOR",, ,"®"R" TO RETURH"
128268 PRIMT "1 TO IMK IM SOUARRE":PRIM
T "2°87 TO ELAMKE SQUARRE"
13068 PREIMT “"R'T7 TO TURM"..."%F" TO FL
ACE TH MEMORY™
123972 PRIMT "6W'D° TO SAVE IM A DATA FILE
YLotCo TO PICE UP SET FROM TAPE"
ligjﬁ FRIMT "&"H° TO HORMALISE MEMORY AH
I EMD"
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i 108 PREINT "a CURSOR ARROWE TO MOVE"
i3 PRIMT "t

12128 GET AF

123128 CC=FEEKCZ11+FEEK (2100 ¥25e+FEEE C 20
2 PR=RPEEK CCCD - C1=053200+00-0dE 16

13148 C2=PEEFK L1

12158 FPORE COL.42 FOEE C1.1

1218 FOR I=1 TO 15 HEST FOKE CCLFFFORE
D1, 0 IF AFE="" THEM 13126

12178 PI=IHTCOOC-2481ad 480 P2=C0- 024818

FHAEF ]

1Z18a IF CP128 AMD AE="71") O CF1C7 AMD

Af="8"" THEM PREIMT AF: :GOTO 132120

1231520 IF CP228 AMD AF="0"1 OF CRPZIF RMD
AE="I" THEH FRIMT A% GOTO 132126

1a2a8 TF AF="1" THEM FPRIHNT "§&# "

13218 IF AgF="f" THEW FEIMT "o 0"

a2z IF AF0I THEH 1E2es

15230 FOR I=60 TO 7:FOR J=8 TH ¥

12248 IF FEER CZ4E1e+T8d@+Th=22 THEM 13226

En
ot

1%J5H FOEE Z2421c+40%I+T, 22 FOKE 3529c+48
AT 12 G0TD 132278

A2EA POEE 24315+ T#404T, 1680 POKE SS295+49
pT+T.151

12278 MEST J.1

13228 IF A$="R" THEM GOTO 12646

13236 IF A$<"M" THEW 13378

13388 FOR 1=8 TO 7:FOR J=B TO7:TTROI, D=
B MEXT T, 1

13218 FOR_I=a TO 7:FOR J=& T0 7

13320 IF FEEK(345165+40$1+10=160 THEM TTH
(1..J=1

13338 HEAT I, 1

13348 PRINT"S"; FORI=@TO7 FOR J=7 T0 @57
EF-1:IF TT®(I,Ji=1 THEM FRINT "Gid ®";
13356 IF TTHCI.J0=@ THEW PRIMT "8 "
13360 HEXT J:FRIMTHERT I

13278 IF A$CH"T" THEW 12458

13386 FOR I=B TO 7:FOR J=& TO 7:TTHCI.T)
=6 HEXT 1.1

13350 FOR_I=8 T0 7:FOR J=@ TO 7

13480 IF PEEK(34815+4@%I+10=168 THEM TTH

(7T, F=T0=1
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123418 MEST J.1
12428 PEIMT"S" (FORI=ATO? FOR J=¢ T0 @57
EP-1:1F TTwvIl.Te=1 THEM FEIMT "Eid W
12436 TF TTHOI, Th=B THEM FRIWT "& "
17448 HEXT JfPRIHT HE=T 1
12458 IF AR THEH 17

w16
123468 CFOR I=@ TO 7:TTHC E.I

.

l

1
T a=aHEST
12478 FOR I=6 TO 7 FOR J=6 T‘ ¥
124808 IF PEEKYCS4E 1r+4H+I Ja=1aE THEMW TTH
CEL T a=TTHOE, TH Ok 21t0¥-T;
12490 MEAT J.1
1,-Bﬁ FIF I*M T 7POEE CP+I.TTHOE, 12 HE
WTOGOTO 12048
1351@ TF AEUTY THEW 12556
12528 0OPEM 1.1.1.,"CHRRRACTERS"
13528 FOR I=8 TO 2047 Th=FEERK C3Z2VEE+T 0 F
FIHTH#L . TH O HEXT
135468 CLOSE 1

12558 IF A$CH"CY THEM 13593

12560 OPEM 1.1.8, "CHARACTERS

123278 FOR I=8 TO 2847 IMPUT#1.T:FOKE 3227
gE+ L T HERT

12508 CLOSE]

12528 IF Hi’ "H“ THEM 13866

128 POKE 52, 1€@: FﬂVE”FJIEE CLE

12518 PDKESEq?d FEEK CSESTFEORD

136268 POKE SES5TE. (FEEK(SSSTE)AMDZSE ) 0RE
12620 POKE 53272, 21

12648 POKE £42, 4

12658 EMD

126l GOTO 121268

This module performs a variety of functions to do with the manipulation
of the character on the screen, allowing it to be redefined, placed back into
memory and SAVEd to tape among other things.

Commentary

Lines 13030—13100: Brief instructions for the use of the module are
printed on the screen.

Lines 13120—13160: This module holds no surprises. It is simply the cursor
flash routine from the Artist program.
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Line 13170: Cursor position:P1 is the row down from the top of the screen,
P2 is the column across from the left.

Lines 13180—13190: Limits of cursor movement with the 8*8 square.

Lines 13200—13210: Pressing 1 inks in a green square, pressing 0 blots out a
square.

Lines 13230—13270: These two loops scan across the square reversing the
inked-in or blank elements, thus producing an inverse character.

Line 13280: Input of R returns to the previous module.

Lines 13290—13360: This routine produces a mirror image of whatever is
the grid—ie the character is apparently seen from behind.

Line 13300: The array TT % is cleared.

Lines 13310—13330: The contents of the screen are transferred to the
array. The screen cannot be manipulated directly since this might resultin a
square being transferred from the left to right and then read twice,
producing nonsense.

Lines 13340—13360: Having transferred the contents of the grid to the
array the information is now read back onto the screen but the horizontal
element is reversed so that position 7 is placed into position zero.

Lines 13370—13440: The contents of the grid are turned 90 degrees
anti-clockwise.

Lines 13420—13440: The contents of the array are put back onto the screen
anti-clockwise—thus position 0,7 becomes position 0,0 and position 0,0
becomes position 7,0.

Lines 13450—13500: The redefined character is placed back into the
character memory. It now becomes a permanent part of the user-defined
set.

Line 13460: Since only eight bytes are required for each character, only
eight bytes of the array, line zero, 0-7, need be cleared.

Lines 13470—13490: Each line of the array is scanned and when an inked-in
square is detected, it is translated into a single bit in one of the eight bytes
used to define the character. Having used AND to read individual bits,
note the use of OR to manipulate individual bits. When two binary
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numbers are ORed, all the bits which are set in either (or both) are set in the
resulting number. Thus to OR a number with 2](J), where J is from 0 to 7
means that bit J will be turned on, regardless of whether it was on or off
before.

Line 13500: The eight bytes of the array are placed into the memory at the
position previously occupied by the character which has been redefined.

Lines 13510—13540: The area of memory starting at 32768 is stored onto
tape in the form of integer numbers.

Lines 13550—13560: A previously stored character set can be picked up
from tape for further manipulation. NB This is also an example of how
your new character set can be picked up by another program for
subsequent use.

Lines 13590—-13650: If the program is terminated, the memory must be
reset to its original condition—unless you wish to go on using your new
character set with another program you are going to load. Failure to reset
the memory would mean that subsequent programs will be deprived of 8K
of memory and forced to use the redefined character set.

Line 13600: Basic is reset to its full potential size.

Lines 13610—13620: The bank of memory addressed by the VIC II is reset
to 3 (0-16383).

Lines 13630-—-13640: The screen is reset to start at 1024 (its normal
position) and the character memory reset to 4096 onwards.

Testing Module 3.2.3

Since this is a long module with a variety of functions, it is suggested that
you test each function as it is entered. Note that if a particular function is
faulty and you have entered changes to a line, there is no need to RUN the
program from the start. Simply GOTO 12000 since the character set, which
is above the Basic area, and the memory structure are undisturbed by the
entry of new lines. If all is well, the functions described in the commentary
will be available.

Summary

This s, as you will discover, an extremely enjoyable program to use, purely
for its own sake but its real power comes in what it can do in livening up the
output of your other programs. Because it does not actually relocate Basic,
only limits the space available, new programs can be loaded into the

59



The Working Commodore 64

machine to make use of the redefined character set. If the machine has been
switched off since the character set was redefined, or the memory
normalised, all that needs to be done is to add the first module to the front
of subsequent programs (minus lines 11050—11090) and then to load the
redefined character set from tape using the routine at 13560—13580. But
do remember that if you redefine the letter A as a space invader character
then every A output by the program, even in the program listing, will be
redefined. For the sake of legibility it’s usually better to stick to redefining
the graphics characters!

Quite apart from the general usefulness of the program, however, you
have also been introduced to some of the possibilities opened up by the 64’s
flexible memory structure and the techniques necessary to make the most
of what is available. If you want to look further into memory manipulation
you will need to get hold of a copy of the Programmers Reference Manual
—with this program under your belt you should have no difficulty
understanding and applying what you find there.

Going Further

1) One simple addition to the program would be a routine to allow the
position of two characters to be swapped, or for aredefined character to be
placed at another location in the character set.

2) Making up a whole new character set with this program would be
extremely time consuming. Why not try adding some block manipulation
commands which would allow you to invert, turn, mirror etc. a whole set
of characters between specified limits. Program listings look extremely
interesting with all the letters upside-down!

3.3 SPRITES

With the Characters program entered we have prepared the way for an
examination of one of the features of the 64 that other micro-owners can
only dream of—sprites. With the advent of the 64, gone are the days when
only machine code programmers could make high-resolution designs move
smoothly and easily around the screen with an eerie realism. In the field of
games especially, sprites represent a revolution in affordable micros.

In essence, a sprite is very little different from the user-defined
characters we have been experimenting with. A great deal of technical
imagination and competence has gone into the creation of the sprite
facility, but when it comes to the user’s part, a sprite is just a larger
character which can be more flexibly moved around the screen.

Like the characters of the normal character set, sprites are defined by a
series of bytes stored in RAM. Instead of an 8*8 grid, however, sprites use a
grid which is 24 dots across by 21 down. Clearly this cannot be defined by
the 64 bits present in eight bytes. In fact, each row of a sprite is defined by
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three bytes (24 bits) and, since there are 21 rows, it takes a total of 63 bytes
to define a sprite. Sprite data can be stored at any secure place within the
16K block of memory addressed by the VIC II. Within this block, up to
eight sprites can be defined at any one time but many more sprite designs
can be held in reserve, if necessary, for instant activation

The main locations in memory which control the use of sprites are as
follows:
a) 2040—-2047: These eight locations are the sprite pointers. Their function
is to indicate where in the 16K block the data for any particular sprite is to
taken from. Since sprites are stored in blocks of 64 bytes (though they only
use 63), the 256 values that can be POKEd into each pointer allow them to
cover the whole of the 16K block. Thus, the data for sprite 2 will be taken
from the memory at 64*PEEK(2042).
b) 53269: The sprite enable register. A sprite is only visible when the
corresponding bit in this register is set.
¢) 53248—-53264: The sprite position registers. These work in pairs from
53248 to 53263, defining the X and Y co-ordinates of the top left-hand
corner of the sprite grid on the screen. However, since the screen is actually
wider (320 pixels) than the maximum value storable in a single byte (255),
one bit at location 53264 is used to remember whether the position of each
sprite on the X axis is more than 255. This gives a total of 512 possible
positions on the X axis and 256 on the Y axis.
d) 53287—53294:The sprite colour registers. Each sprite can take on any of
the 64’s 16 colours, simply by POKEing the correct value into the appro-
priateregister. There are in fact more locations than this which are relevant
but these will do to be going on with.

The final issue to be decided is where to put the sprite data. If you only want
three sprites, then a practical place is the Cassette Input—QOutput buffer
which is located from 828 to 1019 (obviously you can’t load or save data
while the sprites are located there). If you want more sprites than that then
you must set aside an area of memory for them, exactly the same situation
as with user-defined characters. For the sake of variety, for our
sprite-defining program we shall adopt a different solution to that offered
for the Characters program. What we shall do is shift the start of the Basic
program from 2048 to 4096, thus leaving ourselves 2K of memory in which
to store up to 32 separate sets of sprite data. This is convenient in that it
involves absolutely no shifting around of the video memory
structure—what it will involve, however, is a resetting of the Basic start
address before the program is loaded.

Having done that, the program, like the character generator, will allow
the definition and manipulation of the sprite grids and the option of saving
them to tape for use by later programs. The simplest way to enter this
program is to first load Characters and adapt that program.
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Loader Program for Sprites

The following lines are NOT part of the main program, they are intended
to be entered into the 64 and saved onto tape before the main program is
entered and saved. The function of the program is to reset the beginning of
Basic and then to load the main program into the reconfigured memory:

100 REM**##*‘#*‘*&*#‘##‘*##**#“#t#“##

110 REM LOADER

120 REM***#* 5 e x sk hkaak s kh ks kans 48
130 POKE43,1:POKE 44,16:POKE 4096,0:CLR
140 LOAD ‘SPRITES’

Commentary

Locations 43 and 44 are the pointers used by the system to the beginning of
the Basic program, normally containing the values 1 and 8 (location
1+ 256*8 =2049). All that the main line does is to alter this value to 4097.
The first program byte must always be a zero, so this is POKEd in then the
memory is cleared, completing the reconfiguration. When this has been
done the main program is loaded automatically. At the risk of boring you,
remember that this is NOT part of the main program—to include it at the
beginning of the main program would chop off the first 2K of the program
when it was run.

Sprites: Table of Variables
(where different from Characters)

SP Address of current sprite pointer

SC The address of the sprite colour register

SS Start of sprite data

FNS(SN) Start of block of data for sprite SN

SN Sprite number

TT((20,23) Array for temporary manipulation of sprite data
MM Value to move SN

MODULE 3.3.1

1ze82 REM SET UP FITE FOIMTERZ

126010 SP=204@: S5E=53289  55=2042

1228 DEF FHSCSHI =Z5h+E4% 00N

12638 SH=:DIM TTH.Z8,23) POKE 532221.6

The variables declared here are explained in the table of variables.

62



Chapter 3 The Colourful 64
MODULE 3.3.2

HE EEMEEFER SRR R R
18 BREM PRIWT GRID

28 EEMEEFEEEEEEEEEEREEEE R
1::3@ PORESZZ2e3, 1 POKE 93227, 1 POKE SF.F
Mz EH Sed

2848 FOKE 522428 POKE 53254, 1 POKE 532
45, 58

12esn PRIMT "0 FOR I=1 TO 11:PREIMT "03
MBIBRENERRRRRERERERRRERD]

45@? FEIMT "imBRRERRRRERDRRERRRDRRRRNE:"
“HE®

2@7a PRIMT "0

’-—t

H'._L

= —
D3
N
D)
=

]

1228 PRIMT "Giﬂ' FOR T=FHZOSHY TO FHSCS
Hi+ee STEF 2:FOR J=8 TO 2

12168 FOR f—r T 8 ZTEF -1

12116 IF CFEEECI+TY AMD 2 1i=21 THEM FE
IHT "e"

1312@ IF CFEERCI+T) AHD 21 o=8 THEM PEIH
T " 1"

13120 HEHT B JTOPRIMT (HEAT 1

12148 PREINT "YBOESIGH MUMBER:".SH

13152 IMPUT "HUMBERE TO MOYE FOIMTER: c@=kE
EDEF. 2" oMM SH=2H+MM

12162 IF SN4B THEM ZH=8

1217v@ IF SH:21 THEM SH=31

12188 IF MM=0 THEM POKE 53242, 8:FOKE 332
g4, 1 POKE 52243, 200 G070 14880

13198 GOTO 1320608

Almost exactly the same as the grid drawing module in Characters.

Commentary

Line 13030: 53269 is the sprite enable register—this POKE sets bit zero and
turns on sprite 0. 53287 is the colour register for sprite zero and the POKE
sets the colour to white. The sprite zero pointer is set to point to the first 64
byte block in the reserved memory area.

Line 13040: Sprite zero is set at 256 on the X axis and 80 on the Y axis.
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Lines 13050—13080: The outline of the grid is printed.

Lines 13090—13130: The I loop looks at the sprite data in groups of three,
the Jloop looks at each byte, the K loop looks at each bit. A circle is printed
for each set bit.

Lines 13140—13190: The user can move the sprite pointer. Note that it is
the area of memory pointed to by the sprite pointer, not the actual sprite
pointer that is changed. In this program we shall always be using sprite
zero.

Testing Module 3.3.2.

On running this module (remember that the loader program must first have
been run) a garbage sprite will appear to the right of the grid and the
individual dots will be filled in.on the grid. It is sometimes difficult to see
the correspondence between the two because of the automatic shadowing
placed into sprites. Two set bits on the same line with a space between them
will actually appear as a block of black.

MODULE 3.3.3

14000 BEEM#EEEEEE R Rl bR e e Rrins
14816 REM REDEFIME SFREITE
14220 REEMEREEREEkErbfdd S fara s e e ey
14638 FRIWT "7
" REM 23 SPACEZ
14243 F5="pppRRRBRRNRRBRRRRRRRNNDNNR
14356 FRIMT F%;"2°1° IHMVERT"
1428 PRINT F£:"R'M° MIRRECOR"
14878 FRIMT F$:"9°FE° RETURH"
14828 PRIMT F#:"671° THK IH"
146968 FRIMT F&:"3°67 BLAMK"
141068 PRIMT F&,"W'T7 TURR"
14119 PRIMT F#$:"2°F° MENMORY"
14128 PRIMT F#:"E"D" SAVE"
14123 PRINT FE:"a'L- LopD"
14148 PRIMWT F#$:"W'E" EMD"
14158 FRIMT F#;"=(REROMS MOVE"
14168 PRIMT "&";
14176 GET R4
14188 CC=PEEK Z110+FPEEK CZ180%2
S PP=PEEKCCCH  C1=55290+CC~102
14190 CZ=FEEK {13
14286 POKE CC,42:PORE C1.1

SE+FEEK 28
4
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1421@ FOR I=1 TO 15:HEXT:FOEE CCL.FP:POKE
S22 IF AE="" THEHM 1417A

14;'H Pl=IHMT(CC-108240 /4@ P2=C0-01824+4
Rk SN

142728 IF (P10 AMD Af=""12 OF (P12 AMD
FE="m"> THEH FREIMT A, GOTO 14178

14248 IF (P28 AMD Af="N">» OR (P2<22 AMD
Af="M"">» THEH FREIMNT HF: G0TO 14170

14258 IF AF="1" THEM FEIMT "HomEl": GOTO 1
4178

1426d IF Af="a" THEW FRIMNT "= 0" GOTO
14178

14278 IF A$C-"1" THEHM 1432326

14220 FOR I-H TO 2@ FOR J=88 TO 23

14298 IF PEEKC1824+T%40+T0=32 THEH 14316
14208 POEE 1824+48%I+T, 22 FOKE S529&+400%
I+7.182:G0TO 14328

143160 FOKE 1924+I1%40+7, 21 ' POKE S5238+30%
I+T.121

14226 HEAT J,1:GOTO 14176

14228 IF AF="E" THEHM GOTD 13820

14246 IF Ags"MY THEH 144208

14353 FOR I=8 TO 2ZA:FOR J=8 TO 22:TTH.I.
Ji=0 HEST J. 1

id438@ FOR I-u TO 28 FOR J=@ TO 22

14378 IF FEEEC1824+40%1+T0=158 THEH TTw
I1.J0=1

14336 HEXT J.1

142298 PRIWMTYSY: (FORI=ATOZE:FOR T327T03 =
TEP-1:IF TTHCI,Jo=1 THEM FRIMT "EiQ W",
144360 IF TTHOI, Jo=6 THEHW FPRIMT "& "
14418 HEST J:FRIMT-HEXST I:GOTD 14174
144208 IF A$<>"T" THEH 14586

14438 FOR I=6 TO 2B:FOR J=@ TO 223:TTHCI

Joa=@ HEST T, 1

14448 FOR I=8 TO 28:FOR J=0 TO 286

14458 IF PEEEC1824+4R#%[+T0=51 THEH TTHOZ
A=, o8- 3=1

144l MEST J.1

14478 PRIMT"S",; :FORI=ATOZA:FOR J=23T08 =
TEF-1:IF TTHCI.Jo=1 THEHM PREIMT "iuﬂ":
14428 IF TTHCI.Js=8 THEM FRIWMT "& 0"
14490 HEAT J:PRIMT :HEST I:GOTO 14178
145608 IF AF:"P" THEM 14566
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1451@ FORE I=8 TO Z0:FOF J=@ TO 2:TTHCI.J
a=@CHERT T, 1

14528 FOR I*H TO Z8:FOR J=00 TO 2:FOR K=8
O 7

14526 IF PEEEC1O24+4B0% I+ IS+ =21 THEHM T
TaoT, Ja=TTH II T- QR 2107 -k

14540 HEST K.J.1

14553 FuPI—ﬂTﬂﬂm FOR J=@ TO 2:FPOKE FHMS(s
Mo+ T2+ T, TTHOL, I0 HEST I, 1 GOTO 12828
14568 IF AFC:"S" THEM 14624

14578 FRINT " sInleleIaTn]eTe a]e]n]a]n]oTnT e o] oTa] o e 0 e R
b MAMY SFRITEZ TO BE SAWED: " S HH

14526 IF WM<l OF MHM322 THEH 145 5!

14596 0OPEM 1.1, ],"’FFITE’" PREIMTH#1.HH
14608 FOR I=0 TO HH#cd-1:TH=FEEK S5+ F
FIMT#1, THHEAT

14818 CLOZE 1

14828 IF AF"L" THEM 146s@

14628 OFEM 1.1.8."SPRITES"  IMFLUT#1 . MM
ldedE FOR I“ﬁ TO HMH#sd~1: THFUTH1 . T FOEE
SP+1. T HEST

14856 CLOSE]

14888 IF AFCF"E" THEMW 14620

146783 POKE =1;FQ AOPOEE 42,1 POKE 44, 2:F
ORE 2848, 8:CLEEMD

14826 IF RFCH"EY THEM 14748

14650 THPUT " s{eleqe]a]n]aTaTaleTo]neTo]nTn T oo o] e e i
MEER TO EACHAMGE MITH:". 52

147806 IF S2460 OF 2331 THEM 14690

14716 FOR I=FHZCSH) TO FHSCSH» &2 LET T1
=PEEKCT 2 FOKE T.FEEECTHFHSCSH)~FHS OS2 00
14726 FPOKE I+FHZCSHI~FHSCS2) . T1 HEXT
14728 GOTO 12808

14748 IF AF:"C" THEW 14348

14758 IF FEEECSZ2Z27&3AMD 1=1 THEMW FOKE 53
2TELBGOTO 14176

14768 THPUT " EesTeleqalnIe]a]a]a] ] a]a ] o] o]0 nIn]oIn] 0T ] HF
UT COLOUR FOR @1 c@-152:" 01

14778 IFC1I<O0RC1IZ1I5THEMPEINT" ]

"IGOTOD 147e8

147z@ THPUT " sqaleqeln]a]e]aT el aTe]In]a]n]a 00 TnT]OIN] ] HF
UT COLour FORE 18 (da=1S» ", o2
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14796 IFEZCBDFELLluTHEHFPIHT"1

SEOTO 14728
142060 THFUT " Teixele]ela]s]ale]aTe]n ] In N8 nTsTa]ATIN] HF
UT COLOUR FOR 11 =150 " ;23
14216 IFE?%BHPF“"I‘THEHPFIHT"W

ROTO 14260
14=260 FﬂFE 53285, (FEEK (32225 AMDZ4A0RCT
POEE 52287 . CPEEKCSI287 s AMDZ4E  ORCE
14=260 FH}E S22EE, CPEEK CR2285) AMD 248> O
B C2POREE 2227V&, 1G0T 14170
14246 GOTO 1417@

This module serves the same purpose as the character redefine module in
the last program.

Commentary
Lines 14050—14150: Instructions for the use of the module.

Lines 14170—14210: Standard cursor move module.
Line 14220: Row and column of the cursor on the grid.

Line 14330: R returns to previous module.
Lines 14340—14490: Clockwise turn.

Lines 14500—14550: Redefined sprite is placed back into memory. The I
loop scans each row of the grid, the J loop scans in groups of three bytes,
the K loop scans each bit.

Lines 14560—14610: The sprite data is saved onto tape. The user has the
option of declaring how many sprites are to be saved. This makes it
possible to save three sprites, which can be stored in the tape input buffer of
a subsequent program.

If any sprite is called up from tape for further manipulation, sprites
currently in the memory are lost.

Lines 14660—14670: This routine switches off the sprite, normalises the
memory and ends the program.

Lines 14680—14730: X allows the current sprite data to be exchanged with
data at another position—particularly useful when making up a set of
three.
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Lines 14740—14830: This routine enables the user to enter or leave sprite
multi-colour mode.

Line 14750: If multi-colour mode is set (ie the corresponding bit in the
sprite multi-colour register at 53276 is set) and this function is called, then
multi-colour mode is reset (turned off) for sprite zero.

Lines 14760— 14800: The enigmatic 01, 10 and 11 in these prompts refer to
bit combinations on the sprite grid. When in multi-colour mode, the sprite
is regarded as having only 12 dots across (though they are twice as long).
Bits are read in pairs from the left and, naturally, form pairs of 00,01,10 or
11. Each of these three combinations will produce a different colour in
multi-colour mode,with 00 being the screen background coloured by the
sprite multi-colour register at 53285. The 10 colour is dictated by the
ordinary sprite colour register. 11 colour comes from the sprite
multi-colour register at 53286.

Testing Module 3.3.3

All the functions described in the commentary should be available once
this module has been entered. As with the equivalent module in
Characters, it is better to test each function as it is entered.

Summary

A little thought about this program will demonstrate just how easy sprites
are to use once the functions of a few memory locations are understood.
The program itself will provide an endless series of sprites which can be
stored for future use on a separate tape. The techniques contained in the
program will make it a simple matter to make the best use of such sprites in
your own creations.

Going Further

1) The program makes no provision for one other sprite function, and that
is the expand capability, which doubles the height or width of the sprite
(same number of bytes—just made longer). This would be a simple matter
to add since all that is involved is setting the corresponding bit in the
register at 53277 for the horizontal expansion and 53271 for the vertical.
For the purposes of this program the correct bit is zero.

2) It would be useful to be able to pick up only part of a set of sprites from
tape, say one at a time, to decide whether you wanted to compile it into the
current set. A slight change to the load routine would enable you to do this.
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3.4 HI-RES

Though the possibilities provided by user-defined characters and sprites
are almost limitless, the 64 does provide yet another major graphics mode,
bit-mapped graphics. What this means is that rather than being able to
address a minimum of one of the 1000 character squares on the normal
screen, the user is able to set any individual pixel (short for picture element)
or dot on the screen. In this mode line drawings and curves can be drawn on
the screen, though to make the fullest use of it you will need to get hold of
the graphics extension cartridge for the 64, which will provide you with a
variety of flexible graphics commands.

To understand the program given here it is necessary to know a little
about the way the bit-mapped screen is set up. The screen itself contains
320*200 separate positions, a total of 64000. In order to store each of these
separately, 8000 bytes of memory are needed, providing 64000 individual
bits. Each of the standard character positions requires eight bytes (the 8*8
grid that we used for user-defined graphics). Starting from the top
left-hand corner of the screen, the first 8 (0-7) bytes of the screen memory
are used to create what would be on the normal screen the first character
position. The second eight bytes form the second 8*8 grid and so on along
the line. Since there are 40 character positions in a line, each line takes 320
bytes. In actual fact, because the bit-mapped mode enables individual
pixels to be addressed, this line of 8*8 grids is capable of holding eight
single pixel thickness lines (though if you drew them all it would look like a
solid bar).

The 8K of memory necessary to hold the bit-mapped screen is obviously
not storable in the normal 1K screen memory nor, in fact, can it even use
that area as a part of its area, since 1024 to 2023 is used to store colour
information for the bit- mapped screen. The solution adopted in the
program that follows is to locate the screen beginning at 8192, leaving 6K
of memory for the Basic program, with the option of relocating Basic if the
program is developed and lengthened. Using the program given here you
will be able to use the bit-mapped screen as a sketch-pad, using either the
cursor move arrows or a simple line-drawing algorithm to create a design
on the screen.

Hi-Res: Table of Variables

DX Distance between ends of line along X axis.

DY Distance between ends of line along Y axis.

FN PE The value that must be POKEd into PP to erase pixel
X,Y. .

FN PP The location of the byte in which pixel X,Y falls.

FN PV The value that must be POKEd into PP to set pixel X,Y.

MO The current mode of the program.

SC Start of screen.
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SL The slope of the line to be drawn.
X1,X2 X co-ordinates of ends of line to be drawn.
Y1,Y2 Y co-ordinates of ends of line to be drawn.

MODULE 3.4.1

@ REM#F ¥k EERR R
A FEM IMITIALIZE HI~-REZ SCREEM

pd FEM#+++*+*#+###**?#*#%####*f#%*##
1Bﬁ'2 CL#F="":INPUT "TMCLERR SCEEEM CfeM2

l_;i 1"‘-": i
[u.l r-'- [hy]

IGH:S PEH FOEE 44,64 :FPOKE 43,1 :FOEE 1638

4.8 CLR

1302( DEF FHPP S =SC+ 2208 IMT oY /20 + S8 IHT L
ASERCY HHD V2

1262 DEF FHPWC A)=PEEK(FHPP S0y OB (2107

~Gw AMD 7o

19629 DEF FHPE(s »=PEEK(FHPP Y AMD 255

~ZPCT=C% [HD P2

16626 FOKE 53272, CPEEKISZZV2000R 2:POKE
SE2eD, FEE}'Eﬂ_Hc. OREE: 50=8122

16635 IF CL$="H" THEM 19658

1846 FOR I=SC TO SC+723%:POKE I.0:HEXT
106858 FOR I=1824 TO 2ZB23:FPOKE I.e%le+ls:
MEXT

188aE MOKCAY=2 MOXNCL D=0 MORCE =10

This module configures the screen memory for the bit-mapped mode,
defines some useful functions and clears the high resolution screen.

Commentary

Line 10025: The POKE:s in this REM statement are not necessary for the
running of this program. They are included in order that if you wish to
expand the program in such a way that it may overrun the screen at 8192
and onwards, you will have the necessary information to relocate Basic. As
with the Sprites program, the POKEs should be included in a loader
program which is run BEFORE the main program. The program as given
here works happily within the 6K of memory up to 8192—there is no
necessity even to set a limit to the top of Basic.

Lines 10027—10029: The use of these functions is given in the table of
variables.
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Line 10030: 53272 is the register normally used to control where the VIC I1
looks for character data, in this case it will dictate the beginning of the
bit-mapped screen. POKEing 8 in here sets the screen start to 8192.
POKEing 53265 with 32 sets the bit-mapped mode.

Lines 10035—-10040: In Line 10022, the user was given the option of
clearing the screen. During the development of the program, when the
program is stopped and RUN—RESTORE pressed, alterations can be
made to the program without affecting the contents of the screen at all. On
running the program again it saves time not to have to clear the 8000 bytes.

Line 10050: This line clears the normal screen memory area, which is now
employed to hold the colour data for each of the 1000 normal character
positions.

Testing Module 3.4.1

On first running the program, the screen should immediately fill with
garbage. Gradually this will clear, leaving a screen which may still be
covered with coloured squares corresponding to the position of characters
on the normal mode screen. These too should then begin to clear and the
screen be set to white. When the module is finished, press RUN and
RESTORE to return to normal mode.

MODULE 3.4.2

11088 REMHESEERgER bR s o
11818 EEM DEAW OH SCREEM

11826 REMESEEEEEEEEE SRR RN
116828 H=168:Y=26 Ml=1 FOKE 1824.(PEEK1S

24 AMDEA4a) OF  CFdE D
11840 TT=PEEK CFHFF 0
1184z GET R$:IF Hi 2O THEM 118568

11644 POKE FHPFCAD  FHPY OG0 FOKE FHPF G
FHFE S - GOTOD 11@4&

11856 FOKE FHPPOSLTT

11@ea IF MOCE THEM H=E-CRE="E" AMD =318
ICAES"IT OAMD AED

11862 IF MO=3 THEM x=k- 16%CAE="R" AMD =
10+l cmE="1" AHD “>100

11678 IF MOC2 THEMW Y=Y-(Ag="HM" AND Y<131
JHCAE="TT AMD YA

116872 IF MO=3 THEM Y=Y-10# AF="M" AHD Y
12ar+18%cAE=""1" AND t}lwﬂ

11875 IFAF="#"THEM MO=MO+1 : MO=M0+d% CH0E
PPOKELBEZ4, (PEEK 1824 0AHD2480 OF CMO%S
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11828 IF MO=1 THEN POKE FHFF S FHPW D
11828 IF MO=8 THEH FOEE FHPPOAD . FHFEC )
11168 IF AF="1" THEH ¥1=k:Y1i=Y

11116 IF RAF="2" THEMW HZ=@:va=Yy

11126 IF A$="L" THEM GOSUE 12003

T12e6 GOTO 11848

11452 GOTO 11433

This module allows a flashing pixel to be moved around the screen, inking
in and erasing individual pixels.

Commentary

Line 11030: X and Y are the co-ordinates of the pixel on the 300*200
screen. The flashing pixel cursor is set to the middle of the screen. The first
position in normal screen memory is POKEd with a value which produces a
colour indicator of the current mode (black=0,red=1,
purple = 2,blue = 3). Effects of modes will be explained later.

Line 11040: The state of the screen at the position at which the cursor is to
be flashed is obtained.

Lines 11042—11050: The cursor is flashed on and off until a key is pressed.

Lines 11060—11072: In mode 3, pressing the cursor arrow results in the
flashing pixel moving 10 positions in the required direction (within screen
limits). In modes 0,1 and 2 the cursor moves only one space at a time.

Line 11075: The unshifted function keys, from top to bottom, are used to
set the modes. If the mode is changed the colour indicator is changed.

Lines 11080—11090: If the mode is zero (black) then the pixel at the cursor
position is blanked. If the mode is 1 (red) then the pixel is inked in. The
remaining two modes allow the cursor to be moved around, slow or fast,
without affecting what is on the screen.

Lines 11100—11120: These inputs relate to the next module.
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Testing Module 3.4.2

You should now be able to move the tiny cursor around the screen, drawing
or erasing.

MODULE 3.4.3

12808 PEMBRSEEEEesd itk ehiedhiin e
12016 REM LIHE DREAMIMG

1zaza FEH#*#+++#+¥#+¥####++*++++##+++*+
P PRI T
E2E Dﬁﬂﬁ@vﬁl+§6hiﬁ =] D=2 LG O

-

,.
RX

1o

22 IF RESCDYIABRSCDEY THEM 122860

125 SL=RBZODYs D"*U.-

4E FOR I=1 TO ARSI

=0 TF MODE=1 THEM FOKE FHERCHS . FHFYCH

FRANI R o

fhn] 1"‘1 !'-I U

I
it

A%% IF MODE=G THEM POKE FHPFOED FHPECH

FE]
i

% [ SLE THEM Y=Y+SGHODY) SL=50-1
2T SL=SLAAESCIYATY

TG e EGHCTN  MEXT T

212 RETURN

ZZAR SL=RES DY -8, 5

2218 FOR 1=1 T0 RES(DY

IF MODE=1 THEH PULE FHPF G2, FHPY

RN Wr Y t—\. e |_4. Pt b T R L B L ek bbbk b TU) ek bt

12225 IF MODE=@ THEH POKE FHPFOXD, FHPEC:
lbmlﬁ IF 5l8 THEM H=+S6HCDHD Sl =51~1 03
aTo 12226

12248 SL=5L+ABSDE T

122508 Y="Y+E0HCDY ) T HEST 1

12708 RETURM

This module provides for the drawing of straight lines between points
defined by the user. It is an adaptation of a method known as Bresenham’s
algorithm and a version of it is often used in those Basics which have line
drawing commands.

Commentary

Line 12025: The values X1 and Y1 were defined when the user input 1—at
that point they were set equal to the X and Y positions of the cursor. X2 and
Y2 were set on input of 2. The line will be drawn from X1,Y1.

73



The Working Commodore 64

Line 12030: DX and DY are set equal to the distance between X1 and X2,
and Y1 and Y2, plus one. The SGN function means that it does not make
any difference if the distance is positive or negative (if it is negative then
minus one will be added rather than 1).

Line 12032: The line-drawing algorithm uses the greater of the two
differences as the basis of its calculations so it is faster to have two separate
routines.

Line 12035: SL is the slope, or ratio between DX and DY minus 0.5.
Lines 12040: The loop is as long as the difference along the X co-ordinate.

Lines 12050—12055: Depending on whether the mode is 0 or 1, a single dot
on the line is erased or drawn. Note that nothing will happen in modes 2 or
3.

Line 12060: According to the ratio between DX and DY, SL may now
indicate that the next dot should move up or down the Y axis. If so the Y
position is changed and SL is reduced by one.

Line 12070: The slope value is added to SL each time a dot has been
printed.

Line 12100: The X position is incremented for each iteration of the loop.
Once again the SGN function takes care of lines which move backwards
along the axis.

Lines 12200—12250: Exactly the same routine for those cases where DY is
greater than DX.

Testing Module 3.4.3

You should now be able to specify a start and end point for a line (1 and
2)then to draw it or erase an existing line, depending upon whether mode 1
or 0 is set.

Summary

This program is intended as no more than an appetiser for the possibilities
raised by the bit-mapped mode. Full use of bit-mapped graphics requires
some careful thought as to what you wish to achieve and some often
complex mathematics to achieve it. Should you decide to go further, the
techniques given here, and the functions used to locate individual pixels,
will make the task that much easier.
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Going further
1) Why not add a facility allowing the saving of a screen of graphics onto
tape—you’ll need a fairly long tape but the routine would be simple

enough.

2) Computer graphics books provide a number of algorithms which allow
the drawing of circles and arcs. Why not add a module to the end of the
program to achieve this—the main drawback will be lack of speed.

75






CHAPTER 4
The 64 as Secretary

Sooner or later, most micro-owners realise that their new digital friend
really comes into its own when it is storing information, processing it and
presenting it in a variety of ways that would be laborious in the extreme if
done manually. They then begin the task of writing simple programs which
will store their friends’ names and addresses or catalogue their record
collection. They may end up with half a dozen programs, each limitedto a
single use, and yet each program employing much the same methods.

In this chapter we begin a section of more substantial programs by
examining how a single program can be written to satisfy a wide variety of
filing needs without the constant need for rewriting every time a new
application comes along.

4.1 UNIFILE

The first program is called Unifile and, in the form presented here, it is
capable of storing up to 500 entries, as well as allowing the user to search
through them for named items, to amend entries and to delete them. Quite
apart from the wide applications of such a program, I hope that the simple
act of entering it and understanding the methods used will provide you with
a host of ideas for further applications.

Unifile: Table of Variables

IN Flag indicator used to show whether the program has
been initialised.

A%(499,X-1) Records the length of individual items in each entry.

A$(499) Main file array.

B$(X-1) Holds names of item types for each entry.

FF Flag indicator used to determine whether a user search
has been successful.

IT Number of entries in file so far.

PO Used in binary search to indicate number of search
samples necessary.

PP Pointer to start position of current item to be printed
from an entry.

R$ Separator for use in saving data on tape.
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S1 Temporary search pointer for user search module.

SS Main search pointer in binary search module.

T1$ Temporary storage string used to build up new entry.

TI1%(20) Temporary storage for length of items being built up
into new entry.

X Holds number of items specified for each file.

Z Indicator for number of program function to be called

up from main menu.

MODULE 4.1.1

AHE FEMESE Rk
@1@ FEEM MEMU

@Az FEH##*##*+*###*###**###**********
11838 FOKE 53228 FRINT "I emeRbERRRRR
MREELHIFILE"

ligdia FRIMT "MERCOMMAMDS AYATLAELE: "
11856 PRINT "eME  12EMTER IHFORMATICH"
118ed FRINT "8 2)ZEARCHADISPLAYSCHAMGE

1187a PRIMT "M Z3DATA FILES"

11@28 PREIMT "M 43ZET UP HEW FILE"
1ia2a FEIMT "B SxETOP"

11188 INPUT “MEIHICH DO YOU REGUIRE: ™. Z:
PREIMT "3"

111ie IF 23 OF IM=1 THEMW 1114@

11126 FPRIMT "I RRBRRRRRROT IHIT
TALISED YET."FOR I=1 T 160@@:HEXT

11138 GOTO 11868

111482 0OM 2 GOSUE 132886, 17086, 15008, 12088
11150 G0TD 116086

111568 PRIMT " aleeseme RN RRRRImE 1L IHG
=YSTEM CLOZED" EMD

The purpose of the module is to present all the functions which the
program makes available and to allow the user to make a choice
between them. As a rule of thumb, any complex program which does
not begin with a clear-cut menu of what the program does, is a bad
program. And if you don’t agree with that statement now, you
certainly will at some time in the future when you have to return to a
complex program which has not been used for a few weeks and find
youself spending half an hour going through the listing trying to
remind yourself what it does and how.
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Commentary

Line 11030: A typical use of Commodore’s flexible cursor control
commands. The string clears the screen, moves the cursor down one
space, across to the middle of the line, sets the RVS ON characteristic
and prints in green.

Lines 11110—11130: No program can be successfully run unless the
arrays it uses have been set up. In this program the variable IN is set to
1 when that happens. If IN is not equal to 1 then the only functions
available from the menu are initialisation (setting up the arrays) and
stop.

Line 11140: For those to whom this command is new, ON...GOSUB
and ON...GOTO are simply ways of cutting down on lists of messy
IF...THEN...GOSUB (GOTO) statements. The command will choose
the destination in the list which is designated by Z.

At this stage, all that can be tested is that the module presents a neatly
ordered menu page and accepts an input. The only input that will not
produce an error report is S—program stop.

MODULE 4.1.2

FEﬂ#****#***#####****ﬁ*ﬁ*#*####*#
FEM STEUCTURE OF FILE
PEM+##¥*####+#+*+#*#**#####%#*%##
: CLESDIM AFC4290  PREINT "WRbBERRNNNE]
IMRIFF ILE STRUCTURE": TH=1:R$=CHRE13)
1268325 IMFUT "smARE YOU LOADIWG FREOM THAFE
CASHD T RE TR QE="Y" THEH 118666

12840 IHPHT "IMEHWU MAHY ITEMZ IM ERCH E

A el 0

E A I

i
i,

[y S
N L N (5

LR AR

c

HTEY D" TITM BFCa-10, ko439, -1
126858 FREIMT "M"; FOR I=6 TO ¥-1:FRIMT "4
MAME OF ITEM" STRECI+10" " D THPUT GF

12668 BFCIX=R$MEXT 1:00T0 11606

This module performs the essential function of setting up the arrays
which will be used to store the program data—until it has been called
up, the program cannot be used. Once data has been entered, calling up
the module again will result in the loss of all the data—the memory is
wiped clean ready for a new set of data. The use of the main variables is
explained in the table of variables and during the subsequent
commentary on the program.
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Commentary

Line 12030: Note that before any array is dimensioned, the memory
must be cleared. Failure to do this results in the REDIMMED ARRAY
error message.

Line 12040: Unifile does not dictate to the user how many items the
typical entry can contain, it is up to the user to specify. Once this is
done the program configures the pointer array A% and the item title
array B$ accordingly.

Lines 12050—12060: Having specified the number of items per entry, the
items are named eg name, address, telephone number. Note that
because the memory has been cleared, the module cannot RETURN to
the menu, it has to be given the specific line to GOTO.

Testing Module 4.1.2

On calling up the module you should be asked to specify the number of
items per file and to give names to the items.

MODULE 4.1.3

SZRED REMBEEEREEEEEEEEEEEEEREER R
@18 FEM EMTEY OF HEK ITEMEZ

ZEZE FEMSERRE R R R R
ZREE Tlf“'" PREIMT TN eRBNRRRRRRRRRETRE
ITE
SA4E

n_‘

!

E.—u;—a,—n;—s
PR ) l!ch

2 FF‘IHT "ERRNRERENRERRERRRENEDNRRE ]
UOITEMS =0 FART

2850 PRIMT "W&COMMAMDE AVAILRELE: "

2006 PRINT "em>-#ENTER ITEM SFECIFIED®
3E7a FRIMT "e-AIMFUT 72227 T0 RETURMH TO
EHLIEM"

2p5a FOR I=@ TO H-1:PRIMT E£CIx;":"i:IH
LT oF: IF Q$="Z222" THEM RETLREH
(%]
1
1
I
1

i—*i—‘-l—'-—-’\—‘

.l-

a'n"n

0

LI s S G r«.l -

TFLEMCTIE2+LEM R I=253THEM 13116
F‘FIHT "HEMTREY TOO LOMG.":FOR J=1 T
T

o .

"HE®T J:RETURH

1%3=T1$+0F TIKCI=LEMCTLIF) HEAT T
"mlRIT"

28 GOSUBL14808: GOSUR 1300a: GOTO 1726006

— XD r“l |:{i
lD

= T -
!‘!Jl_{l
-,

i

The purpose of this module is to accept the input of the items specified
by the user and to compile them into an entry ready for the main file.
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Commentary

Line 13080: Using the variable X to determine the number of
repetitions, the program prompts the user to input each of the named
items.

Lines 13090-13100: Individual entries can be a maximum of 255
characters long—the maximum length of a single string on the 64. These
lines check that the limit is not being exceeded.

Line 13110: The item input is added to the temporary storage string T1$
and the length of the entry so far is recorded in TI%. Note that TI%
was not declared in the initialisation module. Simply mentioning it in
the course of the program, automatically dimensions it with 10 elements
(0-9). If you want to have entries with more than 10 items then you
must declare a bigger TI% in the initialisation module.

Testing Module 4.1.3

At this stage, by entering temporary RETURNSs at lines 14000 and
15000, you should be able to call up this module and be prompted to
input items under the names you have specified. Note that there is not
yet any provision to enter these into the file.

MODULE 4.1.4

14608 FEMBEEEEEFEEEEEEEEEEEEEREEREREREY
14418 REM BIMARY SERECH

14628 EEMEREEEEEEEEEREEEEEEEEEEERFER R
14628 IF IT=0 THEM SS5=@:RETURH

14@dr PO=THTOLOGOIT ) /LOGLZ ) 2 1 58=21P0-1
14650 FOR I=PD TO @ STEP-1

14008 IF AFCSSLCTIE THEM =S
l4ava IF RECZSH2TIE THEM S5
14826 IF "”ﬁ THEH ZZ5=6
146568 IF 555IT-1 THEW SS5=IT-1

14164 HE”T I:IF A¥CESH<T1F THEW S5S5=55+1
14118 RETURHM

Of all the modules in this program, this one is most likely to look like
double dutch on first sight. In reality it is very simple, but first you need
to understand the basic principles that lie behind a method of searching
for something called the binary search, which dramatically reduces the
amount of work needed to find the right place for a new item in an
ordered list of data.
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Consider the following example:

We have established a file containing 2,000 names in alphabetical order
and there is a new name to be inserted, whose rightful place will actually
be at position 1731, though this has yet to be determined. The search
routine therefore begins by examining the first name in the file, decides
that the new name will come after it and moves on to the second name.
Eventually, after examining 1732 names, the search routine finds a
name which the new name should come before and it knows that it has
found the right place to insert the new name. This is a straightforward
procedure and one that is easy to program but compare it with this:

The search procedure begins by examining the name in position 1024 of
the file, because 1024 is the greatest power of 2 that can be fitted into
the total number of names in the file. The name at 1024 is found to be
alphabetically less than the new name, so the search routine adds 1024/2
to the original 1024 and moves on to name number 1536. That name is
still less than the new name, so 1024/4 is added to 1536, making 1792.
Now something different happens—name number 1792 is alphabetically
greater than the new name—the solution is to subtract 1204/8, giving
1664. The search routine goes on adding or subtracting decreasing
powers of 2 to build a search pattern that looks like this:

1644 (then add 64)
1728 (then add 32)
1760 (then subtract 16)
1744 (then subtract 8)
1736 (then subtract 4)
1732 (then subtract 2)
1730 (then add 1)

The number of comparisons needed to find the correct place in the file
has been reduced from 1732 to 10. The power of the binary search
should be apparent.

Line 14030: If there are no items in the file yet, then the right position
does not have to be calculated.

Line 14040: The LOG function is used to find the maximum power of 2
that will fit the current number of items.

Lines 14050—14100: The binary jump is performed, with checks to see
that the search is not leaving the ends of the file. One final comparison
is made when the loop is finished and the correct position has been
determined and stored in the variable SS.
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Testing Module 4.1.4

Full testing of the module will have to wait until the next module has
been entered but a check that the syntax is correct can be made by
simply calling up the insert module, from which this module is called.

MODULE 4.1.5

1 tdlﬁ FEM IMZERT

150828 FEMESEEai ek bbb s
120260 IF IT=8 THEMW GOTO 15@ca

15048 FOR I=IT TO S5+1 STEP -1:RA$CII=A%(

15050 FOR J=@ TO X-1:A%C1. Jo=RXI-1, T3 :H
I

SR AFCSSI=T1$ FOR I=@ TO ¥-1:AX(SS,. 1)
=TINCI MEAT: IT=IT+1:RETURH

The correct position having been determined, this module moves all
the entries from that position onwards, one space up the file, together
with their associated pointers in A%. The new entry is placed into
position SS of the file, and the pointers which show the length of the
individual items are placed into the same position in A%.

Testing Modules 4.1.4 and 4.1.5

You should now be able to input entries to the file which will be
placed into alphabetical order. To check this you must stop the
program and print out, in direct mode, the contents of A$(0), A$(1)
etc. You should also check that the pointers stored in the same line of
A% do in fact point to the last character of each item in the entry.

MODULE 4.1.6

AR REMB#EEFAEEEEEEEEEEE R
318 REM DATA FILES

2@ REM$SkEds Rk i ¥
68 FRIMT "MEFOSITION TAFE CORRECTLY.
H HEHTERE--"

@42 IHPUT "MOTOR WILL STOP AUTOMATICAL
CMIREPOKE 192, VPOEE 1,39

*-,_-U FREINMT "MaCO0MMANDS AVAILAELE: " FRIM
T "WEi 12SAYE DATA":PRIMT " 22LOAD DATA"
1

l

n-(: D0 s v s Ry s R
'Slm*.a.'ml"f [

SASE THPUT “MERMHICH DO Y0OU REGUIRE:" G
W 2 GOTO 12870, 181268 EETURH
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1287vE POKE 1.7 FOR I=1 T 2066 HEXT
12e2E OFEM 1.1, 1, "UMIFILE" ‘PRIMT#1.1IT7T.R%
' A

12858 FOR I=8 TO IT-1:FRIMT#1.8%C12: FOR
J=B TO H~-1:FPRIMTH#1.AXNCT. T HEXT J.1
12168 FOR I=0 TO A-1:PRIMNT#1.BFCI3: HEAT
1211a CLOSEL:RETURH

12128 OFEM 1.1,6, "UMIFILE" ' IMFUTH#1.I7.x
DIM BECH-10.RH43D, K~10

12128 FOR I= TO IT-1

12132 GETH#1.T$:IF T$HCHRFCO1Z) THEM AFCI
P=RECT+THGOTO 18132

12134 FOR J=8 TO x-1:THPUTH#1.A=CT, Jh HERX
T 1.1

12148 FOR I=G T0O m~1-IHPUT#1;B$uI?1HE%T
12156 CLOZEL RETUEM

Now that you can input some data to the file, the first thing to do is to
store some data on tape then, as you enter new modules or change lines
to correct errors, you will not have to go through the chore of
re-entering all the data every time.

Commentary

Line 18040: Having positioned your tape, you may wish to first place it
into RECORD or PLAY mode and run up to precisely the point
indicated by the tape counter. When the precise point is reached,
pressing RETURN switches off the cassette recorder motor by the use of
these two POKEs.

Line 18070: The recorder motor is switched back on before any data is
recorded and a header printed in addition to that added automatically
by the operating system—this helps to ensure that you do not record on
the non-magnetic leader of the cassette if you are starting from the
beginnning.

Lines 18120—18140: Data which was printed into the file is now
recalled. Note that because the strings in the main file may be more than
80 characters long, we cannot use the INPUT command. Instead, each
character of the strings in the main file is picked up separately using
GET, and each entry is considered complete when a carriage return
character is picked up from tape.
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Testing Module 4.1.6

The simple test for this module is whether you can input data to the

program, save it on tape and then reload it.
MODULE 4.1.7

FEMSSEREEE R ke
FEM SERRCH

FEMEEEREEEEEERRRE SRR e
Z1=0FF=0:FRINT "TT*nNRBRRERRERRNREE]
ﬁEERP'H"

1“E4ﬁ PEIMT "M&ECOMMAMDE AYAILABLE: "
1783568 PRINT "W B:EIMPUT ITEM FOR HORMAL
ZEARCH"

17868 PRIMT " ®:EFRECEDE WITH “IIIC FOR
IMITIAL SEARCH"

17878 PRIHT " WARPEECEDE WITH 75827 FOR
SFECTIAL SEHRCH"

17856 PRIMT " @CE@EHTER® FOR FIRST ITEM
oM FILE"

17826 FREINT "rfEHesessssststtiadsdssissss

S i
Ol o=
AR

B B

ng—‘.._l._hsg—s

(LTI LT LI LT L] L]
17108 Tig="":IHPUT" TIRIMFUT ZERRCH COMMA
HIG " Tl

17116 IF LEFT#CT1#, 254 "I1I" THEHN 17146
17128 T1$=RIGHTHC(T1$.LEHCTI$)~320 GOSUE 1
4600@:51=251F S1%IT-1 THEH RETLUREN

17128 GOTO 17248

17148 IF LEFT#(T1#£, 200 555" THEM 171526
17158 FF=0:T1$=RIGHTFT1$, LEMCT1$0-20FD
FoI=z1 TO IT-1:FOF J=1 TO LEMCASCIN)
171ea IF MIDFECHECT D, JTLLEHCTI$20=T1% THEH
FF=1:S1=]:J=LEMCAF T2 I=IT-1

17178 MEXT 1.1:1F FF=1 THEM T1$="SZ5"+T1
£:G0T0 17248

17158 RETURH

17199 IF Ti%="" THEM 17248

17260 FF=0:FOR 1=51 TO IT-1:PP=@:FOR J=a
T -

1vz21a IF MIDECRECT D PR+LLANCT, TO-FFI=T1%
THEH FF=1:%1=]:J=k-1:1=IT~1

17228 PP=RZCT. J0 HEST JiHMEST I:°IF FF=1 T
HEH 17248

17228 RETURH

17248 IF 21%IT-1 THEMW 51=IT-~1
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1725@ IF IT=8 THEM RETUREHN

172ed IF 5148 THEM Z1=@

FETER FREIMNT "TIEEMNTREY " S81+1." 8" FF=Q
17228 FOR I=@ TO #-1:PRIMT"E".BECIH; " &"
sMIDECAFCS] 2 PP+, ANCSLL T0-FP

172568 PP=RxCS1, 12 HEAT I:S81=51+1 FRIMT "
SULLULIDLICIECLELI L L] ] 1

173068 PRINT "@3=EARCHE RCOMMANDS AVYAILAE
LE: "

17318 PRINT "M @-3EHTEFE® FORE MEST ITEM"
FEZE PRINT " -3 ARRT TO AMEMD

17228 PRINT " m>@°CCCT TO COMTIMUE SEREC
Hll

17248 PRIMT " m>4"#° FOLLOMWED EY MO, TO
MOVE FOIMTER"

17358 PRIMT " me@7Z2Z22° TO QUIT FUMCTIONS
17368 PE=""THPUT "SERIHICH DO YO FEGUIR
E:"iP¥

17ava IF PE="CCC" THEM 17118

172z8 IF PE="" THEM 17240

17=58 IF PE="ARR" THEM GOZUE 1660608 GOTO
17240

17408 IF P$="Z2ZZ" THEM REETUEH

17418 IF LEFT#FCPE.10="4" THEM Z1=Z1+YAHLC
MIDECFE, 200-1:G0TO 17240

17420 S51=51-1:G0TO 17248

Having placed your data into the 64 it would be nice to think that you
could get it back again. The purpose of this module is to enable you to
do just that, retrieving the information stored in a variety of ways that
make the filing system more useful.

Commentary

Lines 17110—17130: If the item to be searched for is preceded by the
letters III, then the binary search module is called up to find an entry
which begins with the letters specified or the one nearest to the right
position if there is no correct entry. Note that this will not necessarily be
the first item in the file to satisfy the condition, so if you are using the
initial search function to find the first entry beginning with L, for
instance, you will get an entry beginning with L and can page backwards
to see if it is the first. IIILA would get you closer, while IIILAAAA
should do the trick unless you are storing some very unusual names.
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Lines 17140—17180: Preceding the item to be searched for with SSS will
result in the whole file being scanned for that combination of
characters—it doesn’t have to be a whole item. SSSLO would pick up
any entries containing London, loganberries or hello. This search is
necessarily slower than any of the others.

Line 17190: If you have pressed RETURN, without an input, the first
item on the file will be displayed.

Lines 17200—17230: Any other input will be understood as a full item to
be searched for and only those entries which have an item in exactly that
form will be returned. Note, in this routine, how the pointer array A(,
which gives the position of the last character of each item in an entry, is
used to extract items from the entry even though there is no visible
marker for the items if an entry is printed out in direct mode.

Lines 17270—17290: The entry which the search module has discovered
is printed onto the screen.

Lines 17300—17420: Having displayed an entry, the program now gives
you the option of viewing the next entry, amending the entry,
continuing the search specified, moving to another entry by entering
NN, where NN is a positive or negative number to move along the file,
or returning to the main menu. If a recognisable input is not made, the
same entry is displayed again.

Testing Module 4.1.7

You should now be able to display any data that you have stored and to
search through it using the search methods described. You cannot yet
amend entries.

MODULE 4.1.8

1818 REM CHAMGE EMTEY

1e@z8 Z1=51-1:Tlg=""

le@d4d FP=0:FOR I=0 TO ¥W-1'PRINT "TIMEMNTE
WoriEL+L i~

16858 PRIMT "G BECI0: " @ " MIDECAFCELY L FF
+1,A6CEL . To=-FPD

leded PRIMT " sieeepqeeeeepenRRNERRENRE]
MEAMERD

1e67@ PEIMT "M&aCOoMMAMDE AVATLAEBELE: "

12628 PRINT "M m:SidEHTER® LEAVES TTEM UM
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CHAMGED"

188338 PEIMT " RRIMFUT HEW ITEM TO EEFLA
CE OHE SHOMK"

12108 PRIMT " s DDD7 DELETES WHOLE EWT

=040

1511@ PRIMT " B:E 2227 LEAVES EMTREY LUMCH

AHGED"

16128 QF="":THFUT "MEJHICH I YO REQUIE

E:"il%

16128 IF #F="ZZ2" THEM RETUREH

16146 IF OfF="" THEM QF=MIDF A Z12.FF+1.
AXeSl T s~PFD

16158 IFQE="DIDD"THEH GOSUE 12120 EETURH
16160 PP=AXCS]. [0 T1$=T1$+08  TIHC o=l EHY

Tig HEXT I:GOZUE 16180 GOSUE 14006
1e1ve S1=S5GOSUE 15006 RETURM

16188 FOR J=21 TO IT-1:AFCTr=AF T+10 FOF
Bo=@ TO W1 RO T R =N T+ B T HEST KT
16128 IT=IT-1:RETUEHN

The purpose of this module is to allow you to make changes to items in
entries which have already been stored, without having to make the
whole entry over again, as well as to delete items or whole entries if
desired.

Commentary

Line 16140: The module’s method of working is similar to that of the
main input module, except that if RETURN is pressed, the item being
input is defined as being the current item on display.

Line 16180: This routine moves all the following entries in the file down
one place, thus erasing the current entry.

Testing Module 4.1.8

You should now be able to amend items in an entry arrived at in the
search module or to delete the whole entry. If this module is working
correctly, then the program is ready for use.

Summary

You have now completed the entry of a substantial and complex
program which I hope you will find useful in a variety of applications.
Along with that process you have also learned a number of techniques
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which will stand you in good stead whenever you decide on ambitious
programs of your own to store and process non-numeric data.

More importantly, however, if you have taken the trouble to
understand what you have been entering, tracing through the functions
of the individual lines, as well as the overall functions of thé modules,
you will have gained confidence that substantial and complex programs
are not always as awesome as they are made out to be. Using a modular
approach, which breaks down the program into a series of manageable
tasks, applications like this one can be developed by anyone who is
prepared to invest a little time (and a little hair).

Going Further

1) If you have a printer then you will want to add some
provision for outputting entries or groups of entries onto
paper. The easiest way to do this would be to add another
command to the second part of the Search Module.

2) One interesting challenge would be to see whether you
could give the program the ability to deal with numeric
data as well as non-numeric. This would involve setting
up a numeric array with 500 elements, with provision to
input values to it and perhaps some search commands
along the lines of ‘find any entries which hold a value of
greater than X’. There are quite a large range of
applications where the ability to store one or more
numeric items would be an advantage.

4.2 UNIFILE II-DATABASE

After entering Unifile and debugging it, the last thing that you may
want to face is a variation on the same theme. If so, feel free to skip this
program for the present and move on to greener pastures. At some
stage, however, you will want to come back to this program to solve at
least some of the problems that Unifile is not designed to cope with.
Unifile is fine for files which have a regular structure, and many do.
Equally, there are a large number of applications where you simply do
not know in advance how many items there are going to be in a
particular entry. You may, for instance, want to catalogue your books.
You could set up the original Unifile program to request author and
title, but with probably many more than one book by most authors,
tagging the author’s name onto every individual title is going to be a
considerable waste of space.

Unifile II is designed to cope with such less structured files. It is more
flexible than Unifile in that you can go on adding items to an entry as
long as you like within the overall limit of 255 characters and can
specify a more complex form of search which will seek out any entries
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which contain up to 10 separate search targets. This flexibility has a
price, however, in that the program is more complicated to use—there
are none of the easy prompts to dictate which item to input next. In
addition, if you want to label items within an entry with a title, you will
have to specify what those titles are and attach them in a coded
form—the program has no idea what is coming next so you have to.

Because the program is similar in structure to Unifile, the easiest way
to enter it is to first load Unifile itself. As you enter Unifile II you will
find that many of the program lines are identical, or nearly so, even if
the numbering differs. Renumbering those lines before going on to deal
with the differences will save you an enormous amount of time.

Unifile II: Table of variables

B$(49) Contains the optional item titles specified.

EX Temporary indicator to show that an extra item has been
added to an entry during the Amend module.

FNA(SI) Function which extracts from the value of the last
character in an entry the number of items within that
entry.

FNB(S1) Function which obtains the position of the last character

of an item within an entry. This function must be used
within aloop with a loop variable I specifying the number

of the item.

NN Temporary variable registering the number of items
within an entry being input.

SS$ Item extracted from entry on the basis of FNA and FNB.

S2 Temporary pointer used during searches.

S3 Temporary record of value of S1 during multiple search

TI1((49) Temporarily used to store the position of items within an
entry that is being input.

TN The type number of an item if one is specified.

MODULE 4.2.1

11888 EEMEEEEEEEEEEEREd ek eierr ek
1116 REM MEHU

116826 REMESFEEEEEEEEEEEEREEEEEEREEEEEES
116828 POKE S3221,7:PRINT "IWRERRRRPRERRR]
ERREERHIFILE"

11640 PRIMT "ARRCOMMAMDE AYAILAEBLE:"
11858 PREINT "Hﬂi 12EMTER IHFORMATIOH"
11ee8 FRIMT "M FEEARCHATDISPLAY/CHAMGE

[!._I

¥}

@ FRIMT "M 33HEW TYPE HAMES"
5

116876
11628 PRIMT "M 43DATA FILESZ"
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11826 PRIMT "®  S3ZET UFP HEW FILE"
11108 FRIMT "#M  &3ETORP"

11118 IHFUT "MRJHICH DO YOU REGUIRE:":Z:
PRIMT "0

111ed IF 224 OF IM=1 THEM 11154

11138 FRIMT “II0eeeenEpRRIRRRRNEOT IHIT
IALISED YET.":FOR I=1 TO 1888 HEXT

1114@ UUTH 1168@

;1¢@3 .111b@ GDTH llﬁBﬁ

11160 PEINT " slelepisaesehkhNRRRRimE 1L IHG
ZYSTEM CLOZED" tEMD

A standard menu module.

MODULE 4.2.2

FEME#¥ 4 EEFEEEEEEREEREEEREERE R
REM IMITIALIZE FILE
FEME€EEEEEEHEHREEEERRE R
CLE-TIM RECAIF0, BE0490 , TIHN450  IH=

LLRB R L (N

Do o B o ]
DR LR i on ]
oy ]

DEF FHACS1D=RECCRIGHTFCAFCS1 ), 100+

A58 DEF FHE(S1)=RSCORIGHTSCAS (51D, FHAC
T+177%
6@ GOTO 116Ea

P I S S e el
o2
=
Ry
[y

P =
(s IR Ay |
i

The module initialises the arrays and returns immediately to the menu.
MODULE 4.2.3

100 REM#¥EEEEEEEREEEEEEEEER LR

a16 FEEM EMTEY OF HEW ITEMS

420 FEEMEFEEEEEEREE R R R

28 Tig="" HM=-1 TH=0:FRINT "TIT*NNRBERRN]

IIIIIIJGJEH ITEMS"

"HRNDRERRRRNENRDRREPRRRRRE ]

" ITEMS =0 FAR"

2858 PRIMT "MRCOMMAMDE AYAILAEBLE "

28l PRINT "wa>-4EHTER ITEM TO BE IWPUT®

@TEE?Pé?T "WAAEMTER %7 TO TERMIMATE T
ORI

o Lo a3 0

lxl 1“: [ W X

Ir—bn—-n—'-—h—-»’-'x—-o—-t—sn—t

:_..J.

=
H
=}
T
=
T —t
:
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2050 PRIMT "mdEMTER “tHH- FOR ITEM TYF
Ell
12028 PREIMT "m>4IMPUT 2227 TO EETUREM TO

n
t

MEHLUIETM"
12108 IMPUT OF:IF 0F="ZZZ" THEM EETUREH
12118 IF of="ZZZ2" THEM RETURH
12126 IF LEFTHC2F, 10" 1" THEM 13158
13128 TH=YALCMIDE(OF, 200 TH=TH+1&
12148 PRIMT" T EECTH=-1100 " " tG0TOL3106
12158 IF TH A THEW GE=0F+" t"+MIDECSTREEY
TH» &9 TH=@
12168 IF LEMCT1$0+LEMCRE v +HMN+Z =255 THEH
13128
12178 PRIMT "MHEMTEY TOO LOWG.":FOR J=1 T
0 2e88:MEAT J:RETURH
12128 IF QF="#£" THEM GOTO 132286
13120 T1#=T1$+0F TIXHH+12=LEMCT 140 HH=H
H+1:GO0TO 12188
12206 FOR I=0 T0 HH:T1$=TI1$+CHRE(TIM I

"HERT  T1#=T1$+CHREE (HH+1 0
13216 FRINT "AmLWAIT" :GOSUBL14608: 50508 15
@A6: GOTO 1380A

o0e? Vo Vec? Vo’

This module is equivalent to the entry module of Unifile but is more

complex for two reasons:

1) There must be provision within the module to tell the
program when an entry is finished. This is done by

entering an asterisk without other input.

2) Since there is no regular structure to the file, regular
prompts for the names of items to be input cannot be
provided. There is, however, provision in the program
for items to be named. Such names, and the numbers to
be given to them are defined by a subsequent module—in
this module the item name can be attached to an item by
first of all entering the ‘1 symbol followed by the number

previously given to the desired type name.

Commentary

Lines 13100—13140: If an entry begins with the ‘|’ symbol then the
characters following it are taken to be the number of an item name to be
attached to the item about to be input. The input prompt is now
repeated under that type name. The type number is stored at the end of
the item, its value increased by ten so that it will always be a two digit

number (there are 50 possible type numbers/names).
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Line 13200: To the string of items which has been built up is now added
a number of characters whose code value is equal to the position of the
last character of each item. To the very end of the string is added
another character whose code value is equal to the number of items in
the entry. Note that when saving the entries onto tape, these characters
must be translated into numbers since the characters may fall outside
the range of those which can be saved in character form.

Testing Module 4.2.3

The module cannot be fully tested but a running check can be made by
entering temporary RETURNSs at 14000 and 15000. You should then be
able to enter items and terminate the entry with an asterisk.

MODULE 4.2.4

14088 FEM#FFEEREEEEEREREREREEEEEREE R
14218 REM BIMARY ZEARCH

14628 FEEMEEFSEEEREEEEEEEREREEEEEEEEREEE
14828 IF IT=8 THEM S5=0:RETLREH

14248 PO=THTCLOGCITHALOGOZ2) 0 S5=2 101
14858 FOR I=PD TO @ STERF-1

14868 IF AFCSS0IT1$ THEM SS=5S+27]

va IF AFCSS2T1$ THEW S5=55-211

268 IF 5548 THEM So=8

14830 IF S8>IT-1 THEW 58=IT-1

MEXT T1:IF AFCSS3IT1$ THEM SS5=5%+1
FETLRH

—
E <N

DO R e ]
Q=

(AR

—
4
o
— XD
PR AR

A standard binary search module as in Unifile.

MODULE 4.2.5

15000 FEMEEEEEEEEEFEEEEEEREEREEREREEEES
15816 REM IMSERT

15020 EEMEEEEEEEEEEEEEEEEEEEEEREREEREEY
15826 IF IT=6 THEM GOTO 135856

15@46 FOR I=IT TO 55+1 STEP -1:A$CI>=A%F.
I=-12 HEAT

1596568 AFCSS=T1$: IT=IT+1 ' RETURH

A straightforward insertion module.
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Testing Module 4.2.4 and 4.2.5

You should now be able to enter items and have them saved in the main
file array (AS$). This can only be checked in direct mode.

MODULE 4.2.6

12006 REMESEEFEEEREEEEEEEEEEEREEEEREEES
19218 FEM ITEM TYFE HMAMESZ

19028 REMESEEEEEEEEEEEEEREEEEEEERER R
19620 FOR I=0 TO 4% STEF 1@

19@491 PRIMT"*WNRRRNDRRRNRRNERSI TEN HAMES
19858 PRIMT “"&": FOR J=I TO I+18:FRIMT .J
A1 0" BECTN HERT T

199608 PRINT "MBCOMMAMDS AYAILAELE: "
12678 FRIMT " @7 2227 =u0IT"

12928 PRIWNT " 87 111°=ITEM-DELETE"
19628 PRINT " mA@7HMN =HEXT PRGE"

131686 IMFUT "@WHICH DO YO REQUIRE:".0F:
IF o#="22Z" THEM FETUREM

13116 IF OF="HHH" THEHW HEXT I:RETLEH
13128 IF QF"I11" THEM GOTO 12604

1312@ IMPUT "@POSITION HUMEER: "0

12148 FRINT "§MAME OF TYPE OF SRETURHE T

0 DELETE:"
19150 GF="":IMFUT 0% E$(0-12=0%G0T01904
@

This is a new module enabling the user to define item types. The module
simply displays the contents of the array B$ in groups of 11 and gives
the user the option to input a type name to a particular position in the
array. Once entered, a type name can be attached to an item or input as
described under Module 4. Type names can be redefined simply by
entering a new name in the position occupied by an old one or deleted
by pressing RETURN when asked for a type name.

Testing Module 4.2.6

Enter some type names then go back to the main input module and
enter ‘)’ followed by the number of a type name you have defined. The
prompt should be repeated under the desired type name.
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MODULE 4.2.7

ZEER0 EEM#EEREEEEE R R R e Rk

2810 FEM DATA FILES

2828 PEM*##*#*+#*####*#*######****#*##

28838 FRINT "MEFOSITION TAPE CORRECTLY

THEM MEHTERE--"

2a@adn THFUT "MOTOR WILL =TOF AUTOMATICHL

SOUIREPORE 152,V FOEE 1,33

3E34 FRINT "EﬁrﬂMHHHD HYHILAELE " :FRIM
“WEi 12SAME DATAY:PRIMT " 22L0AD DRTHA"

ZA85@ ITHPUT "MEIHICH DO YOU REQUIRE: " @:

OH @ GOTO 28878, 20156 FETLREM

“aava POKE 1.7 FOR I=1 TO ZO0a:HEXT

SER28 OFEM 1.1, 1, "UMIFILE" :PRIMT#1. 1T

206078 FORE S1=@ T0 IT-1:PEIMTH#1.FHHACS1D

2a1aé FOR I=1 TO FHACE1 -1 ' FRIMT#1.FHECS

!"-I—H"l'—

10 MEXT 1

268118 PRIMT#1,LEFTSASCE1 Y, LEMCAFCS1 D 0-F
MACEL D HEST =51

3[1:3 FHF I=@ TO 42:IF BFcIa="" THEM E%:
I):::II

28138 PRIMT#1,BECI2 HEST

28148 CLOSELFETUEH

28158 OPEM 1.1,@, "UNIFILE" ' THFUT#1.1IT

l

2168 FOR 1= TO IT~1:IMFUTH#1,MH

208178 TTE="" FORT=1TDQ HH-1:THFUTH1,TT:TT
F=TTE+CHRFCTT 0 CHEXTL  TTE#=TTE$+CHES CHM~11
28150 GETH1,T#: IF T$CHREECO1EY THEW RA$CS
12=R$CE10+TEGOTO 28188

28185 RAFCSLi=A%CS]10+TTE HEXT =1

28130 FOR I=@ TU 43: IMPUTH#1 . BT (HERT
Zazea CLOZSEL EETURN

A standard data-file module.
MODULE 4.2.8

21008 REMSHRAEEEREEERERRRE RS
21918 FUMCTIONAL SUBROUTINES

21020 REMHEEESEREREEREERIREREEE R BN
21838 553=MIIF(A$S2), PP+1, FHE(E2)-PR) R
ETURH .
21848 FF=0:T1$=RIGHT$(T1$, LEHCT1$5~30 FO
R 52= 5170 IT-1:FOR J=1 TO LEWCA$CIN)
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21850 IF MIDFCAF(S20, J.LEMIT1$1=T1$ THE
H FF=1:51=32: J=LEM{A$(52) ) 52=1T~1

Z1RE@ MEXT J,52 RETURM

21878 FF=@:FOR S2=51 TO IT-1:'FP=8:FOR I=
1 TO FMACSZI-1:GOSUR 216036

21820 IF S5$=T1% THEM FF=1:51=52: I=FHACE
2i~1:52=IT-1:G0T0 21129

21650 IF LEM(SS$i<4 THEM 21118

21160 IF MIDECESE, LEMCES$-2, 10="1" THEM
SE#=LEFT$( 558, LENCSS$)-3) 60T 21820
21118 PP=FMB(Z2)

21129 MEXT 1,32 RETURNM

il

The module consists of three routines which are more economically
placed here since they are called by different parts of the program.

Commentary

Line 21030: This line can be called from within two loops: an S2 loo
specifying the line in the main file and an I loop specifying the item
number within the particular entry. It then extracts, in the form of SS$,
item I of entry S2.

Lines 21040—21060: Equivalent to the special search routine in Unifile.

Lines 21070-21120: A straightforward item search. The I loop uses
FNA to discover how many items there are in the entry (FNA(S2)=the
number of items there are in entry S2 plus 1 for the indicator at the end)
and then calls up 21030 to extract the individual items. Items with type
indicator are compared with and without the type suffix.

Testing Module 4.2.8

The module cannot be checked until the following module has been
entered.

MODULE 4.2.9

17880 FEMBSESEEEREEEEEEEESREEREEREERERERES
17812 FEM SERRCH

17020 FEMES¥EEEEERREEEOEEEEE RN
17028 21=0:FF=3:FEINT "TnEsRRNNRNRRRNDRE]
AAZERRCH"

17048 FRIMT "ARCOMMAMDE AYARILABLE:"
17a28 PEIMT "M #CRINPUT ITEM FOR HORMAL
SEARCH"

17aea FRINT " m:EFRECEDE WITH “III7 FOR
IMITIAL ZEARCH"
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17878 FRIMT " ®:RPRECEDE WITH <5559 FOR
SFECIAL ZERRCH"

1va20 FEIMT " m>ESEMTER® FORE FIEST ITEM
o FILE"

176928 PEIMT " ®>E MMM FOR MULTIFLE SERE
| Hn

17188 FEINT "Mekiaesassdsdtisdsstadtissass
SR0RERBESRNGRRT "

17118 Tig="" IHFUT "SSEARCH COMMAMD:":T1
$IF LEFTHECTIH, 107" THEN 17128

17128 LET TH="ALMIDFCTIF, 20 0+10:G0OTO 17
11a

17128 IF TH< =@ THEM LET T1®=T1F+"1"+MIDF
CESTRECTH» 20 TH=8

17148 IF LEFTHFCTIF, 22" ITI" THEM 1717
17150 T1F=RIGHTS T14. LENIT1$0-32: ﬁu-UP 1
4808 S1=52"IF =1>I1T7-1 THEWM RETUEM

17168 TlF="III"+T1F GOTD 17214

17178 IF LEFT®CT1#. 230055585 THEW 17206
17186 GOsUE 21948 IF FF=1 THEH Tlg="3IZ355"
+T1$:G0T0 17218

17138 RETURH

17208 IF LEFT#OT1#,200"MMM" THEW 17278
velyg GETZ$: IHMFUT "ReHUMEBEER OF ITEMS TO
SERRCH FOR: " MM

17228 FOR E=@ TO HH-1:'FPRINT "SEARRCH ITEM
UKL CTHPUT MECKD CHEXT K

17228 FOR K=0 T0 MH-1:T1F=ME(K> S53=51:050
SUB21978: IF FF=8 THEM EETUREN

vadn IF 23451 THEW 17236

172568 HEXT K

172680 LET T1g&="mMMM"  GOTO 173218

IF Tig="" THEW 1¥Z18

F2EE GOSUR 21670

IF FF=1 THEHM 17319

RETUEH

IF 21>1IT-1 THEM =1=IT-1

IF IT=8 THEHW RETUREH

IF S1<8 THEM S1=8

]
=]
RN

A
-—
'

) e 03 00 Oy P [ e

D e e e e e e and
i e b i B e

G P S Y ORI Sy R )
DU B I Uy Y I I e Y

7348 FRINT "TIFENTRY "i51+1;" -W":PP=q:
2=51:FOR I=1 TO FHACE13-1

17345 IF I1/12=IHTCI1/123 THEM IHPUT "RMOR
E";TT#

17350 GOSUE 216300 IF LEM(SS$)<4 THEM 173
Zh
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17EeE IF MIDECRIGHTHOSEE, 30, 1, 100" TH

EH 17220

1"3 @ PRIMT E?’VHLVFIHHT$(HH~'2}?~11}j"1
?'Eff*LEFTiﬁi’i LEMHCSSE =30

1728 PRIMT Z5%

17356 P*FHP“I' HEST T:Eml=31+1

174668 PREIMT "MEIZEARCHS EZDHNHHIIS HYHILHA

ELE:-"

17418 FRIMT "8 m>ASENTEE® FOR HEXT ITEM®

174za PREIMT " #:8"FAR TO AMEMDS

17428 PRINT " mc@7CCoC” 70 COMTIMUE SERRC

HI’

1744@ PEIMT " m:@"#7 FOLLOWED BY HO. TO

MOYE FOIMTER"

17458 PRINT " W-@°2227 TO GUIT FUMCTION?

17V4ei FE="" THPUT “"MERIHICH Do Yol REQUIR

E:"iPE

1747@ IF Tig="MMM" AMD Z1<I7 THEW 172368

1vded IF P#="CCC" AMD Z1<I7 THEM 17148

17458 IF Pg="" THEM 173210

1vaEe TF PE="FAA" THEH GOZUE 1e@8e6: GoTo

1731

1Va1e IF PE="ZZ2" THEH RETUEHM

17528 IF LEFT$CPF.10="8" THEM S1=51+VALC

MIDECPE, 23 0-1:G0T0 173168

175508 51=51-11G0T0 17218

Similar to the Search module in Unifile, but making provision for the
multiple search and for type names.

Commentary

Lines 17110—17130: Note the way in which this routine detects whether
an item with a type number attached is being searched for and then
requests input under that type heading, tagging the type number onto
the end of the item.

Lines 17140—17160: An initial search as in Unifile.

Lines 17170—17190: Special search making use of the routine in the
previous module.

Lines 17200—17260: The new multiple search routine. It requests the
user to specify the number of items to be searched for, then to input the
individual item (type numbers are not dealt with). A search routine is
called up at 21070—21120. Before each search item is specified, a record
is taken in the form of the variable S3 of the value of the search pointer
S1. When the routine at 21070 returns to this routine the value of S3 is
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again compared with S1. If S1 is different from S3 then it is clear that
the two items were not present in the same entry. On first finding one of
the specified search items, the search is reset to the first of the specified
search items in order to ensure that the whole list of search items is
compared with the items in the entry.

Line 17280: If the search has reached this point the input is assumed to
be an item to be searched for with a normal search and the search
routine at 21070 is called up. Note the use of the flag FF in all these
search routines to indicate whether something has in fact been found.

Lines 17340—17390: Starting at the beginning of the chosen record, the
routine at 21030 is called up to extract individual items. Type names are
printed where the ‘|* symbol is present 2 characters from the end of the
item.

Testing Module 4.2.9

You should now be able to page backwards and forwards through the
entries and search using the methods described in the commentary.

MODULE 4.2.10

126080 EEMBFSEEEEEEEEEEEEEE R
FEM TELESCOPE FILE

28 FEEMESEREEEEEEEEEEEREEEE R R
28 FOR I=%1 TO IT-1:AFCI0=A$CI+10 HEHX
T=IT~1:EETURH

This one line routine telescopes the file when deletions are being made.

MODULE 4.2.11

16008 EEMBEEEEEEEEEREEEEEEER R R
16818 REM CHAMGE EMTRIES

16620 REMESSEEEEEEEEEEEEEEEEEEEEEEEEEEE
1eBZ8 S1=31-1:T1$="" HH=—~1:TH=1

16046 PP=R:S2=51 FOR I=1 TO FHACZ13-1
16858 FRIMT "TIEMTEY ",51+1:":="

16668 GOSUE 21628 IF LEMCSS$2I4 THEM 188
el

166878 IF MIDFECSSE, LEMOESE0 -2, 1003 T THE
H 1e@78

16820 PREIMT BEOVALCRIGHTEOSSE, 200~1100":
"ILEFTECESE, LEMCSSE2 30 GOTO 161686

le@28 PRIMT S5$

1166 PRIMT"GEMAERMCOMMAMDS AVATILABLE "
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16118 PRIMT " B:ESRETURMS LEAYES ITEM UM
CHAMGED "

}?12@ PRIMT " m>EHEM ITEM EMDIMG WITH “#%
151328 PRIMT " @>WREPLACEMEMT OF ITEM DIS
FLAYED"

ﬁ6é49 PEIMT " BEEZ22° QUITS WITHOUT CHA
JLES"

16158 PRIMT " ®:E"DDD DELETES THE WHOLE
EMTREY"

152168 PEIMNT " m:Ei"RERRE FEMOVES THIS ITEM
FROM EMTEY"

161?? CE=""THPUT "M4HICH DO YO REQUIRE
: u;';!.'

16128 IF QF="Z222" THEW RETURH
151326 IF OF="RERE" THEHW GOTO 163604

16206 IF QF="DDD" THEM GOSUE 12606 EFEETLE

12218 IF LEMOCTIEDHLEMCUE D +HM+2 255 THEM

GOTO 16236

16228 PRINMT "MEMTEY TOO LOMG":FOR J=1 TO
20E8  HEAT | RETURH

15238 EX=0IF FIGHTHCE, 10="%" THEM Ekx=1
CE=LEFTHC0F, LEMCQEN 1D

16240 IF OF="" THEW T1#=T13+Z5% TIKCHM+1
1=LEMCT IS tMH=MHMH+1 1 GOTO 16260

12258 IF LEFT#C0F, 125" 1" THEM 16220
162608 TH=VALCMIDFCQE, 200+18: PRINT BECTH-
Lioaan oty cQE=""TNPUT Q%

16278 QE=CE+" T"+MIDECSTRECTHY 20

16228 T1$=T1$+LF TINCHM+12=LEMCT1%$2  MH=H

M+1

1625@ IF EX=1 THEH 1563&

162286 PRP=FHECS1Y ‘HEXT 1

16216 FOR I=0 TO MM T1$=T1$+CHEFCTIAC I
THEXT - T13=T1$+CHES MM+ 12

16328 FREINT "mmWAIT"  GOSUER 126066 GOSUE 1
4086 GOSUE 13538606 EETURM

Equivalent to the Unifile change module.

Commentary

Line 16230: Entering an item ending with a * indicates that a new item is
to be placed into the entry before the item currently on display. The
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variable EX (EXtra) is set to one to show that this has happened. In
Line 16290 this variable is used to ensure that the item on display is not
lost.

Testing Module 4.2.11

You should now be able to delete entries, to change items or to insert
items. If this module is functioning correctly then the program is ready
for use.

Summary

Given that their applications will be different, this program has all the
strengths of the original Unifile program and I hope you find it useful.

In addition, I hope that entering the program has given you some
insights into the advantages of a modular style of programming. On the
basis of the original Unifile modules the original version of this program
took less than a single morning to write for the simple reason that the
clear structure provided by a modular program makes it absolutely clear
where any necessary changes have to be made.

Provided that you are not absolutely desperate for memory space,
you will save time and tears in your programming by setting out your
programs in clearly defined functional units. Not only does this make
the programs more readable, it increases the likelihood that you will be
able to call the same routine from different parts of the program, eases
replacement of functions you think you can improve on at a later date
and, not least, makes it easier to lift whole sections out of the program
for subsequent use in other applications.

Going Further

1) The multiple search routine makes no provision for
specifying the type names of items. Lines 17110—-17130
provide a clear example of how such an ability could be
provided.

2) Professional databases usually have the ability to search
for entries which have, say, four out of eight search
targets present. Could you adapt the present program to
achieve the same.

4.3 NNUMBER

Having entered two programs which are capable of dealing with a
variety of needs in the field of storing non-numeric data, we turn our
attention now to the problems of keeping track of numbers. Although
most numeric applications need to be specifically addressed to a
particular problem, NNumber (short for Name and Number) is very
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much like the two Unifile programs in that it is intended to be a general
purpose tool for applications where you need to store the names of
items, units of quantity associated with them and to be able to add
together the items in varying quantities. In case it seems to you that you
never want to do that, perhaps I should say that the idea the program
grew out of was a calorie counter that enabled the user to store a
dictionary of up to 500 foods and to calculate with ease the calorific
cost of a day’s or a week’s meals. The present program is just as
capable, without alteration, of calculating invoices as it is of helping
with weight watching.

Because the style of the program is very similar to the two Unifiles,
and many of the functions similar, comments and testing suggestions
have been abbreviated as much as possible.

NNumber: Table of variables

A$(499,1) Main dictionary array.

C(499) Values associated with units specified in main dictionary.

CT Temporary variable used to cumulate the sum of items in
current list.

CU Number of items in current list.

NNS$ General name for items being recorded.

IN Initialisation flag.

IT Number of items stored in main dictionary.

NN Temporary storage for value associated with new item
being input.

PO Used to determine number of comparisons in binary
search module.

QQS$ General name for quantities associated with items being
recorded.

RS Separator used in data file saving.

SS Search pointer for binary search.

T(49) Values associated with items stored in T$.

T$(49,1) Storage of current list.

T1$ Temporary storage of item name being input.

T2% Temporary storage of units associated with T1$.

MODULE 4.3.1

11918 REM MEHL

116268 POKE 53221, 12 PRINT "TI*RARNNNERRERR
WEasHAME AMD MUMEBERS"

11848 PRIMT "MMRCOMMAMDE AYATLABLE "
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H A OPRINT " Eisle 12DISFLAY CUREEMT LIS

Bl PEIMT ¢ 2 IHPUT 70 CURREMT LISTY
EeE PRIMT Z20ETAET FRESH LIST"
azE PREIMT 43DELETE FREOM CURREMT LI

azE PREIWNT SOESTEMD DICTIOHARY"

B FRIMT O GaDISFLAY DICTIOHARY"
B OPRINT " YaDRTA FILES"
5] SHIHITIALIZE"
@ FRIMT SaETOR"
B OIMFPLT "EERMHICH DO YOl EEQUIRE: " 2!
PRIMT "™

11150 IF IHS:E OF Z=2 0R Z2=5% THEHM G070 1
1120

111568 FRIMT ' TFdelalpleialsleniepmbhRhhnpRd0T I
HITIALISED YET

11178 FOR I=1 TO 2080&: HEST:GOTOD 11686
1118368 IF IT:6 OR Z=2 OF Z2=32 0OF Z=5 0F 2=
TOOR Z=8 0 Z=9 THFH 1121@

11128 PRINT "IFdeelele(eeeerhRRRENDRERNE-0
TIATA YET"

1
Al
—
-
B =
—
[xn

Tlzpa FOR T=1 TO ZO@6:HEST GOTO 116808
11 10 UH & GU:UB 1?90@.14GM9 141“f'13;38

11:,2L'1 GDT" 11“L1L1

11zze PREIMT I e n e s E R EiH
ME AMD MUMEBER"

11248 FRINT "depRERNRRERDRESFOGEAN TEREMI
HATET" : EMD

Standard menu module.

MODULE 4.3.2

120060 PEM#¥EEEsrerdsibiesdiipirrsreirs

12816 FEM IMITIALISE

12E28 REMEskdsikkiis ki ersri ks gingy

12058 CLEDIM AFC423, 10, 004330, T4, 10,

Todsl  CLRRE=G: IT=@ZIH=11R$=CHR$(13)

12025 IMPUT “"MEARE YOU LOADIHG FREOM TAFE
CAHD N RE TR RE="YT THEH 118660

1246 ITHPUT "MEHAME FOR ITEMS: ", HME
12B5@ IMPUT "PHAME FOR ASSOCIATED COIAMTI

TY UL RREGOTD 110868
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Initialisation of variables. The module also allows the user to specify the
name of the item type to be stored and the general name of the units e.g.
Food/Units, Product/Package type.

MODULE 4.3.3

15000 FEM#¥$EEEEEEEEEEREEEEEEEEEEEREEEE

153316 FEM ExTEWD DICTIOHAEY

15028 FEMEESEEEEEEEEEEEREEREREEEREEEREESE

15626 IF ITEMSC38E8 THEM 156358

15646 FRIMT "2F9RRH0 MORE EOOM IW DICTIO
MARY" FOR I=1 TO 26804 NEXT RETLREH

15656 PEIMT "TI"hWRBRRRIERHEL ITEMS FOR DI
CTIOMARY .

1508 PRIMT “EER"; MM TMFUT " CHAME OR

TEZZT TO BUITH "I Tl

1587a IF Tig="222" THEW RETLFH

15828 PRINT "M",00%; INFUT """ TZ2F
159568 FRINT "MRUAMTITY PER "0 T2F: C IHPUT
HH

15188 IMFUT "sEARE THESE CORRECT oY ML
JEECIF QF="N" THEM GOTO 15854
15116 GOSUE 16006 G0SUE 17AGE: IT=1T+1: G0

TO 15856

The input module for the main dictionary. Having specified the general
name for the items and their units, the user is requested to input item
name, unit name and basic quantity per unit (ie calories, price, volume).

MODULE 4.3.4

16608 REMESREEEEEEEEEEEEEEEEREEEREEEEEES
16a16 EEM BIMARY SERRCH

16020 FEMEEREEFEEREREERERE R
1eaz6 IF IT=8 THEM =ZS=0:REETUREH

leBdd PO=THTOLOGOITHALQGCZ ) SE5=21F0~1
16656 FOR I=FO TO @ STEF -1

1e8e@ IF AFCSS,80<T1F THEH S55=55+211
16878 IF AFCES. ﬂ;,T1$ THEH 25=55-211
legz@ IF 5548 THEM Zt=

160858 IF S53I1T~1 THEM SS5=1T-1

1ele8 MEST I
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lelle IF AFCSS.@0CT1F THEM S5=35+1
16128 EETURH

A standard binary search module.
MODULE 4.3.5

SEyEE R R EEEE AR EREEEE LR L LR RE B E

FEM IMZERT ITEM

MEgEFE e i 2 d 2 LR R LR ERELEEEEEL S

IF IT=8 THEM UUTH 17REE

FHF I=1IT TO =5+1 STEP-1:A$CI,@0=H%
AECT.10=AECI~1. 1-

lIul"I 13 HERT

FOSS. R=TIF AFCSE, 10=T2F CISS2=MHH

o

E R s N I e )
;"_{l AR RS

i e 2O Y B N e AN

RN A.
Il b

I».L

A3 = f =l s o

[y ]

-
=X 1
—
s

A standard insertion module.

MODULE 4.3.6

12660 FEMESsEikibif ek f i ik ig e
1261a REM LSER SEARCH

12020 REMEEEess ek s ik ek ke ey
15628 SE=a:T1E="%1"

12a48 PRINT " hERRNRNNRBERRRRIEZCEARCHE"
12856 PRIMT "SEMITEM NUMEEER:";SS+1

12@e60 PRIMNT "B HHE " " RFCES. A0

12E7E PRIMT A Q0% " " A$(SS, 1)

12820 PEINT "MRAUAHTITY FER “"AFCZS. 10"
ICOEE

128236 FRINT ""Eestsodsdidsdededssensdiss
(LTI LTI TT L]

121ea PRIMT "mCOMMARMDES AVAILAEBLE:"

12116 PRIMT "#Ki  >ITEM TO BE SERRCHED F
”F"

121200 PRINT " 3%° THEM HUMBER TO MOVE
POTHTER"

2126 PRIMT " >“0DD¢ TO DELETE ITEM
12140 FRIMT " 3222 TO QUIT"

12158 T1$="":IMPUT "wEMIHICH DO YOU REGUI
RE:";T1% |

15166 IF T13<3"DDD" THEN 12199

12178 FOR I=55 TO IT-1:A$:1.00=A$CI+1. 80
TRECTL L aAEC T4, L D=0 T4l HERT

fun}
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12128 IT=IT~1:GOTO 15446

19198 IF Tig="2Z2" THEH FE TR

12208 IF LEFTIT14, 100" THEM GOSUE 16
FEEAGOTO 12228

12218 SE=SS+YALMIDECTIF. 200

ize28 IF 222I1T7-1 THEH ”ﬁ~IT 1

1E230 IF =558 THEM 55=

12240 GOTO 12840

The main user search module.

Testing Modules 4.3.1—4.3.6

You should now be able to enter data and to check its proper insertion
into the main dictionary (sorted by item name) by using the search
module.

MODULE 4.3.7

SRR FEMASEEREEEEEEER R R
“RE1e FEM DATH FILES

;BB”ﬂ FEM#kk sk esfeb e hehenbephibs s
20078 PRIMT "a#0SITION TAFE COREECTLY.

THEH W ETUR R B

28048 THFUT “"MOTOR WILL STOP AUTOMATICAL

Ly:"ioE PORE 1327 POEE 1,359

2Ba58 FRIMT "smCOMMAMDE AYAILAEBLE: " FRIM
T "WEALMEAVE DATH" PRIMT “R2>LOAT DARTA"
ZERed THPUT "MELWHICH DO YOU REGUTRE: "6
OHG GOTD 28870, 20148 RETUREH

2BaTa POKE 1.7:FOR I=1 TO Z2@83:HEXT
2aa08 OFEM 1.1,2, "HHUMEBER" :PEIMTH#1 . HHE. R
FOO0%.RE.CLUREE, IT

ZREPA IF Cl=8 THEH 26118

20180 FOR I=0 T0 CU-1:FEIMTH#1.TECI, @0, FF
STECTL LD RE,TOD D HERT

2118 IF IT=0 THEM 20130

20128 FOR I=0 T0 IT-1:FPRIMTH#1.AFCI.680 . R
JHECT L0 REE, OO T HERT

20138 CLOSEYL EETLREH

28148 OFEM 1.1.8, "HHUMBERE" : TMPUTH#1 , HHE, @
E,CULIT

23158 IF Cl=8 THEHM 281768

SE1eR FUR I=B TU CU=1 THFUTH#1.T$CT, 80, T#
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28173 IF IT=6 THEH 29198

28128 FOR I=@ TO IT-1:IHMPUTH#1. RECI. 80, A%
L1 T HMERT

2@178 CLOSEL - RETURH

A standard data-file module. Save your data!

MODULE 4.3.8

1R REMH R g b
14618 EEM EXTEMD CUREEWT LIST

14820 FEMs b kb
14820 IF Cl=3E THEH FREINT "ITaeeemNRshi
SERRICUREEMT LIST HOMW FULL. " RETUREH

14848 PREINT "TTEhEspREEIATIDITIONS TO CLRER
EMT LIZTW"

14” & FRETHT AR MME " CCEZE TO QUTIT:
CTHRUT TIE:CIF T1®="JZ22" THEM EETLIREH
14@6@ GOSUE 1e@@6: IF A$CS5,82=T1% THEH 0

ATO 14658

14a7E PRIMT "eEEF 00D LUMKHOWH . FLERSE CHE
CELUFOR I=1 TO ZB@&:HEXT RETURH

14628 PRIMT "W 00F; " " RE0SE, 10 THPUT
EUARTITY - "0

14620 THFUT "HEEARE THESE COREECT oY M
IE IR Gt THEH 4aai

14106 T$-IH Bo=HECDE, B0 TEOCU, 1o=STRECR
+ N HECES Ly TS -l'lirl CEE D=4
14118 GDTD 14E36

Up to this point you have been able to input to the main dictionary and
manipulate the data but the main point of the program is what can be
extracted from the dictionary and stored in a temporary list known as
the current list. This module begins the process by allowing the user to
name an item in the dictionary and to specify how many units of that
item are to be added to the current list. The binary search module is
called up to check that the item input is actually present in the
dictionary.

MODULE 4.3.9

12008 PEM#ssEk kbR
126816 REM DISPLAY CURREMT LIST

12020 REMEsssssestiiseeiiriiaibieiig
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1
1
T AR HME T ITECLAD

128560 PRINT "M ioiE: " " T30, 10 PRIMT "W
B

1

L L O e i)

o L VLRI R L T L

Tnll
@98 CT=CT+ToIl) HEAT I
188 FRIMT "AMTOTHL -®":CT
118 IMFUT "MEPRESS SRETURMS TO G0 BHCK
O MEMLT O RETURM

B
o,

b b

—f 0 0

Having input items to the current list, this module allows the current list
to be output to the screen and creates a total of the values associated
with the items in the current list.

MODULE 4.3.10
19086 FEMESSERiids e E b e in i

12816 EEM CLUEEEMT LIST DELETIOME

12020 FEMESSEfEe i e gnerigg
12826 IF Cl=0 THEH RETLUREH

12248 FOR I=0 TO ClU-1:Q2F=""FRINT "G8":T
FOI.Q0PREIMT "W TH#CI. 10

19056 IMPUT "GeDDD=DELETEH WRETURH=HE=TA

§

TLE=RUTIT "o RE IR QE="ZZZ2" THEM RETUEM

19866 IF QFC"DDD" THEM HEXT I:RETURH
19870 FOR J=1 TO ClU-1:THCJ Q0=T$0J+1,8):
T, 1 0=THCI+L, 10 TOT0=TOT+10 T HERT

19@5A CU=Cl-1: RETURN

19096 STOF

The purpose of this module is to allw the user to page through the
entries to the current list and to delete at will. There are no complex

search functions, it is simply a matter of paging through each item, one
at a time.

Testing Modules 4.3.8—4.3.10

You should now be able to set up a current list, to display it and delete
from it at will.
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MODULE 4.3.11

14128 REM IMITIALISE CUREEMT LIZT
14198 FOR I=1 T0O S@:TECI.@=""TF(I,.10="
T I =R ClU=AEETURH

Since the current list is only meant to be a temporary one, which may be
reset frequently, this module empties the current list arrays and zeros
the current list pointer. If the module functions correctly, the program
is ready for use.

Summary

This program is yet another example of the power of modular
programming. Despite the fact that the application is very different,
many of the modules have been lifted, with or without modification,
from the previous two programs.

As you progress as a programmer you will quickly learn that, written
into functional units which are properly separated from each other, a
collection of methods of doing things is even more important than a
collection of programs. A library of programs will stand you in good
stead until a new application comes along. A library of methods,
properly expressed in working modules, will enable you to tackle those
new applications with hardly any effort at all. New methods are all
around you in magazines and books like this one (of course there are no
books quite like this one) so do try to keep track of them if they look
good, even if you can’t quite see their relevance at the moment. Within
a week or two you may well find that they are just what you are looking
for to complete that program that is giving you so much trouble.....
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CHAPTER 5

Home Education

One field where micro computers are really only just beginning to make
their mark is that of education. No school is complete today without one or
two computers scattered around. But it’s not just in the classroom that
computer-aided learning is relevant—affordable computing power means
that all the benefits can be brought home. In this chapter there are three
programs which provide a sampler of educational applications, whatever
your age.

5.1 MULTIQ

This program is a favourite of mine. When I wrote it I was satisfied that it
was a competent piece of work that would do the job that it was designed
for. It was not until I entered a mass of questions and tried it out on people
that I realised that such programs make learning as addictive as any game.

Like Unifile, this program is a chameleon, designed to change its colour
to suit your need. At one moment it may be a French tutor, a few minutes
later you may have it setting complex questions on 19th century history.
The aim of the program is to allow you to do all this and more, without
making any changes in the program itself.

Multiq: Table of variables

AA Temporary variable storing answer selected by user.

A$(1,499) Main array containing questions and answers.

D(1,9) Pointer to beginning of groups of item types in main
array.

D$(9) Array containing item types.

IT Number of items stored in main array.

NAS$(1) Array containing general names for questions and
answers.

P1,P2 Pointers to range of files to be drawn on to generate
questions.

PP Pointer to wrong answer being selected from array.

QM) Used in setting up multiple choice test.

Q1 Position of random answer drawn from file.

Q2 Position of correct answer in possible answer array Q.
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QT Total questions asked.

QU Indicator to type of questions required in question
generating module.

RS Data file separator.

RR Right answers.

SuU Temporary variable used in calculating groups in array
D.

TY Number of type names entered.

MODULE 5.1.1

ll?JlM FEM MEHL
1826 REMEEEEEEESEEEEEREREEREEEEREERRES
13?9 FOKE 53231, 13 PRINT "TCNNRBNRNED

F'F‘IHT "ACOMMANDE AVATLAEBLE @ "
FREIMNT " l'l al A THPUT HEM ITEMZ"
FRIMT " Z3SEARCHSDELETE"

FRIMT " -,'EHTEF‘ HEM TYFES"

FRIMT " 43GENERATE QUESTIONS"
PREIMT " SO0DISFLAY OF REZET ZCORE"
FREIMT " &3DHTH FILES"

FREIMT " ¢2IMITIALISE"

FRIMT " Sas5TOR"

ITMFUT "MCRHICH DO YO RECUIRE: "2
" "]ll M

OM & GOSUR 128686, 16060, 1216868, 17888
--”.1. 1206080, 120860, 111538:G0TO 11864

11158 PRINT "IN ep NN RRRRE NG
CLASSROOM CLOSED" : EHD

)

RS
I

i"_-._“l e I AR B A R B kv R kY

2]

!.

S L= D

nHHl—ﬁHHHﬁUQ:SHQI‘_‘,‘,H"‘(
-
e

A standard menu module.

MODULE 5.1.2

1z81@ REM IMITIALISE

12020 REMESHEEEEEEEREEEREEEEREEEERREENE
12838 CLE:DIM MAECL1H, 0040 A$01, 4350 . I3
3,001,930 RE=CHRFC 120

12848 IHPUT "smARE YO LOADIWG FEOM TAPE
CSHD L REDTF QE="Y" THEM 116038

12850 PRINT "TERRRRERRPRIETEST ZTRUCTUE
El!
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THPUT "ALHAME FOR AMSHER: " HAFCA
IMPUT “APHAME FOR GQUESTION: " HAZO]

by
]
St

P N NIRCR Sev N NEY
| LN
i
i

PO = B0 — P Y P D D T

Y

IMPUT "MEARE THESE CORRECT oYoH) "
Foeg="H" THEM 126359
DECAI="UHNTYPED" : T¥=1

FRIMT "W EamRRbRRRERRRRNET Y FES"
FRIMT "M&IMFUT 2227 TO aUIT:"
FEINT "MATYFES IWPUT S0 FAR:-";:IF
THEH F’FIHT " MHOME"

IF TY<>1 THEW FRIWMT "M":FOR I=8 TO
"FRIMT "'l"'IPl M WS DECTD HERT
IHPUT "MEHEL TYFE: " 0% IF GF="Z22"
THEM 11868

12158 THMPUT "eWIS THIS CORRECT CYAHD "0
1£:IF @1F="H" THEH 121088

1216@ IF TY=18 THEM PRIMWT "BIO MORE ROO
MU FOR I=1 TO Z0@@:HERT  GOTO 118686

1217a DECTY =08 TY=TY+1:GOTO 12164

b el ek e
Dk e R

—
O3 U Ry I -

f—y
Rl kY eI R IR I R ]

—
3

— -

1

[y )

This module initialises the main variables and allows the user to specify
the general name for questions and answers. The user may also specify

up to nine type names which will be used later on to make the tests more
difficult.

MODULE 5.1.3

EIlEl REM THPUT OF MEM ITEMZ

..'@’3 F'F.SIHT TINERRERERRRERRREEEN TTEMS"
PRIMT "M 2227 T @uUIT!

13848 IF IT>=3500 THEW FREINT "“MXM&80 MORE F
QOM:FOR I=1 TO 2860 :HEST ' EETURM

126850 PRIMT "sm" MAFCEN " " CIHFUT T1$:1

F Tig="2Z2" THEW 1318

13868 PEIMT "M HRECL " " THFUT T2 1
F T2#="222" THEM EETUREHR

13878 IF TY=1 THEMW T=@0:GOTO 13166

12826 PRIMT “"ETYFE:":FOR I=1 TO TY: FREINT
IiD$CT~10 HEAT 1

13858 IHPUT "MERIHICH IS IT:":T:T=T-1
13188 FRIMT "XEIRBNREBNRERBRIZHEL ITEMZ"
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13112 PREINT "W&ER" HAFCG "W TIE PRINT "
AN HRAECL e TR

131268 PRIMT "MRiETYPER" DECTH: THPUT "rmAkE
E THESE COREECT YoM ", 0%

12128 IF QF2"Y" THEW 12808

1314H DR, Ta=De@, To+l  TiF=CHRF 42+To+T1 %
131596 GOSUR 14008 GOSUE 15020 GOTO1 2068
12166 SU=a:FOR I=8 TO 2:D01. Th=Sl:Sll=50+
Jwd, T2 HEAT ‘RETLIEH

This module accepts input of questions and answers under the headings
specified by the user, allowing a type to be attached if types have been
entered.

Commentary

Line 13070: If TY is equal to 1, no type names have been entered and
the type is set to ‘Untyped’.

Line 13140: The relevant element in the first column of the array D is
increased by 1, registering the fact that the type group has increased.
The type number is attached to the front of the answer in the form of a
character between 0 and 9.

Line 13160: The second column of the array D is adjusted so that it
contains the start position of each type group.

MODULE 5.1.4

14880 REMESEEEEEEEEEEEEEEEE RS ES
14818 FEM BIMAREY ZERECH

14028 FEMEREEEEERE R i ieep e sy
14828 IF IT=a THEM ZS=@:RETURH

14048 PO=IHMTCLOGEITALOGEZ2 2 55=2 101
1483568 FOR I=FO TO @ STEF~1

14866 IF AFCB, 250 T1$ THEW ZS=

146va IF Hifﬁ SE0T1E THEH =%

14@z6 IF S48 THEM SS=

14026 IF Z5%IT-1 THEM r"""IT 1

14188 MEXT I:IF RF.E,550<T1% THEM So=55
1

14118 RETURH

A standard binary search module. Note that since the items are sorted
by answer and the answers have the type group character attached to the
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front, the actual sort is first of all by type—untyped groups will occur
first in the file.

MODULE 5.1.5

1SEEE FEMASEEEEREEEREE R SRR R R e

196@1e REM THSERET

TEEEE R 00 A A o e

15628 IF IT=8 THEH 1%56c@

15@4e FOR I=IT TO SE+1 STEF -1

= FOR J=@ TO 1:AFCT, To=R%ECT, I-10 HEX

XY
Y]

‘.
— T e S
[ | Y

oy -
T R

RECE, B50=T1$ AFCL, SE0=TEs: IT=1T+1:
t

Mo

H

A standard insertion module.

Testing Modules 5.1.1-5.1.5

You should now be able to enter data and store it in the main arrays,
sorted by type number.

]

18

ﬁ FEH#*###¥¥*++++¥+*#+#+++*+*+#****
9 28 PRINT "MEROSITION TAPE COREECTLY
EH @RETURR "
= W THREUT "MOTOR WILL STOF AUTOMATICAL
SOIREPORE 192, Y ROKE 1,39
9350 FRIMT "sRECOMAaRHDE AVMATLARELE " PRIH

"R 1 0EAYE DATAY, .M Z0LORD DATH"

AGE THFUT “mWHICH DO Y0L RECUTRE: 60
BOGOTO 15876, 191236 RETLIEN
12678 POKE 1.7 FOR I=1 T0O 208G HEST
laese OFEML. L, 20 "MULT IO PREIMTHL. ITRET

12626 FOR I=@ T0 TY-1:PRIMNTH#1.DECINIREED
AL T REEITCL T HERT

19188 FOR =8 TO IT-1:FPRIMTH#1.A$08.10;R%
SRECL, T HERT

19118 PRIMTH#1. HEFCAY  RE HAECL)

12128 CLOSEL RETURH

A1 OPEML L@, "MULTIO  THRUTH#L, IT. TY
15143 FOR I=8 TO TY-1:IMPUT#1.D$:I0, D0a,
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Ip, D01, 10 HERT

12158 FOR I=a TO IT-1:IMFUT#1.A%:8.1.A%
1. T MERT

12166 IHNFUTH#1 . HAFCAD  HAF1D

1217a CLOSEL S RETUREN

A standard data-file module.

MODULE 5.1.7

15000 REMESSEeEEREsEeEaabeeekbisins
16818 REM UZER SERRCHALELETE

156320 REMESE¥EEEEEREEEEEREEHEEEREEEEREE
1ERRR SE=H

16848 FRINT " TABBRRRRRBRRBESR=EARCH"
16858 IF bt.IT 1 THEH S5=1T-1

1e8e@ IF 5578 THEHW S5=0

16878 PRINT "l....-.'...........'-.....ii
ITEMSZ=",1T-1

16220 PRIWMT "s@COMMAMDE AVAILAEBLE:"
16890 PRIMT "M ASRETURHS FOR MEXT ITEM

16168 PRIMT "m 4P0S/HEG HUMBER TO MOVE
FOIMTER"

le118 FPRINMT "m -4°DDD- TO DELETE ITEM"
16128 FEINT "® 2@°2227 TO QUIT FUMCTION"
16128 PREIMT "M"; 'FOR I=1 TO 18

15148 FRINT ":a

;T HERT
16150 PRINT " 'I'ITITTI'ITEHTF‘? MO =" 5541
FRINT "ma"  MID$CAE0E, 550, 2)

161ed PREIMT "MR"AFC1, 550 FPIHT A" DES
WAL CLEFTHCA$FCB, S50, 1000

lelvya C1g=""THFUT" AmlHICH DO Y0u REGL
IRE:" 1%

1e1z6 IF 15 000" THEM 16218

16158 Dod, TEMF =DCa, TEMPI~1:FOR I=53 TO
IT=1:A%CE, Ir=RAECA, I+10

162068 RECL Ti=RECL, I+12 HEAT I:IT=IT-1:0
OSUB 131&@:GOTO 1e@48

lezil TF 21$="222" THEM RETLURHM

lez2é IF (1g="" THEM SS5=55+1:G0TO 15846
16220 S5=SS4+VALR1E: 1 GOTO 16048

le248 GOTO 16248

A straightforward user search module.
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MODULE5.1.8

FEM#$EEEREREEERREREREERER RN
FEM RAMDOM QIESTIOMS
FEM#EEREEEEEEEEEEREERE R R
CiLl=H

FRIMT ""PRRBRRDRRRRRREEGLEST IO
FRIMT "MefEDO YO WISH AMSHWERS TO E
AWM OHLY

IMFUT "FROM THE SAME GIESTIOM TYPE
LA IREPRIMT MY

IF GE="4y" THEM QLl=1

Pl=0:P2=1T Q1=INTCEHDCAI#IT~1 0 (2=
HD!H*# FPIRCRZ =01
B IF QU=@ OF D0e, YALCLEFT$CA$CR, A1),
if THEM 17116

1 Pl=DC1 WALCLEFTHFOAFCAL AL, 1000 1 PE=
YALCLEFTHCAS (AL G5, 1000

1 FOR I=8 TO 4:IF I=02 THEM 17159
FR=F1+IMTCRMDCO %P2 IF FR=GCR2 T
Y120

FORJ=G TO I:IF PP=CCT THEW 171268
HEST JiRils=FF

HE=T 1

FREIMT "alEE" HAECL " R A%, RO02

=J = = = ) )
P e AR A BV BT R AN

- Ty 33 P G T
:_‘:; ‘_‘_D DR B ke RN

[ = 11';\ -._ LN SN o I B
aExy] x:',,l

B A Ry ;—a- o 5 \_

)-‘.‘—-ll—‘b—‘-zl—‘!—'-l"ll—l‘-_-'o—-il"ll_-"-l-ﬂ

T i B

FRIMT "Mﬂﬂﬂﬂﬂ";ﬂﬂ$ﬁ9)s"iﬂ"
FOR I= TO 4:FEIMT I+1;"> ".MID#$C
ST a0 -2; HEXT
lqﬂ PPIHT "ARHICH DO YO THIME IS THE
FIGHT AHSHWER?"
v2ea IMPUT "sLITYPE IM THE HMUMBER:",RA:G
T=&T+1

218 IF AAR-1=02 THEHW 17254
17?*H FREIHT "MRUECOMGY THE COREECT AMSHER
MRS "
17228 FPREIMT MIDECAFCA, QOQZ0 s 200 GOTO 172
T
17246 POKE 53221.48
17258 FREINT "ﬂnummmmm":Fnﬁ I=1 T 11:'PRI
HT " RIGHT ! " ‘HEXT
vl FOR I=1 TO 15:POKE S32381,1:FOF J=1
TO 288 HEXT J. 1 'RE=FE+1
17278 PRIMT "ﬂ:ﬂPETHPH- FOFE HEW BUESTIOM

R NN R AR
N ST S
00 ]

t‘_'{l&t

117



The Working Commodore 64

QR 723227 T FUTIT FUHCTION:"
17288 QFE="":IHFUT Q% IF QF="222" THEHW EE
TURH

FESE FRIMT "0 tGOTO 17620

This is the only really original module in the program. Its purpose is to
generate a random question, to display five possible answers on the
screen and to accept an input from the user specifying the right
answer—or at least attempting to.

Commentary

Lines 17050—17070: This routine sets the difficulty of the test. Possible
answers will either be drawn from the whole of the file, in which case
many of them will probably. be inappropriate and make the task of
selecting the right answer much easier. Alternatively, answers can be
drawn only from the same type, making the task more difficult, since all
the answers will look at least possible.

Line 17080: A random question is drawn from the file and a random
position for its position number chosen in the array Q.

Lines 17090—17100: If QU is zero, or if there are not five answers in the
type group, then the range of possible alternative answers is the whole
file P1-P2. If QU is 1 and there are at least five answers in the same
group as the right answer, P1 and P2 are reset to the beginning and end
of that group.

Lines 17110—17150: Four random answers are chosen from the range
set by P1 and P2. A check is made that the randomly selected answer is
not the same as the correct answer or a previously selected random
answer.

Lines 17160—17200: The question is printed, together with the five
possible answers and the user is asked to specify which is correct. The
variable QT, recording the total number of questions, is incremented.

Lines 17240—17260: The user is rewarded by a multi-coloured series of
screen background changes and the variable RR is incremented.

Testing Module 5.1.8

If you have some data ready to reload, you should now be able to
generate your own multiple choice tests. You will only be able to
generate the harder form of test if you have entered sufficient data for
the program to regularly light upon a group of five answers of the same
type.
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MODULE 5.1.9

12000 REMEREEEEEEEE SR RS E e rs
12818 KEM SCORE

18020 REMESEEEE e s E ket e Eheesrs
12628 FREINT "TTYNEPDMNRRRRRRRRRESRSCORE" | 1

F @T=8 THEWM RETURH

12048 FRINT "MERTOTAL QUESTIOMS: " 0T
15858 PRIMT "MCORRECT AMSHERZ:"iRRE

lzded PREIMT "MRECORE: " IMTCOORR-GT 5000

Ta#, Sk laEn ;"R

12678 IHPUT "¥mDo YOU WISH TO ZERD SCORE
U P R 3

12agn IF GfF="Y" THEM OT=@:RR=3

12838 RETURM

This module keeps the score, adjusted for the fact that one in five
answers would be correct if the answers were only chosen randomly.

Summary

This is quite a powerful program, but remember that you will only
confirm that for yourself by entering enough data to make it enjoyable.
The program is also a reminder that whenever possible, if you are going
to write a complex program, you may as well go a little further and
write a multi-purpose one, saving yourself a great deal of work in the
future.

Going further

1) As presently constituted, the program checks that the same answer is
not displayed twice for a question. What it does not do is to check that
two different answers might actually be the same. Could you insert a
check to deal with this.

2) The question of rewards for success is an interesting one—adults
seem to find success its own reward when playing with, I mean using,
this program. For children, however, all manner of rewards are
possible. What about tagging a short game onto the program which can
only be accessed for three minutes or so when a number of answers are
answered correctly.

5.2 WORDS

Once you have a program that works well, you soon find that it suggests
other uses to you. Such was the case with MultiQ, and the result was
this program, which can be used as an enjoyable word-learning aid for
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children in the earliest stages of reading. The only real difference
between this program and MultiQ is that the questions take the form of
pictures and the answers are possible words to go with the pictures.

As for the pictures themselves, they are no more than the output from
another program in the book, Artist, picked up from tape and loaded
into this program’s dictionary. The capacity of the program, as
presented here is 50 pictures, though another set could be picked up
from tape if so desired. Designs meant to be used by this program must
use only the bottom 10 lines of the screen, since the top part of the
screen is needed for the questions and prompts.

Words: Table of Variables

A% Stores data for design characters and colours.

B% Co-ordinates of corners of designs.

FNA(SS) Value of element in A% whose position is dictated by the
location of the corners of the design.

FNB(SS) Actual character code derived from FNA.

WWwW$ Answer input in response to question module.

MODULE 5.2.1

11980 REM#EEEEEEEEEEEEEEREEE R
11818 REM MERML

116828 FEMEFEFEEEEEEEEEEEREEEEEEEEE RN
11828 POKE 53251, 15 FPREIMT "TIRCaRBRRRRRNE
RORDE"

11846 FPRIMT "SCOMMAMDES AWYAILABLE:"

11856 PEIMT "ﬂ dl‘INPHT HEW ITEMZ"

11ed FEIMT " 23SERECH-TELETE"

11evE PRINT 7“hEHEFHTr GUESTIONSZ"
ligsa PRIMT " 43DISPLAY OF RESET SCORE™
11826 PEIMT " S3DATH FILEZ"

11188 PRINT " &)IMITIALISE"

11118 FEINT " 7)aTOP"

1112 IMFUT "ACBMHICH DO YOU REQUIRE: " E:
FEINT "'

11128 04 2 GOSUER 138608, 15008, 10808, 17886
15388 I'BEB 1114@:G0T0 11666

11146 FRINT " TZMNMNERMeEsNRNBBRRRRRRD
MRIAGO0DEYE" CEMD

A standard menu module.
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MODULE 5.2.2

FEME#SEEEEREEEFEREEEEEEERERER R RS
FEM IMITIALISE
PEM##+###+«*###+#+########+##»#i$
CLE:DIM Qo4 , AFC430  AKC43, 2550 BH.
IT=0 EE=CHR$FC 132

GOTO 11888

GOTO 11066

Ll el “S i g
SRR w i (W SO LN W]
[y I I A R IR B Y]
P I

[ IR oy I Y Ry I e

Excx(]
Y

Initialisation of the main variables.

MODULE 5.2.3

13600 FEMEESEEEE SRR seniisiferis

136818 FEM IMFUT OF HMEW ITEMZ

12020 FEMEEEEXEEEEEREEEEEEEEEREXEEREEES

123828 PRINT"TMNNRDRRRRRRRREREL ITEMS!

1ze4a IF IT>=1608 THEM FREINT "HE&0 MORE B
OOM:FOR I=1 TO 2068 HEAT EETURH

136858 IHPUT "MEPOSITIOW TAPE COREECTLY.
THENM SRETURNS: "%

13068 PRIMT """ :'0OFEM 1,1.8."ARTIST" -FOR
I[= TO 4 THPUTH#1, BACIT, I i HEXKT

?3?5 FOR I=@ TO BHCIT.42-1:'IMPUT#1.C1.C

] H

ZB 3 Hu'IT To=200 401 +CE~-227E7 ' HEXT 1:CL
IZEL 25=1IT

BUﬁU PPIHT ML GOSUE 14880

166 THPUT "SZ&ZD0 YOU WAMT THIS oYoMd ")
2F: IF CE="H" THEM RETURN

13116 IMFUT "WORD TO GO WITH PICTURE: "W
%

12128 IHPUT "IS THIS CORRECT (Y /My:"iQ$:
IF Gig="H" THEM 13650

13138 RECITO=MNE: IT=IT+1

12148 IMPUT "AHOTHER PICTURE (YoM "i0$:
IF GF="%" THEM 13008

12156 EETURH

.s-st-sr"n—-t
FANY

This module picks up from tape designs created by Artist and allows the
user to tag the right word onto them.
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MODULE 5.2.4

148808 FEMEREEREEEEEEEEEREEEEEEEE R
14018 REM FREIMT DESIGH

14028 REMEE$¥EEEEEEEEEEEEEEEREEEEEEEERES
14828 PF=:FOF I=Bxcm%Z, 1041 TO BadSs, 2o~
1

14848 FOR J=BX(S55,@0+1 TO BXOSS,20-1
146858 PR=FF+1:Tl=f:0S5, PFY+327e7  FORKE 18
2A+40%I+T, THT T 2580

14868 POEESS296+40%1+T, T1-255%IHTOT1 7256
PHMERT T 1

1467@ RETUEH

This module makes use of the two defined functions to extract the
correct characters and colours from the numeric values saved by Artist
and to POKE these onto the screen and into the colour memory.

Commentary

Line 14030: B%(SS,1) and B%(SS,3) record the vertical co-ordinates of
the top left and bottom right corners of the design.

Line 14040: B%(SS,0) and B%(SS,2) record the horizontal co-ordinates
of the same corners.

Testing Modules 5.2.1-5.2.4

You should now be able to load designs created by Artist, see them
reprinted on the screen and then loaded into the main array with a
chosen word associated with them.

MODULE 5.2.5

12000 FEME#EEEEEEEEEREEEERER SRR

=818 FEM DATA FILES

12620 EEMEEEEEEEEREEEEEE R R
1270 FRIMT “"MEFOSITION TAPE CORRECTLY T

HEMH @RETURHE-~"

2848 IHFUT "MOTOR WILL STOP AUTOMATICAL

YoULREPOKE 152,V :POKE 1,329

Sa58 PRINMT "MEaCOMMAMDE AVAILABLE (" FRIN
" 12EAVE DATA". ..M ZOLOAD DATA"

1388 IMFUT "mWHICH DO YOU REGUIRE:":G:0

1

—

— =

fun]

MoQ GEOTO 12@7@, 19158 RETURH
SA7E POKE 1,7:FOR I=1 TO 2008 HEXT
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18656 OPEM1. 1.1, "HORDS" PRINT#1.1T

18696 FOR I=6 TO IT-1:FRIMT#1,R$C1iR$:E
.40

1816@ FOR J=8 TO BXCI.43-1:PRINT#1.AZCI,
T3 HEXT I

13118 FOR J=8 TO 2:PRIMT#1.EX(I, J1 i HEXT
1.1

18126 CLOZEL:RETURH

18130 OPEM1. 1,8, "HORDS" : IMPUT#1, 1T

18148 FOR D=8 TO IT-1:IMPUT#1.A$CI0, BRCI
4

18158 FOR J=@ TO EX0I,4)-1: IHPUT#1. A%,
T3 HEXT J

12168 FOR J=0 TO 3 IMPUT#1,BXCI, J0:HEAT
1.1

18178 CLOSEL:RETURH

A standard data-file module.
MODULE 5.2.6

1 FEMASEEEEEEEEER KRR AR
A FEM USER SEARCH-DELETE

B REEMEEEEEEEEE R E ek
A So=EcIF IT=8 THEM RETUREH

15646 PRIMT "TIhDRNRRRRRBBRESEERFCH"

IF 5521T7~-1 THEM 52=IT-1

12866 IF S50 THEH S5=08

15878 PRINT "nWHBEBNRRRRRERRRENRDERRENDE)
ITEMS=",1T

15028 PRINT "@COMMAMDE AVAILABLE: "

156568 PRINT

15188 FREIMT
FOIMTER"

15118 PRINT
15128 PEIMT
15178 PRIMT

15148 [FE="":

"R CAFETURHS FOR HEXT ITEM
"W FOSASHEG HUMEBER TO MOVE

"m 4°DDD- TO DELETE ITEM"
"W AEZET TO O QUIT FUMCTION!

" MR S A OS50  GOSUE 14BU@
IHFUT

oy REQUIRE:"; 0%

13138 IF Q" DID”

15168 FOR

THEM 1513268

L To=RECT+1, Tt HEXT T, 1

1517a FOR 1

=55 TO IT-1:FOR J=@ TO 255:A%
=55 TO IT-1:A$CIa=AECI+10 FOR
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J=@ TO 4:BACI, Jo=EudI+1, JiHEAT J.1
15128 IT=IT-1:G0OTO 15848

151592 IF 0%="222" THEM RETURH

15206 IF ofF="" THEM SS=55+1:GOT0O 15840
15218 SS=SS+VALCREY CGOTO 156842

15226 GOTO 15224

A simple user search module.

MODULE 5.2.7

16B0E REMSEREEEEREEREREEERE R R ¥
16818 REM RAMDOM MUESTIONS
16628 REMEFEAEEESRERRERERREEREREEERRERY
16338 R1=IHTCRMDCEI#IT)  B2=INT (RMD D45 )
16646 FOR =8 TO 4:IF I=02 THEM 16850
16@58 PP=INTCRHD(@)#IT)
@ IF PP=01 THEM 1e@Se
B FOR_J=@ TO I:IF PP=0(J THEM16@5H
16626 MEXT J:Q(I1=PP
A
8

—
Pi})
AR
=-J N

1 MEST I

1 SS=01PRINT "O":GOSUEB 14006

16118 PRIMT "#&i": FOR I=6 TO 4 PRIMT "W"
TAECRCT D DI HER

16128 PREIMT "M&ETYFE IM THE RIGHT WORD FO

B THE PICTURE:":IHFUT WWF:QT=0T+1

161328 IF WWEZASCH1LY THEM FRIWT "WROMG!

THE AMSHER WAS B AR$01D:GOTO 15168
16140 PREIMT "PMEIGHT R IGHT R IGHT W IGHTAR
IGHTRRIGHTGRIGHTIRIGHT" | RR=FR+1

16158 FOR I=0 TO 15:POKE S3221,1:FOR J=1
TO 156 HEST J.1

1elc@d IHMPUT "ERMORE CYASMH) V08 IF OF=s"Y"
THEH 16666

16178 FEETURN

0

This module is equivalent to the random question generator of MultiQ
but simpler in that it always chooses possible answers from the whole of
the file of items present.

MODULE 5.2.8
1768208 REM#FEEEEEEEEEEEEEEERERERERERERE RS
17a1e EEM SCORE
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17az8 IF QT=8 THEM EETLEH

17846 FRINT "TWERNERDRRRRRRRREAR-CORE"

17a58 PRINT "MMRTOTAL CUJESTIONS:".0GT

17860 FPRIMT "MCORRECT AMSWERS:"iRR

17878 PRIMT "MRSCORE: ") INTCCORR-GIT 5000

TH#. 2001080 K"

1728 IHPUT "fmD0 YOU WISH TO ZEREQ SCORE
AR I 0E

17890 IF 0%="%" THEM CT=0:FRE=Q

17186 EETURM

The same function as the score module in MultiQ.

Summary

This again is a program which requires some work if it is to be of any
use, since the small designs it uses take some time to build up in
quantity. One easy answer would be to get together with some other 64
owners and swap tapes of designs. Micro-computing doesn’t have to
isolate you from the rest of the world!

Going further

1) The question of rewards rears its ugly head even more pronouncedly
with this program—try to think of ways in which a correct answer can
be more excitingly rewarded.

5.3 TYPIST

Not all education is about manipulating complex data. Much of the
most important learning we do involves the training of responses and
computers excel at that, which is why pilots, navigators and the like now
begin their careers in front of computer simulators rather than the
expensive and risky real thing. This program is not quite as grandiose as
that, but it is nevertheless an extremely effective learning tool.

Of all the programs that I have written, this one must come close to
being my favourite. Its presence here proves that a program doesn’t
have to be long to be useful. This one is short, neat and good at what it
sets out to do, which was to help me improve my touch typing. Of all
the versions that have been written, the 64 version is by far the best, so I
hope it finds a place in your collection.

Typist: Table of Variables

C$ Line of spaces used to clear lines of text.
CH Number of characters in tests so far.
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The Working Commodore 64

RIGHT Number of correct characters.

SUM Number of characters entered.

TI System variable counting time elapsed in 60ths of a
second.

TTS$ Temporary storage for time taken.

MODULE 5.3.1

11818 FEM FREIMT KEYEBOARD
11920 REEMESSEEEEREEEEEEEEEEE R SR
118328 FOKE 53281.6

11646 FRINT "I —————
m
11058 A$= 1234567898+-£"

"?. !" T1II|$ HE. T 1;. ”Er.T

11876 FRINT "&a o A0m .
1182a PREINT LR
11826 AF="GWERTYUIOPEE T
11188 PRINT " o ACCEYCFOR I=1 TO LEM
CHED CFREIMT "ol B2 (MIDECAE, T. 100 tHERT
11116 PREINT "3 ks "
11128 FRIMT " Lk
20 AF="ASDFGHIKL : ="
42 PREIMT * I S I 1
‘:'- FOR I=1 TO LEMCAF) CFREIMT "3 ®3" [
CRFE. T 100 THEAT
E

FRIMT "o =F‘F'l E"

fx] ""l l_,,l Il [ v RN

I AE="ZECWENM,

‘3 FRIMT " lui
11128 PRIMT e SHe =Y
11288 FOR I=1 TO LEMCAF) PRIMT "mH #W3" ;M
IDECAE, T, 100 tHERT
1121é FEINT 58 S$SHe 21| m "
11228 FREIMT " LF
11238 PREIMT " Lk A

. "

The purpose of this module is simply to print out a fairly crude copy of
the 64’s keyboard on the screen, thus allowing the user to look at the
screen rather than at the keyboard when an input is being made.
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Commentary

Lines 11050—11070: This section, like those that follow,prints out the
irregular ends of the keyboard (things like the RETURN and RESTORE
keys) which spoil the regular pattern, then prints out a line of black
inverse spaces and superimposes upon that line the names of the
alphanumeric keys in the appropriate places. A black inverse line is then

placed underneath the row of keys.

Testing Module 5.3.1

The module should print a copy of the keyboard in the top half of the

screen.
MODULE 5.3.2

P T R R o
FEM ACCEFT IHFUT

ZEZE REMEREEREEEEEEEEEEEEREREERERRER SR
AZA SUM=0 CH=0 RIGHT=@:RESTORE  TT$="06

A ERY I Y]
J [0 o= 5
[oURRU RS

b

AR

— (S - et s
R LR LN DN
bae}

£

[ax]

="

i
i
b}

1 READ A% IF AF="STOF" THEH GOTO 126

PRIMT " silaaleelapee

FOR LIME=1 TO 3:FRINT C#;:MEXT:FRI
I

12638 IF LEMiA$)>32 THEM PRIMT “STRIMG T
00 LOWG" : STOP

12656 PRIMT "N";F%:FRINT "748"; FOR I=1
T LEMEA%S

12188 GET T#:IF T#="" THEM 12100

1211@ IF T$="7" OR T$="W" OR_T$="W" OR T
$="W" OF T#=CHR$(133 THEM GOTO 12108
12128 IF I=1 THEM TI$=TT#

12136 SUM=SUM+L FRINT T&:" W

12148 IF TMIDSCA$. 1,10 THEM FRIMT "<l
W GOTO 12168

12150 RIGHT=RIGHT+1:MEXT I:FRINT "®":CH=
CH+LEMCRF) : TT$=TI$

12168 FRINT "MNEDN"; STR$CINT CRIGHT /SUM#1E
BE LD

12176 PRINT STR#CIMTCSUMA CTI/SEGE /100
R n | F;- "

12188 INPUT "MORE CY/H):";G$

12128 POKE 728,8:FOKE 781.21 POKE 732.0

[l N I

=J 1T

B Ews]

PRI 3T RO
[a B e

—_
-
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SYS ESSE0 PRIMT C#

2208 IF oFC>"HY THEM 128549

Z2a1e EMD
ThlS module prints out a line of text to be copied, then accepts key by
key input, keeping track of time, success rate and indicating errors.

Commentary

Line 12050: Text to be copied is stored in DATA statements at the end
of the program. These DATA statements should be terminated with a
line reading simply STOP, as in the example lines given, which causes
the program to begin READing again.

Lines 12060—12090: These lines use the string of spaces (C$) to clear the
area where text is to be printed, print the text and move the print
position down to accept input on the line beneath.

Line 12110: Cursor move arrows are not accepted as an input.

Line 12120: The program keeps track of the time taken to input the text,
but timing commences only after the first letter of each line is input and
is suspended between lines. The total time taken so far is stored in TTS$,
to which TI$ (see last program) is set at the beginning of each line.

Lines 12130—12150: The last letter input is printed. If it is wrong it is
indicated by an error and the print position is returned to that point.
Total number of keys pressed and the number correct are recorded.

Lines 12160—12180: On finishing the line the percentage success rate is
displayed. The system variable TI, which stores the same value as TI$,
but expressed in 60ths of a second, is used to calculate the number of
characters per second input. The seemingly convoluted formula ensures
that two decimzl places are normally printed.

Line 12190: This line demonstrates an alternative method of dictating
the position at which the next character is to be printed. To use this
method, zero must be POKEd into location 780, the row position into
781 and the column into 782. Calling the ROM routine at 65520 then
moves the print position to that point. This method can be used to
replace strings using cursor control characters. Here it is simply used to
dictate that the MORE. prompt is overprinted with a line of spaces if
the program is continuing.
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Testing Module 5.3.2

This module cannot be tested until some DATA is entered for the
program to READ. Enter another module at 13000, consisting of the
text you wish to practise on, terminate it with a DATA line reading
STOP and then run the program. You should be faced with the first line
of text stored as DATA and be tested as described in the commentary.

EXAMPLE OF PRACTICE TEXT

13680 REM#$SSsakeaiiseerisis sk
12819 REM DATH FOR TESTS

13628 FEMEFEFEEEEEaREEEs R riiiarissy
12828 DATA "ASDF :LKJ ASDF :LEJ ASDF ;LK
J A=

13848 DATA "ASDF :LKJ ASDF :LEJ ASDF ;LK
J ASY

17853 DATA "A AD ADD ADDS; ASK LAD ALL F
ALLE"

13860 DATH "A AD ADD ADDS: ASK LAD ALL F
ALLE"

13878 DATA "A AD ADD ADDS; ASK LAD ALL F
=TOP

- T
N
—
(A1)

)

Y]
iy
0
nxl
=
I
—
1]

Summary

This is a program which can only really work for you if you use it
seriously. One way of making the best use of it is to get hold of a book
of typing exercises and use that as the basis of the data you enter. Given
the effort you will find it an effective tool in improving your touch

typing.

Going further

Correct technique in typing depends upon using the right finger for the
key. Drawing upon a typing tutor it should be a simple matter to colour
the keys on the key board to give an indication of which finger should
be used. At the very least it would be good practice in using the colour
characteristics within a string.
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CHAPTER 6

High Micro-Finance

Despite the jokes about £1 million gas bills, one thing that computers do
superbly well is to handle financial information. It is not only the fact that
they are able to store and process the data so much more quickly than a
human being, it is as much to do with their ability to present the facts in
clear, understandable ways. In this chapter you will find three home
finance programs that use both the 64’s calculating abilities and its flexible
screen handling to take some of the mystery out of money.

6.1 BANKER

Our first program is Banker, a simple tool which is designed to allow you to
keep up with the state of your bank account before the dreaded envelope
from the bank drops onto the doormat. The program deals with payments
and receipts, regular payments and one-off items, producing a neatly
formatted statement for any month you care to specify. In the course of the
program you will begin to tackle some of the problems of setting out
numeric data in a comprehensible form on the screen.

Banker: Table of Variables

A(99,1) Storage of payment amounts and day of payment.

A$(99,1) Storage of payment names and months in which payment
is to be made.

CD Flag indicating whether payment is credit or debit.

CR$ Separator for data files.

IN Initialisation flag.

M Month number minus 1.

MM Temporary variable used in formatting payment
amounts.

MM$ Used to contain the formatted payment amount.

MOS$ Storage of names of months.

PA Number of payments stored.

RS Temporary string storing months in which payment is to
be made.

S Temporary storage for day of payment in month
specified.
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SUM Used to cumulate amounts for running total in statement.
MODULE 6.1.1

11868 FEM#EEEEREEEREEEEEEEEEEEEERE RN
11818 REM MEHMU

P PEM##*##**#+**++*+*#+##¢¥*$+##++*
178 POKE 522281, 7 PRINT "TIXNENBRRRERDNRD]
PRBIFIEAHKER IIE"

1648 PREIMT "MOCOMMAMDS AYAILAEBLE:"
11858 FREIMT "®  10MEW FPAYMEHTS"

1
1§
1
1

l"-‘l c{i [xy] :Sl

1
1
h

L A

famry

1
]

11668 PRIMT "M  2)EXAMINE/DELETE PAYMEM

TS

11678 PRIMT "8  3)FRINT STATEMEMT"
11638 FRINT "M  4)DATA FILES"

11636 PRINT "M  S)IMITIALISE"

11188 PRIMT "M  &)5TOP"

11118 IHFUT “NEMWHICH D0 YOU REGUIRE:";Z
PRINT "0

11126 IF 2=5 R Z=6 OR IM=1 THEM 11148
11130 PR INT® MR MBRNRNBREIOT TNITIALI
SED. " :FOR I=1 TO 260@:HEXT G0TO 11080

1114“ IF PRB OR (2432 AMD £33 THEM 1
11ed

11158 PEINT "M pRRNRREORRY . MO DATA
YET." FOR I=1 TO 2000 HEXT: ﬁﬂTH 11686
11168 0OH 2 GOSUE 12000, 14006, 15800, 1860
»1zadn, 11126

11178 GOTO 11866

11128 PRIMT "IN RRRORRRRRERRBRNE]
HAEAMKER"

111568 PRIMT "rREpERPRNpRRESC] OSED FOR BUS
IHE=Z"

11268 EMD

A standard menu module.

MODULE 6.1.2

12000 REMESEFRREREREE R SRR RN
12216 REM YARIABLES

12020 FEMEERESEEEERREEEREEERRR R
1;@4@ CLR:IH=1:DIM A$C99, 10, AC9S, 15 ALE,

1 RESTORE
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12660 Sg=" "

12878 DIM MO$0115 FOR I=8 TO 11:READ AS$:
MO%( 13=FA%: HEXT | CRE=CHREC 13

12828 DATA JAHUARY  FEERUARY  MARCH . ARRIL .
MAY , JUHE, JULY . AUGUST , SEFTEMEER:, OCTOEER
12638 DATA HOVEMEEF  DECEMEER.

12186 GOTO 11968

Initialises variables and then places month names into MOS.

MODULE 6.1.3

REM#S SRS R AR R EEERER R SRR
FEM EMTER HEW ITEME
FEMESEEEEEEEEEEEREEREREEEREEEENES
FRIMT "TIMeS-RBRRBREBRRRBRHEL I TEMS

]

e
=1

e P ek
0 e o)

SHoon:
o=

£

facn

Ry @

o R By
[y I ]

FRIMT " 1CREDIT":FRIMT " Z3DERI

IMPUT "MmLHICH DO Y0U REQUIRE:":CD
D=1
THPUT "elMEEHHEME OF FRYMENT " 0F
THPUT " ERMOLMT @ " G0
26 IMPUT "MMOMTHZ CE.G. 8168487180 " iF
CIHT ""HPRERRENRRRNRERRRRRRRER
190 FOR I=1 TO LEMCEE) STEF 2:LET M=\H
1IDECEE, T, 2001
t@ IF Me=0 AHD M<=11 THEH GOTO 1313Z@
8 FPREIMT-FRIMT "JIMYALID MOMTH IHFUT
"Ijll

FOR J=1 TO 2866 :HEAT:GOTO 132

FRIMT MOECMa ;" "0 HERT ! PPIHT

IHPUT "MDAY OF PRYMEMT:";S

ITHFUT "EMFSRRE THESE CORRECT CYoHa:
CIF T#="H" THEM PRIMT"": :GOTO 1““”3
i PHA=PA+1 FORE J=PA-1 TO @ STEF -1

IF S<ACT, 12 THEM FORE K=@ TO 1:A$CT
=HECT, }' H I+1 Fa=HCT, P' HEAT KT

QIO

QAR TRy
- r—~ =& "l:l AR AYR AN e W]

umwwmum

O oo~ 0

l_t_'l

)—*t—‘f—l-ﬁ-iﬂr—l!-—"—"n)d——ll—‘

!

ol S
o3 L Lol 3
D e ]

TR R R
r—-tr-s- —_ et ] b et b et
u 00 S h-t N Q0

=Y

..m‘v-

il "
—
il
-|
+
P
:D
-
s
-4
.—n
l
lS'
RGO |
< 13
R
XY
) -
A
KU
= -
Py
)
= 2

l .........
Qe FHF I=1 TD LEHfPI- “TEP 2 M=YAL I
D$ RE. 1,200

12208 RECT. 1 =LEFT#AECT. 1 . M~104+"1"+RIG
HT$CA$CT, 10, 12-M0 tHEAT
13210 AECT. Or=0%F AT A)=0:HC T, 13=!
13228 IF CD=1 THEM RC.J.@x=H7.T. @0 %~1
13238 RETURH

Hp—s+,—sg—;

(X RV

[¥3]
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The purpose of this module is to allow the input of payment names and
the associated data.

Commentary

Lines 13080—13130: The months in which a payment is made can vary
between one for a one-off payment and 12 for a regular standing order.
Months are input in the form of a string of two digit numbers which are
read and checked, then the month names are printed on the screen as a
check. This simple method of entry allows a high degree of flexibility
without complex programming.

Line 13170: Payments are stored in a single array according to their date
of payment. Insertion is accomplished by simply scanning the file from
the highest day value.

Lines 13180—13200: These lines set up a month indicator consisting of
12 zeros. The months specified are then scanned and the corresponding
positions in the indicator are set to 1.

Lines 13220: Payments and receipts are both input as positive sums. If a
debit is specified by the variable CD, the amount is multiplied by minus
one.

MODULE 6.1.4

146068 REMESEEEEEEEEEEEEEEEEEEEEEEEEEREE
14@18 FEM EXAMIME/DELETE ITEMS

14020 FEMEREEEEEEEEEEEEERERREEEREEEEHEE
14028 FOR I=a TO PA-1:FRIMT "0")

14046 PRIMT "MPARYMEMT: " A$CI. 40

14858 PRIMT "MAMOUMT ", ACT. @2

146068 FREIMT "MMOMTHZ: ", FOR J=1 TO 12
14870 IF MIDECRECT. 10,0, 10="1" THEM PRIH
T MOFCTI-10,"A"

14828 HEAT J:PRIMT

1436 FRIMT "ADAY OF PRYMEMT:":RCI. 10
14188 PRINT "MOMRACOMMAHDS OH FUMCTION E
EVE " PRIMT "ML ~ MEXT ITEM":

14116 FRIMT "M2 -~ QUIT":FRIMT "Mz - DELE
TE ITEM"

141280 PRINT "MEMHICH DO YOU REQUIRE:?®"
141328 GET Q%:IF Q%="" THEW 14134

14148 IF ASCOFE<148 THEW 141708

14156 FOR J=I TO PA-1:FOR K=8 TO 1:A$CT,
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Ea=AgC I+l KD T ACT KD=ACT4+ 1 KD tHERT KT
1418 PH=PH-1:FETLEH

14178 IF ASCOREI=1372 THEM MEAT I
14128 RETUEN

A simple user-search module which prints out payments and the months
in which they are to be made and allows deletion using three of the
function keys to input commands.

Testing Modules 6.1.1—6.1.4

You should now be able to input payments and the months in which
they are to be made and to scan through them, deleting as you wish.

MODULE 6.1.5

FEMEEEEEEEFEEEREREEERE R R RN
REM DATH FILES
FEMEEEEEEEEEEEEEE AR EEERE SRR RS
20 PRIMT "POSITION TAFE. THEH SRETLIREH
CIHPUTY CAUTOMATIC MOTOR STOR 0%
16048 FOKE 122.7:POKE 1,32

16856 PRINT "WPLACE RECORDER IM CORRECT
MODE, " - IMFUT “"THEW PRESTS @RETURHM: " (1%
ledcl POKE 192,V FOKE 1,329

16E7E PRIMT "E@AFUMCTIONS AVAILARELE:" PRI
HT "Wl 2SAYE DATR" CPRIMT "MsL0OAD DATR"
1epze TMPUT "MEIHICH DO YOU REQUIRE: " 0
OM & GOTO 161868, 16156

16628 FETURN

1186 POKE 132,89 FOR I=1 TO 5886 :HEXT
16119 OFEH 1.1.2. "EAHKER"

16128 PRIMT#1.FA

151328 FOR I=8 TO PA-1:PREINT#1.A%CI. @0, CR
FOAECI 1, CEEACTL B CRELACT, 10 HEAT
leida CLOZELRETUREN

16158 OPEM 1.1.,@, "BEAMKER"

161668 THPUT#1., PA ,

161va FOR I=0 TO PRA-1:THFUT#1.A$C1.80,.H%
L 1 AT B AT 1 HERT

lelze CLOSEL

16128 GOTO 11966

0y v

I A R B Y]
BTSN N ]
F R R Y]

=

|

A standard data-file module.
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MODULE 6.1.6

FEMBEEEEEE SRR EESEERRRRRER R
FEM FORMAT MOMEY
FEME$EEEEEEEEEEEEEEFEEERERERE AR
Mi=MM+ 18286, 801

ME=MIDECETREE MM . 3, LENCSTREE MM -2

i B B B

xR S R
£ LI =03
S U

Ll e e e

eS8 FOR FF=1 TO 7:IF MIDFCME.FF, 122"0
" THEM FETUREH

17060 ME=LEFTFCME, FF-10+" “"+RIGHT$ME, 7~
FF» HMEST FF

This short module is a simple method of achieving a standardised
format for the amounts of money that are to be printed by the next
module.

Commentary

Line 17030: This module is called up from a variety of places in the next
module of the program and works on values drawn from different
variables. In order to achieve this, the value to be formatted must first
be stored in the variable MM. The first step of the formatting process is,
assuming that the amount will not exceed £9999.99p, that 10000.001 is
added to the amount. This gives a standardised length of nine characters
(including the decimal point), of which the first and last characters are
redundant.

Lines 17040: The value is now converted to a string and stripped of its
first and last character (the 1s). Note that when converting a number to
a string using the STRS function, a space is automatically added to the
front so that the second character of the number will actually be in
position 3 in the string.

Lines 17050—17060: In this particular program we do not require
leading zeros, so this routine scans the string converting any leading
zeros to spaces. The result is a string which is invariably seven
characters long, including two decimal places. Such strings can be
printed in columns in the confidence that the positions of their decimal
points will always coincide.

MODULE 6.1.7
15000 REMBEEEEEEEEEEEEEEEEEEEEREEEREREN
15885 REM COMFILE STHTEMEMT

15018 REEMESEEFEEEEEREEEEEEEEEREEEREEEEE
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156260 PREINMT "‘NRRRERRRRRRREETATEMEHTR"
SiUM=@
15828 INMFUT "MHUMBERE OF MOMTH FOR STRTEM
EMT: "o
15848 IF =1 THEMW 15820
159654 FOR @1=1 TO @~-1:FOR I=a@ TO PAR-1:IF

MIDEFCAFCT 10,01, 102" THEM 15878
15850 SUM=SUM+RCT . @2
15878 MEAT 1.021
15620 PRIMT "TINRRRPRRRRRES"  MOFCC-10
12828 FRIMT "EiRRPPRPRRRRRRERERRRERRERP]
RMITEMMRBITOTALE"
15198 PRIMT "MBALAMCE C/F/RRRRBERNNERRRRRR]
(] 1] 1] |
15116 IF SuUM<g THEW PRIWT "i4".
15128 LET MM=ABSCSUM)  GOSUR 17086 :PREINT
M*
15128 FOR I=& TO PA-1
15146 IF MIDFCAEFCT . 10, 0,120 1" THEM 152
21
15158 LET MM=ACI, 15 :GOSUE 17804 PRIMT "M
"IMIDEME. 2,30 CPRIMT "mrRNl"
15168 IF ACT.@5<8 THEM FPREIWT "3
135178 FRIMT RECI. @2
15126 FREIMT ""FRNPRRRPENRRDPRERRENRRRI" ; :
MM=RESCHCT @20 GOSUR 17004 PRINT M%.
15128 SUM=SUM+ACI. a2 FEINT "npm"; ' IF SUM
4 B THEH PRIWT "4

5208 MM=ABSCSUM) (GOSUE 17902 FREINT M%

1""1‘3 GET A%:IF Ax="" THEM 15214
159228 HEAT I:IWHFUT "SEETURHE TO COMTIMUE
: u ':;‘::
15228 RETURM
This module produces neatly formatted monthly statements—the whole
point of the program.

Commentary

Lines 15030—15070: The month indicators of all the payments stored
are scanned to see if any payments have been made under the headings
for months prior to the statement. Such payments are cumulated to
provide a balance of the account at the beginning of the specified
month.
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Lines 15100—15120: The balance is printed, making use of the previous
module to format it. Note how easily a negative balance can be
indicated by printing the red control character.

Lines 15130—15220: The file of payments is now scanned for those
which apply to the current month. Each time a relevant payment is
found, the day is printed on the left hand side of the screen, using the
format module to standardise the printing, but cutting off the added
decimal points. Then the payment name is printed, then the amount,
with the red control character added if a debit is referred to. Finally, the
payment is added to the variable SUM and the current balance is printed
next to the amount of the payment, again in red if the balance is
negative. The 64’s flexible cursor control makes the construction of
such tables a matter of ease-if it doesn’t look right, simply add one
more or less cursor moves until it does.

Line 15210: Payments are printed one at a time, the next payment
awaiting the pressing of any key. This prevents payments scrolling off
the top of the screen before they can be examined.

Testing Modules 6.1.6—6.1.7

If you have saved some data you should now be able to load it back into
the 64 and call up a monthly statement, with the amounts and payment
titles neatly formatted in columns. If the formatting of the monthly
statement is correct then the program is ready for use.

Summary

This straightforward program raises some interesting questions about
the degree of sophistication required to make a program useful.
Inputting the months in the form of a string is, in many ways, rather
crude compared to specifying whether the payment is to be made
monthly, quarterly or annually and leaving it to the program to insert
the payment in the relevant months. Such an added facility would be
easily possible but it would increase the program length and reduce the
flexibility inherent in specifying months in a straightforward way, which
allows even irregular months to be entered. When designing your own
programs you will need to be constantly aware of this tension between
what it is worth doing automatically and what it is worth leaving to the
user—the answer may well vary from user to user but complexity for the
sake of it can be costly in terms of memory and can actually reduce the
usefulness of a program.
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Going further

1) The deletion module is extremely crude in that it only allows the user
to page through the entries one by one. Why not add a facility to specify
a positive or negative jump, using one of the previous programs as an
example.

2) Another improvement would be to add a binary search module to
replace the present scan from the end of the file when inserting items.

3) The month indicators use a whole 12 bytes for each payment. Using
what you have learned about AND and OR, you should be able to store
and retrieve the same information from 2 bytes (ie one element in an
integer array).

6.2 ACCOUNTANT

This program won’t actually cook the books for you but it will make
them very much easier to keep and will present them in an orderly
format whenever you wish, with provision for single items, main
headings and sub-headings in the printing of the actual accounts.

Accountant: Table of variables

A$(1,99) Main file of names of payments.

A(1,99) Main file of amounts of payments.

C$ Line of spaces used in clearing text.

C(1) Array storing number of items on credit/debit side of
accounts.

CD Indicator of whether item is a credit or debit.

CR$ Data file separator.

GR Used to record the number of items under a single main
heading.

HHS$ Temporary storage of main heading name in user search
module.

IN Initialisation indicator.

M$ String in which formatted money amount is stored.

MM Temporary variable used in formatting money.

PL Place in file for insertion of new sub-heading.

SS Temporary variable used to cumulate items under a main
heading.

TT Used to cumulate items in accounts.

MODULE 6.2.1

11668 FEMBEEFEEEEEEEEEEEEEEEEEEEREEEREN
11ale FEM MEMU
11836 POKE 53281, 7 :PRINT "TIMINNNRRRRER]

‘ud
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MRFCCOUNTAMTEY

11a4a PRIMT "MMFRCOMMAMDE AYAILABLE: "
11656 PRINT "deRi 12 IHPUT HEW HEARDIHGS®
t1ged PRINT "M 2)CHAMGE-DELETE ITEMS"
116v@a FRIMT "W ZOPREINT ACCOUMTS"

11820 FRIWMT "W 42DATA FILES"

11856 PEINT "M S)IHITIALISE ACCOUMTS®
11188 PRIMT "M  &X5TOF

111168 IHPUT “MMER4HICH DO YOU REBUIRE:":Z
CPREINT "0

111268 IF Z<1 OR 224 OF IM=1 THEM 11141
11138 FRIMT "IMRENEERRRERRERRREOT IHITI
ALISED" :FOR I=1 TO 280@:HEST ' GOTO 116866
1114@ IF 244 AMD Z5-@ THEM GOZUEB 17088 :FR
IHT "%,

11158 OW 2 GOZUE 14888, 17
. 12068, 11178 2=0: 60T 11

l'

FRBE . 1260, 2A8AH
A

35

45, F‘FIHT R LICLIDIECIDDE T T L TR
:l IHMTANTE"

11128 PRINT "MenBRRRRRRRRERFROGREAM TERMIM
ATED" :EMD

Standard menu module.
MODULE 6.2.2

1:2131@ FEM IMITIALISE
1¢.E1'.*B CLE:DIM AFC1.330, A1, 990 ' CRE=CHRE/

1Za48 Cp="

12858 IM=1:GOT0 11066

Initialisation module.
MODULE 6.2.3
12819 EEM CEEDIT OF DEBIT?

128320 PRINT "Nk eypRRBRERERRR CEED
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ITA-ANNNARERLE  DEEIT"
13648 IMPUT "2YARRRRRRRRRRRLIHICH D0 YOLU
REQUIRE ", CD CI=CD~1 ' RETURH

Before the input of any item the user is asked to specify whether the
item is a credit or debit.

MODULE 6.2.4

14618 PEM IMPUT HEADIHMG!

146024 E‘EI1#4‘+##H‘¥#H‘##*‘H#####**#*####*
14928 PRINT "TIXDBRREBRRBRRRRRESGHEL ITEMS:
“i0IF CD=8 THEHW FEIMT "CREDIT"

14840 IF CD=1 THEM FRIMT "DEBIT"

148258 PRINT "#EER1S THE ITEM:":FRIMT "§id
17A SIHGLE ITEH“

148 PRIMT "®M  23H MAIM HERDIMG" :PRIMT
"M 3vH SUB-HERDIMG"

1427 H FRIMT "M IHFUT 787 IF YOuU WISH TO
IT

l4@zi IMFUT "eHPLEASE SPECIFY:".TYPE
14356 O TYPE GOTO 150868, 1SHEE, 15680
141608 EETURH

When inputting an item the user is asked to specify whether it is a main
heading,a sub-heading or a single item. When the accounts are printed,
main headings have no sums placed against them, sub-headings are
placed underneath their respective main headings and a sub-total
printed for the group, and single items stand alone with a sum against
them.

MODULE 6.2.5

FEM## 4 EEFEEEXHOREXEEEEEREER RS
REM SIMGLE ITEM OF MAIM HEADIMG
G=E: INFUT “MEMAME OF ITEM:";Q3%

IF TYPE<>2 THEH IHMPUT "MAMOUNT FOR
Y

IMFUT "MEIS THIS CORRECT CY/HM) "R
FE="H" THEH 148204

ﬂﬁ""""-l-l 2% IF TYPE=2 THEM GQF="#"+MI

- e s
B e B B s O

L ey B R R
P - R I A ]

]
P T F Iy BTN R I LN v
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W Ln -
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15678 AFCCD, COoCDo o=0% ACCD, COCDx =0 COCD
A=COCT41  G0TD 14808

This module receives the input of main headings or single items.

Commentary

Line 15040: An amount is only requested if the item is not a main
heading.

Line 15060: An indicator is tagged to the beginning of the item-% for a
single item, * for a main heading. These will never be printed but will be
used by the program to identify the different types.

Line 15070: Note how the variable CD is used to specify which side of
the main arrays the name and amount will be stored.

MODULE 6.2.6

16080 REMEEREEEEERRERREEEEEEEAREERE LS

1e@le REM SUB-HERDIMG

16324 REMES€ S0 0RE R R R R R R

lhf?d THPUT "MRIMPUT MAME OF MAIM HERDIH
"n r'i‘ l's-‘"*“"'lv‘f

16@49 FOR I=8 TO COCDs-1:1IF A$ECCD, Io=0%

THEH 1e8c@

166054 MEST :FPRIMT "SORRY., MO HEADIHG OF T

HAT HAME!" :FOR I=1 TO ZE0A:HEAT

16866 FL=I+1:IHPUT "MEMAME OF SUB-HEADIH

': " ||5

16678 THPUT "MAMOUMT FOR SUB-HEADIMG: "0

1ensa IMFUT "MSARE THESE CORRECT ?/H'f

JEECIF RE="H" THEM GOTO 146066

L

166890 OF="$"+03F

16188 FOR I=CCCDa+1 TO PL+1 STEP -1:AEcC
D, I=RECD, I-12 ACCD, To=RCCD, I-10 HEAT
16118 RFCCD. PLI=E ACCT, PLY=0: COCT0N=CLCD
2+1:G0TO 14000

This module accepts the input of sub-headings.

Commentary

Lines 16030—16050: The name of the relevant main heading is requested
and checked against the headings in the file. If the main heading is not
present then an error message is generated. Note the way a loop is used
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to conduct the search, with the program dropping out of the loop if the
item is found and the value of the loop variable I being used to
determine the point at which the sub-heading will be inserted.
Completing the loop means that the main heading is not present.

Lines 16090—16110: The sub-heading is tagged with a $ symbol and
added to the main file immediately following the relevant main heading.

Testing Modules 6.2.1—-6.2.6

You should now be able to input credit or debit items to the account and
have them properly inserted into the correct side of the main file (credit
side =0, debit side =1). This can only be checked in direct mode.

MODULE 6.2.7

'.'.'L*lﬂlﬂEl FEM##EEREEREEEEEEEEEEEEEEEREEEERE

2e81d FEEM DATA FILES

ZEHEZE FEMEEREEEREEEEEEEEEEEEEEER GRS

288260 PRIMT "MEaF0STION TAFE CORRECTLY. T
HEH HSRETURHE-—-"

ZB04@ THPUT "NDT”F‘ WILL STOP RUTOMATICAHL
LY " 0% FPOKE 132, 7FPOKE 1.39

ZABSA PRIMT "IIEJ"IJHHFIHDS AVAILABLE : " ‘'FRI
HMT "§iM12SAYE DATA" PREIMT "M22LOAD DATH"

Z0el TMPUT "WRHICH DO YO FEQUIRE: "0
OH G GOTOD 20020, 208148

28678 FETURM

HEM 281728

G126 FOR J=0 TO CoIi=~1:PRIMT#1.AFCI,.Jh,
IF$ HOT T3 HERT T

£B138 HEATI:CLOSEL :RETURH

28148 OFEM 1.1,8, "ACCOUMTS"

28158 FOR I=60 TO 1:IHPUT#1.CCI:IF Coll=
8 THEM 2@17a@

Zeled FOR J=@ TO COId=1:IHPUT#1.AHECI,.J0.
HOT.Jd HEAT T

28178 MEAT I:CLOSEL>RETURH

20820 FOR I=0 TO 1:IF AECI.E@x="" THEM A%
LLagy=" HE..T

28038 POKE 1.7:FOR I=1 TO 2086:HEXT
2B1ed OPEH 1. 1 & TACCOUMTS!

26118 FOR I=@ TO 1:PRIMT#1,C¢I2:IF Cola=
21 T

A standard data-file module.
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MODULE 6.2.8

EEM##EEEEREEEEEEEEREEEEEEEEEREEEE
3 FEM FORMAT MOME'Y

REMAt3 R R0 R R
MM=MM+13000. a1 : ME=MIDE STREMMD, 3

21948 FOR P=1 TO 3

21050 IF MIDFCME.F, 15="8" THEM ME=LEFT#¢
M, P—13+" "+RIGHTHCME, 7-F 3 HEXT

21068 RETURH

frl
fa—ry
[ax]
o )
o500 S

This module performs the same function as the formatting module in
the last program.

MODULE 6.2.9

17000 FEMEEFEEEEEEEEEREEEEREEEEEEE RS
17918 REM CHAMGES AMD DELETIOMS

17820 REMEREEEEEEEEEEEEREEEREEEEEREEEEN
17028 FOR I=8 TO COCDi-1

17848 PRIMT "TITHapRRRRRNRRRICHAMGE OF DE
LETE®m"

17850 IF LEFTFCAFCCD. T2, 10008 THEN FRI
HT "ol MIDFCAFCCDL T2, 200

1vaed IF LEFTECAECCD, I0, 10="#%" THEM LET
HHE=MIDEFCAFCCD, T2, 20 ' PRINT

17ava IF LEFTSCRECCD. Io.10="%" THEM FRIH
T "M S HHE :PRIMT"W" MIDECAFCCTL T2, 200
1vasa IF ACCD, IToh=@ THEM 17188

17a36 FRIMNT"/WRRDRNRRNRRNRRRT" ; MM=HCCD. T
PGEOSUR 219068 PRIMT M#

17168 PRIMT SN OMMANDS AYATALAE
LE OM FUMCTIOW KEYS:"

1711é PRINT "M F1 - HEST ITEM"

28 PRIMT "M F2 - CHAHGE AMOUMT"
FRIMT "M F3 -~ RETUREM TO MENU"
PRIMT "M F& - DELETE ITEM"

FRIMT "MMERJHICH DO YOU REQUIRE: 7"
GET G IF $="" THEH 171ic@

IF (=CHE$C1460 THEM GOSUR 126060 F

)
iat

!

—
=1 ~d
Ry

—
-\J
b
e W

—
=

T} ¥
—
[l S T
R )]
TR®™

17128 IF G¥=CHRE$C1333 THEM RETURM
17199 IF Q$<CHR$C134) OR LEFT#(R$(CD, I
,10="#" THEH GOTO 17248
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IMPUT “n"mAMOUMT TO BE ADDED: "0
THFUT "W&EIS THAT CORRECT oY Hr:"iR

-
7
>

PR

-N" ——
— 15
Eacu i

lleﬂ IF E%<:"H" THEWM ACCD. I2=RCCD, T2+
GOTO 17848

17258 PRIMT 'TIT] FOR L=1 TO Z:PRIMT C

2, HEXT FPEINT fTI'ﬂ 4 GOTO 1"—"3‘71

17248 HEAT I:'RETUEH

This module allows the user to page through the items on the specified
side of the accounts and to change or delete items.

Commentary

Lines 17050—-17090: These conditions deal with formatting the different
types of item. If the item is not a sub-heading then the item name is
printed, its name also being stored in HHS if it is a main heading. If the
item is a sub-heading then the previously stored main heading title is
printed above it to indicate the group in which it falls. Finally, if the
item is a single item or a sub-heading then the previous module is used
to format the amount associated with it before printing.

Lines 17190—17230: If the f3 key is pressed for a single item or
sub-heading, the user has the option to change the amount associated
with an item by inputting a positive or negative number. Note the use of
CS$ to clear the prompts if an error is made.

MODULE 6.2.10

12008 FEM#SSEEEEEEEEEEEEEEEEEEEERE RS

12018 FEM DELETIONS

1#%2@ REM##EH 4 HEEEEEEREERRERERREEE AN

15026 PL=I1:IF LEFT$(A¥(CD.PLY, 10<>"#" TH
EH GR 1:G0TO 138668

12848 GR=0

18650 GR=GR+1:IF LEFT#CA$CCD, PLAGRED . 10="
£ THEM GOTO 12056

1886@ FOR K=PL TO COCDO-GRE-1:A(CD, Ki=H.C
I, E+GRY :A$CCD, K =RAECD. K4+GRD CHERT

12878 COCDy=CiCDI-GR: I=I~GR+]1 -RETURH

This module accomplishes any deletions specified in the previous
module.

Commentary

Line 18030: PL is set equal to the value of the loop variable in the
previous module. In the case of sub-headings and single items, the
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variable GR, which indicates the number of items to be deleted, is set
equal to one.

Line 18040: In the case of main headings, the variable GR is
incremented to take account of the main heading itself and all its
sub-headings, since these must be deleted along with the main heading.

Line 18060: GR is used to determine how many items will be overwritten
in the file and by how much the value in the relevant side of the array C
must be reduced.

Testing Modules 6.2.8—6.2.10

You should now be able to input data and to page through it, changing
the associated amounts or deleting items at will.

MODULE 6.2.11

B REM#¥EEEEEEEEREEREEEEEEEEEREREE R
E REM FEIMT ACCOUMTS
4 FEH**##+*+**####+####*+#**###**##

"IEEITY

19648 TT=2:55=0°FRIMT "TINBNNBRNPRIZE" ; PR
$ 1 ,]ll

19350 FOR I=6 TO COCDo=1:TT=TT+RCCT, I
13368 PRIMT "m";:IF 1/2=INT{I/2) THEM FR
IMT "G

19678 IF LEFT$CA$ICD. 17, 10="#" THEM FRIN

f’n—-t_;._x

—

19@88 IF LEFT#CAFCCD. I5,10="%" THEM PRIN
T "ami";

12058 PRIMT MIDECAFCCD, T2, 20

19186 IF LEFTECHAECCD, I2, 10="%" THEM 1313
%

1

13118 FRIMT ""WRRRNNRERRRREPRENEI"

12128 IF LEFT#CAFCCDLID.10="K" THEH PEIH
T"NRRRRERRRR]"

13128 MM=ACCD. I :GOSUB 21828 PRINT Mf
1914@ IF LEFT®CA$CCDL T, 10="%" THEM 35=%
S+RCCDL I

1 158 IF Cc‘ﬁ OFR LEFTECASCCD, I+10, 10="%"
THEM 1318

13164 FEIHT "INPRBERNRERRRRRRRR LU

(1] ] ¥
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19178 MM=55: GOSUB21066  FRINT M$:S5=0
15188 GET GOF:IF GGF="" THEH 19136

15198 HEXT 1:FRINT "NRBBBENNNNRERRRDRRDNI
TYTS T 1T E—

1200 FRINT" GTOTALE: NNBNRRRRNBRNDDDRNNDNI
n " ';

19218 MM=TT:GOSUE 210098 FRINT ME

19226 FRINT "SPRESS AMY KEY TO QUIT®
15230 GET GOF:IF GGE="" THEH 19230

15240 RETURH

13256 STOF

This module is parallel to the print statement module in the last
program.

Commentary

Line 19060: To ensure that it is clear which sum goes with which
amount, items and their associated amounts are printed alternately in
black and green.

Line 19070: A clear line is left before a main heading is printed.

Line 19080: Sub-headings are inset two spaces.

Lines 19100—19140: For sub-headings and single items, the item name
and the associated amount are printed. Sub-heading amounts are
printed in a separate column and the total of sub-items under a main
heading is cumulated in SS.

Lines 19150—19170: At the end of a group of sub-headings the total for
the group is printed.

Line 19180: Once again items are printed one at a time, with the next
item awaiting the pressing of any key.

Lines 19200—19210: The total for the relevant side of the accounts is
printed.
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Testing Module 6.2.11

Having input some data, you should now be able to display either side
of the accounts. Note that only one side at a time can be displayed.

Summary

By now you should be becoming familiar with the techniques involved
in adding and deleting items without disturbing the overall order of the
file. You will also have learned something of the sheer fiddliness of
displaying even simple figures on the screen in well formatted form. It is
worth reviewing some of the methods used here before continuing
because in the next program we shall be dealing with and displaying
data of much greater complexity than anything encountered so far.

Going further

1) One useful added facility would be the ability to print the balance
between the two sides of the account when either side is displayed.

2) As in the previous program, if you are going to store large numbers
of items you will want to change the present user search module, which
can only page through the items one by one. Be careful in doing this
however, since the module must be able to detect the main headings as it
passes through the file, especially for the purposes of deleting. Simply
jumping through the file without regard for this need could result in
disaster.

6.3 BUDGET

We now turn our attention to the most complex and difficult program
you will encounter in this book. Budget is a powerful and flexible
financial aid which enables the user to plan finances over a 12 month
period and to examine the consequences of ‘what ...if* decisions about
income and expenditure. Intelligently used, it can provide some
surprising insights into a family’s finances over the year to come, quite
apart from illustrating some of the problems of working with large
bodies of numeric data. The arrays used by the program store some 800
different numeric values.

Budget: Table of variables

BA(1,11) Cash balance for each month.

BD(1,11) Balance of budgeted payments over actual payments.
C1(1,11) Main income.

C2(1,11) Supplementary income.

CuU
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MM
MO(1,29)
MOS$(11)
MY
MYS$
N(1)
PA(1,29,11)
PA$(1,29)
PP

PT(1,11)
R$

T(1)

TT

Y
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1€

21@26
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AUERY
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Temporary variable used in calculating cumulative
surplus/deficit.

Cursor control string used in formatting table.
Indicator showing which side of arrays is to be
addressed.

Variable used to ensure proper handling of 12 month
periods which pass beyond end of calendar year.
Temporary variable for month to start table display.
Temporary variable recording change of current month.
Current month number.

Average monthly payment for each payment heading.
Month names.

Temporary variable used in formatting money figure.
String storing formatted money figure.

Number of items on both sides of arrays.

Amounts associated with payment headings.

Names of payment headings.

Temporary variable used to indicate position of item to
be changed in array.

Monthly totals of expenditure.

Data-file separator.

Temporary variable used to calculate total amount set
aside in average budget allowance.

Temporary variable used to calculate total payments for
items included in average budget calculation.

Month number of end of year.

A8 EEMEEEEEERE R R R

1% REM DATH FILES

120 FEMEEREEEEE R R R e R

PRIMT "SPOSITIOM THFE CORRECTLY. T

HEH SRETURHS--"

216848 IMFUT

Ll U [ ]

"MOTOR WILL ZTOP AUTOMATICAL

JB%POKE 122,77 :POEE 1.39
2185 M FRIMT
21888 PRIMT
AD DARTA"
218768 IHFUT

U OMMARNDS AVATLABLE "
"B 12SAYE DATA"CPRIMT " 23L0

"BWHICH DO YOU REGUIRE: " G0

MG GOTD 21820, 21130:RETURN
2lazg POKE 1.7 FUE I=1 TO 2oaa: HEXT

21@9” OFEM 1.1,

MBEUDGET" (FRIMTH#1.MM, RE.

YIFOR H=a TO 1: PPIHT#I HOH 2
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21186 FOR I=8 TO 11:PRIMT#1.C1cH. I0.E%.C
2OHTHHEAT 1

21118 FOR I=8 TO HWoH)-1:IF PAFCH. Ix="" T
HEM PA¥CH, ITo=" "

21128 PRIMT#1,FRECH, 12 FOR J=8 TO 11 PRI
HT#1.PACH, T.. T2 HEXT J.I.H: rLUnEl FETLIEH

21128 OPEM 1.1.8,"BUDGET" : IMPUT#1.MM,%Y:F
OF H=a TO 1:THPUTH#1.HoH?

PELL4@ FOR I=@ TO 11:IMPUT#1.C10H. T2, C20H
SIDHERT T

21158 FOR I=@ TO MoHI-1

21168 THRPUT#1.PARFCH. IXFOR J=60 TO 11:IMHP
UT#1.PACH, T, T tHERT J.1

21178 GOSUE 14086 :MEXT H:CLOZSEL RETUREH

The complexity of this data-file module should convince you of the need
to save data at regular intervals to tide you over the errors which are
inevitable in entering a complex program such as this one.

MODULE 6.3.2

11080 FEMEEEEEEEEREEREEEEEEEEEEEREEEREES
11818 FEM MEHLU

11820 FEMESSEEEs s aeeisirkeins iy
11826 POKE 53281, 12 :PRINT"TI*NERDRRRBRRDES
WHOME BUDGET"

11248 PRINT "AMEFUNCTIONS AVAILABLE "
11838 PRIMT " Gil>DISPLAY MOMTHLY AMALYSI
S ]

11868 FRIMT " Z)CHAWMGES"

118va PRIMT " 23MEM BUDGET HEADIMGS"
11826 PRINMT " 4)DELETE EBUDGET HEADIMG"
11828 PRINMT " S)RESET HYPOTHETICHL FIGUR
EE‘ n

11188 PEINT " &)RESET MOMTH"

111168 PRIMT " 72DATA FILES"

11126 FRIMT " S IMITIALISE"

11138 FRIMT " 925TOP"

11146 IHPUT "WRHICH DO YOU REQUIRE:".Z
PRIMT "03",  IF 245 THEM 111e@

11158 OW Z-4 GOSUB 15606, 17000, 21000, 126
28, 11150 :G0OTO 11884

1118 PRIMT " MMeeWeTOeeeeEgl »FEAL DATA" PR
IMT "23HYFOTHETICAL DATH"

150



Chapter 6 High Micro-Finance

IMFUT "@WHICH DO YOU REQUIRE: " H:I
OF Hxz2 THEM 11178

FEINT "1":H=H-1:0H Z GOSUE 13966, 1
, 1EEEE, 2e886  GOTD 11680
4 PRIMT " CIeNINNIeNM AR RN NESSHOME B
“DHET TERMIMATED" ' EMD

A standard menu module with the addition of the facility to define
whether the real or hypothetical side of the arrays is being addressed. The
distinction between these two will be explained later.

MODULE 6.3.3

FEMB#EEEEESEREEREEREEEEREEREEER R
FEM IMITIALISE

FEMBE KRR R
CLE

DIM PHECL, 290, MO0, 230, PROL.23, 110

S110,BDC1, 110,016, 110 BACYL LD

DI Czol. 110 RE=CHREC1Z

1 DATH JAMUAEY . FEEREUAEY , MARCH, APRIL .
JHE JULY, AUGUST , SEFTEMEER

i DATA COCTOERER. HOWEMEER . DECEMBEFR.

DIM MOF. 110 RESTORE FOR I=6 TO 11:
NH$fI' HEST

IHFUT "¥EARE YOU LOADIMG FEOM TAPE
pNIRE IR =YY THEM GOTO 118606
1¢1@m THPUT "MEIMFUT HUMEER OF CLUREREMT M
OMTH:" MM MM=ME-1 Y=MM+11

12118 GOSUB 18088 GOSUB 16088 : GOTO1 16aEe

[y Ry ]
ST @

]
]

X
o
Py
X

[y iwnl -_. [ax) |_-,.l — 1)
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l'hc [} B ST B O S v ]

P e I N ]

I x§|
RN R = B N N
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Initialisation module.

MODULE 6.3.4

12008 PEMEEEEEEEEREEEEEEEEEEEEEEEEEEREE
12616 FEM IHCOME

12020 REMEREEEEEEEREREEEEEREEREERE RN
1“3*ﬁ PPIHT "TIERIMPUT MAIH THMCOME AT FOL
LOE
18a48 FOR I=MM TO Y:I1=I:IF I1211 THEM I
1=11-12

12858 PRIMT MOSCI10;" " IHFUT ""HNKRRRER]
b L CH, T10  HEAT 1

»

I!_
l

B
bl

L

Il
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13@6@ PRINT "TIMOTHER AMTICIPATED IMCOME:
2avE FHP I=ti1 7O %:11=1:1IF I1>11 THEH I
=71~
SE3E PPIHT HU$ IlJ'"i"fIHPUT ""HAPPPRRRNI
| | i

A5

e

1
1
|
|
126
This module accepts input of income under the headings of main income
and supplementary income.

Commentary

Line 18040: Whereas data is stored in the arrays in the order
January-December, the 12 month period which the program is capable of
covering can begin in any calendar month. Accordingly, the variable I1 is
used to ensure that when the twelfth month is completed, the loop moves
on to address the first month of the calendar year.

Line 18050: Note the way in which the variable H is used to determine
which side of the arrays is addressed.

Testing Modules 6.3.2—6.3.4

By inserting temporary RETURNS at 14000 and 16000, you should now be
able to input income data for the 12 months from your chosen starting
month. For the moment, stick to inputting to the real side of the
arrays—all will be made clear later.

MODULE 6.3.5

16008 REEM#SEEERERahEkke ks e e s
16818 EEM IMFUT OF PHYMEMTS

15020 REMEREEEEEEFEEEEEEREREEEEEREEEEEE
16228 PRINT "TIEnNppRRRRNSINFUT OF BILLE

156848 PRIHT”FPRECEDE HAME OF ITEM WITH A
%7 IF YOU","DOD MOT WAMT IT BUDGETED."

1668560 PEINT "M 2227 TO QUITH"

16068 IMPUT "MSHERDIMG FOR BILL:".0#F:IF

HE="ZZZ" THEM GOSUE 14888 RETUREH

16678 HOHI=HCHI+1

16628 IF HOH»=30 THEM MOHI=23:PRIMT "HO

MORE ROOM":FOE I=1 TO ZAAE:HESXT :EETUEM

16838 PAFCH HOH)~10=08 PRIMT "“MEFRYMEHTS
UHDER " 0" m"
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lel@d FOR I=MM TO %:11=I1:IF I1x11 THEH I
1=I1-12

16118 PRIMT MOFCIL: IHPUT ""RRRDRRRNRRERL"
dPHCHAHOH =1, 110 tHEST I

12128 G070 1466080

This module accepts the input of bill headings and associated amounts.

Commentary

Line 16040: The program has the facility to calculate an average monthly
figure which will cover the yearly total of payments under any payment
headings. Preceding the payment name with a * excludes the particular
payment from this process—ie it is treated as a one-off item.

Line 16070: The variable H is used to increment one or other side of the 2

element array N, which records the number of payments stored on each
side of the array.

Lines 16090—16110: Having specified the payment title, input is requested
for each of the 12 months in the period covered.

Testing Module 6.3.5

You should now be able to input a number of bills and find them stored in
the zero side of arrays PA$ and PA—again sticking to the real side of the
arrays. The temporary RETURN at 14000 should be retained for this test.

MODULE 6.3.6

14208 EEMESEEEEEEREEEEEEEEER AR
14616 FEM UFPDATE BUDGET
14020 FEMEREFEEREREEEEREEEEEEEEEREER R
14228 ToH =6
14848 FOR I=8 TO HWOHI-1BU=@:IF LEFT#.FA
FOHLTo. 10="%" THEM 148ca
1494@ FOR J=@ TO 11:BU=BU+FACH, T.J2 HEXT
TMOCH, Ta=BUA12  TOHI=TCHI+MOCH, T3
14ﬁFM ME=T 1
14@?@ TT=@:CU=6:FOR I=MM TO Y I1=I+12%C]
11 PTOH. T1 =04
148260 FOR J=8 TO HiHI-1PTCH. I12=PTiH. 11
J4FACH, T I HERT T TT=TT+FTCH. I12
1489268 FOR J=0 TO HMiH:-1:1F LEFT$CPAECH. T
2a10="%" THEM TT=TT-PARIH, J.I13 HEXT T
14188 BIOCH, T10=TOH & CT-MM+10=-TT : CLi=CU+C1
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CH, TL04+CECH T10=PTOH, I BACH, I10=C1
14118 HEXT I:RETURH

This module performs all the calculations necessary for the construction
of the table of figures we are working towards.

Commentary

Lines 14040—14060: Monthly average budget figures are calculated and
stored in the array MO. The cumulative total for these figures is stored in
the array T. The process is not carried out for payment headings
commencing with a *.

Line 14070: Note the use of the logical condition (I>> 11) to calculate the
value of I1. If I is less than or equal to 11 then this condition will have a
value of zero and will make no difference to the value of I1. When I is
greater than 11 the condition will take on the value minus one and can be
used to reset I1.

Line 14080: The total of all the bills to be paid in a particular month are
cumulated in the relevant line of the array PT. TT is used to hold the
cumulative total of these monthly totals.

Line 14090: From TT are now subtracted the amounts associated with any
items that are not to be included in the average budget calculations. TT
now contains the cumulative total of items which are included in the
average budget calculation.

Line 141000: The balance of the budgeted figure over actual payments is
now stored in the array BD by multiplying the average monthly payment
by the number of months and subtracting the actual payments on
budgeted items up to the relevant month. The balance of the two forms of
income over the total actual payments for the month is stored in the array
BA.

Testing Module 6.3.6

It is difficult to fully test this module until the module which displays the
table has been entered, but it is a good idea to enter some data since this
will call up the module and check the syntax for you. If you are confident
that the module is functioning correctly, then it is a good idea to save the
data you have input on tape.
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MODULE 6.3.7

S2A08 REMES#EEEEEEEEEEEEEEEEEEREERRERE R Y
22818 FEM FUMCTIOMAL SUBROUTIMES

22AZ0 RPEMESEEEEEREEEEEREEREREEEEREEEERR
22038 MY=IHTCRBS (MY )+ 100665 - MYE=MIDE ZTE
FOMY0 L 30 IF MYL=20800 THEM MY$="##4#4"
22848 RETURM

A formatting routine which returns a four digit number with leading zeros
in necessary. If the figure being processed is greater than £9999 it is
displayed as ‘$# # ##° to show that it is outside the range that can be
accurately displayed by the program. The program calculations are
unaffected by this.

MODULE 6.3.8

REM#RSEERERFRRREEHSHERERRRR RN
REM DISFLAY FIGURES
REMERSERREREEEEEEEEHEEEFRREE SRR
FRINT "IeNNBBRBRNNNNRFIIORYSHEET "
IMPUT"HUMEER OF MOMTH TO STRART:";M

- MiCL OR Mip11 THEN 13049
2 M1=1=1 IF MH-MI-124 (M15MM-1)<4 TH

11 =M~ 1 2K MMCS

) FRINT "I 7 T —
SR A

' PRINT" GE4@I0MTH ";

BB FORJ=M TO M1+3:PRINT "G LEFTS

%0 J+1 240 T31107,

156 MEWT 1 FRINT "igt BB G

BB PRIMNT Wi TR s

o Al

12118 FOR I=@ TO HMCHI-1:1IF I<315 THEM 13

148

13128 IMPUT "WH@RETURH® TO CLEAR SCREEM A

MD COMTIMUE: "; G4 PRIMT " i
13125 FOR J=1 TO 28

131308 PRIMT "

WIMEAT JPRIMT e

13148 PRINT " G#@";LEFT$CPA$CH. 10,120 FR

IHT ""IHUBRERBRRRDDDI" ;

13158 FOR J=M1 TO M1+3:FRINT "G@; :My=I

MTCPACH, I, J+12#¢T3110 00 :GOSUR 22830

YT RSN E X B Y]

50— T R )
ace o I U o ]
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12168 FREIMT MY$: HEST T
12178 MY=INTCMOCH, Ty G0
MYE MEXT 1
13108 PRIMT O O s
’ﬁ*”dff,ﬁﬁéfﬁﬁﬂﬁgﬁ”ﬁ“"

A INFUT "®FREESS SRETURH®E TO DISPLAY
FlHHLH’ IS 0E

13260 PRINT"SMeM" FOR I=1 TO 28:PRIMT "
17218 HEXAT I'RESTORE:FOR J=1 TO 12:RERD
HE “HEAT - PRINT "~

13z28 DATA TOTAL. BUDGET . BUDGET BAL.. .MAIH
THCOME . SUPP. IMCOME. TOTAL IHCOME

12228 DATA CASH BARLAMCE.CUM. BALAMCE
13240 FOF I=1 T0 Z:REEAD A% -FREIMT " §eES"
A%

2208 PRIMNT W e i e
" CHERT

12268 FOE=""DRNRIRRRNNRENRDR]"

2278 FOR I=M1 TO M1+3:Il=I+12%CI12110 FR
THT " &eiege”

13286 PRIMT FOf: """, MY=FT(H. 113 FEIMT
"m";IF MY<Ce THEM FPRIMT “&";

13290 GOSUE 22038 FRINT MY%: PRIMT

12208 FRIMT PO "§EE":  MY=TOHPRINT "®°;
CIF MY THEH FREIMT "&";

IqﬂIB GOSUR 22036 PRINT MY$: PREIMT

13228 PE IHT Fﬂ$ "REE" S CMY=BDOHL T2 PRIMT
o R IF MYl THEW FRIMT "&");

123320 GOSUE 22026 FREIMT MY$:PRIMNT

1334E FRIMT FOs: "§e2" . MyY=CloH, IT10 (FRIMT
"t IF MY<d THEW PRIMT "&")
B GOSUER 22030 PRIMT MY$:PRINT
3 FREIMT FO®; "§EE": MY=C20H. 110 ' PRINT
CIF MYCE THEM PRIMT "fE"

GOSUE 22838 FREIMT MY£: FRIMT

1 PRIMT FOE: "EE" . MY=MY+C10H, T10~1002
IHT "W IF MYes THEW FRIMT &Y
GOZUE 22020 PEINT MY$: FRINT

PRIMT FOE; """ MY=MY-PT(H, I10~-100
IHT “@"; IF MY<R THEW PRIMT "6
GOSUE 22056 FREIMT MY$:PRINT

PRIMT FOF: "Eeg": ‘MY=BACH., 112 PRINT
IF Myl THEM PRIMT "@&";

MT "EeE8".

FE1
SUB 22820 PRIMT

I
-ww
l’ﬂ

ORI RNy

- e -n oW OO ) - t'h
B A e 3 RN RO R e R kY]

-H!—‘m!—hl—"l‘—ll—‘l—“

[ R N A c'S_: [ RV EOAETY)
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/
12438 GOSUER 22030 FREINMT MYE: PREINT
13440 FO%$= FD£+"II.III" MEXT 1
1345@ IMPUT "®DO Y00 WISH TO REVIEW FIGU
RES MMy "i0E
12468 IF G$="Y" THEH 13@6@
12478 RETUREHN

In the last program we noted that display modules are often the most
complex of a program whose task is to present a table of data, and this one
is certainly no exception. Having said that, it should be noted that beneath
the superficial complexity this is a relatively simple module which picks up
figures which have already been calculated and places them on the screen.
It looks complex only because of the sheer number of figures which are to
be displayed.

Commentary

Lines 13040—13050: The table displays the figures for four months from
the month specified by the user. However, running over the end of the
current 12 month period would make a nonsense of the table so, if a figure
less than four months from the end of the period is input, the start month
is reset.

Lines 13060—13100: The heading of the table is printed, consisting of the
first three letters of the relevant months and a heading for the ‘average
budget’ column.

Lines 13100—13170: Payment names are obtained from the array PA$
and printed in the left-hand column. Following the name, the figures for
the four months and the average budget figure for the item are printed
across the screen, separated by graphics characters into columns, with the
previous module being used to format the amounts with leading zeros if
necessary. Fifteen lines are printed, with provision to clear the screen and
print another 15 if that is not sufficient. The program can handle up to 30
payment headings.

Lines 13210—13240: The titles for the figures given in the second part of
the table are read from the DATA statements and printed down the left
hand side of the screen—the table heading remaining undisturbed (the
budget column heading is now redundant but is not erased).

Lines 13260— 13440: Despite its length, a simple routine which, using the
string FO$ to determine the position of the column, prints the relevant
figures for each month down the screen opposite their headings. At the
end of each month’s column, five cursor right characters are added to FO$
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and the process is repeated in a fresh column for the next month. Note the
use of the red and black control characters to show whether an item is
positive or negative. Note also, in Lines 13380 and 13400, the temporary
variable MY, from the formatting module, is used to add a figure to one
previously printed. To do this the 10000 which was added in the
formatting process must first be subtracted.

Testing Modules 6.3.7—6.3.8

If you have some data stored you should now be able to display it on the

screen. To check the table (apart from the fact that it is properly displayed)

you must understand what the various figures mean:

TOTAL This is the total of all payments to be made in the month.

BUDGET The same for each month, this is the average sum that
will have to be set aside in order to cover all the
non-excluded bills in the 12 month period. An average
budget will not necessarily cover all the payments up to
any particular month (eg if all the payments were made in
the first month). This figure records whether the amount
set aside in the average budget is ahead or behind the
actual payments it is meant to cover. At the end of the 12
month period it will be zero.

MAIN INCOME/SUPP. INCOME/TOTAL INCOME
These are self explanatory.

CASH

BALANCE The difference between income and outgoings for the
relevant month.

CUM.

BALANCE The difference between total income and total payments
since the beginning of the 12 month period.

Note that there will be small discrepancies since only integer figures are
displayed, while the actual calculations are performed on the full figures.
Thus the monthly budget for a payment of £47 will be displayed as £3 but
this will not affect the proper calculation of the total monthly budget.

MODULE 6.3.9

12018 FEM CHAMGES

12838 PRIMT "TIYAENRRRRRDRRRRRRRRNEEACHANG
ES"

19848 FRIMT "AEC0MARMDS AWAILABLE:"
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15838 PRIMT " §l3CHAMGE BUDGET HERD"
19028 PEIMT " Z3CHAMGE MAIW IHYOME™
1aaye FRIMT " 33CHAMGE ADDITIOMAL IHCOME
12628 IHPUT "MMWHICH DO YO0U REGUIRE: " Q0
SOM G GOSUE 12188, 13158, 131548

13@38 GOSUE 14000 RETURM

19180 IWMPUT "MPAME OF EUGET HERD TO EE

CHAMGETD : " § CF

12118 FOR I=8 TO HoH)-1:IF QEPRFCH. T

THEH 132138

12126 PP=1:GOTO 12144

12138 NEAT I:PRIMT "MITEM HOT FOUMD":FOR

I=1 TO 28668 HEST 1:REETURH

12148 PRIMT "TIM" FAFCH.FPY PREIMT "AERIHFL

T HEW AMOUHT OF ’#3 TO LEAYE:-M"

12158 FOR I=MM TO Y:I1=I+12#%C1110

1916ﬂ PRIHT MO$CI12 FRIMT ""2hONRBRRNERR]
"IPROHLFRL TG THPUT 0

191?@ IF "% THEW PRCH,FF.T10=ALCGE
12128 HERT I:'RETUREHM

121596 IF of=2 THEW PRIMT "TFTEOMAIM IMCOME
12206 IF Q=3 THEM FRIMT "TFEADDITIOHAL
IHCOME: "

19283 PRIMT " < %7 LEAYES UMCHAMGED X"
19219 FOR I=MM TO Y:I1=I+12#%C1311)

19228 PRIMT MOECIL) PRIMT ""DBRBRRERNRRER]
12258 IF Q@=2 THEHM FRIMT C10H.I13;

13248 IF QE=3 THEM PRIMT CZOH, 113

19258 IHPUT GF: IF 0F%"$" AMD GE=2 THEM
CloH. T1a=VALCOED

122e6 IF Qe 4" AMD Qi=3 THEM C2CH.I10=
WAL CEIE D

19278 MEAT I-RETURH

If a change to an item already entered is required this module which allows
the user to specify whether the item to be changed is a payment heading,
main or supplementary income. The relevant figures are then displayed
and the user can either confirm each figure by entering a * or entering a
new value.
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MODULE 6.3.10

SOROE EEMEEEEEEEEEREEEEEEEEEREEE RSN

£e816 REM DELETE EBEUDGET HERD

ZREZD FEMESEEEEREEEEEEEEERREEREEER RN

SaEze IHPUT "MEHAME OF BUDGET HEARD TO DE
LETE: "%

ZHASEH FOR I=8 TO M(H)=1:IF O$=PAECH. I T
HEM ZBRa2a

28078 HEXT T FPREIMT “ﬂNITEM HOT FOUMD" :FO
FoJ=1 TO 2088 :HEAT J:REETURH

2BE58 HCHI=HIHI~1:FOR J=1 TO MeHI-1:PASC
H. Jo=PRECH, J+1 2

2Be9a FOR k=2 TO 11 PAH..J,EI=PACH, J+1,K
PHEST KL JIGOSUE 140086: PETUPH

This module allows any budget heading to be deleted.
MODULE 6.3.11

TEAE FEMBEEAEEEEEEEEEEEEEEEREERRREREEE

116 REM REGIZTEE MOMTH

20 REMESE$EEEEEEEEEEEEERri ks s

“M FRIMT "TI"RERBRRRRRFSAIFDATE FMOMHTH!

H IMFUT "MERIHFUT MUMBER OF CURREHT M

Mz IF Mz<B OR M22x12 THEM 17va42

S8 MZ=Mz~1:1IF M2Z=MM THEH FEETUEH

B IF Mz THEM M2=sM2+12

BOFOR I=MM TO M2:11=I+12%C111%

E FRIWMT "TI'RRERRRNRRESAIFDATE MOMTH"
A3 PRIMT "M@IMFUT IM FULL AMOUMTS FOR

ﬁT OMOFCTL A

@R FOR J=0 TO MCA~1:FREINT PRECA. JH"

"OPRCE,T, Ty S IMPUT PAHCAL T I

l?llﬂ MEAT J

17128 INPUT "MAMAIHM IMCOME:",Clc@, 110

1712@ IMPUT "GWADDITIOHAL IMCOME:".CZC@.

110 HEXT 1

17148 MH=M2+12%CM2511 0 Y=MM+11 ‘H=@: GOSLE
14866 GOSUE 156208 RETIIRH

ll-~|—t-v-~n—~h-a-

SE T

-o—-ﬂ'[txn l_\l n:; 1:3 05— |$ !Xl [ax) l_g
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The purpose of this module is to allow for changes of month. When the
user specifies that the current month has changed then new figures are
requested for each payment heading and the income types, for each of the
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months which have passed and are now to be tagged onto the end of the 12
month period. Thus if the old period began with May and the new one
begins with July, then the user will be requested to input figures for May
and June only, since these now become the last two months of the 12
month period.

Testing Module 6.3.11

You should now be able to change the figures for payment headings or
income, to delete payment headings and to change the period which the
program is set to cover. To test the last module you will need to insert a
temporary RETURN at line 15000.

MODULE 6.3.12

156060 FEMSSEEEEEEEEEEEEEREEEEEREREEERES

156816 FEM SET UP SHADOW ARRAYS

15028 EEMEREEEEEEEEEEEEREEEEEEEER R F

158268 TC1a=TI@A)

136468 FOR I=@ TO H@-1'FAECL. Io=PAREG. I
2MOCY, To=M0cE, T

156058 FOR J=0 TO 11:PACL.I.Joy=FARCB.I.J:
ME=T J.1

159866 FOR J=G TO 11:PTCL1. Ji=FTo@, Ji:EDC1
SIa=RDCE, T 010, Ja=0108, .0

156878 BACL, Jo=BACA. J3 'HEAT J:HC1=H(@):E
ETURH

This simple module is one of the most important in the program. What it
does is to copy the data you have input to the real side of the arrays, into
the hypothetical side. One of the main points of this program is that you
can choose to input data to the hypothetical side of the arrays to test the
effects of a financial decision, and this will have no effect whatsoever on
the real data.

All the operations of the program can be performed on hypothetical
data and, when you are satisfied, all you have to do is to call up this
module and the data in the hypothetical side is instantly reset to the real
data. This module is automatically called up when the month is reset,
otherwise the two sides of the tables would be working on different
periods.

Testing Module 6.3.12

In fact you can now test the hypothetical sides of all the functions simply
by specifying hypothetical data when the functions are called up. Add and
subtract items from both sides, then use the table display to check that
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neither side is affecting the other. Then use this module to copy the real
data into the hypothetical side. Note that the hypothetical side is empty on
first initialising the program.

If the hypothetical side functions work properly then the program is
ready for use.

Summary

This long program is powerful, properly used, although it takes practice
to get the most out of it. Taken seriously it can give you some surprising
information about the state of your finances throughout the year—when
things will be tight and when there might be a little to spread around,how
payments might be re-arranged to ensure a little more at Christmas or for
holidays, what might be the overall effect of a new commitment or of
increased income.

Remember, however, that this book is intended to set your 64 to work
for you. If you have successfully overcome the problems of debugging this
program then there is no reason why you should not go on to adapt it to
other uses which require flexible input and manipulation of data, together
with clear presentation in the form of tables and the possibilities of
running two sets of data at the same time. The program can be looked
upon as a foundation for putting your 64 and your new found confidence
to work.

Going further

1) The program might be more useful if you had the facility to copy the
hypothetical arrays into the real ones, once you decide to go ahead with
something you have assessed. This should only involve a tiny change to
one module.

2) Savings in the length of the program could result from cutting down the
number of arrays by packing the same amount of data into fewer but more
complex arrays. You might then be able to print the data with a small
number of loops.

3) If you wish to change only a single value for a payment or for income,
you have to work through all twelve payments. Try adding the facility to
jump into the middle of the period and to escape from the series when you
have completed the change you want to make.
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Music

One of the joys of the 64 is the way in which the quality and sheer cleverness
of the sound capabilities open up a whole new world of possibilities for
home micro- owners. In the not too distant future whole books will no
doubt be written on the uses of the 64’s Sound Interface Device (SID) chip.

The sheer complexity of the SID chip’s capabilities means that no one
program can do full justice to them and one chapter of a general work
cannot serve as more than an introduction to the almost infinite
combinations of sounds available. Having said that, however, the
program presented here is one which provides a firm foundation for future
experimentation and creation. The purpose of the program is not simply to
allow the user to input and play tunes (which it does) but to allow every part
of the SID to be directly available to the user. Most things that the SID is
capable of achieving can be done quite simply using the program as a tool.

The first thing to remember is that a normal musical note is not simply a
vibration of a certain frequency, it is in fact a combination of different
frequencies, high and low. To create a note therefore requires the input of
two separate frequencies, one high and one low. Each of the SID’s three
voices has provision for these two inputs for each note that is played. The
program must be capable of accepting notes in a way comprehensible to the
user and then translating the notes into a form usable by the SID.

Secondly, the intensity of any particular note varies in a complex way as
the note is played:

a) The first phase of the note is known as the ATTACK. This is the speed
with which the sound rises from nothing to its peak. The shorter the period
of the attack, the more twangy the quality of the note.

b) The second phase is called DECAY and during this phase the note falls
away from the original peak.

c) After this first falling away, the note enters the SUSTAIN phase, which
determines the length of the main body of the note.

d) Lastly, the note fades away in the RELEASE phase which, like the
ATTACK, can be sharp or gradual.

Different musical instruments have different qualities of tone, quite
independent from the notes they play and the shape of those notes. These
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differences depend upon the waveform of the sound produced by the
instrument.

The SID permits each of its three voices to produce any one of three
musical waveforms and another white noise waveform which is useful in
the creation of sound effects.

Of the three musical waveforms one, the pulse waveform, is itself
capable of a considerable degree of variation by changing the length of the
pulses which go to make up the waveform.

Having finally produced the desired frequency, tone and shape of note,
the SID chip allows the notes to be filtered. This means that different
frequencies within the note can be reduced in loudness, while others are left
untouched.

Music: Table of variables

F1%(3): Filter characteristics for the three voices.

HF%(2,

1000): High frequency values for each note in tune to be played.
IN: Initialisation pointer.

LF%(2,

1000): Low frequency values for each note in tune to be played.
R$: Separator for data files.

NL: Length of note.

NO%(1,95): High and low frequency values for the 96 notes available.
NT: Note value taken from Appendix M of user manual.

VO%(2,6): User-defined values to be POKEd into the SID chip to
determine sound characteristics of the three voices.

VS(: Address of the start of a voice in the SID.
WF%(2,

1000): Waveform values for each note to be played.
WW: Waveform value for each individual note.

MODULE 7.1.1

11816 REEM MEML

118280 FOKE 53221, 15:PRINT "TI"RRBBNRRERRE]
L 1 RINER A

11848 FRIMT "E@MCOMMAMDE AYAILABLE:"
11858 PRIWT “MEil »SET WOICE"

11866 PRINT "M2)FLAY PRESEMT TUME"
1878 PREIMT "M22COMPILE TUME"

11088 PRINT "MH¥2DATH FILES"

11836 PRIMT "5 IMITIALISE"

11188 PREINT "We)STOP

fary
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11116 THPUT "MEJHICH DO Y0U RERQUIRE:“;2:
PEIWT "0

11128 IFIM=@AMDZ<S THEMFEIMT "MHOTINITIA
LISED!"  FORI=1TOZ088 HEXT :GOTO 11808
11128 04 2 GOSUE 158688, 14000, 12606, 1 7000
12068, 11148: G070 110686

11148 FRINT "IN RN RRRR]
AAISIC TERMIMATED" : EMD

A standard menu module.

MODULE 7.1.2

12808 REM#SEEEEEEEEEEEEEREEEEEREERER RS
1281a EEM DATH FOR MOTE THELE

12020 FEM#REFEEEEEEEEE ek Ed e E ks
126836 FEM HOTE FREGUEMCIES

12848 DATAH 262,284,381,.3218, 337,358,273, 4
';;'1)4.- "451 4|l -~_"'.i1€

12858 DATA S26. 5968, eB82, 037, 675, V16, V52,8
@3, 851,202,955, 14912

12058 DATH 1“.2;11 36,1284, 1275, 1351, 1432
S1517, 1687, 1763, 1204, 1911J2ﬁ°°

12878 DATA 2145, 2273, 24688, 2 Slad?ﬁq;ﬂﬂ =L
23834, 3&1-'-4H6-56-Uu“357'4w

12026 DATH 4291.,4557,4817 lﬁ?;J4Bra e
SERARS, 5438, 6212, 7217, 7647 81“1

18834 DATH 2523.28%4, 3534, 18287, 18214, 11
457,12133, 12268, 13623.144;4;1“”94 16203

12198 DATA 17167,18138, 19263, 20415, 21523
-"411-24"ﬂ-257: ,27331,29?5 L3528

13118 DATA 32487
15120 DATA 34334, 36376, 35
45830, 49556, 51443, 54502,
12138 DATA £4514

539, 48220, 42238
SY743.61176

The data in this table is simply a shorthand way of entering the high and
low frequency note values. Each number represents 256 times the high
frequency note value plus the low frequency value.

MODULE 7.1.3

165



The Working Commodore 64

12000 REMBEFEEEEEEEEEEEEREEREREEREREELES
12016 FEM SET UF THELES

12020 REMESEEEEEEEEebrEER e i iRk iren
12638 CLE:DIM MOXC1,35 FOR I=0 TO 33°'RE
AD MM :HOXCE, Tr=THT CHH 2560

12046 HOXCL, I2=HN~-256#THT CHH/ 2560 HEXT
12850 DIM MH”fJ:h,aFI/fj) LF¥e2, 18685 HF

._.
Ll
=
o=
=
—_t
T‘
e
‘{l
4:0‘0
1]
_..
I
ey
«}
)..n
lxl o

12050 ﬁuTﬂ 118Mﬁ

The use of the main variables defined here is explained in the table of
variables.

Commentary

Lines 12030—12040: High and low frequency values for each of the 95
notes are read and decoded. They cannot be stored in single number form
in the array, since it is an integer array and can only hold numbers up to
32767. The note values are placed into NO%(0) for high and NO%(1) for
low.

Testing Module 7.1.3

After calling up this module, you should be able to read from the table high
and low frequency values approximately the same as those in Appendix M
of the User’s Manual. Note that they will not be exactly the same since the
values used here are taken from the Programmers Reference Manual
whose table differs slightly.

MODULE 7.1.4

15000 EEMBEEEEEEEEREEEEEEEEREEEEREEREESY
19618 REM WOICE SETTIMGS

159020 REMEXFEEEEEEEEEEEEREREEEEEEEEEERER
15828 IMPUT "TIRWOICE HUMBER <1-Z0:"iW:1
F oWl OR W23 THEM 15830

A48 WE=S4272+7 ¥ ~10

PRINT "TT*RRERRRRERRESD/OICE" Y
FEMESEEFEEEEEEREEEEEHEREREERREEES
Ti#="PULZE WAF MWIDTH (LOW:B-2550:"
FRIMT "m":T1$:W0HM-1.20; Qg=""
IMPUT Q% IF O$C:"" THEM YOXOM-1,20
At
REM##EEEEEEEEREREEERFEEEEHEREEEEE
Ti#="PULSE W/F NIDTH (HIGH: @-150:"
A PRIMT T1g:%W0ROW=-1,52 AWMD 15 tQg=""

~. x‘_-':! [ B R B

Wigen - N encnCn

— e TN O S
PR W0 O

n_;._ng
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15130 THFUT GF:IF @343 THEM YORCY-1,3)
=WALCRE

15140 REMESEEEEEEREEEEERERRRERRRRRRRANRN
15158 T1$="RAHDOM MOISE WAF ¢ 1=0M/@8=0FF )

151668 PRIMT T1$; (WOHoW-1.40 AMD 1285/1282
.; : |:J'$=Il n

13178 IMPUT QF: IF GFC"" THEW VYORY-1,40
=OM0NCY=-1.40 AMD 1282 OF (WAL CRF #1290
15150 FEMESSEEEEEEEa s e iis e eaersss
15158 TiF="PULZE W/F C1=0M-B=0FF>:"
15208 PRIMT T1$: (MOK-1.40 AMD 2407645
I:j.i:.:ll "

13218 INFUT % IF Q8" THEW YOROWY-1,42
=OMORCY~1.40 AMD 133 OR CVMALCCEIESS)
15220 FEEMESEEREEEEEEEEEEEREREEEREREREEEE
15238 T1$="SAWTOOTH L-F o1=0MN/8=0FF):"
15248 PREIMT T1$, cWVORW=-1,4 AMD 320432,
G!$=ll n

15258 INPUT QF: IF OFC"" THEW WOROW-1,42
=M =10 43 AMD 2220 OF VAL CUEN 33
132608 REMEREEREEEEEEREEEEEREEEEERERER N
13270 T1F="TRIAMGLE W/F (1=0M/8=0FF3:"
%2289 PRIMT TifioWOndW-1.40 AMD 1637168,
';'. :!l 1"

15298 INPUT aF:IF Q5"" THEM WOHOM-1.40
=CMORCY=-1,40 AMD 2230 OF YALCKEI$1Y
15208 REMEEEEEEEEEREEEREEEEEEEREEEEEESE
15205 T1#="DISHELE THIS WOICE C(1=YES-/8=H
l:':' : "

15218 PRIMT Ti#; (WOROY=-1.42 AMD 20735 0%
15228 INPUT OF:IF OF3"" THEM WOROW-1.42
=M -1.40 AMD 2463 OF WAL CCE) *3

157338 REMEEEREEEEEEEEEEEEEEEEEEEORRERES
15248 T1$="RING MOD."+STEFMO+" WITH"+ST
REC-1~3%CY=100+" (1=0H/B=0FF "

15258 PREIMT Tif:WOKoW=1,40 AHD 459, 0%
15260 IMPUT oF:IF QF5"" THEN WORoW-1.42
=CMORCY-1,42 AMD 258 Ok YALCUEO#D

15378 REMEEEEEEEEEEEEEEEEERERERREERERERE
15220 T1$="SYNCHROMISE"+STRECW 2+" WITH"+
STRECY~1-2%CY=100+" (1=0M/B=0FF 2 - "
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159398 PREIMT Ti$: MONOM-1.40 AMD 20720 0%
15488 IWHPUT 0% IF Q&I2"" THEM WOKOW~1.40
=CWM0WOM=-1,40 AMD 2533 OF WALCDE %2

15418 REMEE$EEFEEEEEEEEEEELEREEEREEEEEY
15426 T1#="ATTACEK CYCLE (@-15>:'

15428 PRIMT T1$: (WOHOY-1,50 AMD 2485716.
: G!t:'l "

15448 IMPUT Q% IF Q$C"" THEM WOXOW-1.50
=CM0ROY=-1,5 AMD 15> OR YALCOEI#1G

15450 EEME##EEEEFEEEEEEEEEREREEEEERELES
12460 Tis="DECAHY CYCLE C@-1%5H:"

19478 PRINT T1£:MORW-1,50 AND 15 QF=""
15428 IHPUT 0 IF OFC:"" THEM WOROW~1,50
=OW0MOY-1.590 AMD 248y OF YALCGED

15458 REMERSEEEEEEEREEREREREREEREEEREEEE
15208 TiF="SUSTAIW CYCLE c@-155:"

19518 PEIMT T1£:oMOROW=-1,.680 AMD 2467715,
: ';!$=I| ”n

15528 IMPUT QF:IF QFI"" THEM WORoW-1.80
OV OM=-1.80 AMD 152 OF YALCGEI#1S

15520 REMEEEEEEEEEEEELEEREEEEEREEEEEERE
15546 Ti$="EELEASE CYCLE C@-150:"

15558 PRIMT TiF,WwOKoW=-1.60 AMD 15, GE=""
135660 IMPUT RF:IF Q""" THEW WOHOW-1.680
=0WOmOM=10680 AMD 2483 OF YALCDE

15578 REMEERkEEEEEEEEEEEREREREEREEEEEES
12528 TiF="FILTER LOW CUTOFF C@-7a:"
19590 PRIMT T1$:FIXCa) AMD 7. Gf=""
15688 IMPUT Q%:IF QF"" THEM FIN(B)=(FI
wriEay AMD 2420 OF VALCDED

1596180 REMEE$EEEEEEEEEEEREREEEEEEEEEERES
19620 T1$="FILTER HIGH CUTOFF (@-2555:"
1563238 PRIMT T1£,FINOL: Qg=""

1?64@ IMFUT % IF Q&C-"" THEM FIXC12="AL
CoED

15658 EEMESEEEEEEEEEEEEEEEEEREEEEERERES
159668 T1$="FILTEF RESOMAMCE c@~15n:"
195678 PRIMT T1E:(FIWC2) AMD 248016, (Qf=
1596560 IHPUT Of:IF QFI:"" THEM FIXNC2oi=(FI
“e2d AMD 150 OR YALCRE#1E

15638 FEMESEEEEEEEREEEEEREEEEREEEEEEREE
15708 Ti#="FILTER THIZ YDICE ¢ 1=YEZ. B=H(
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:'j:"
15718 PREIMT T1£:(FINC2Y AMD ZToW-100.21C
Wl i Rg=nn

15728 IMPUTOF: TFO$"" THEH FIXKc2i=C(FIxC
20 AMD (2EE5-2TCM=-1020 OF VALCOE 2 10W-10
157328 PEM##*#####%#***########*********
157480 IF W< 3 THEHW 1572@

157358 T1$'"P”T~DFF VOICE 3 C1=YES/8=H0D:

15768 PEIMT T1#$:(FIXCZ2 AMD 1238371285 (¢

15778 IMPUT o IF Q" THEM FIXCZi=(FI
020 AMD 1270 OF WALCOE #1223

15728 PEM+###¥###++#*¥*#*#####¥#*######
15798 T1$="HIGH-PHSS FILTER «1=0MH/0=0FF2

15203 PRIMT T1%,CFInc3) AHD 843/64, Q="

2810 IMFUT QF:IF QFC3"" THEM FIKC3)=C(FI
£33 AWMD 191> OR YHAL(QF) %64

DEZE REMEEEEEEEEEEEEEEEEEEEREEERRFHRERSE
5228 T1$="EBEAMD-FASS FILTER (1=0H/0=0FF>

-Hl—‘;\:)—‘

2548 PRIMT T1£,(FIAC2d AND 320732 (OF="

5258 INFUT o IF Q""" THEM FINC20=0(F]
L3y AMD 2233 OR VAL COEH #1322
1 e PEH*#f##f#é*#**###*##*###*####***

159 @ PRIMT T1%; (FIXC3) AWD 183/715; Q="

15229 IMPUT Q%:IF @%:"" THEM FISCZi=(F]
w3 AMD 23283 OR YALCRED#1G

15900 EEMESEEEEEEEEEEEEEEEEEEEEREEEEEE
15219 Ti%=""OLUME SETTIHG (@-135:"

15920 PRIMT T1$:FIXKC(Z) AND 15 :CiF=""
15930 IMPUT @F:IF Q2%4>"" THEM FIXCZ2)=FIx
C3y OR WAL CRED

15348 FOR I=0 TO &:IF WOXOW-1,123253 THE
M GOTO 1537@ MEST

15956 FOR I=8 TO 3:IF FIXCI»>235 THEM GO
TOD 15374 :HEXT

15%€8 RETLUREH
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15973 PRIMT "SORRY! THERE Z AM EEEQOE IH
YOUR IHFUTY

15980 PRIMT "PLERSE GO THROUGH THIZ YOIC
E AGAIM."

15998 FOR I=1 TO 2086 HNEAT:GOTO 156966

Though this module looks dauntingly long, it is in fact extremely simple.
Its purpose is to allow the user to address all the relevant functions in the
SID chip separately. The values are then stored in the arrays VO% and
FI% until such time as a tune is to be played.

Commentary

Lines 15030—15040: V is set equal to the voice number which the user
desires to set. The address 54272 is the start of the SID chip, with the main
parts of each voice taking 7 bytes of data, so that the start position of the
relevant voice is calculated by 15040.

Lines 15060—15130: These two routines set the pulse width if the user
wishes to use the pulse waveform. The current value of each is displayed
and is left unchanged if RETURN is pressed.

Lines 15140—15170: This routine sets the random noise waveform for the
voice. Notice that here we are addressing, not the whole of a byte in the
computer, but one bit (there are eight bits, or on-off switches, in each
byte). In order to do this we make use of the AND and OR functions. To
show whether a particular bit is set we print the value in the array ANDed
with 2 to the power of the number of the relevant bit—the bits being
numbered from 0 to 7 in increasing value from right to left. If the bit is set
(on) then the same value is returned, if it is not set then the value zero is
returned. In order to render the value returned either a zero or a one, it is
divided by 2 to the power of the bit number. To change the value of the
desired bit requires that the value of the whole byte is ANDed with
255-2[bit number.: this results in the desired bit being set to zero, and all
others being unchanged. The individual bit is now ORed with the 1 or 0
input, thus setting its value to either 0 or 1 as desired.

Line 15170: Note that though the bit we desire to set is number 7 (value
128), we actually OR the byte with 129, thus setting bit 7 and bit 0. This is
because the waveform values do not actually produce a tone unless bit 0 is
set.

Lines 15180—15290: These three routines perform the same function for
bits 6-4, the three other waveforms.
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Lines 15300—15400: These two routines allow the user to modulate the
output of this voice with the waveform and note shape of another voice
with often surprising results. The other voice need not be set to actually
play, but it must have waveform and note shape values entered. The use of
these two functions will only be discovered by experimentation.

Lines 15410—15560: These four routines allow ATTACK, DECAY,
SUSTAIN and RELEASE to be set. Note that in these routines, instead of
setting individual bits, we set groups of four bits. ANDing the byte value
with 240, then ORing it with a value from 0-15, acts upon bits 0-3. ANDing
the byte with 15, then ORing it with a value (0-15)*16 acts upon bits 4-7.

Lines 15570—15680: The frequencies at which the SID’s filters operate can
be set by the user using these three routines. These values will then apply to
all voices for which filters are set.

Lines 15690—15890: The remaining sections allow the user to set the three
types of filter available either to on or off. The high pass filter passes
unchanged frequencies above the previously set value. The low pass filter
performs the same function for low frequencies. The bandpass filter
allows through a band of middle range frequencies. If all three filters are
set then the volume of the whole note will be reduced. The user has the
choice of whether any particular voice will be filtered or not.

Lines 15730—15770: In the case of voice 3 there is a special bit which allows
the output of the voice to be cut off.

Lines 15910—15930: The volume at which notes are played is set for all
voices simultaneously.

Lines 15940—15990: Since there are no error checks on the input of values
up to this point, the contents of the arrays are checked in order to
determine that there are no values greater than 255, since trying to POKE
such a value into a single byte would result in the program stopping.

Testing Module 7.1.4

It is not possible, at this point, to fully check the module, since there is no
routine to actually play a tune. However a reasonable check can be made
by carefully noting the inputs made and then, with the help of the listing,
printing out the values in the arrays VO% and FI% to check that they
correspond with what has been input. For instance, if the maximum value
is input for each prompt, with the voice being set to 1, then VO% (0,2-6)
should contain 255.
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MODULE 7.1.5

°@Jﬁ FEM#FEEEERERREREEREEREEEEREERRE RS

@1lEa FEM SET UF TUME IM ARRAY

120 REMAREEEEEE SRR ERERRREE AR A

P38 FESTORE :FOR I=8 TO 25:FEERD A:HEST

A48 TL=a:FOR I=@ T0 2:4Wl=1

SR READ MT.HL:IF MT=8 THEM 13148

£O WW=VORCT 42 IF MT<@ THEN MT==HT i

& @ D v N ] 1_\1

— 0 0] z.._u I LD u_’l l

HT=12$IHTiHTKlE)+HT-16*IHTiHTH16‘
IF HL<>1 THEM 12834
HF"'I~'.’L MO A, HT o tLFRCT Y HD"'
T PWFRCT WL =W YL =YL+ 1 1 GOTO I’B
3090 FOR J=1 TO HL-1:HFZ(I, YL »=HO fﬁ HT
TLFECT WML =HDE L MT 2 WFR T WL =1
31ﬁ@ WML=WL+1 THEST T'
2110 HFRCT WL a=HOECa, HT 3 LFRCT WL =0
tT'ZNF."."I WL a=bil- 1 l"L=‘-'~‘L+1

128 IF WFRCI,YL-15<8 THEM WFHECI.WL-10=

e v x"~‘|
20~ l'l‘.
R I_\J [y |

L 0 00

-
-t

- 0) -

s
=

3128 GOTO 134568

14f‘| IF WLZTL THEMW TL=VL
1 3158 MEXT 1

13158 RETURH

This module takes the tune specified by the user in the form of data
statements, and compiles it into a form which is playable by the SID. The
reason that this is necessary is that it allows the program to cope with
different note lengths. The actual notes played by the program are all the
same length, dictated by a timing loop. Longer notes are played by running
together a series of notes to the required length-no division between the
individual parts of the notes is discernable. Note lengths can vary from
voice to voice but obviously must be such that all the voices being used are
co-ordinated.

To set up the data for a tune, all that is necessary is to record, for each
note, its number in Appendix M of the User’s Manual, and its length. The
units in which length is recorded will depend upon the shortest note it is
desired to play. By shortening the timing loop at Line 14180 it will be
possible to play shorter notes, but this means that longer notes will have to
be made up of more of the shorter units. The drawback to this is that each
individual unit of a note, no matter how short or long the timing loop
makes it, takes up a space in each of the arrays LF%, HF% and WF% so
that as the timing loop shortens, so the memory required to hold a tune of a
given length increases proportionately.

H’_‘p—h’-ﬂ‘_&.—d‘—tsap]—h‘—b’—l’-‘ “)—s)—l...a,—n’_s.—sy_n

YRR R

172



Chapter 7 Music

Commentary

Line 13030: As the voice settings and note values are changed during the
development of the tune, it will be necessary to read the tune data several
times. Since the table of note values is placed before the actual tune data, it
is necessary to reset the DATA pointer using RESTORE and to READ
through the note table to the beginning of the tune data each time. The
DATA pointer cannot be set to any particular desired point in the
program, it can only be reset to the beginning of the data or left pointing to
the item of data following the last one read.

Line 13040: This loop will ensure that the tune data for each voice is
compiled. The variable VL is used to store the length of the tune for each
particular voice.

Line 13050: Note value and note length (NL) are read from the tune data. If
the note value is zero, then the program takes that voice’s data to be
complete and moves on to the next.

Line 13060: The value for the waveform of the current voice is read from
the array VO%. If the note value is a minus number, then the waveform
value is reduced by 1, thus turning off bit zero of the waveform value,
which will give a silence of length NL rather than a sounded note.

Lines 13070—13080: If note length is 1, then the high frenquency and
waveform data are stored in the relevant arrays and the voice length is
increased by 1.

Lines 13090—13130: If the note length is greater than 1, then NL-1
successive spaces in the array are filled with the frequency and waveform
values. On the last unit of the note, the waveform value is reduced by 1,
thus allowing the note to fade away naturally. If no data other than 0,0 are
entered for a voice (ie you do not wish to use that voice) then it is possible
for the waveform to have a value of -1, which would stop the program if it
were attempted to POKE it in. Line 13120 checks that this does not occur.

Line 13140: The length of the tune for the current voice (VL) is compared
with TL, which contains at first zero and, subsequently, the length of the
longest voice/tune. This ensures that, when the tune is played, it does not
stop before the full content of each voice/tune is exhausted.

Testing Module 7.1.5

Once again, this module cannot be fully tested until the tune is actually
played. However, if some tune data such as that given in Module 8 is
entered, with a waveform set for at least voice 1, calling up this module
should place the correct high and low frequency values into HF% and
LF% and the waveform values into WF%.
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MODULE 7.1.6

14856
146108
148268
145328
14840
14@56
14856
14674
14624
14090
14104
14118
14126
14120
14148
14156
01,10
1418
4 T
14174
1,10
14180
14129
14204
23,1

14216

F'DVE ._I4F:"3b ] L.Fr- 2 I '
‘FOKE
'FOKE

FEMAEEEEEEEEEEEEEEEEEEFEERER RS
FEM FLAY TUME
FEM#EREEEEEEEREEEEEEEEEEEEERRF LR S
FOR I=342ve TO 34236 FOKE 1.8 HE-T
FOR I=a TO 2'”5—54J?2+“¥I

FOEE MWo+2, W00 T,
FOKE WES+2, 08T,
FOKE ¥S+5;VUH(I
POKE WS+6,W0RCT,
MEXT 1

POKE 24283, FInCAn

POKE Z4234,.FInClD

FOKE 24223, FINcz)

POKE S429a,FIHCE)

FOR I=1 TO TL

FOKE 4LTL-LF&‘@ Iy FPOKE 54273,

L
PORE 54220, HF =

1’71 l_l'l !' 'l

S427 3, HF 7@, 13
54287, HFH(2, I
54276, WFHCE, 1
S42R, WFHCZ, T
FOR TT=1 TO 2@:HEAT TT.I

FOR TT=1 TO 206:HEXT:POKE S4295.6
POKE S4276.1 FOKE 54283, 1 FOKE 542

FOKE

FOKE TPOKE 542873,

FETURM

This module POKEs the voice characteristics set in Module 4 into the SID,
then successively POKEs in the high and low frequencies, together with the
desired waveform to produce the notes that make up the tune.

Commentary

Line 14030: The SID chip is initialised by POKEing zero into each of its
locations.

Lines 14040—14090: The voice settings specified in Module 4 are POKEd
into the SID.

Lines 14100—14130: Filter settings are shared by each voice, they are
POKEd in only once.

Lines 14140—14180: For each note, up to the tune length (TL), the high and
low frequency values are placed into the first two bytes of each voice
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location of the SID, followed by the waveform into the fifth location of
each voice. This activates the desired note, which is played for as long as the
loop at 14180 lasts.

Line 14190: At the conclusion of the tune a slightly longer loop is used to
allow the sound to die away, then the three waveforms are set to silence.

Testing Module 7.1.6

Quite simple. If you have entered some tune data, initialised the program,
set at least one voice and then compiled the tune, you should now be able to
play your creation. The specimen data given in Module 8 plays a scale of C
with the first two voices.

MODULE 7.1.7

17RE0 REMBEEREEREREREEE AR AR
17618 REM DATA FILES
17020 REMEREEEEESREEREEERREERRERRRANA
17428 IHPUT "XWFOSITION TAFE THEN SRETUR
31 ST
17648 FRIMT "WEil)SAYE":PRINT "23L0OAD"
1?@5@ IMPUT "@MHICH DO YOU REGUIRE: "0
B O G GOTO 17878, 17136 RETURN
j78 OPEN 1,12, "MUSIC! SPRINTAL, TL
28 FOR 1=8 TO 1:FOR J=8 T0 55:PRINT#1
(1.J5 HEZT J.1
FOR I=@ TO 2:FOR J=0 TO &:PRINT#1.
TV HEAT T 1
1 B FOR I=9 TO 3:PRIMTH#1,FIZCIY:iHEAT
17110 FOR 18 T0O 2:FORJ=BTOTL PRINTH#1,LF
2L, T RE HFR L, T RE WFHC L T HEXTT, I
17126 CLOSEL:RETURM |
17120 OPEM 1.1.8, "MUSIC": INPUT#1.TL
17143 FOR I=8 TO 1:FOR J=@ TO 95: INPUT#1
JHORCTL T i HERT 1,1
1(1 @ FOR 1= TO 2:FOR J=@ TO & IHPUTH1.
WORCTL T3 HERT J.1
17160 FOR I=@ TO 3:INPUTH#1.FIZCI):MEAT
17170 FOR I=@ TO 2:FORJ=@TOTL: IMPUT#1.LF
2L Ty HFR L. T WFRC T, T i HERT T, I
17188 CLOSEL:RETURH

=4

)—l- "-' [ax] l__l =R
.u =l Ch

i )
s il Bt |
B e \I,D
HlD

Ay

This is a standard data-file module which allows the tune data to be stored
on tape.
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MODULE 7.1.8
159000 REMESSEESEEEEEEEEEREREEEEEEEEEREEY

196168 REM DATA FOR YOICE 1

19920 REMEEESE5EE0EEEREEREEREEEEEREERER

19930 DATA 34,2,24.2,39,2.41.2.42,2,33.:1
s38.1,326,2.48.1.48.,1.08.9

2O0E0 EEMAREFEEEEEEEREEREREEEEEEEEEEEEN

20@1e REM DATA FOR WOICE 2

ZABZE FEMEEEEEEEEEEEFREEEEEEREERRRREEES

2E020 DATA 36.2.38,2.49,2.41.2,43,2,45.2
,47,2.48.,2,8.8

21080 REMEREEEEEEEEEEREEFEREEEEEEREEAES

21219 REM DATA FOR %WOICE 3

21020 REMESEEEEEEEEEEEEEFREREERRFEER RS

21828 DATH 4.4

Commentary

Lines 19000—21030: Specimen data to play a scale of C. Note that if you
wish to use a voice you must still enter 0,0 for it.

Summary

This program will only be the beginning of your adventures with the 64’s
sound capabilities. It is a workhorse which will allow you to develop your
own music, which can then be transferred to other programs, using only
the arrays in which it is stored and Module 6, which actually plays the tune.

Going further

Provided that you do not run into too many limitations of memory, there
are several ways in which this program could be extended:

1) Why not give yourself the ability to enter the waveform for each note,
rather than simply for each voice? It is simply a matter of including a third
value for each note to be played.

2) If you want to play longer tunes, why not adapt the program so that it
uses a variable length loop to dictate the length of the note,thus saving
massively on the amount of array space needed. All that would need to be
stored in the final array would be the note value and its length, the latter
being used to dictate the duration of the timing loop. Unfortunately this
can only be done for one voice, since the timing loop dictates the length of
the note for all three voices.

3) If you want longer tunes with more than one voice, what about giving the
program the capability to compile parts of a tune which can be picked up
later by a playing program which has no need for the memory consuming
DATA statements.
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The Working Commodore 64 is based
on a collection of solid, sophisticated
programs in areas such as data storage,
finance, graphics, household
management, education and games of
skill. The programs have been desighed
to make the most of the CBM 64’s
special features.

Some of the more advanced programs
include a word processor and text
editor, a music and sound synthesiser
program, a sprite editor and a program
which allows the user to enter high
resolution graphics mode. This is not
available in the standard Basic.

Each of the programs is explained in
detail, line by line. And each of the
programs is built up out of general
purpose subroutines and modules which,
once understood, can form the basis of
any other programs you need to write.

Advanced programming skills spring out
of the discussion explaining each
subroutine. The collection also leaves
you with a wide range of practical
applications programs which might
otherwise only be available on cassette.
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computing and is a regular contributor
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