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Introduction 

The Commodore 64 computer has many facilities which you can use 
for a variety of applications in the home, at school, in offices and 
laboratories - wherever you have a mains point and a television set. 

As soon as you switch on your Commodore 64, you will have 
access to the BASIC programming language; BASIC stands for 
Beginners All-purpose Symbolic Instruction Code. You will be able 
to write useful programs in BASIC very quickly by working through 
this book. No knowledge of computers or programming is assumed 
and the many exercises and problems (with answers in the appen­
dices) will help you to progress at your own speed. 

An attractive feature of the 64 is its colour capability. You will 
learn about colour and easy-to-use animation techniques early on in 
the book so that you can introduce these facilities in any of the 
programs. The 64 also allows you to program a variety of graphics 
and sound effects, including the music synthesiser. Sample routines 
are given in this book to illustrate how to program these effects, and 
you can include these in your own programs. 

The applications dealt with in this book include: 

colour effects, animation and sprite graphics; 
sound effects and Morse trainer; 
cost calculations and mortgage calculations; 
stock file processing and simulation; 
processing scientific and engineering data; 
simple and more complex mathematical calculations. 
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These by no means exhaust the types of application for which you 
can use the 64. Once you have mastered these simple applications 
you will be able to start using your 64 for more sophisticated tasks. 
For example, the user port on the 64 can be used to control models 
and scientific equipment. You can obtain further attachments for 
your 64, such as joy sticks and paddles for games and control 
applications. 

For more advanced business applications, a disk unit and printer 
can be plugged into the 64. The use of these units is discussed in later 
chapters in the book, and illustrated by a comprehensive stock 
recording program. 



1 

Introduction to Computers and 
Programming 

1.1 Basic functions and units of a computer 

An essential function of a computer is the ability to store the set of 
instructions required to process a particular task. This set of instruc­
tions (the program), which is prepared by a programmer, has to be 
held in the computer's store (its main memory) while the instruc­
tions are followed. 

Each computer has a fixed instruction set which it can execute. A 
control unit selects the instructions, one at a time, from the memory, 
decodes or interprets them and causes the computer to carry out the 
instruction. If the instruction requires an arithmetic operation to be 
performed then the control unit transfers the necessary data be­
tween the memory and the arithmetic and logic unit. 

The main memory. arithmetic and logic unit, and control unit 
comprise the central part of the computer, and together are known 
as the central processor. 

Input and output peripheral devices, linked to the central pro­
cessor. are used to insert programs and data into the computer's 
memory and to output results from there. Typical input devices read 
and decode patterns of punched holes on cards or paper tape. or 
sense marks optically or magnetically, and transmit this information 
electronically to the central processor. Alternatively, the infor­
mation can be keyed in directly from a keyboard (similar to that of a 
typewriter). Results may be displayed on a television screen or 
visual display unit, or. if a 'hard' copy is required, printers are 
available which print either one character or a complete line at a 
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time across a page. Graph plotters may also be used as output 
peripherals. 

Programs may be stored magnetically on backing or secondary 
storage devices, and these can then be read back into the computer's 
memory when required. On large (mainframe) computers, mag­
netic disks and tape arc used for this purpose, while on the smaller 
microcomputers the equivalent devices are floppy disks and cas­
settes which hold less information and transfer it much more slowly. 
Other forms of secondary storage, such as magnetic bubble memor­
ies, are also available. 

Secondary storage devices are also used to hold files of data 
records. These are transferred to and from the computer's memory 
under program control for file processing applications. 

Figure 1.1 shows the basic units of a computer, the flow of data 
and control links . 
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1.2 How information is held 

A computer is largely made up of a number of two-state devices. 
The 'off' state of the device may be considered to represent a 0 and 
the 'on' state a 1. A numbering system comprising only Os and Is is 
called a binary system. Different patterns of these binary digits (or 
bits) may be used to represent a character set and ranges of 
numbers. 

Numbers are represented in the computer's memory as a com­
bination of bits. The number of bits available to represent a number 
varies with the computer used. When using BASIC, most systems 
will work in floating point arithmetic, in which numbers are held as a 
mantissa and an exponent. For example, 6 x 103 = 6000, has a 
mantissa of 6 and an exponent of 3. 

1.3 Programming a computer 

Each family of processors has its own instruction set which is likely 
to differ from that of other processors. This means that a particular 
processor is onl y capable of understanding its own set of instructions 
in binary code. 

The computer's memory can be considered as consisting of a 
number of cells capable of storing binary patterns representing 
program instructions or data. Each of these cells is uniquely num­
bered so that reference can be made to particular memory cells, 
either to select a program instruction or data, or to write data into a 
certain memory cell. 

As an example of how programs are written in a computer's own 
code (machine code), it will be assumed that two numbers are held 
in memory cells 5 and 6, that these are to be added together, and the 
result stored in memory cell 8. The addition will be performed in a 
storage location called the accumulator, so the first instruction 
needs to load one of the numbers into the accumulator. The second 
instruction adds the other number to the number in the accumu­
lator, which will then contain the sum of the two numbers. The third 
instruction stores the contents of the accumulator in the required 
memory cell. 

The binary codes for these instructions for a typical processor are 
shown in Table 1.1. 
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Table 1.1 Machine code instructions 

Instruction 
1 Load number held in memory cell 5 

into accumulator 
2 Add number held in memory cell 6 

to number in accumulator 
3 Store number held in accumulator 

in memory cell 8 

Machine code 
10100101 0101 

01100101 0110 

10000101 1000 

In one program run, memory cells 5 and 6 could have been set to 
70 and 25, respectively. After the three instructions in Table 1.1 
have been obeyed, cells 5 and 6 would still contain 70 and 25 and cell 
8 would now contain 70 + 25 i.e. 95. The same program could be run 
again with different data in cells 5 and 6 (say 43 and 12), which 
would result in cell 8 having its previous value of 95 replaced by the 
new value of 55. 

1.4 Programming languages 

As you have seen, programming in the computer's own machine 
code requires that the instructions and data are given to it in binary. 
Writing down and keying in a series of Is and Os is time-consuming 
and prone to error. An alternative way of expressing the instruc­
tions is to use mnemonic codes. For example, the command to load a 
number from a memory cell could be written as LDA instead of, 
say, 10100101. Also the memory cells could be given symbolic 
names instead of referring to them by their actual numeric (binary) 
addresses. 

This type of programming language is used when it is necessary to 
have close control over the functions of the computer. Languages 
which use such mnemonic codes are known as assembly languages. 
Each assembly language instruction usually corresponds to an 
equivalent machine code instruction. The translation of the assem­
bly language program into machine code is carried out by a machine 
code program called an assembler. 

High-level languages have been devised which allow several 
machine code instructions to be expressed in one statement. BASIC 
is such a programming language as shown in the example below: 

LETC = A + B 
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is a BASIC statement which causes the two numbers, held in 
memory cells A and B, to be added together and the sum stored in 
memory cell C. This is the same problem which previously required 
three machine code or assembly language instructions. 

However, neither assembly language nor BASIC programs can 
be understood directly by the computer. BASIC programs need to 
be translated into machine code using a compiler or interpreter. The 
basic difference between these two is the stage at which the trans­
lation from BASIC into machine code is performed. Using a 
compiler, the translation is done before the program is executed; 
this gives speed advantages over an interpreter which performs the 
translation process as it executes the program. The Commodore 64 
BASIC interpreter is particularly suitable for first-time users be­
cause it has been designed so that programs can easily be altered and 
corrected. 

1.5 Microprocessors and microcomputers 

The development of microtechnology has opened up the use of 
computers to many more people than was previously possible, and 
has changed the way many applications can be handled. In addition, 
the compactness and low cost of microcomputer-based systems are 
making possible new applications. 

Microelectronic devices (integrated circuits) are made from 
wafer-thin pieces of semi-conductor material, such as silicon. A 
small chip of silicon, a few millimetres square, can contain a very 
large number of electronic components built into circuits. 

Integrated circuits (ICs) which have a wide variety of processing 
and storage functions are available. Today it is possible to have all 
the circuits needed for a microcomputer on a single semi-conductor 
chip, which is about the same size as the early ICs that contained 
only a few components. Large Scale Integrated circuits (LSls) 
contain many thousands of components. 

In a microcomputer, the chip performing the functions of the 
central processor is called a microprocessor. The microprocessor 
performs the following functions: 

Synchronisation of processing events and instruction decoding 
(control unit); 



6 Computer Programming with the Commodore 64 

Temporary storage of addresses and data (registers); 
Arithmetic and logic operations (arithmetic and logic unit). 

Further information is given in Microelectronics and Microcom­
puters, by L. R. Carter and E. Huzan (Teach Yourself Books, 
1981). 

Your 64 contains Commodore's own 6510 microprocessor and 
three other Commodore special-function devices: two video inter­
face controllers (devices 6566 and 6567), and a sound interface 
device. SID (device 6581). The video interface controllers inside 
your 64 are special devices which control information, such as 
colour. displayed on the screen. The sound interface device is a 
three-voice electronic music synthesiserlsound generator. These 
devices can be controlled by instructions written into programs. 



2 

Simple Input and Output 
Statements 

2.1 READ, DATA, INPUT and PRINT statements 

This chapter explains how you may enter information into your 64 
computer (input), and how the 64 may be programmed to supply 
information, for example on a printer or video screen (output). 

Each BASIC instruction (or statement) consists of a command to 
the computer to carry out a certain action, and a combination of 
variables, constants, separators (e.g. a comma) and operators (e.g. 
+) on which the action is to be performed. For example: 

10 READ A,B,C 

tells the 64 to read three numbers (numeric constants) from the 
DATA statement (see line 20 below) and store them in three cells in 
the 64's memory identified by the names A, Band C. A, Band Care 
called variables and refer to unique numeric addresses, as explained 
in Chapter 1. When A, B or C are referenced again in the same 
program, the 64 will obtain the current contents of these cells. In a 
different program, A, Band C may refer to cells with different 
actual numeric addresses but unique for that program. Single 
memory cells are referenced in BASIC programs by single letters of 
the alphabet, A-Z, followed optionally by a single number, 0--9, or 
another letter A-Z. 

The 10 before READ in the statement above is the line number. 
Line numbers enable you to change particular lines in your program 
by retyping the line. Gaps may be left in the sequence of line 
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numbers for subsequent insertion of additional instructions. Three 
further instructions complete the program to read and output 
(PRINT) three numbers: 

20 DATA 25,11,30 
30 PRINT A,B,C 
40 END 

The END statement terminates execution of the BASIC program; 
that is, the processing of the program instructions is stopped. 

Note that the following three statements have the same effect as 
the above READ statement. That is, after these three instructions 
have been executed with the DATA statement shown in line 20, A, 
Band C will contain 25, II and 30 respectively. 

10 READ A 
11 READ B 
12 READ C 

Type this program into your 64 exactly as shown, pressing the 
RETURN key once at the end of each line. After the complete 
program has been typed in, type LIST to check that this has been 
done correctly. If there are any mistakes, you can 'edit' the program 
by moving the cursor to the required position. There are special 
cursor control keys which allow you to move the cursor to the left 
and right and up and down. Once you have reached the position of 
the mistake on the screen, simply type over the mistake with the 
corrected character. After the correction has been made, press the 
RETURN key with the cursor still in position over the line which is 
being modified. On re-listing the program, the corrected version 
should appear on the screen. 

To help you in editing, there is a special insert/delete key which 
allows insertion of spaces and deletion of characters. The LIST 
command can be used to list a particular line (e.g. LIST 30) or 
groups of lines (e.g. LIST 200-250). 

When you have entered your program correctly, type in the 
command RUN and press the RETURN key to initiate execution of 
your program. 

Note in particular how the contents of A, Band C (i.e. 25, 11 and 
30) are output and the number of spaces between the numbers. 
Change the program so that the PRINT statement is as follows: 
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30 PRINT A;B;C 

and note the spacing between the numbers when a semi-colon is 
used to separate the variables in a PRINT statement instead of a 
comma. 

To change the data, you will need to alter the numbers in the 
DATA statement. Alternatively, you may use an INPUT statement 
instead of READ and DATA statements. Replace the READ and 
DATA statements in the program by the following statement: 

10 INPUT A,B,C 

(delete line 20 by typing 20 and pressing the RETURN key). When 
run, the 64 will output a question-mark (?) to indicate that data 
should be input from the keyboard. 

A heading may be output at the beginning of the output from the 
computer by putting it in double quotation marks in a PRINT 
statement as in the following example: 

28 PRINT "A", "B", "c" 
30 PRINT A,B,C 

(Note: In computer codes the same character is used for open and 
closed double quotation marks.) 

An alternative method of identifying the three numbers is to output 
A = followed by the number. Experiment with the following 
statement to obtain the spacing you require (delete line 28): 

30 PRINT "A =";A; "B =";B; "C =";C 

The information in the double quotes is output as given in line 30, 
while A, Band C which are not in quotes refer to memory cells. If A, 
Band C contain 25, 11 and 30 respectively, line 30 will output: 

A=25 B=l1 C=30 

You may put extra spaces (\1 indicates a space) between the 
quotation marks. For example, substituting, 

"\1\1\1\1\1 A \1 =" 

in statement 30 above would result in A being output with five 
spaces before it and one space before the equals sign. 
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The TAB function may be used to output information in particu­
lar column positions on your video screen as illustrated in the 
following example: 

30 PRINTTAB(S);"A =";A; TAB(IS); 
"B ="'B'TAB(2S)'''C ="'C , , , , 

This will cause A = to be output in positions 6, 7 and 8, followed by 
the contents of cell A, then B = in positions 16, 17 and 18, followed 
by the contents of cell B, then C = in positions 26, 27 and 28, 
followed by the contents of cell C. 

The TAB function will be discussed further in subsequent 
chapters. 

2.2 String variables 

For many problems it is necessary to input, store and output 
variable information which consists of a mixture of letters, numbers 
and special characters, including spaces. Such a series of symhols is 
called a string. Strings may be stored in string variables. These must 
be given a name consisting of one of the alphabetic letters A-Z 
(followed optionally by another letter A-Z or 0-9), followed finally 
by a dollar sign $ (e.g. A$, B$, C$, ... , Z$). 

The constant information given in double quotes previously is 
termed a string constant. 

String variables are essential for reading in and manipulating files 
of information, particularly for business applications. Just a few 
examples of the use of string variables are given here to give you 
some initial practice. 

Once a program has been written and proved correct, it may be 
used over and over again with different data, on different occasions 
and by different people. It is useful, therefore, to output the date 
the program has been run, and perhaps by whom. Two string 
variables may be used to input this information and to cause it to be 
output. 

Change and insert statements in the program to output three 
numbers as follows: 

10 INPUT A,B,C,D$,N$ 
26 PRINT 
27 PRINT "DATE";D$;" ";N$ 
28 PRINT 
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When this amended program is run, in reply to ? you will need to 
input three numbers separated by commas (for A, B and C), 
followed by the date and your name. For example, input data for the 
above program could be: 

? 25,11,30, 26/04/83, J.SMITH 

Try running this program with different data, different dates and 
your name. Notice that the PRINT statements at lines 26 and 28 
output blank lines. 

2.3 Obtaining the required print layout 

It is important to design suitable output so that this can be output in 
different formats for different purposes. Various ways of using 
name and address information will be used to illustrate this. The 
program given in Table 2.2 inputs a title (MR, MRS, MISS etc.), a 
name and an address, so that this is stored in memory cells refer­
enced by string variables, and outputs a letter heading, notebook 
label and envelope labels to the screen. 

The five INPUT statements shown in Table 2.2 will cause the 
computer to request five lines of data to be input. When working 
interactively, each line of data is entered in response to the? output 
by the computer as shown in Table 2.1. The INPUT statements 
(lines 10 to 50) contain a 'message' to prompt the user to enter the 
correct data. For example, line 10 will cause TITLE? to be display­
ed on the screen. 

Table 2.1 Data for progran' 

TITLE? MR 
NAME? J.SMITH 
ADDRESS I? 1 THE AVENUE 
ADDRESS 2? KENSINGTON 
ADDRESS 3? LONDON WR 

Enter and run the program on your 64. You will find it convenient 
to save the program on a cassette as explained in the next section. 
Programs can also be saved on disk using the instructions given in 
Chapter 13. 

The REM (remarks) statements at lines 5, 70, ISO and 290, in 
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Table 2.2 Name and address program 

5 PRINT":,]": RE~l CLEAF.: :::CREEI'1 
10 INPUT "TITLE";T$ 
2(1 INPUT "I'IAt-lE": IU·· 
30 HIPUT "ADDRE:::S 1".: A$ 
4(1 II'IPUT "RDDRE::::S 2".: B$ 
50 HlPUT "ADDRESS 3" ,: C$ 
60 PRINT":,]" 
7(1 REt-' LETTER HERDING 
8(1 PRINT TRB(19);A$ 
9(1 PRINT TAB(19);B$ 
1013 PRINT TRBCI9);C$ 
lie PRINT 
1213 PRINT 
1::::13 PRINT 
1413 END 
1513 RE~l NOTEBOOK LABEL 
1613 PRINT 
1713 PRIHT 

1913 PF~I NT TRB(7);" **********************" 
21313 PRIm 
2113 PRIt-lT 
2213 PRINT TRB(9);N$ 
2313 PRUH 
2413 PRIt-lT 

2513 PRHlT TRB(?): "**********************" 2613 PRIt-lT 
2713 PRI t-lT 
280 PRIm 
285 END 
290 REM ENVELOPE LAE:ELS 
3013 PRINT 
3113 PRINT 
320 PRIHT 
3313 PRINT T$;" ";N$.:TRB(19);T$j" ".;N$ 
3413 PF.:INT R$;TAB(19),:R$ 
350 PF.: nH E:$.: TAB <19::0 j B$ 
360 PRmT C$.:TAB(19).:C$ 
3713 EI·m 

Table 2.2, are only listed with the program to explain the program's 
actions. Note that you can put more than one statement separated 
by a colon (:) against one line number (as shown in line 5). This 
avoids using extra line numbers and is shown in several examples in 
this book. The 'clear screen' character, shown in quotes in line 5, is 
obtained by pressing shift and the CLR/HOME key. This will give 
you a clear screen so that the letter heading is displayed at the top of 
your screen. When the END instruction is reached at line 140, 
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execution of the program is terminated but you can continue the pro­
cessing by typing the command CONT, and similarly at the end of 
the 'Notebook Label' part ofthe program to continue after line 285. 

The notebook label will contain just the name of the owner in 
between two lines of asterisks. However, at this stage you will not be 
able to centralise the name, according to its length, for names of 
varying length. This will be dealt with in Chapter 13, which contains 
an enhanced version of the program that outputs letter headings, 
notebook labels and envelope labels to a printer. 

2.4 Saving and loading programs using the cassette 
recorder 

Start by positioning the cassette in the recorder at the place where 
you want to record the program. Then type SA VE"T ABLE 2.2" 
and press the RETURN key. (TABLE 2.2 will be recorded as the 
name of the program in the 'header' at the beginning of the saved 
program on the cassette tape.) The 64 will prompt you to record 
your program by displaying a message specifying which keys to 
press on the cassette recorder. It is useful to make use ofthe counter 
on the recorder so that re-positioning of the tape for subsequent 
verifying or loading of the program is made easier. 

You should write the program name, counter number and date on 
a card (stored in the cassette case) each time you save a program. 
Several small programs may be saved on each side of the tape. 

You can verify that the recording has taken place successfully by 
rewinding the cassette tape, to a position before the program header 
(using the counter), typing VERIFY"TABLE 2.2" and pressing the 
RETURN key. The 64 will compare the program in its memory with 
the one recorded on the tape. If there is a discrepancy, an error 
message will appear on the screen, otherwise OK will be displayed. 
If there is a verification error, you will need to save and verify the 
program again. 

To load the saved program into the 64's memory, position the 
tape in the cassette recorder at a place before the program header, 
type LOAD"TABLE 2.2" and press the RETURN key. 

When you press the cassette keys to save or load a program, the 
screen goes blank while the 64 is communicating with the cassette 
unit. If a program is being loaded, the screen display returns each 
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time a program is found on the tape. The 64 will stop reading the 
tape for a few seconds to display the name of the program found. It 
will then continue to read the tape in a similar manner until the 
required program is found. Again after a short pause the program 
will be loaded, during which time the screen blanks out again. When 
the program has been loaded, the screen display returns to normal 
and displays the word READY. 

The few seconds' pause while the 64 displays each program name 
can be terminated by pressing the CBM logo key on each occasion. 
Alternatively, at these times the cassette operation can be aborted 
by pressing the STOP key. 

The screen also blanks out whenever the 64 is writing to the 
cassette unit during a 'save' operation. 

2.5 Clearing a program from the memory 

Before keying in a new program, it is advisable to clear the current 
program from the memory. This is done by typing NEW and 
pressing the RETURN key. Remember to SAVE the program first, 
before using NEW, if you want to use it at a later stage. 

If NEW is not used, then lines in the previous program will appear 
in the current program, unless the same line numbers have been 
used, that is, they have been overwritten. 
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Arithmetic Operations 

3.1 Constants and variables 

Your 64 may be programmed to perform a variety of calculations by 
means of arithmetic assignment statements in which the result of the 
calculation is assigned to a memory cell. For example: 

50LETS = X + Y 

causes your 64 to add the contents of memory cell X to that of 
memory cell Y and puts the result in a memory cell called S. X and Y 
will have had values assigned to them previously. either by an 
INPUT or READ + DATA statements or by another LET state­
ment. The contents of cells X and Yare unchanged by the action of 
the LET statement. For example. Table 3.1 shows the contents of 
X, Y and S before and after execution of the above LET statement. 
in a program which contains the following statements in addition to 
line 50 above: 

30READX. Y 
40 DATA 123,56 

Table 3.1 Contents of X. Y and S 

Cell 
X 
Y 
S 

Before 
123 
56 

" 

After 
123 
56 

179 

Note the original, unknown. content of S has been overwritten by 
the new value 179, the sum of 123 and 56. 
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The variables on the right-hand side of the equals sign in a LET 
statement may be operated on by a number of different arithmetic 
operators, and may be mixed with constant values (constants). For 
example: 

51 LET I = I - 1 

subtracts 1 from the current value of I, so that after the LET 
statement has been obeyed I has a value one less than its previous 
value. Note that the word LET may be omitted. 

The numeric constants that may be used are: 

(a) whole numbers (integers) which do not contain a decimal 
point, for example, -45,360 (or +360); 

(b) numbers containing a decimal point (floating point), for ex­
ample, 8.123, -97.5; 

(c) numbers in exponential format, for example, 12.3E4, which 
represents 12.3 x 104 = 123000 (4 is called the exponent). The 
exponent may also be negative, for example, 12.3E -4, which 
is 12.3 x 10-4 = 0.00123. 

Note that numbers are made negative by putting a minus sign (-) in 
front of them; a plus sign (+), or no sign, indicates the number is 
positive. 

Any number that is used in the program, either as a constant or as 
the contents of a variable, must lie within the range of limits of your 
64 (i.e. ±1.70141183E+38, ±2.93873588E-39 for largest and 
smallest numbers, respectively). 

3.2 Arithmetic operators 

The symbols on the right-hand side of the equals sign in a LET 
statement may consist of variable names, constants and arithmetic 
operators; this combination of symbols is called an arithmetic 
expression. The arithmetic operators indicate which arithmetic op­
eration is to be carried out on the numbers in the arithmetic 
expression. The following list shows the order in which operations 
are performed unless changed by the use of brackets as explained in 
the next section. 



Arithmetic operators 
i 

+ 
*, I 
+,-

3.3 Hierarchy of operations 
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Meaning 
raise to a power 
(exponentiation) 
multiply, divide 
add, subtract 

It is possible to use brackets in an arithmetic expression to give the 
correct meaning. The contents of the brackets are evaluated first 
starting with the innermost pair of brackets and working outwards. 
For example, to evaluate 

5+9 

4+3 

the top line (numerator) needs to be added first, then the bottom 
line (denominator) needs to be added, and finally the numerator is 
divided by the denominator. Brackets are used to ensure this order 
of evaluation. 

Table 3.2 Program to illustrate order of evaluation 

313 READ B, c.. D, E 
413 DATA 5,9 .. 4 .. 3 
513 LET A=(B+c)/(D+E) 
713 PRINT B; C; D.: E.: A 
813 END 

A program to illustrate the order of evaluation is given in Table 
3.2; the larger gap in the sequence of line numbers between the LET 
and PRINT statements will allow the insertion of additional state­
ments later. Table 3.3 shows the contents of the memory cells 
before and after the LET statement in line 50 has been obeyed. 

Table 3.3 Contents of B, C, D, E and A 

Cell 
Before 
After 

B 
5 
5 

C D 
9 4 
9 4 

E A 
3 ? 
3 2 

Run this program on your 64 and then amend the LET statement 
as follows (i.e. remove the brackets): 

50 LET A = B + C/D + E 
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A will now be 10.25 (i.e. * + 5 + 3). This is because the 64 evaluates 
the arithmetic expression in a certain order if there are no brackets, 
depending on the arithmetic operators in the expression. 

If there are no brackets, then the 64 will perform the exponenti­
ations first (ifthere are any), followed by multiplication and division 
of equal hierarchy, but in the order left to right, lastly addition and 
subtraction of equal hierarchy. Within brackets the same order of 
evaluation is carried out, innermost brackets being calculated first 
as previously stated. 

Looking again at the last statement at line 50, you will see that the 
division, C/O, has been carried out first as it is of higher hierarchy 
than addition. This gives a completely different result from that 
calculated in the previous LET statement in Table 3.2 where 
brackets were used. 

3.4 Arithmetic expressions and statements 

Table 3.4 LET statements 

50 LET A=(B+c)/(II+E) 
51 LET G=ClE-B*II 
52 LET H=Cl(E-B)*D 
53 LET ']=G-HlE+E·t2 
61 LET S=O"D-B 'tA 
62 LET T=(O+:D-B:> 'tA 
63 LET U=(E*(C-B) 'f'(DlA):> 
70 PRINT 
71 PRINT 
72 PRINT"B=" ;B; "e="; C; "II="; D; "E="; E 
73 PRINT 
74 PRINT 
75 PRINT"A=".: A.: "G=".: G.: "H=" ;H; ".]=" j.] 
76 PRINT 
77 PRINT 
78 PRINT"S=I;Sj"T=ljT;"U="jU 
80 END 

Insert all the LET and PRINT statements shown in Table 3.4 into 
your program and run it. Output all the results (A,G,H,J,S,T,U) 
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together with the variable names as identification. The data read 
and the final results are shown in Table 3.5. 

Notes 

Table 3.5 Data read and final results 

B=5C=9D=4E=3 
A=2G=-17H=-18J=-2 
S = 11 T = 961 U = 48 

1 Line 51 could be replaced by 

51 LET G = (c/E) - (B*D) 

to give the same result, although the brackets are unnecessary in 
this case. 

2 The brackets in line 52 are essential to give the correct answer, as 
can be seen by comparing the results of line 52 with that of line 
51. 

3 In line 53, H is used in the expression because a value was 
assigned to it in line 52. Instead of E i 2, you can use E* E, which 
is a quicker operation. Amend line 53 to 

53 LET J = G - H/E+E*E 
and check that you get the same result for J. 

4 In line 61, B i A (i .e. 52) is evaluated first, then C* D (i.e. 9 x 4) 
before the subtraction (i.e. 36 - 25) is carried out. However, in 
line 62 the contents of the brackets are evaluated first (i.e. 21) 
before this is squared by A. 

5 There are three pairs of brackets in line 63. The innermost pair is 
evaluated first from the left, that is, C - B (equals 4), then D/A 
is evaluated (equals 2). The exponentiation is carried out next to 
give 42 , and finally this is multiplied by E (i.e. 3). 

Table 3.6 Changes to arithmetic expressions 

51 LET G=C!(E-B)*D 
52 LET H=C/(E-B*II) 
53 LET J=UG-H)/E+EH2 
61 LET S=C*(II-B) lR 
62 LET T=CHII-Blf(o 
63 LET U=E*C-BlD,"A 
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As a further exercise, change the arithmetic expressions in lines 
51 to 63 in Table 3.4 to those given in Table 3.6. Check your results 
with those given in Table 3.7. Your 64 has the facility for changing 
individual characters in a line; use this facility instead of typing 
whole lines again. 

Table 3.7 Results of arithmetic operations 

B=5C=9D=4E=3 
A = 2 G = -18 H = -.529412 J = 7.97232 
S=9T= -189U= -285.5 

3.5 Problems 

You are now ready to attempt some simple problems. For more 
complicated problems, it is advisable to express the logic in the form 
of aflowchart before coding it in BASIC, as explained in Chapter 4. 

In your programs, use constants instead of variables for values 
that are not going to change during the execution of the program or 
from one run of the program to the next. Variable names should be 
meaningful: for example, use E for Expenses. 

Write programs and run them on your 64 for each of the following 
problems. If you get errors, reading Chapter 4 will help you to 
correct them. Compare your programs with those given in Tables 
A 1 and A2 in Appendix A; substituting actual values in place of the 
variables will help you understand the action of each instruction. 
The results from each program for the data given are shown in 
Tables 3.8 and 3.9. You should experiment with a variety of PRINT 
statements to give different outputs (e.g. underline answer with 
hyphens or asterisks, line up values). 

Problem 1- Number of £s required 
On your proposed visit to the USA, you will need 150 dollars a night 
for accommodation and 125 dollars a day for food, travelling and 
incidental expenses. You intend to stay five nights and wish to take 
sufficient dollars to have 100 dollars to buy presents. How many 
pounds sterling will you need to exchange if the exchange rate is 1.5 
dollars to the £? (Your program should be flexible enough to cope 
with changes in expenses, the length of stay and the exchange rate 
for subsequent visits.) 
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Table 3.8 Output from 'Number of £s required' program 

LENGTH OF STAY (NIGHTS) 
ACCOMMODATION (PER NIGHT) 
EXPENSES (MEALS ETC.) 
ALLOWANCE FOR PRESENTS 
EXCHANGE RATE ($ TO THE £) 

POUNDS STERLING REQUIRED 

:5 
$: 150 
$: 125 
$: 100 

: l.5 

: 983.33 
*************************************************** 

Problem 2 - Cost of stationery 
Calculate the cost of stationery for a course that is being run, given 
the following information: 

Number of delegates attending 
Cost of folders 
Cost of paper 
Cost of pens 

58 
14p each 
26p per pad 
12p each 

Allow two pens per delegate (there is a quantity discount of 8% for 
orders over 100 pens). Write the program so that it may also be used 
on other occasions, when different numbers of delegates will be 
attending, and allow for changes in costs. 

Table 3.9 Output from 'Cost of stationery' program 

NO OF DELEGATES 
COST OF FOLDERS 
COST OF PAPER 
COST OF PENS LESS 8% 

: 58 
: 14PEACH 
: 26P PER PAD 
: 12PEACH 

TOTAL COST OF STATIONERY = £36.00 
*************************************************** 
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Program Development 

4.1 The need for pre-planning 

This chapter gives you guidance on developing a proposed program. 
If a program is written too hastily, valuable time may be lost 
subsequently in implementing the necessary changes. Time spent 
pre-planning is seldom wasted. Commercial systems designers and 
programmers are expected to conform to a specific formal pro­
cedure. In developing your own programs, you need to exercise 
self-discipline. 

4.2 Understanding the problem 

The first step is to ensure that you understand what you intend or are 
required to do. Are the terms of reference clear? This might mean 
that you need to check the meaning of any terminology or jargon 
used. You may also need to ensure you understand the mathemat­
ical notation used to specify any relationships involved. Thus. initi­
ally, some research or background reading may be necessary. 
Research may also he necessary when you know what you want to 
do, but are not sure of the method to be used. 

4.3 Designing output 

The starting point of designing a program should be the output. You 
need to consider and make decisions on the following aspects. 

The output from a program may be printed and/or written to a 
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file. Is your output going to be solely printed, written to a file or a 
mixture of both? This leads on to deciding precisely what is to be 
printed and what is to be written to the file. 

For example, your intention may be to write a program to read a 
stock data file and produce a list of items to reorder. Given, for the 
moment, that a program can be written to identify the items to be 
reordered, you need to consider: should the output be solely a 
printed list or should a reorder file be produced that can be the input 
to a purchase order program? If you are going to have a printed list 
of items to be reordered. what should it contain? Should it list the 
complete stock record of each item or, the other extreme, should it 
just be a list of stock code numbers? 

A program of this nature is developed in Chapter 14, in that case 
the reorder list consists of stock code. stock description and order 
quantity. It was not necessary to output the whole record. 

Having decided what is to be output, it is then necessary to 
consider the format and general layout. The considerations to be 
made are: 

In which columns are the variables to be printed? 
Should they be truncated or rounded? 
Are column headings necessary? 
Are main headings necessary? 
What spacing is required between headings? 
Should headings be underlined? 

4.4 Input requirements 

Once the output details have been decided you can then identify the 
necessary input. If a large amount of data is to be processed it may 
be advisable to read it from a data file; this is dealt with further in 
Chapter 14. If the data is solely associated with the one program it 
can be incorporated in DATA statements, while data that varies 
from run to run is best entered via INPUT statements. 

You may not be the only person using the program and this is a 
factor to be considered. Values should be entered in their most 
usual form (i.e. 12.5 not .125 for interest rates - see. for example. 
the mortgage problem in Chapter 12). Ample print messages should 
be provided. giving guidance. if necessary. as to the input required. 
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A further aspect of the input design is the desirability of providing 
some form of control over the program during run time. For 
example, in the 'Heat of combustion' problem (Chapter 12), the 
user is asked whether any more data is to be processed and replies Y 
orN, i.e. 

100 INPUT"ANY MORE DATA (Y = YES, N = NO)"; Y$ 

4.5 Flowcharting 

Once you have a broad idea of your requirements the logical 
sequence of the program statements needs to be developed. This 
can be done by drawing a flowchart. The more common symbols 
used in flowcharts are shown in Figure 4.1. 

An example of the use of the flowchart symbols is given in Figure 
4.2, where it is required to calculate the average of three numbers. 
The purpose of a flowchart is to ensure the logic is correct before 
becoming involved with the detail of individual program state­
ments. Further examples of flowcharts will be found elsewhere in 
this book accompanying the descriptions of programs. 

On occasions it becomes apparent from the flowchart or analysis 
of the problem that a similar calculation will be repeated several 
times in the program. When a similar set of program statements is 
likely to be required in several parts of the program, this may 
indicate the possibility of writing them once only as a subroutine and 
using this routine several times over. A discussion of subroutines is 
the subject of Chapter 9. 

Having drawn flowcharts, the next stage is writing the program. 
When the program has been written, you still have not finished. A 
very important part of producing useful programs is to ensure that 
they perform as intended, and the next section discusses the testing 
and documentation of your programs. 

4.6 Program testing 

If you make a mistake in the use of the BASIC language, your 64 
will detect this and output a message to tell you that there is a syntax 
error in your program. Examples of typical syntax errors are: 
mistakes in spelling (e.g. IPUT instead of INPUT), wrong instruc-
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Figure 4.1 
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Use 

At the start and end of processing 

To represent a stage of processing 

Conditional test leading to up to 
three alternative paths 

In pu t or out put state me nts 

Connector, allowing chart to be 
continued at matching connector A 

Some flowchart symhols 

tion format (e.g. LET X+ Y=S instead of LET S=X+ Y), and 
unacceptable variable name (e.g. 2A instead of A2). You must clear 
all the syntax errors before you proceed. 

Your program may still be incorrect after the syntax errors have 
been cleared. You may get an execution error caused by asking your 
64 to perform an action which it cannot do. For example. if values 
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are calculated by your program which are either too small or too 
large you will get arithmetic overflow (this will happen when 
dividing by zero). An execution error will occur also if you try to 
assign a string to a numeric variable (e.g. using D instead of D$ for a 
date, 26/04/83). 

Set count 
to 1 

Add number 
to total 

Add 1 to 
count 

YES 

Calculate 
average 

Figure 4.2 Flowchart for average of three numbers 
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A program which runs successfully, without an execution error 
occurring, may still give the wrong results because the logic of the 
program is incorrect. You should work through your flowchart 
and/or program instructions with typical data before running the 
program on your 64 (this is known as performing a dry-run). Then 
run the program on your 64 with this typical data; this should be 
designed to test every instruction path in the program (i.e. every 
branch in your flowchart). 

It is important to write down details of the program and its use, 
for subsequent reference. You will find it useful to include the 
following sections in your documentation: Identification, Contents 
Page, Summary, Description of the Problem, Specification of the 
Problem, Input and Output Formats, Use of Program, Interpre­
tation of Outputs, Modifications, Appendices. 



5 

Conditional and Unconditional 
Branching 

5.1 Controlling the order in which instructions are obeyed 

For most problems your 64 needs to be programmed to repeat a set 
of instructions and to execute different sets of instructions in the 
program according to the requirements for that particular run. This 
is done by means of branch (jump) instructions. 

The GOTO instruction causes control to pass to the line number 
in the statement. That is, the computer will execute next the 
statement it has branched to and continue to execute the instruc­
tions following in sequence until it encounters another branch 
instruction. For example: 

50 LET I = 1 
60 PRINT I 
70 LET I = I + 2 
80 GOTO 60 

will cause the odd numbers 1, 3, 5 etc. to be printed. When the 
computer executes the instruction at line 80, it will always branch to 
line 60 and obey that instruction followed by line 70. Therefore, the 
GOTO statement is an unconditional branch instruction, since it is 
always executed independently of any condition that exists. 

However, you will notice that in the above section of a program, 
there is no instruction which stops the program being executed; it 
will go on for ever! 

To stop the computer executing this set of instructions, you will 
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need to insert a conditional branch instruction. This will perform a 
test to see if a condition exists and pass control to a different part of 
the program according to the result of the test. 

A conditional branch instruction that you may use in BASIC is 
the IF ... THEN statement. For example, to stop the program 
which prints odd numbers, you could add the following instructions 
to those given above: 

65 IF 1= 21 THEN 90 
90 END 

Try running the program and see ifit stops after 21 has been printed. 
If you replace 21 by an even number, say, 20 or 22, the program will 
not stop since I never has this value. 

5.2 Loops and their control 

This small program that you have just tested has a set of instruc­
tions, lines 60 to 80, which are performed repeatedly, thus forming a 
loop. The flowchart for this program shows the loop and the branch 
out of the loop more clearly (see Figure 5.1). Notice the GOTO 60 
instruction is represented by an arrow from box 70 to box 60. 

There are several alternative ways of exiting from a loop and for 
branching to different parts of a program. The format of the IF. 
THEN statement is: 

line number IF relational expression THEN different line number 

Notice that the line number following the THEN must be different 
from the line number preceding the IF, otherwise the IF statement 
itself will cause continuous looping. 

The relational expression is the test that is to be performed. If this 
test is true (that is, the condition exists), then control passes to the 
line number following the THEN. If the test is false, then control 
passes to the line number following the IF statement, that is, the 
instructions will continue to be obeyed in sequence until another 
branch instruction is met. 

The relational expression compares two expressions, so that its 
format is: 

expression relational operator expression 
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I = 1 

70 

NO 
1=1+2 

Figure 5.1 Flowchart to illustrate loop control 

You have already used one relational operator in the previous 
example = (equal to). The full list is given in Table 5.1. 

Table 5.1 Relational operators 

relational operator meaning 
equal to 

> greater than 
< less than 

> = or = > greater than or equal to 
< = or = < less than or equal to 
< > or > < not equal to 

The IF ... THEN statement is useful for terminating the input­
ting of data, as it can be used to test for a final dummy value. This is a 
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value which indicates the end of the data list, but which is not used in 
the calculations in the program. This is illustrated in Table 5.2, 
which shows a program to add numbers. The numbers are entered 
one at a time in response to the INPUT statement in line 30. 

Table 5.2 Terminating with a dummy value 

1(1 PR I1H "ADD ~lUr'1BERS" 
11 PRItH 
2(1 LET T=e 
30 INPUT i-; 
40 IF x(=e THEN 713 
50 LET T=T +:": 
60 GOTO 30 
70 PRINT"TOTAL =";T 
80 ENII 

The program in Table 5.2 will stop when either a zero or a 
negative value is read into X. The IF ... THEN statement must 
appear before the calculations involving X, so that the dummy value 
is not used in the calculations. 

Another way to stop repetition of a set of instructions is to specify 
the number of times the loop has to be carried out, as shown in 
Table 5.3. 

Table 5.3 Program to add N numbers 

10 HlPUT N 
20 PR I NT II ADD" .; t·,f,; II t·lUr·1BER:=;" 
25 PRII~T 
30 LET 1=0 
35 LET T=e 
40 INPUT i-; 
45 LET T=T+)<: 
60 LET 1=1+1 
70 IF I(N THEN 40 
B0 PRHn"TOTAL =";T 
90 Et~D 

If line 30 in Table 5.3 read: 

30 LET 1= 1 

then line 70 would need to be: 

70 IF 1< = N THEN 40 
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This is because the value of I, after line 60 has been obeyed, is one 
greater than the number of numbers when the loop has been 
executed N times, if I is set to 1 to start with. This means the loop is 
terminated when I = N + 1. 

5.3 Comparing character strings 

The IF ... THEN statement may also be used to compare character 
strings, since each character is represented by a unique combination 
of binary digits when stored in the computer. For example, if P$ 
contains the character H, then: 

25 IF P$ = "H" THEN 30 

will be true and a branch will be made to line 30. 
This facility is particularly useful for comparing names, addresses 

and similar information for business applications. You will need to 
refer to a list of codes used to represent characters in your compu­
ter's memory to find out which characters have a lower or higher 
value for greater than or less than tests (see Appendix C). 

5.4 The FOR ... NEXT statements 

In section 5.2, the number of times a loop was executed was 
programmed by setting an initial value for the loop counter, testing 
for a final value, and incrementing the current value of the loop 
counter if the final value had not been reached. The FOR ... 
NEXT statements have been designed to program these three 
operations in an easier way. 

In the example to add N numbers, in Table 5.3, the variable I 
(used as the loop counter) was set to an initial value O. 1 was added 
to I after the number had been read and added in, and finally a test 
was carried out (I < N) to determine whether the program should 
loop back or stop. FOR ... NEXT statements will be used in an 
alternative version of the program. The FOR ... NEXT state­
ments consist of two lines of code. At the beginning of the loop the 
Fa R statement is used to set up the initial conditions, the increment 
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or STEP to be made at the end of the loop and the final value as 
follows: 

line number FOR variable = expression 1 TO expression 2 
STEP expression 3 

where expression 1 sets the initial value of the loop counter also 
known as the index), expression 2 sets the final value of the loop 
counter, and expression 3 gives the increment to be added to the 
variable at the end of each pass through the set of instructions in the 
loop. If the STEP is equal to 1, both the word STEP and expression 
3 may be omitted. 

The final instruction in the loop has the format: 

line number NEXT variable 

where the variable has the same name as that given in the associated 
FOR statement. 

The program in Table 5.3 can be amended as shown in Table 5.4. 
A number will he read into X N times as controlled by the FOR ... 
NEXT statements. I is set to 1 initially in line 35, then in line 60 I is 
incremented by 1 and if it is greater than N the program will go to 
line 80 and print the total. otherwise it goes back to line 40. 

Table 5.4 Alternative program to add N numbers 

Ie INPUT N 
213 PR ItH II ADD II ; t·1; It·1ur'1BERS" 
25 PRIHT 
3(1 LET T=e 
35 FOR 1=1 TO t·1 
40 INPUT :'< 
5[1 LET T=T+:"~ 
613 HE>\T I 
80 PRINT"TOTRL =";T 
90 Et·m 

Insert the instruction: 

70 PRINT I 

so that you can see the value of I after the loop has been executed for 
the required number of times. 

You may use I within the loop, but you should avoid changing I 
(that is. assigning a new value to I) within the loop as this changes 
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the conditions set up by the FOR ... NEXT statements. The 
problem flowcharted in Figure 5.1 may be coded as follows: 

50 FOR 1= 1 TO 21 STEP 2 
60 PRINT I 
70 NEXT I 
80 END 

The value of the increment given in the expression following STEP 
may be negative (so that the loop counter is decremented) or 
fractional. Table 5.5 shows a program where you can input the start, 
end and step as variables (A, B and C). Try a number of different 
combinations, including negative and fractional values, and see 
what happens. Table 5.6 shows a similar program where expressions 
have been used in place of simple variables. 

Table 5.5 Start, end and step variables 

113 PP I tn" STAPT. El'm AND STEP VAR I ABLE'::;" 
16 PPltn 
213 ItlPUT A .. B.. C 
313 FOR I=A TO B STEP C 
40 PPINT I 
58 HDn I 
613 am 

Table 5.6 Start, end and step expressions 

10 PRINT "STAPT ,END At·m STEP E::<PRESSIONS" 
16 PRitH 
20 INPI..JT A.o E:, C 
30 FOR I=A+1 TO B/2 STEP C-3 
40 PRINT I 
58 NE)-.:T I 
613 Et·m 

5.5 The ON . .. GOTO statement 

The format of the ON ... GOTO statement is 

line numher ON expression GOTO two or 
more line numhers separated hy commas 

The integer part of the evaluated expression must be a positive 
number not greater than the number of line numbers after the 
GOTO part of the statement. 

Control will pass to the first, second, third. etc., line number after 
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the GOTO if the integral part of the expression is equal to 1,2,3, 
etc. 

For example, different calculations may need to be carried out 
according to a code, as in the following problem. A number of sets 
of data are to be input. Each set consists of a code (1,2,3,4 or 5) and 
values of X and Y. Calculations are to be performed on each set of 
data according to the rules shown in Table 5.7. 

Table 5.7 Calculations for different codes 

Code Calculation 
1 R=X+Y 
2 R=X-Y 
3 R = X*Y 
4 R = XlY 
5 R=XiY 

Problem I - Using the ON ... GOTO statement 
Write a program to tabulate the code, the X and Y values, and the 
results of the calculations shown in Table 5.7. 

Use the ON ... GOTO statement to control which calculation is 
to be carried out according to its associated code. Draw a flowchart 
for the program, prepare test data, code and run your BASIC 
program. Remember the test data must test every branch in your 
program. You may input the codes and data in any order, that is the 
first set of data may have a code of, say, 3, the next a code of 1, etc. 
Compare your program with the one listed in Table A3. Suitable 
test data and calculated values are given in Appendix B. 

5.6 Further use of the TAB function and FOR loops 

The TAB function may be used with a variable or expression in the 
brackets following TAB, for example TAB(I), TAB(P - 1). The 
program given in Table 5.8 outputs a rectangle of variable dimen­
sions, consisting of L 1 dashes for the two lines across and L2 l' s for 
the two vertical lines. 

Notes on Table 5.8 
1 Lines 20 and 40 output a message to the user asking for data to be 

entered. 
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Table 5.S Program to output a rectangle 

20 INPUT"START COLUt1~j POS IT Iot·j" .: P 
4(1 HlPUT"LEtmTH ACF.:OSS 8< DOlolt·j".; Lt. L2 
60 LET K=l 
70 PRINT TABCP-l); 
80 F!:[to1 OUTPUT DASHES ACROSS 
90 FOR 1=1 TO L1 
100 F'F!:ItH"-": 
110 tjD:T I 
120 F'PIHT 
130 IF K=2 THEN 240 
140 RE~1 OUTPUT "l"S Dm~N 
150 FOR 1=1 TO L2-2 
160 PF.:INT TAB(P-i).:"l"; 
170 FOR J=1 TO Ll-2 
180 PRINT" ".; 
190 NEXT J 
200 PRItH" t" 
210 NEi-;T I 
220 LET K=K+l 
230 GOTO 70 
240 Et·m 

2 The PR[NT statement in line 70 is terminated by a semi-colon 
(;); this will cause the next PRINT statement that is obeyed to 
output on to the same line. 

3 Line 120 is necessary to cause the complete line of Ll dashes to 
be output. After passing through line 220, which sets K to 2, 
lines 90 to 120 are repeated to complete the rectangle and 
execution of the program is then terminated. 

4 Lines 150 to 210 comprise a FOR loop which has another FOR 
loop (lines 170-190) wholly within it. The FOR loops are said to 
be nested and this will be discussed further in Chapter 8. For 
each pass through the outer FOR loop, the inner loop is 
executed Ll-2 times, so that a i is output followed by some 
spaces and then another i. When line 190 is reached another 
pass through the outer loop is executed until L2-2lines, consist­
ing of i spaces i ' have been output. 

In this case, the use of nested FOR loops could be avoided by 
replacing lines 160 to 200 by the following statement: 

160PRINTTAB(P - 1);" i"; TAB(Ll-1 + P);" i" 
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Figure 5.2 shows a rectangle output by the program when the 
following data was used: 

7 
20,10 

.------------------. 
• • • • + • 
• • • • • • • • 

Figure 5.2 Rectangle output from program 

that is, twenty dashes were output for the two lines across and eight 
i s for the two vertical lines. 

You should enter the program given in Table 5.8 into your 64 and 
run it with different input data. 

Problem 2 - Centering a rectangle 
Write another program to output a rectangle of variable width and 
depth in the centre of the screen, using graphics characters for the 
four corners and four sides. The program is listed in Table A4. 
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POKE, PEEK and Colour 

6.1 Character codes 

As explained in Chapter 1, characters and numbers are stored in a 
computer as binary patterns. Standard binary codes have heen 
established by different organisations. The American Standard 
Code for Information Interchange (ASCII) has been widely 
adopted and Appendix C gives these codes as implemented on the 
64. Characters can be converted into these codes and vice versa by 
the use of ASC and CHR$ string functions. These and further string 
functions are described below. 

6.1.1 CHR$ 
This function returns the character corresponding to a specified 
ASCII code, i.e. 

10 LET A$ = CHR$(66) 

The ASCII code for the letter B is 66, so the above statement stores 
Bin A$. Words can be built up by concatenation, i.e. 

10 LET A$ = CHR$(66) + CHR$(69) 

results in A$ = BE, where 69 is the ASCII code for E. 
Note that as CHR$ returns the ASCII code, variables can be set if 

required to various control characters (i.e. Return). 
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6.1.2 ASC 
This function is the opposite of CHR$ in that it returns the ASCII 
code number for a specified character, i.e. 

10 LET X = ASC("E") 

results in X = 69. 
If the argument is a string variable the ASCII code of the first 

character is returned, i.e. 

5 LET T$ = "TOTAL" 
10 LET X = ASC(T$) 

results in X = 84. 

6.1.3 LEN 
This function returns the length of a string. For example, changing 
line 10 to: 

10 LET L = LEN (T$) 

would set L = 5. 

6.1.4 LEFT$, RIGHT$ 
These functions return the leftmost or rightmost specified number 
of characters from a string, for example: 

10 LET B$ = LEFT$(T$,2) 

returns the leftmost two characters from the string T$, i.e. B$ = 

TO, similarly, 

10 LET E$ = RIGHT$(T$,3) 

leaves E$ = TAL 

6.1.5 MID$ 
This function returns a substring of n characters starting with the ith 
character, i.e. 

10 LET C$ = MIO$(T$,2,3) 

results in C$ = OT A where n = 3 and i = 2. 
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6.1.6 STR$ 
This function converts a numeric argument to the string equivalent 
of its PRINTed form, i.e. 

10 LETN = 64 
20 LET X$ = STR$(N) 

results in X$ containing" 64" as a string, thus 

30 LET Y$ = "CBM" + X$ 
40 PRINT Y$ 

results in, 

CBM64 

being printed. Note that the string version of the numeric contains a 
leading blank (the suppressed + sign). 

6.1.7 VAL 
This function is the opposite of STR$. The string is examined, left to 
right and the first recognisable number format is returned, i.e. 

X = V AL("CBM 64") results in X = 64 
X = V ALC'-78.97.6S") results in X = -78.97 

6.2 POKE and PEEK 

The POKE command allows you to place any specified value 
directly into a required memory location. Its general form is, POKE 
x,y where the value of x specifies the memory location and y the 
value to be POKEd, for example: 

POKE 53281, 5 

The above command places the value 5 into memory location 53281. 
In this case location 53281 happens to be the one that determines the 
colour of the screen. The value 5 causes the screen (i.e. the 
background to the text) to go green. A more detailed explanation of 
the control of colour is given in section 6.3. 

The most common use for POKE on the 6.+ is to control the 
colour, sound and position of characters on the screen. Advanced 
programming techniques can involve PEEKing and POKEing to a 
special area of computer memory known as zero page, in order to 
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achieve special effects that are not available from BASIC. Although 
PEEKing and POKEing cannot in any way damage your 64, you 
should first master simple applications, such as POKEing the 64's 
screen memory and the 64's control registers, before trying out 
more sophisticated techniques. If at any time the 64 'crashes' (e.g. 
the cursor disappears, etc.), then pressing the STOP and RES­
TO RE keys simultaneously will reset the 64 without the loss of your 
program. 

The PEEK function allows access to the contents of a specified 
memory location. PEEK(x) returns the value of the contents of 
location x. The value returned can be assigned to a variable in the 
usual way. for example: 

10 POKE 1024, 83 
20 LET S = PEEK(1024) 
30 PRINT S 

Running the above program causes the value 83 to be stored in 
memory location 1024. When this location is PEEKed in line 20, the 
variable S is set to the value found in location 1024, namely 83. Line 
30 therefore prints out the value 83. 

PEEKing may be used in games and animation to determine the 
'status' of parts of the screen, for example whether a missile is now 
occupying the target's location, thereby implying a hit. 

Variables can be used with both PEEK and POKE so that all the 
following are examples of valid syntax: 

POKEX,Z 
POKE X + 40*L, Z 
A = PEEK (X + 40*L) 
IF A$ = CHR$(PEEK(K)) THEN 50 

6.3 The 64 colour system 

The 64 allows independent control of the colour of the screen, its 
border and any individual character. 

In each case one of sixteen colours can be chosen. The border 
colour is set by POKEing a value ranging from ° to 15 to memory 
location 53280. For example, to set the border colour to green: 

POKE 53280, 5 
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The screen colour (also called background colour) can be set in a 
similar way by POKEing 53281. Appendix D gives a list of the 
colours available and their appropriate POKE values. 

Control over the colour of characters can be achieved in several 
ways. The colour of characters can be programmed by the use of the 
colour keys, or by the use of specific character codes, or by 
POKEing direct to the screen. 

The colour of characters output to the screen from the current 
position of the cursor onwards can be set by keying CTRL simul­
taneously with one of the labelled colour keys, or the CBM logo 
simultaneously with a labelled colour key. CTRL and 1 to 8 gives 
you the first eight colours as labelled, while CBM and 1 to 8 gives 
you the remaining eight colours. This keying sequence can also be 
incorporated within quotes in a PRINT statement, for example: 

10 PRINT "CTRL and Red key THIS PRINTS RED" 

When used within a program each colour control instruction will be 
displayed as a unique symbol. These symbols are shown in Appen­
dix E. 

The keying of CTRL (or CBM logo) and a colour key can be 
assigned to a string variable which is then incorporated as required 
in PRINT statements, for example: 

10 C$ = "CTRL and Red key" 
20 PRINT C$; "THIS PRINTS RED" 

A third way of PRINTing in a specified colour is to use the 
appropriate character code and CHR$. The values to be used with 
CHR$ are given in Appendix D, for example: 

10 PRINT CHR$(28); "THIS PRINTS RED" 

This method of changing the colour of characters is useful for 
printing headings. 

The program in Table 6.1 demonstrates changing the colours of 
the border, screen and text. When the program is run, the sixteen 
colours are listed on the screen and you are requested to input an S, 
B, or T to change the colour of the screen, border or text, respec­
tively. You are then asked to input the number of the colour (from 0 
to 15). Having made the colour change, the program loops back so 
that you can continue making further changes. You will find that 



POKE, PEEK and Colour 43 

some text-screen colour combinations make it difficult to read the 
text and if the text is made the same colour as the screen it will not 
show up at all. Note that the program uses arrays which are dealt 
with in detail in Chapter 8. 

Table 6.1 Demonstration of screen, border and text colours 

35 DUl CC(15) 
40 FOR 1=0T015: F:EAIt CC ( I ) : t·1Ei-;T 
50 PRINT":,]" 
60 PRHlT" 0 BLACK" 
62 PRINT" 1 WHITE" 
64 PRINT" 2 RED" 
66 PRINT" 3 CYAN" 
68 PRINT" 4 PURPLE" 
70 PRINT" 5 GREEN" 
7-, 
, <:- PRINT" 6 BLUE" 
74 PRIm" 7 YELLOW" 
76 PRHlT" 8 ORANGE" 
78 PRIm" 9 BROWN" 
80 PRINT"10 LIGHT RED" 
82 PRINT"ll GRE'I 1" 
84 PR HlT " 12 GRE'I .... )It 

"-

86 PRINT" 1::: LIGHT GREEN" 
88 PI<:HlT"14 LIGHT BLUE" 
90 PRINT"15 GRE'T' 3" 
1.30 PRIt-lT 
105 PRHlT":E~EEt'L $~F:DEF: OR ~rr!Ein' ".; 
11 [1 HlPlIT A$ 
120 PRIt-H 
130 HlPUT"COLOUR ~lUr'1BER"; ~l 
135 IF IK0 OR N) 15 THEN 50 
140 IF A$="S" THEN POKE 53281..N 
150 IF A$="B" THEN POKE 53280,N 
160 IF A$<>"T" THEN 513 
165 PRIm 
170 PF:HH CHR$(CC(N»; "COLOUREII TEi-T" 
1813 INPUT" PF:ESS RETURt'l TO CONT I HUE "; Z 
190 GOTO 5[1 
21313 DATA 144,5,28,159.156,30,31,158 
2113 DATA 129.149.150.151,152,153,154,155 
2213 Et·m 

Line 35 dimensions a character code array CC in readiness to 
store the 16 CHR$ values. These values are read into the array CC 
within the loop at line 40 from DATA lines 200 and 210. The screen 
is cleared in line 50, and lines 60 to 90 list the colours and their 
associated numbers onto the screen. Line 105 requests the user to 
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enter S, B or T as required, the response being stored in A$. The 
colour number is requested in line 130 and stored in the variable N. 
Line 135 checks that N is within limits. If A$ contains S then the 
screen colour is changed in line 140. If A$ contains B then the 
background colour is changed in line 150. Line 160 ensures that the 
program returns to line 50 unless a text colour change was selected 
(A$ = 'T"). When a text colour change is requested the program 
passes to line 170 where the appropriate CHR$ code is used to print 
the message COLOURED TEXT. Ifthe program then immediate­
ly looped back to line 50 (which clears the screen) this message 
would be lost, therefore line 180 is necessary to allow the user time 
to read the message. 

It should be noted that any changes to the colours persist and get 
carried over into other programs. Using the STOP and RESTORE 
keys will cause the 64 to revert to its 'normal colour' display of blue 
and light blue. 

The space bar can be used to produce ·bars' of colour by use of the 
RVS ON and RVS OFF keys. If the reverse character set is turned 
on by the RVS ON key, a space becomes a solid block of whatever 
text colour is in operation. This is also programmable. For example: 

10 PRINT "CTRL and RVS ON key CTRL and Red key 
'V 'V 'V 'V 'V " 

produces a red bar five spaces long. Note that RVS ON and RVS 
OFF both have character codes (18 and 146 respectively) that can be 
used in programs in the same way as the codes for colours. Thus the 
previous example could also be: 

10 PRINT CHR$(18);CHR$(28); "'1'1'1'1'1" 

A further method of producing coloured characters is to use the 
POKE command and is discussed in the next section. 

6.4 POKEing coloured characters 

The screen of the 64 is memory mapped; that is, each possible 
character position on the screen has an associated memory location. 
For example, the top left-hand corner position corresponds to 
memory location 1024 and by POKEing this address with the 
required character value, the character will appear on the screen in 
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white (for this character to be visible the screen colour should be set 
for the time being to another colour). The screen codes for each key 
are given in Appendix F. Note that these codes do not correspond to 
the character codes of Appendix C, and are only relevant for 
POKEing to the screen. Thus 

PO KE 1024, 83 

will produce a white heart in the 'home position'. By adding 128 to 
the code its equivalent reverse character is obtained. 

For each screen memory location there is a corresponding colour 
code memory location (e. g. 55296 is the colour location correspond­
ing to the screen position 1024). It is important to ensure that the 
correct matching colour location is used with the required screen 
memory location. The colour of the character POKEd to a location 
can be controlled by POKEing the values given in Appendix D, for 
example 2 for red. Thus 

POKE 1024,83: POKE 55296, 2 

will produce a red heart in the 'home position'. Note that the colour 
values, for the first eight colours, are one less than the number 
shown on the colour keys. 

The screen memory locations together with their associated 
colour locations are given in Appendix G. It is convenient, when 
writing programs that PEEK or POKE to the screen, to use 
expressions that relate to the 'home position' and the required 
offset. These expressions can also use the required row and column 
numbers to calculate the memory location, i.e. 

100 SM=1024: CM=55296 
110 POKE SM + 40*R + C, 83 
120 POKE CM + 40*R + C, 2 

This routine will POKE a red heart to row R, column C. Note that 
the top row and the leftmost column are row zero and column zero, 
respectively. 

6.5 Histogram example 

The program in Table 6.2 illustrates the use of colours to produce a 
histogram. This routine plots thirty vertical lines, in green, over a 
scale from 0 to 20. 
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Table 6.2 Coloured histogram example 

8 POKE 53280, 5 : POKE5328 L 6 : PR UlT CHF.:$ (5) 
9 S~l= 1024+40*21 +5 : Cl'1=55296+40*21 +5 
1(1 PRIt-ITI:')" .: 
20 PR I NT II ***H I 3T OGF.:At'l*** II 
30 FOR L=20 TO 1 ~:TEP -1 
40 L$=" "+~:TR$<L) 
50 PR I NT R I GHT$ (L$ .. 4) .: II \" 

60 t·1D::T L 
70 PR UlT II 0 1 1 1 1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I 1" 
80 FOR P=l TO 30 
90 RERD D 
100 IF D=0 THEN 150 
110 FOR H=1 TO D 
120 POKE 31·1-(Ht40)+P., 160 
130 POKE Cl'1-(H*40)+P.,5 
140 t·1E:";T H 
150 HE;<:T P 
160 DRTA 5 .. 7,8.3.5.2.6.0.1.6 
170 DRTR 7 .. 9.3.5 .. 8 .. 10 .. 12 .. 7.9,12 
1 ;::0 DRTA 10., 15., 1 L 17., 13 .. 18., 15., D., 10 .. 12 
190 Et·m 

Line 8 sets the border colour to green, the screen colour to blue 
and the text to white (PRINT CHR$(5». The screen is cleared in 
line 10 and the main heading printed by line 20. Lines 30 to 60 form a 
loop that produces the vertical scale. The string handling in these 
lines causes the numbers obtained from the loop count to be aligned 
correctly. The graphics character in line 50 forms part of the scaled 
vertical axis. Line 70 produces the horizontal axis. 

In this example, data is contained in DATA lines 160 to 180 and is 
read as required for each column in line 90 into the variable D. The 
histogram is built up by POKEing green reverse characters vertical­
ly over the thirty columns as required. Lines 80 to 150 form the outer 
loop that repeats the inner loop for each column. If the histogram 
has a zero entry then line 100 causes the inner loop to be bypassed. 

The inner loop (lines 110-140) POKEs a reverse character space 
(code 32 + 128 = 160) vertically D times. The correct POKE 
position is determined by the screen and colour memory offsets, set 
in line 9, modified by the current value of Hand P. 
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6.6 Coloured mosaic example 

The ability of the 64 to hold colour character codes in string 
variables allows the colours to be manipulated by string handling 
techniques within a program. An example of this approach is given 
by the program in Table 6.3. The program produces a mosaic 
pattern of coloured squares. An initial sequence of twelve colours, 
generated at random, are used to form a symmetrical pattern 24 by 
24. 

Table 6.3 Coloured mosaic patterns 

10 DIM 0$(24,24),CS(12),D$(12) 
15 POKE 53280,12:POKE53281,12:PRINT"." 
2(1 PRINT":"]" 
25 PRHlT" PLEASE HAlT ~·~HILE" 
26 PRINT" COLOURS ARE SET UP" 
3(1 AS=". ::r-...r.:;r;~:.~:" 
40 PRINT"~".; 
50 FOR 1=1 TO 12 
60 N=INTCRND(I)*16+1) 
70 C$(I)=MID$(AS,N,l) 
80 D$(I)=CS(I) 
90 ND::T I 
100 FOR L=1 TO 12 
110 Ds( l)=C$CU 
120 FOR P=12 TO 1 STEP -1 
130 O$(P,L)=DS(P) 
140 0$(25-P,L)=D$(P) 
150 0$(P,25-U=D$(P) 
160 0$(25-P .. 25-U=D$(P) 
170 D$(P)=D$(P-l) 
180 t'lD-~T P 
190 NEXT L 
2(10 FOR L= 1 TO 24 
2113 PRINT " 
220 FOR P=1 TO 24 

". 

230 PRIt-H OSCP .. U" ~ ".; 
240 ~lE)<:T p 
250 PRIm 
260 NE)<:T L 
3130 GOTO 4(1 
310 END 

Line 10 dimensions the arrays used in the program. The border 
and screen colours are set to Grey 2 in line 15 and the text to Black. 
Line 20 clears the screen and lines 25 and 26 display a message. The 
message is positioned near the centre of the line so that it becomes 
overwritten by the pattern. In line 30 the variable A$ has a string of 
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sixteen colour codes assigned to it. Line 40 moves the cursor to the 
'home position'. In lines 50 to 90, a random number from 1 to 16 is 
generated; this is used as the basis for selecting one of the colour 
codes from string A$. This is repeated twelve times so that the array 
C$ ends up containing a random sequence of colours. The same 
sequence is also assigned to 0$. During the program run C$ remains 
unchanged to provide a reference string, while 0$ is manipulated as 
required for each successive line. 

The pattern for the top half (first twelve lines) is developed within 
the loop 100 to 190. As the line number (L) is increased by one, so 
the first colour to be displayed (0$(1) is set to C$(L). The loop 
lines, 120 to 180, then allocate the display codes contained in the 
array 0$ to specific positions in the output array 0$. Four assign­
ment statements are used to place the contents of 0$ into four 
'mirror image' positions. 

Line 170 advances the display codes along one position, leaving 
0$(1) containing a null (that is, empty) string. On looping hack to 
110, this first position has a colour code assigned to it. according to 

the current line numher (L), from C$. 
The final part of the program, lines 200 to 260, prints out the array 

0$ within two loops. Line 210 starts each line eight spaces in from 
the left-hand side of the screen. Line 230 prints a reverse space 
character in the colour represented by the code in O$(P ,L). Having 
printed the whole pattern, line 300 causes the program to repeat 
from line 40, which has the effect of overlaying the existing pattern 
on the screen with a new randomly generated pattern. 

6.7 Animation 

The building up of the hars in the histogram example represents a 
simple form of animation. However, more elaborate animation, 
such as that used in games, requires characters to move up, down 
and across the screen. The illusion of movement is obtained hy 
POKEing the character into a suitable adjacent screen location and 
then POKEing a space into the preceding position. 

A simple example of this is given by the program in Table 6.4. 
This program causes an asterisk to move across the screen from left 
to right in row 8 (note that the top row is row zero). Lines 10 to 30 set 
the initial screen and colour locations to the first position of row 8. 
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Table 6.4 An example of simple animation 

5 PRINT":,]" 
10 S~l= 1024: 0'1=55296 
20 '::;='::;t'I+40*::: 
3(1 C=Ct'1+40*::: 
40 FOR 1=0 TO 39 
50 POI<E S+ I .' 42 
60 POKE C+1 .. 5 
70 POKE S+I-1 .. 32 
80 FOR D=1 TO 100:NEXT D 
9[1 t~E ::-::T I 
100 POKE S+39 .. :;:2 
110 E~m 

The loop (lines 40-90) moves the required character to each column 
along that row and colours it green (line 60). Line 70 within the loop 
puts a space into the preceding column. A delay loop in line 80 stops 
the asterisk moving too fast. Line 100 puts a space into the final 
position of the asterisk on exiting the loop. 

Problem 
Use graphics characters to build up a simple picture of a face on the 
screen. By POKEing to the appropriate part of the picture, intro­
duce animation that causes the face alternately to sulk and smile. 

An example of such a routine is given in Table AS. This program 
is based upon the face design shown in Figure 6.1. 

Figure 6.1 Animated face 
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Other Functions 

7.1 Mathematical functions 

Commonly used routines, such as those required for obtaining the 
integer part of a number (INT), the logarithm and antilogarithm of 
a number (LOG and EXP), and trigonometric functions (e .g. SIN) 
are available as library functions in BASIC. Examples of a variety of 
these functions will be given in the following sections. 

Further background on mathematical functions and problems 
involving these are given in The Pocket Calculator by L. R. Carter 
and E. Huzan (Teach Yourself Books, 1979). 

7.2 Arguments 

Each function name is followed by an expression (the argument) in 
brackets. The function operates on the argument, that is, the value 
of the expression is used in the standard routine represented by the 
function name. For example: 

100 LET S = SQR(B*B - 4*A*C) 

will evaluate the square root ofthe expression in brackets, i.e. B2 -
4AC, and put the result in cell S. 

There may be restrictions regarding the values of the argument 
associated with a function. For example, it is not possible to take the 
square root of a negative number, therefore the argument used with 
SQR must not have a negative value. The TAB function followed by 
a semicolon causes characters to be output in the column following 
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the argument value; therefore, this value must correspond to a 
possible column position. A comma in place of the semicolon will 
have a different effect. 

7.3 Using library functions 

Library functions are used in LET or PRINT statements on their 
own or in expressions of any complexity. These expressions may 
contain further library functions. The evaluation is, as usuaL work­
ing from the innermost brackets outwards. 

7.4 Truncation 

You have already used the library function INT to obtain the integer 
part of a number which has decimal places. The INT function gives 
the largest integer which is not greater than the argument. There­
fore, if the argument is a positive number, the decimal places are 
dropped and the number is said to be truncated after INT has been 
used. For example: 

110 LET B = INT(A) 

puts 15 into B if A is 15.36. Remember, A will remain unchanged 
after the LET statement has been obeyed, so it will still contain 
15.36. 

However, if A contains -15.36 then the integer placed into B is 
not -15 (since this is larger than -15.36) but -16; in this case, B 
does not contain the truncated value of A. 

To obtain the truncated value of a negative number, the sign must 
be removed from the number before the INT function is applied, 
using the function ABS which takes the absolute value of its 
argument (i.e. the sign is ignored), and the function SGN used. 
SGN gives the value of 1 if its argument has a positive value, -1 if its 
argument has a negative value, and a zero if the value of its 
argument is zero. For example: 

120 LET B = SGN(A)* INT(ABS(A» 

multiplies the integer part of the absolute value of A by its sign, 
so that B will contain the truncated value of A when A is positive 
or negative. Assuming A contains 15.36, as in the previous ex-
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ample, then ABS(A) gives 15.36, INT(ABS(A)) gives 15, and 
SGN(A)*INT(ABS(A)) multiplies 15 by -1 giving -15. 

7.S Rounding 

Numbers often need to be rounded to a nearest number of decimal 
places or to a nearest value in general. Adding 0.5 to a number 
before truncating it will cause the number to be rounded to the 
nearest integer (whole number). For example: 

130 LET B = INT(A + 0.5) 

puts 24 in B if A contains, say 24.3, and 25 in B if A contains, say 
24.5 or 24.6. The program shown in Table 7.1 illustrates this method 
of rounding; angles input in decimals of a degree are output in 
degrees and minutes, rounded to the nearest minute. 

Table 7.1 Rounding to nearest minute 

213 PRINT" ANGLE DEGS ~1lt~S" 
313 PRINT 
413 INPUT A 
513 IF A=13 THEN 1113 
613 LET D=INHA) 
713 REM ROUND 
813 LET t1=INT«A-D)*613+0.5) 
90 PRINT A;TAB(10);D;TAB(17);M 
1013 GOTO 413 
110 HID 

To round a number to a certain number of decimal places, you 
need to divide the number by a scaling factor before adding 0.5, 
truncating, and finally multiplying by the scaling factor. For exam­
ple, to round to three decimal places the scaling factor is O.OOl: 

140 LET P2 = INT(PlIO.Oell + 0.5)*0.001 

puts 3.142 into P2 when PI contains 3.14159. 
In general, if the scaling factor is contained in F then an expres­

sion may be rounded by using: 

INT((expression)/F + 0.5)*F 

This will work also if, for example, you wish to round a number to 
the nearest 10; in this case, F = 10. 
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7.6 Square roots 

The library function for obtaining a square root is SQR. Remember 
the argument must not have a negative value. You can use SGN to 
test the sign, as shown in Table 7.2. 

Table 7.2 Use of SGN and SQR 

713 I~PUT H 
813 FOR 1=1 TO H 
913 INPUT A,B,C:PRIHT 
lee LET R=B*B-4*A*C 
1113 IF SGN(R)=-1 THEN 1513 
1213 LET R=SQR(R) 
1313 PRItH"SQUARE ROOT OF R =";R.;"FOF.:".;A.;B.;C 
140 GOTO 155 
1513 PRItH"RESULT NEGATIVE FOR";A;B.;C 
155 PRItH 
1613 HEXT I 
170 END 

The program given in Table 7.3 calculates and outputs the 
diameter in metres (rounded to two decimal places) of cylindrical 
tanks, given the volume V (in litres of water) and three standard 
heights in metres. The formula for the volume of a cylinder of height 
h, and radius r is: 

v = rrr2h 

Therefore, the diameter d is given by: 

d=2r=2~ 
nh 

Table 7.3 Calculation of diameter of cylindrical tanks 

20 PI': HiT" VOLUME HE I GHT II I At'lETER" 
313 PRINT" LTRS. 1'1. t·l." 
40 PRINT" ------ ------ --------
50 DATA L 1. 25 .. 1. 75 
613 IHPUT V 
80 IF V=0 THEN 160 
85 PRINT 
~VI FOR 1=1 TO 3 
100 READ H 
110 LET D=IHT(~;G!R(V/( 1000*1T*H> '*21313+0. 5)/100 
120 PRIHT TRB(4);V;TAB(14);H;TAB(24);D 
130 NE)<T I 
1413 RESTORE 
150 GOTO 60 
160 Et·m 
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In the problem, the three standard heights are given in a DATA 
statement. For each volume V the diameter D is calculated and 
output using each of the three standard heights in turn. Every time 
the READ H statement (line 100) is obeyed, the next value in the 
DATA statement is taken. That is, the first time through the FOR 
loop H is taken to be 1, the second time 1.25, and the third time 
1.75. The DATA pointer then needs to be reset to the beginning of 
the OAT A values ready for a further three passes through the FOR 
loop with the next value of V. This is achieved by the RESTORE 
statement in line 140. Use the program to find the diameter oftanks 
which have volumes of 500 and 1000 litres (1000 litres = 1 m3). The 
answers are shown in Table 7.4. 

Table 7.4 Output from program given in Table 7.3 

VOLUME HEIGHT DIAMETER 
LTRS. M. M. 

SOO 
5UU 
500 

1000 
100(, 
1000 

1 
1.25 
1.75 

1 
l.25 
1.75 

7.7 Trigonometric functions 

.8 

.71 

.6 

1.13 
1. U 1 
.85 

The sine, cosine and tangent of angles are obtained by using the 
function names SIN, COS and TAN respectively, followed by the 
angle in brackets (expressed in radians). For example: 

100 LET X=COS(B) 

will put the cosine of B(radians) in ccll X. 
Only the inverse tangcnt (arctangent) is available as the function 

A TN. This has as the argument the tangent of the required angle. 
The angle obtained will be in radians. 

The following BASIC statements may be used to find angle A in 
mdians given that the sine of the angle is S or the cosine of the angle 
isC: 
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110 LET A=ATN(S/SQR(l - S*S» 
120 LET A=n12 - ATN(C/SQR(1 - C*C» 

Note: You must avoid using the above formulae when S= 1 (re­
quired angle is n12) or C= I (required angle is 0). 

:;; is available as a library function with your 64. 
You may need to use a combination of these functions and you 

can do this in one statement. For example, you may be given the 
three sides of a triangle (a, b, c) and need to flnd the sines of the 
angles, 

You could use the formula 

cos B = (a2 + c2 - b2)/2ac 

to flnd the cosine of angle B (and similarly for angles A and C). 
If you then want to flnd the sine of the angles, you could use the 

following form~laB . ( -I (VI _ COS 2B) ) 
S1l1 = S1I1 tan B cos 

, . 2B ) BIB sin B s1l1ce S1l1 + cos- = anu tan = -B' 
cos 

Therefore, the following BASIC statements will result in sin B 
being stored in variable S: 

40 LET X=(A*A+C*C-B*B)/(2*A*C) 
50 LET S=SIN(ATN(SQR(l-X*X)/X» 

where the sides of the triangle (a,b,c) are stored in the variables A, 
Band C. 

7.8 Logarithms and antilogarithms 

The logarithms and antilogarithms of expressions are given by the 
functions LOG and EXP, respectively. For example, the xth root of 
a number may be found by dividing the log of the number (y) by x 
and taking the antilog; this may be expressed as shown in the 
following BASIC statement: 

100 LET R = EXP(LOG(Y)/X) 
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After this statement has been obeyed, R will contain the required 
root. 

The function LOG gives the logarithm of its argument to base e; 
these are known as Naperian (or natural) logarithms. Since, 

_ 10gcY 
10gIOY - 10ge lO 

the following BASlC statement finds the log of a number (Y) to 
base 10: 

110 LET T = LOG(Y)/LOG(lO) 

Similarly, the antilog is found by multiplying the log to base 10 by 
logc10 and taking the antilog of the result as follows: 

120 LET A = EXP(T* LOG(lO)) 

e has the value 2.7182818 to 8 significant figures. The function 
EXP raises e to the Xth power, where X is its argument. That is, 
EXP(X) = e; the use of EXP is illustrated further in the next 
section. 

7.9 Hyperbolic functions 

Hyperbolic functions may be expressed in terms of eX. For example: 

tanh x 
sinh x 

The sinh of the number held in cell X will be placed into cell Y by the 
following LET statement: 

110 LET Y = (EXP(X) - EXP( - X) )/2 

7.10 TAB function 

The TAB function has already been used in several examples. The 
definition of TAB is summarised below. The TAB function may 
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only be used in PRINT statements to give the next output column 
position. 

If T AB(P) is followed by a semicolon. then the variable or 
expression following the semicolon will be output starting at column 
INT(P+ 1). P may be any expression whose value lies between 0 and 
255. 

7.11 Random numbers 

Pseudo random numbers may be obtained by the use of the function 
RND. This function chooses a number at random between 0 and l. 
This facility can be used in programs to form the basis of chance 
outcome in games. and to simulate randomness in scientific and 
business applications. 

The function is RND(X), where X is a dummy number having any 
value. The value of X determines the starting point of the string of 
numbers generated. that is, RND(7) will generate a difference 
sequence from RND(3). 

The random numbers generated will usually need to be manipu­
lated. For example, to represent the throw of a die, integer values 
between I and 6 need to be randomly generated. This may be done 
with the following instruction: 

100 LETT = INT(6*RND(3) + 1) 

The + 1 is required as otherwise the truncated integer would lie 
between 0 and 5. 

When it is required to generate numbers to represent a sample 
from a uniform distribution a single statement similar to the above 
will be sufficient. In more advanced cases of simulation. it is often 
required to sample from a given frequency distribution. A sub­
routine suitable for these circumstances is described in Chapter 9. 

7.12 User defined functions 

You may define your own functions by using a 0 EF FNx statement. 
which has the following format: 

line number DEF FNx(yariable) = expression 
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Each user-defined function must have a unique name within the 
program as given by FNx, where x is a variable name. 

Each function has a dummy argument given by the variable in 
brackets above. The actual argument used when the function is 
subsequently referenced in the program will be different from the 
dummy argument in the function definition. For example, the 
previous expression used to round a number can now be defined as a 
function as follows: 

50 DEF FNR(A) = INT(A/F + 0.5)*F 

This can be used subsequently in the same program to round a 
number to, say, the nearest 100 and to one decimal place as shown in 
Table 7.5. 

Table 7.5 Program to round numbers 

50 DEF FNR(A)=INTCA/F+0.5)*F 
6(1 RERD B .. C 
70 DRTR 650,32.55,649,32.54,651,32.56,0.0 
80 IF B = 13 THEN 190 
100 RHl ROUND B TO t·jERREST 100 
110 LET F=100 
120 LET Bl=FNRCE) 
1313 RHl Rout·jD C TO 1 DECH1AL PLACE 
140 LET F=B. 1 
1513 LET C1=FNRC(:) 
1613 PRHlT liE: =".; E.; "Bl =".; Bl .. "C ="; c.; "C1 =".; [:1 
1713 PRItH 
1813 GOTO 60 
1913 am 

7.13 Problems 

Problem 1 - Radius of circumcircle 
Write a program to find the radius of a circular track passing through 
points which form a triangle. The radius (r) of the circumcircle of a 
triangle is given by: 

a h c 
r=--=---=--

2sin A 2sin B 2sin C 

w here a, h, c and A, B, C are the sides and angles of the triangle. 
The program is listed in Table A6, and the answer for a = 452 

metres. h = 3X6 metres and c = 739 metres is given in Appendix B. 
(Note: cos B = (a2 + ('2 - h2)/2ac.) 
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Problem 2 - Volumes of solids 
The volume of a solid of uniform cross-sectional area (A) and height 
(H) is given by: 

V=A xH 

The uniform cross-sectional areas of some common solids are given 
in Table 7.6 together with their codes. 

Write a program to calculate the volumes of the solids given in 
Table 7.6. All dimensions are in cm. The name of the solid is to be 
held in a DATA statement. Output the name of the solid and its 
volume. Code 0 can be used to terminate execution of the program. 
Suitable test data is given in Table 7.7, but include some extra data 
of your own. 

Table 7.6 Some solids with uniform cross-sectional areas 

Code Solid Cross-sectional area 

1 cuboid Lx W 
2 cylinder IT x R2 
3 hexagonal bar V2v'27 X D2 

L = length W = width R = radius D = length of side 

Table 7.7 Data for 'Volumes of solids' problem 

1st 2nd Required no. 
dimension dimension Height of decimal 

Code (L or R or D) (W or zero) (H) places 

2 4.5 0 1.75 2 
3 12.6 0 250 0 
1 5.3 7.0 4.2 1 

The program is listed in Table A 7. and the answers are given in 
Appendix B. The program presented in Table A7 allows the user to 
round the answer using a scaling factor (F) to give the required 
number of decimal places. Note that the scaling factors for 2, 0 and 1 
decimal places are .01, 1 and .1, respectively (see section 7.5). 
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Arrays 

8.1 Lists and tables 

So far single memory cells have been referenced by single variable 
names. 

Many problems involve processing a number of variables in 
exactly the same way. In these programs, it is much more conve­
nient to use the same name to reference a number of memory cells 
whose contents are processed by the same set of instructions in the 
program; a subscript is used in association with the variable name to 
identify uniquely each particular memory cell. For example, the 
program given in Table 8.1 inputs a list of N numbers and outputs a 
list of numbers that are greater than 10, and a list of numbers that 
are negative, using two passes through the stored data. 

If N is equal to 9, then the list of 9 numbers is input into memory 
cells A(l), A(2), ... , A(9), since in the FOR loop (lines 20-40) I 
takes the values 1-9. I is the subscript and A is the name of an array 
of nine elements. Each element of the array may be referenced by 
the array name and the subscript referring to its position in the 
array. That is, A( 4) refers to the fourth number input into the array 
A, which is the memory cell between those occupied by A(3) and 
A(5). 

Your BASIC system starts numbering the elements of an array at 
0, that is, the first element of the array is referenced by A(O). The 
program given in Table 8.1 may be amended so that it can be used to 
input and process nine numbers starting at A(O) by changing the 
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Table 8.1 Program to output numbers> 10 and negative numbers 

Ie INPUT N 
213 FOR 1=1 TO N 
30 INPUT A(I) 
40 t..JEXT I 
50 PRINT"NUr'lBERS :> 10" 
60 PRINT 
713 FOR 1=1 TO N 
80 IF A(I) (= 10 THEN 100 
90 PRINT AU) 
100 NEXT I 
110 PRINT 
120 PRINT 
130 PRINT"NEGATIVE NUI'1BERS" 
135 PRINT 
140 FOR 1=1 TO N 
150 IF A(I) :>= 0 THEN 170 
160 PRINT A( 1) 
170 HEXT I 
180 PRINT 
190 END 

initial value of I to ° in each FOR statement, lines 20, 70 and 140. N 
would need to be input as 8 instead of 9 in this case. 

Try running the program given in Table 8.1 with the following 
nine numbers: 

6,12, -30, 10, -4,47,9,0,58 

The output for this data is shown in Table 8.2. 

Table 8.2 Output from program given in Table 8.1 

NUMBERS> 10 
12 
47 
58 

NEGATIVE NUMBERS 
-30 
-4 

Array A, in the previous example, is called a one-dimensional 
array because it has one subscript. A one-dimensional array is a list, 
and a two-dimensional array is a table. A three-dimensional array is 
more difficult to visualise; an example would be to have the page 
number of a book as the third dimension (subscript), and the lines 
and columns on a page forming a table referenced by the other two 
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subscripts. The subscripts are separated by commas within the 
brackets following the name of the array, so that T$(3,2,8) could 
refer to the third line and second column on the eighth page of a 
book. 

8.2 Naming arrays 

Arrays used for holding numbers must be called by a variable name 
followed by the subscripts in brackets. 

Array names which are identical to single variable names may be 
used in the same program. That is, the BASIC system will disting­
uish between A used as a single variable and A (subscript(s» used as 
an array element for storing numbers, and A$ used as a single string 
variable and A$ (subscript(s» used for storing character strings. 

8.3 Subscripts 

The subscripts that may be used with array names may consist of any 
expression. However, since the subscripts refer to unique positions 
in the array which is stored in memory cells in the computer, the 
individual subscripts must have positive values which the system will 
truncate to integer values (zero is a possible value for a subscript as 
explained previously). 

The integer values of the subscripts must lie within the bounds of 
the array. For example, in the program given in Table 8.1 the 
BASIC system automatically allocates eleven memory cells (sub­
scripts 0-10) in the absence of a DIM statement, which will be 
explained in the next section. If N were input as, say, 20, then 
elements referenced in the FOR statement beyond the A(lO) 
element would be outside the defined storage of the array (i.e. 
outside the bounds of the array); in this case an execution error 
would occur. 

8.4 The DIM statement 

The DIM statement is used to define storage for arrays which have 
subscripts whose values are greater than ten. Although the DIM 
statements can appear anywhere in the program (before the array is 
accessed) it is better to place it at the beginning of the program so 
that it is separate from the main logic. 
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The format of the DIM statement is: 

line number DIM list of array variables separated by commas 

The array variables in the list may be ordinary or string variables; 
each variable name is followed by subscripts, separated by commas, 
in brackets. 

For example, array X is to be used to store a list of up to fifty 
numbers, and array T$ is to be used to hold a table comprising a 
maximum of 5 rows and 7 columns. 

The DIM statement to define storage for these two arrays is: 

30 DIM X(50), T$(5,7) 

X will have fifty-one memory cells of storage reserved, referenced 
by X(O), XCI), X(2), ... , X(50). T$ will have a total of forty-eight 
cells reserved, the first cell being referenced by T$(O,O) and the last 
cell by T$(5,7). 

Notice that storage is reserved for the maximum array size in each 
case. A particular run of your program may require less storage than 
the maximum; this is acceptable, or alternatively you can input 
values for the variable subscripts in the DIM statement before it is 
used (this is known as dynamic dimensioning). Note that the 
dimensioning may only be done once during the program run. For 
example, the DIM statement below requires K, Land M to be input 
at run time: 

40 DIM X(K),T$(L,M) 

More than one DIM statement may be used in a program, but the 
same array name may not appear in more than one DIM statement 
in a program. For example: 

50 DIM B$(30,8),A. $(60),A(20.20») 
60 DIM D(lOO), C$(5,7,6) correct 

is correct. 

70 DIM B$(30,8),A$(60),A(20,20) \. 
80 DIM D(100),A(20,20).C$(5,7.6) J IIlcorrcct 

will produce an error because A(20,20) appears in the DIM state­
ments in line 70 and in line 80. 

It is important to note that the DIM statement may be used to 
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override the automatic storage allocation for small arrays. For 
example, if array A is to contain a maximum of six cells and array B 
a maximum of four cells, then DIM A(5),B(3) will cause the exact 
storage required to be allocated, thus saving storage compared with 
the automatic allocation of eleven cells for each array. 

8.5 Nested FOR loops 

A FOR loop may lie wholly within another FOR loop, as was shown 
in Table 5.8 (page 36). This facility is particularly useful for manipu­
lating arrays. For example, the data given in Table 8.3 is to be input 
into a two-dimensional array called A and output in the form shown 
in Table 8.4. The program given in Table 8.5 uses nested FOR 
loops to achieve this; try running this program. 

Table 8.3 Input data for 'Nested FOR loops' program 

1 
5 
9 

2 
6 

10 

3 
7 

11 

4 
8 

12 

Table 8.4 Table to be output 

159 
2 6 10 
3 7 11 
4 8 12 

Table 8.5 Program using nested FOR loops 

10 DUl A(3,4) 
20 DATA 1,2,3,4,5,6,7,8,9,10.11,12 
30 FOR 1=1 TO 3 
40 FOR J=1 TO 4 
50 READ A( I., .J) 
60 NEi<:T J 
70 HEi<:T I 
::::0 FOR 1=1 TO 4 
gn FOR J=1 TO 3 
100 PRIHT A(J.I); 
110 !'IEiH J 
120 PRIm 
130 NE:x:T I 
140 HiD 
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8.6 Problems 

Write programs for the following problems. 

Problem 1 - Copying an array 
Copy an array A comprising N elements into an array B, of the same 
size as A, in reverse order. For example, ifN is 20. A(20) will go into 
B(1), A(19) into B(2), etc. Assume N is always a multiple of 5. and 
output array B in rows of 5 columns. 

The program is listed in Table AS. 

Problem 2 - Sum of elements 
Sum the elements on the diagonals of an M x M array. Allow for M 
to be odd (as well as even) when the central element must be added 
in only once. Test your program in one run with an odd and an even 
value of M. Output the array and the sum of the elements on the 
diagonals in each case. 

The program is listed in Table A9. 

Problem 3 - Sorting a list of numbers 
Sort a list of N numbers, held in array A. into ascending numerical 
order. Use only one array which is just large enough to hold the 
maximum number of numbers that may be input. The logic of the 
method is shown in Figure 8.1. This involves pushing the highest 
number to the end of the list by exchanging the higher number of 
each pair working through the list. That is, if element A( 1) is greater 
than element A(2) then their contents are exchanged so that the 
higher value is in A(2); then the value in A(2) is compared with that 
in A(3) and exchanged if necessary. The second pass through the list 
is shorter since at the end of the first pass A(N) contained the 
highest value in the list and does not need to be compared again. If 
no exchanges take place during a pass (i.e. E = 0) then the list is in 
the required sorted order and no further passes are necessary. 

Output the list of numbers in its original order and after each pass 
of the sort so that you can see how this sorting method works. Use 
the following data, and create your own data, to provide a variety of 
different lists to be sorted. 

Data: 

15,3,20,22,22.9,4,23.2.0. -25 
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Figure 8.1 Sorting a list of numbers into ascending order 
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The program is listed in Table AlO. 
The changes in the order of the numbers in the list after each pass 

are shown in Table 8.6, starting with the list in its original order and 
finishing with the numbers sorted in ascending sequence. 

Table 8.6 Sorting a list of numbers 

15 3 20 22 22 9 4 23 2 0 -25 
3 15 20 22 9 4 22 2 0 -25 23 
3 15 20 9 4 22 2 0 -25 22 23 
.'\ 15 9 4 20 2 0 -25 22 22 23 
.'\ 9 4 15 2 0 -25 20 22 22 23 
3 4 9 2 0 -25 15 20 22 22 23 
.'\ 4 2 0 -25 9 15 20 22 22 23 
3 2 0 -25 4 9 15 20 22 22 23 
2 0 -25 3 4 9 15 20 22 22 23 
0 -25 2 3 4 9 15 20 22 22 23 

-25 0 2 3 4 9 15 20 22 22 23 
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Subroutines 

9.1 Purpose of subroutines 

A subroutine is a sequence of instructions designed to perform one 
or more specific tasks. The routine may be required more than once 
in different places in the program. When a routine is written as a 
subroutine it is incorporated in the main program once. During 
execution the statement. GOSUB linen umber. causes control to 
pass to the line number specified. Execution continues until a 
RETURN statement is encountered. Control then passes back to 
the statement following the originating GOSUB statement. 

A subroutine can be entered as many times as required and 
therefore can save the writing of similar instructions in several parts 
of the program. Apart from the extra program writing, the program 
usually becomes longer if subroutines are not used. A longer 
program requires more computer storage, and takes longer to 
translate into machine code; using subroutines wherever possible 
generally makes a program more efficient. 

Once a subroutine has been developed and tested it may be used 
in quite different programs, either as it stands or with modifications. 
If possible, subroutines should be designed to allow them to be used 
in many different ways without modification. This may be done by 
building in flexibility. 
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9.2 Independent development 

Another advantage of using subroutines is that they may be de­
veloped and tested independently from the program(s) in which 
they are to be used. 

By testing subroutines independently a complex program may be 
built up more quickly using proved subroutines. In addition, if a 
subroutine has been developed for one program, then it can be 
tested with suitable test data for use in a different program before it 
is incorporated. However, the final program will need to be tested 
as a whole to ensure that the linkages - i.e. statements between the 
subroutines (as well as the subroutines) - give correct results for 
every branch of the program. The test data must be comprehensive 
enough to test every instruction in the program, as discussed in 
Chapter 4. 

9.3 Graphs and histograms 

If you use a computer to analyse data it is almost certain that at some 
time you will want to plot the data, or maybe group it into a 
frequency table. The following sections describe a series of sub­
routines that allow you to do this. To allow the subroutines to be 
compatible we need to standardise some of the variable names. The 
routines have been written to allow up to 100 data values to be 
processed. These values will be held in the array V. There is 
therefore the need for a DIM V(lOO) in the main program. If the 
data is to be grouped into a frequency table before, say, printing out 
a histogram, the variable will be stored in array X and the frequency 
in array F. A frequency table having a maximum of fifteen class 
intervals should be adequate for most purposes. Therefore the main 
program will need a DIM statement containing X(15), F(15). 

9.4 Serial plotting routine 

A routine to plot a series of values sequentially is useful for time 
series based data. The examination of the graph might confirm that 
it is not worthwhile using more elaborate analyses to seek non­
existent trends, or seasonal patterns. 



70 Computer Programming with the Commodore 64 

Table 9.1 Serial plotting routine 

1(110 pF.:Im 
1020 PF:nn"NO OF IIATA POINTS ="; N 
1030 PRINT 
1040 INPUT"ENTER NO OF POINTS TO PLOT";Q 
1060 IF Q)N THEN 1010 
1070 LET B=1 
1(180 IF Q=N THEt1 1110 
1085 PRINT 
1(190 INPUT"START PLOT AT DATA POHn t·lO".:B 
1105 LET Q = Q + B-1 
1110 LET r'l=0 
1120 FOR I=B TO Q 
1130 IF VCI)(M THEN 1150 
1140 LET ~l=VCI) 
1150 Nn:T I 
1160 LET ::::=I+IHHt'l/30) 
1170 PRIm 
1180 PRI HT"OHE PLOT F'OSITION ="; s; "umT:::" 
119~i PRItH 
1200 PRan" H DATA".; 
1210 PRIHT TAB(9);"0";TAB(17);10*S;TAB(27);20*S 
1220 PRIHT TAB(9).: Ill .... : .... I .... ; .... I .... : .... U 

1230 FOR I = B TO Q 
1240 LET K=INT(V(I)/S+.5) 
1250 IF 1<)0 THEN 12813 
1260 PRIHT I;TAB(5);V(I);TAB(9);"." 
1270 (;OTO 1290 
1280 PRINT I;TAB(5);V(I);TAB(9);"I";TAB(K+9);"," 
1290 Hn:T I 
1300 PRIHT TAB(9);"I .... : .••. 1 •..• : .... 1. '" 
1310 PF.:ItH 
132~i F.:ETURN 

A plotting routine is given in Table 9.1. The largest value to be 
plotted (M) is found (lines 1110--1150) and from this the scaling 
factor is calculated. Line 1160 has been written to fit the maximum 
value within thirty print positions. The first ten print positions are 
taken up by the data point number (N) and the actual value V(I). 

Problem 1 - Plot of percentage pastureland 
Write a program using the above routine to plot the reducing 
percentage pastureland. as given in Table 9.2. The program is given 
in Table All, and the output in Table 9.3. 
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Table 9.2 Pasture land in a parish 

Year % Pastureland 

1 82 
2 72 
3 63 
4 60 
5 57 
6 54 
7 50 
8 45 
9 38 

10 35 

Table 9.3 Percentage pasture land output 

ENTER NO OF YEARS? 10 

~ PASTURELANO, YR 82 
~ PASTURELANO, YR 2 ? 72 

~ PASTURELANO, YR 10 ? 35 

NO OF DATA POINTS = 10 

ENTER NO OF POINTS TO PLOT? 10 

ONE PLOT POSITION = ~ l~ITS 

tJ OFHA 0 
1 .... : .... 1 ..•. : •... 1 ..•. : ..•. 

82 1 .. 
2 72 I :+ 

4 
= .J 

6 

63 

54 
5C1 
4~i 

10 35 1 :+ 
1 •••• : ••.. 1 ..•. : •••• 1 ...• : •••. 
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9.5 Frequency grouping subroutines 

Before producing a histogram, or carrying out other forms of 
analysis, it is often required to group individual data points into 
class intervals and note the total number of values falling into each 
interval (i.e. the frequency). 

A subroutine to do this is given in Table 9.4. The frequency table 
so constructed is composed of fifteen class intervals. Any data not 
included as a result of this constraint is printed out by line 2100. A 
new run can then be undertaken with the class interval parameters 
respecified accordingly. 

Table 9.4 Frequency grouping routine 

2'21'J'2I HIPUT"EtHER SIZE OF CLASS HlTEI':VAL".: C 
2015 PPItH 
2'2:12'21 I t·IPUT" EHTER LO~lEP BOUHII OF 1::::1. I tHERVAL " .: L 
2'21413 FOR 1=1 TO H 
20513 FOR J=1 TO 15 
20613 IF 1,1(1) )= (L+(CtJ» THEN 21390 
2'2178 LET F(])=F(])+1 
208'21 GOTO 21113 
20913 HE::.;T J 
21013 PRItH >,/(1).: "tWT COUNTED" 
2110 t·IEi<T I 
21213 FOR J=1 TO 15 
2130 LET X(J)=L+«J-.5)tC) 
21413 t·lE:x:T J 
21513 RETURH 

The reason for designing the program in this manner is that a 
completely automatic parameter setting routine may disguise the 
presence of a 'rogue' value which, once pointed out, you are happy 
to ignore. 

A subroutine to print out a frequency table is given in Table 9.5. 
As this subroutine is intended to be independent of the grouping 
subroutine, the class interval and lower bounds are calculated from 
the array values of X. 

The third subroutine in this set outputs the frequency table in 
histogram form. The program is given in Table 9.6. As with the 
plotting routine it has been written to use thirty print positions for 
the histogram. 



Table 9.S Frequency table routine 

3000 PRINT 
3010 LET C = X(2) - XCI) 
3020 LET L = )-:; (1) - (. 5*(:) 
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3030 PR I ~lTl-------------------" 
3040 PRINT TAB(4);"X";TAB(14);"F" 
3050 F·R I t·lT l -------------------" 

3060 FOR 1=1 TO 15 
3070 LET B = L + C*(1-1) 
3080 PRINT B;TAB(4);"-";TABCI4);FCI) 
3090 t'lEiH I 
3100 PRmT"-------------------" 
3110 RETURt'l 

Table 9.6 Histogram routine 

4000 LET M F(1) 
:+ti 1 Ci ~'F i r'~T 
4020 PPIrH 
4210 FOR I : : TO N 
4220 IF FCI) < M THEN 4240 
4230 LET M = r\lJ 

4;;::40 r~E>:T I 
4250 IF M ) 30 THEN 4300 
4260 LET U = It~T(30!M:) 
4265 LET S = l/U 
42;::5 PF.~ I r-iT U.,!t :::TFtP::; = 1 Ui"-JI T 'I 
:.t29(i GOTD 4:~;3Ci 

4300 LET S = INT(M/30)+1 
4c:;20 F'F.'ItH "ClrlE ':,TAP '" "; :::;," UriIT",;" 
4c:;30 ~'P I [iT 
+350 F'i?HH" CLF6::; " , 
4:~;51 f-'F.:lr·~T TFfBC(,).; !lI.,.,..· .... ,. I.,.,..: ..• ,. I .... ,. .. ,. I!' 
4400 FOP I = 1 TO 15 
4410 LET K = It,iT«(F(I~'/~;)+.5) 
441: IF K ) 0 THEN 4420 
4414 ;:'PIrH T, TR'E: (7).; "1 " 
+416 G,:;TO 447[; 
4420 ~'PIHT I,;TAI,(7);"I",; 
4430 FOR J = 1 iU ~ 

4440 PPFiT """" 
4450 r·~E::<T .} 
4460 PPIHT 
+470 'iE::T I 
4.:."75 r:::Flr-~T TF1B(7),; !lI .... · .... I .... 
q:::Ci FS"HlT 

~ •• ~ : " .... : " • II • I l! 
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Problem 2 - Pastureland histogram 
Write a program incorporating these subroutines to process the data 
shown in Table 9.7. The output required is a frequency table and 
histogram of the percentage pastureland. 

Table 9.7 Parish data 

Parish 
1 

% amount of pasture land 
46 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

47 
63 
74 
76 
26 
37 
39 
35 
43 
52 
59 

The program, which gives the output shown in Tables 9.8 and 9.9, 
is listed in Table A12. 

Table 9.8 Frequency table for Problem 2 

X F . ·20.:...· ....... ·i .. . 
30 - 3 
40 - 3 
50 - 2 
60 - 1 
70 - 2 
80 - 0 
90 - 0 
100- () 
110- 0 
120 - 0 
130- 0 
140 - 0 
150 - 0 
160 - () 
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Table 9.9 Histogram for Problem 2 

10 STARS ~ 1 UNIT 
CLASS I .•.. : •••• 1 •••• : .•.• 1 •••• : •••• 1 

1 1********** 

2 1****************************** 
****************************** 

4 ******************** 
5 ********** 
6 ******************** 

7 
8 
9 

10 
11 
12 
13 
14 
15 

•••• : ••.• 1 •••• : •••• 1 •••• : •••• 1 

9.6 Sampling from a frequency distribution 

A subroutine is described below that allows a value to be sampled 
from a frequency distribution. The frequency distribution is con­
tained in the two-dimensional array X. The first dimension contains 
the variable value. the second dimension contains the cumulative 
percentage frequency. 

To allow the subroutine to be used generally in a variety of 
programs some standardisation of the array containing the fre­
quency distribution is necessary. The number of class intervals has 
been set at 10 resulting in the dimensions for the array X being 
(10,2). Note that, for convenience, the existence of 0 subscripts 
have been ignored. If a required distribution contains less than ten 
rows (i.e. class intervals), the final entries in the array will be 
identical. For example, the data to be sampled, shown in Table 
9.10, would be contained in the array X(R,I) as shown in Table 
9.11. 
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Table 9.10 Data to be sampled 

Variable 
5 

10 
15 
20 
25 
30 

Cumulative o/c frequency 
10 
27 
42 
65 
80 

100 

Table 9.11 Contents of X(RJ) 

Row subscript. R 

(1, ) 
(2, ) 
(3, ) 
(4, ) 
(5, ) 
(6, ) 
(7, ) 
(8, ) 
(9, ) 

(10, ) 

Column subscript, I 
(,1) ( ,2) 

5 10 
10 27 
15 42 
20 65 
25 80 
30 100 
30 100 
30 100 
30 100 
30 100 

Any distributions to be used from a main program are established 
in a similar (10,2) format and array X can be equated to them before 
entering the subroutine, 

9.7 Description of subroutine 

A flowchart for the subroutine is shown in Figure 9,1 and the listing 
is given in Table 9.12. 

Table 9.12 Sampling routine 

9013 RH1 :3Ar'1PL I NG SUB 
9113 LET Z=100*Rt'lDO) 
9213 FOR R=l TO 10 
930 LET ',,1=>:: 0: R, 1 ) 
9413 IF Z(=XO:R,2) THEN 980 
950 Hn:T R 
960 PRItn"ERROR:RN NOT PROPERL'r' ALLOCATED" 
97(1 El'lD 
9r:m RETURN 



NO 

Select and 

NO 

Add 1 to 
row count (R) 

YES 

Figure 9.1 Sampling flowchart 
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The random number generated is scaled to lie between 0 and 100 
(line 910). Within the FOR loop the array X is inspected row by 
row. The value of the current row variable is assigned to V (line 930) 
and the value of the scaled random number Z is compared with the 
current cumulative frequency (line 940). If Z is greater than the 
frequency the process is repeated for the next row (line 950). When, 
eventually, the random value Z falls within the current class interval 
the subroutine is left, carrying back the current value of the variable 
V. If, due to errors in setting up the distribution, the random value 
Z cannot be associated with any particular row then lines 960 and 
970 are encountered, giving rise to the error message. 

A simulation program using this subroutine is given in Chapter 
12, section 12.5. 

Problem 3 - Input subroutine 
Write a subroutine to allow the details of Table 9.10 to be entered 
into a two-dimensional array D. Make provision for up to ten rows 
to be entered. 

A subroutine to meet the above requirements is shown in Table 
Al3. 

9.8 Protected INPUT routine 

Input statements can cause the inexperienced user problems. If the 
return key is pressed in response to an input statement without 
entering 'data' the 64 accepts a null return and continues through 
the program, usually with unintended results. The routine to be 
described (Table 9.13) will not accept solely the return key, thereby 
preventing 'null' inputs. 

This subroutine makes use of the GET statement which accepts a 
single character from the keyboard without waiting for the return 
character. The GET statement allows any entry from the keyboard 
to be examined by the 64. You can use this technique, together with 
the conditional branch statements given in Chapter 5, for writing 
programs that allow the user to choose a course of action from a 
'menu' of choices. Because the GET statement will also accept a 
'null' response the user does not have time to respond unless a loop 
is built into the program. A common method is: 

20() GET A$: IF A$ = .... THEN 2()O 



Table 9.13 Protected input routine 
500(1 RHl PROTECTED I t·1PUT 
50182I$="":2J$="" 
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58213 PR I tH" ~ !!II".; : FOR II= 1 TO :=:08: NE)<:T Ii 
5838 PRHlT" II".; :FOR Ii=! TO 308:HE}::T Ii 
'5(1413 GET 21$: IF 21$="" THEt-l 5820 
5058 IF 2I$C>CHP:t(213) THEt-l 508(1 
5055 ZL=LEN<Z.J$): IF ZL(1 THEN 5020 
5060 ZJ$=LEFT$(ZJ$,ZL-l) 
5078 PRINT ZI$; :GOTO 51328 
5088 IF ZI$=CHR$(13) THEN 5120 
5898 PlUtH Z1$; 
5180 ZJ$=2J$+2I' 
5110 GOTO 5028 
5120 IF ZJ$="" THEt~ 5028 
5138 PRItH 
5148 RETURt·l 

Line 200 forms a closed loop which is only broken by a key being 
pressed. While the loop in line 200 is being executed no cursor will 
be displayed. 

The principle of the subroutine is that a series of characters keyed 
in response to a GET loop are concatenated into a string to give the 
equivalent of the response to an INPUT statement. Line 5010 sets 
the GET variable ZI$ and the concatenated variable ZJ$ to null 
strings. A flashing cursor is simulated in lines 5020 and 5030. Lines 
5020 to 5040 form therefore a more elaborate GET loop (i.e. 5020-
cursor on; 5030 - cursor off; 5040 - GET character, else cursor on. 
etc.). When a character is entered this loop is left and the character 
tested. 

The first test (line 5050) is to check for the delete key (character 
code 20). If the delete key has been pressed, the length of the 
current string ZJ$ is calculated (line 5055). If ZJ$ is reduced to a null 
string the entry loop is re-entered (i.e. control is passed to line 
5020). Providing ZJ$ does contain characters, line 5060 removes the 
rightmost character. Line 5070 'prints' the delete character, i.e. 
causes the cursor to move left and then the GET loop is re-entered. 

The second test (line 5080) checks for the pressing of the return 
key (character 13). Providing the return key has not been pressed, 
the acceptable character is printed and concatenated to ZJ$ in lines 
5090 and 5100 before 5110 returns control to the GET loop. 

When the return key is pressed. line 5080 causes execution to pass 
to line 5120 where the status of ZJ$ is checked. If ZJ$ is still a null 
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string then depression of the return key is not acceptable and the 
GET loop is re-entered. When ZJ$ does contain a response. 
depression of the return key is 'accepted' and the final PRINT is 
executed to terminate the action of the trailing semicolons in 
previous print statements. 



10 

Sprite Graphics and Customised 
Characters 

10.1 Introduction to sprites 

Sprites are graphics characters designed by the user within a block 
of 24 dots across by 21 rows deep. Eight sprites can be displayed 
simultaneously on the screen and moved around as required. For 
this reason sprites are sometimes referred to as MOBS (mobile 
object blocks). The colour of a sprite can be changed when required 
and collisions hetween sprites, or hetween sprites and 'text", can be 
detected within a program. When sprites meet other sprites or 
'text', priorities set within the program determine which pass in 
front. Finally, any sprite can be expanded to twice its size on the 
screen in the horizontal (X axis) and/or vertical (Y axis) direction. 

This chapter contains simple programs that demonstrate each of 
the above features. Each program has been developed to illustrate 
just one or two of the features at a time as there are. in alL over 
thirty locations that could be POKEd! Appendix H summarises the 
appropriate locations (also called registers) according to the sprite 
number (0 to 7) and the feature to be controlled. The locations in 
the Appendix are offsets from the memory location 53248. That is, 
the required memory location is found by adding the offset to 53248. 
In practice. this is done within the program as demonstrated by the 
examples in this chapter. 

Several of the locations are common for all eight sprites. The 
intended sprite is indicated by setting the appropriate bit within the 
byte. It is therefore necessary to understand how bits can be set (i.e. 
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changed from zero to one) by POKEing appropriate decimal values 
to the memory location. These preliminary aspects to the use of 
sprites are discussed in the next section. 

10.2 Setting bit patterns by POKEing 

A memory location (or register) consists of eight bits (Os or Is) 
which together constitute one byte (see Figure 10.1). The bit 
positions are numbered from right to left, starting at 0 and ending at 
7. Each bit position can contain a 0 or 1, and when it contains a 1 that 
bit is said to be 'set' or 'on'. Each bit position represents a decimal 
value, as shown in Figure 10.1. This figure illustrates that the bit 
pattern 01011001 is the equivalent of the decimal value 89. The 
maximum decimal value that can be represented is 255 (i.e. 128 + 64 
+ 32 + 16 + 8 + 4 + 2 + 1). The decimal value is sometimes called 
the denary value, as decimal parts of a number do not occur. 

I- 1 byte ~I 

e.g. 01011001 = I 0 I 0 0 0 
1 

Bit position 7 6 5 4 3 2 0 

Decimal value 
1

128
1 

64 32 16 8 4 2 

r 1 r ! 
64 + 16 + 8 + = 89 

Figure 10.1 Decimal (denary) values of bit positions showing the denary 
equivalent of 01011001 

Referring to Figure 10.1, to set bits 0,3,4 and 6 the value 89 
would be POKEd to the required register. Thus 

POKE 53248+21. R9 

would turn on sprites 0,3,4, and 6 (see Appendix H). 
On some occasions it is necessary to convert the denary number 

found in a register to its bit equivalent to interpret its meaning. For 
example, having POKEd the above register if it was subsequently 
PEEKed by: 

PRINT PEEK(53248+21) 
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the value 89 would be displayed. The method of converting 89 to its 
binary equivalent is shown in Table 10.1. The value is successively 
divided by 128, 64, 32, etc., the remainder being carried forward. 

Table 10.1 Converting a denary number to binary 

89 
128 = 0 remainder 89 

89 =1 25 
64 

25 = 0 25 
32 

25 = 1 9 
16 
9 
8 = 1 1 

1 
4 =0 

1 
2: = 0 1 

1 
I = 1 

i.e. denary 89 = 0 1 0 11001 binary 

During the course of a program it may be necessary to set a 
particular bit in a register in addition to any bits already set. 
Although the register can be PEEKed and the result worked out, 
this is inconvenient during the running of a program. The use of the 
logical operators AND and OR allow the required action to be built 
into the program: 

to set the Nth bit of a register R to 1, without changing any other bit, 

POKE R, PEEK(R) OR (2 i N) 

to set the Nth bit of register R to 0, without changing any other bit, 

POKE R, PEEK(R) AND (255 - (2 iN)) 

The above two expressions also illustrate how the denary value of a 
bit can be calculated from the bit position (e.g. 128 = 2 i 7,64 = 
2 i 6, etc.). 



84 Computer Programming with the Commodore 64 

Note on AND and OR 
The bit pattern in a memory location can be changed by ANDing or 
ORing it with a number or another memory location. The bit pattern 
of the memory location to be changed is matched against the second 
memory location or number. Using AND will change '1' bits to '0' if 
the matching bit is not '1'. Using OR will change '0' bits to T in 
every position where there is a matching bit set to '1' . 

10.3 Turning sprites on and off 

Although the object of the program shown in Table 10.2 is quite 
simple - to turn a sprite on and off at a predetermined screen 
location - some fundamental sprite programming methods are used 
that are required in virtually every sprite program. 

Table 10.2 Turning a sprite on and off 

1 (1 Sr'1=53248 
40 POKE 2040., 13 
50 FOR N=0 TO 62 
52 POKE 832+N.255 
54 NEi<T t·~ 
60 POKE SM+0.160 
62 POKE 9'1+ 1 .' 120 
70 POKE :::1'1+21., 1 
75 FOF.: 1=1 TO 1000: HE::.;T 
80 POKE ::: r'1 + 2 L 0 
85 FOR 1=1 TO 1000 NEXT I 
9(1 GOTO 70 
1 (10 HiD 

Firstly, in line 10, the variable SM is set to the start of sprite 
memory (53248). This allows all other sprite locations to be refer­
enced by adding the appropriate offset to SM. 

The sprite to be displayed needs to be defined as 63 data values. 
As one line of a sprite is 24 dots wide, the bit pattern takes up 3 bytes 
(3 x 8 = 24) and therefore can be specified by three equivalent 
denary values. The 21 rows of a sprite therefore req uires 21 x 3 = 63 
data values in total to be specified. These data values need to be 
stored in memory and their location specified within the program. 

There are eight special locations, 2040 to 2047, that are used to 
point to the location of the data values. Location 2040 is used to 
specify the source of sprite D's data values. 2041 is used for sprite I. 
etc., up to 2047 for sprite 7. Line 40 is therefore specifying that the 
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data for sprite 0 will lie in the 13th block of memory. (A hlock of 
memory heing defined as 64 hytes.) The data will therefore be found 
starting at memory location 13 x 64 = S32. 

As the memory is used hy the 64 for many other aspects of 
operation and execution, only certain parts of the memory may be 
used to hold sprite data. The 'first' choice would be blocks 13 to 15 
inclusive, as these are only used when the cassette unit is actually 
operating. Blocks 16 to 31 should not normally he used, as these are 
where the screen memory is located. I lowever, hlocks 32 to 63 could 
be used after some memory adjustment. Blocks 32 to 63 normally 
contain the current BASIC program. but it can be moved by using 
the following POKEs before a BASIC program is loaded: 

POKE 81Y2,O 
POKE 44,32 
POKE 43,1 

These POKEs reposition BASIC to start at S1Y3 instead of the 
normal 1025. 

Having specified that the data for sprite () will he stored in hlock 
13 (line 40), the FOR ... NEXT loop over lines SO to 54 POKEs 
values into the 63 memory locations starting at location 832 (i.e. 13 
x (4). 

To keep the example as simple as possible, the value POKEd into 
all locations is 255. A byk value of 255 means all the hits have heen 
set. Therefore, in this case, the effect is to 'switch on' every dot in 
every byte to show the sprite as a solid block. 

Line 60 specifies the horizontal position of the sprite as bei ng 160. 
The screen is 320 dots wide, starting at position 24 going across to 
position 343. Line 62 specifies the vertical position of the sprite as 
being 120. The screen is 20U dots high, starting at position 50 at the 
top and going down to position 249. The position of the sprite is 
related to its top left-hand corner. For example, changing lines 60 
and 62 to: 

60 POKE SM+0,24 
62 POKE SM + 1,50 

will display the sprite, in full, at the top left-hand corner of the 
screen. To display the sprite at the bottom left-hand corner use: 
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60 POKE SM +0,24 
62 POKE SM +0,229 

because 249 + 1 - 21 = 229. 
As the maximum value that can be POKEd to any memory 

location is 255, the positioning of the sprite across the screen beyond 
position 255 needs further programming. This aspect is dealt with in 
a later demonstration program. 

Line 70 turns the sprite on; line 75 creates a delay before line 80 
turns the sprite off. After a further delay in line 85, the jump in line 
90 back to 70 causes the sprite to turn on and off repeatedly. 

Note that, in this program, the POKE location in line 40 and the 
sprite memory offsets in lines 60, 62, 70 and 80 all relate to sprite 
numberO. 

10.4 Changing a sprite character 

In the previous program, all the dots in sprite 0 were switched on. 
To demonstrate how the data values POKEd into the selected block 
of memory determine which dots are 'switched on', the program 
shown in Table 10.3 changes the values while the sprite is displayed 
on the screen. 

Table 10.3 Changing a sprite character 
10 '::;r'1=53248 
40 POkE 2040 .. 13 
50 FOP H=0 TO 62 
52 POKE 832+H .. 255 
54 11E>::T 11 
60 POkE SM+0 .. 160 
62 POKE '::;1'1+ 1, 120 
713 POKE '::;1'1+21, 1 
813 FOP B=1 TO 255 
r:: 1 PP I I-1T ":1" .; B 
82 FOR N=0 TO 62 
84 PCWE '=:::::2+1·1.. B 
86 1lE:":T 1-1 
B7 POKE ::;1'1+21. 1 
913 NE>::T B 
100 ENII 

The program is identical to the previous one over lines 40 to 70. 
Having displayed the full sprite, lines 80 to 90 form a loop that 
progressively displays the effects of POKEing all values from 1 to 
255 into the 63 data positions in the 13th block of memory. 
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Line 80 sets the value of B and line 81 displays the current value of 
B in the top left -hand corner of the screen. Lines 82 to 86 POKE this 
value ofB into each of the 63 data positions. After they are POKEd, 
the sprite displayed on the screen will change. 

The sprite will appear to consist of three identical columns. This is 
because, in this example, each row of the sprite will be made up 
from three identical bytes. When sprite 0 is fully on, it appears as a 
white block. As the POKEd value of B changes, the sprite may 
appear to be multicoloured. The extent of the colour fringing 
experienced will depend upon the match between the 64's modula­
tor and the television set. 

10.5 Expanding the size of a sprite 

The program shown in Table 10.4 demonstrates the facilities for 
expanding a sprite along either axis. In this program, two sprites will 
be displayed. 

Table 10.4 Expanding the size of sprites 

10 St'1=53248 
40 POKE 204(1 .. 13 
46 POKE 2041, 13 
50 FOR N=0 TO 62 
52 PCWE ::r::2+N,255 
54 t·jEi<T t·j 
6(1 REt'1 SPF.: ITE 0 POS IT 1 ON 
62 POKE St'1+0 .. 160 
64 POKE SM+l .. 120 
66 REt'1 SPR ITE 1 F'O~; IT 1 ON 
67 POKE St'1+2., 80 
6::: POKE SI'1+ 3., 200 
70 POKE 91+21.. 3 
72 FOR 1=1 TO 500:NEXT 1 
74 REt-1 CHANGE SIZES OF ~;pf;;:ITES 
80 POKE ':;t'1+29.,1 
82 FO~ 1=1 TO 500:NEXT 
84 POKE ':;1'1+23,2 
86 FOR 1=1 TO 500 NEXT 
8::: PCIf:E ::;1'1+29,::: 
9(1 FOR 1=1 TO 500 NEXT 
92 pm<E ':;1'1+23,::: 
94 FOR 1=1 TO 500 NEXT 
96 POKE St'1+29.,2 
9::: FOR 1=1 TO 500:NEXT 
99 POVE ~;t'1+23, (1 
1 (10 alII 
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The start of the program is similar to the previous examples. In 
addition to line 40 stipulating that sprite 0 will obtain its data from 
the 13th block, line 46 specifies that sprite 1 will use the same data 
block. Lines 50 to 54 set up the data values in the 13th block and 
lines 62 and 64 position sprite 0 while lines 67 and 68 position sprite 
1. 

Line 70 turns sprites 0 and 1 on by setting bits 0 and I (denary 1 + 
2). The following changes are then made: 

80 POKE SM + 29,1 Expand sprite 0 on X axis 
84 POKE SM+23,2 Expand sprite 1 on Yaxis 

Note that the action of line 80 remains: sprite 0 remains expanded. 

88 POKE SM + 29 ,3 Expand both sprites on X axis 

As sprite 0 is already expanded, the visual effect is to expand sprite 1 
on the X axis. 

92 POKE SM + 23,3 Expand both sprites on Y axis as well 
96 POKE SM+29,2 Expand sprite 1 only on X axis 

There is a delay loop between each of the above lines to allow time 
for the effect to be viewed. 

Note that sprite 1 is displayed in red. This is sprite l's default 
colour; it can be changed by POKEing offset 40, as is demonstrated 
in the next program. 

Try listing the program, then running it. Notice that the sprites 
are displayed 'on top' of the text. Also note that if the cle;u screen 
key is used, the program listing is cleared but the sprites remain. To 
clear the sprites the STOP and RESTORE keys should be used. 

10.6 Moving sprites around 

The program in Table 10.5 illustrates how sprites can be moved 
across the full width of the screen, and how priorities can be 
changed so that a sprite passes under instead of over text. 

Moving a sprite across the full width of the screen involves the use 
of a further sprite register (the msb X register, offset 16 in Appendix 
H). 

When the X position is POKEd, for example with sprite 0 by 
POKE SM +O,X, the highest acceptable value for X is 255 (i.e. a 
byte, full of Is). To move beyond the 255 co-ordinate on the X axis, 
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Table ]0.5 Moving sprites around 

6 DEF FNR(Z)=PEEK(SM+16) OR Z 
7 DEF FNL(Z)=PEEK(SM+16) AND (255-Z) 
10 SI'1=5324:::: 
40 POKE 2040,13 
46 POKE 2041,13 
50 FOR N=0 TO 62 
52 POKE 832+1-1 .• 255 
54 NEi<T t·1 
60 POKE ::;1'1+2L 3 
70 FOR X=0 TO 341 
71 >,:(1=;':: :'< 1 =>': 
72 'T'= I tH ( 255*>;/:341 ) 
73 REI'l TEST ;": POSITIO~l OF SPRITE 0 
74 IF ;":0<=255 THEN POKE ::;1'1+ 16, FNL ( 1 ) 
75 IF >m)255 THEt·1 >:0=>':-255 POKE SI·1+16,H1F.:(l) 
(I:. REI'l RE-PO::;ITIOt'l ::;PF.:ITE (1 
77 POKE 51'1+0, >:0 
7:::: POKE ::;1'1+ 1 .. 'T' 
8(1 REI'l SPRITE 1 UlmER TD<T AT :< :> 1(10 
81 IF X)100 THEN POKE SM+27 .. 2 
8:::: Ra1 TEST >< PO::;ITIOt·1 OF ::;PRITE 1 
84 IF Xl(=255 THEN POKE SM+16 .. FNL(Z) 
85 IF Xl)255 THEN Xl=X-255:POKE SM+16 .. FNR(Z) 
86 REI'l F.:E -POS IT I ON ::WF.: ITE 1 
87 POKE ::;1'1+ 2) ;': 1 
8E: POKE St'1+3 .. 160 
90 NE>':T >< 
100 Et·m 

the appropriate sprite bit has to be set in offset 16; the co-ordinates 
then continue from zero. In setting the bit in offset 16, the rest ofthe 
contents of the offset remain unchanged. It is convenient to create a 
user-defined function for this purpose, as follows: 

DEF FNR(Z)=PEEK(SM+ 16) OR Z 

where Z = the bit value to be set. 
To set a bit value of 1 (for sprite 0) in offset 16, the syntax would 

be: 

POKE(SM+ 16),FNR(I) 

To set a bit value of2 (for sprite 1): 

POKE(SM + 16),FNR(2) 

When a sprite moves from the right-hand side of the screen past 
the 'boundary' at 255, the appropriate bit in offset 16 has to be 
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switched off. A corresponding user-defined function for switching 
off a specified bit without affecting the rest of the byte is: 

DEFFNL(Z)=PEEK(SM+ 16) and (255-Z) 

These two user-defined functions are defined in lines 6 and 7 of 
the program. Line 10 sets SM to the start of sprite memory, and lines 
40 and 46 specify that sprite 0 and sprite 1 will both be defined by the 
data values in block 13. The loop (lines 50-54) sets up the data 
values in the 13th block. Line 60 turns on both sprites (bits 0 and 1). 

The movement of both sprites across the screen is carried out 
within the loop, line 70 to line 90, where X (the horizontal position) 
is progressively increased by 1 from 0 to 341. Line 71 transfers the X 
value into XO (for sprite 0) and X I (for sprite I) so that either sprite 
can be tested for position independently. 

Sprite 0 is required to move downwards and to the right across the 
screen, while sprite 1 moves horizontally. Line 72 converts the 
current value of X into a proportionate vertical position (Y). 

Lines 74 to 78 test and position sprite O. If X is less than or equal to 
255, then line 74 uses the user-defined function that ensures bit 0 is 
not set to' l' in offset 16. If X is greater than 255, then line 75 ensures 
that bit 0 is set to T. Lines 77 and 78 then move sprite 0 to the new 
position. 

Line 81 tests the intended position of sprite 1; if X is greater than 
100, then bit 1 is set to '1' in offset 27 to give text priority over the 
sprite. 

Lines 84 and 85 set bit 1 in offset 16 according to the X axis 
position of sprite 1 and lines 87 and 88 position the sprite. 

To see the effect of giving text priority over sprite 1, list the 
program before running it so that the sprites move over the program 
listing on the screen. Note that if this program is run immediately 
after running the program in Table lO.4, sprite 1 will still be 
expanded on its X axis. The latest settings of the sprite offsets persist 
until the STOP and RESTORE keys are pressed. Thus if the 
program in Table 10.5 is run twice in succession, on the second 
occasion sprite 1 will start off already 'under' the text. 
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10.7 Changing sprite colours and detecting collisions 

The colour of a sprite can be set by POKEing the appropriate offsets 
39 to 46 for sprites 0 to 7 respectively. The value to be POKEd is that 
given in Appendix D (e.g. 5 for green). If the following line is added 
to the previous program (Table 10.5), then sprite 1 will change from 
red to green when the X axis position value reaches 150: 

82 IF X=150 THEN POKE(SM+40).5 

(As the setting persists, X= 150 can be used rather than X>= 150.) 
Collisions between sprites are detected by PEEKing offset 30. 

When a sprite collides, its bit is set in the offset. To detect whether 
any collisions have occurred, add the following line to the program: 

89 IF PEEK(SM + 30) > 0 THEN PRINT X 

When a collision occurs the X axis position value will be printed on 
the screen. On running the program, a zero will be printed before 
the sprites appear, because when they arc first turned on (line 60) 
they are in the same offscreen position. As the two sprites move 
across the screen, 188 will be the first value printed and then each 
value of X will be successively printed until the two sprites separate 
(at X = 243). 

In this particular case. as there arc no other sprites being used. a 
collision specifically between sprite 0 and sprite 1 can be detected by 
testing to see if bits 0 and 1 have been set. i.e. 

89 IF PEEK(SM + 30) =3 THEN PRINT X 

10.8 Sprites designed from DATA statements 

In all the demonstration programs used in this chapter a simple loop 
has been used to POKE identical values to every sprite byte. 
Customised sprite shapes can be displayed by reading from a 
calculated set of DATA values. 

Figure 10.2 shows the 63 DATA values necessary to display an 
umbrella design. To use the umbrella. modify the program given in 
Table 10.5 by adding lines 82 and 89 (from section 10.7) and make 
the following changes: 

1 Change line 52 to read DATA statements, i.e. 

52 READ D:POKE 832+N,D 
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1---1 byte ---<·~I"·--1 byte - ...... +1.0----1 byte-1 Denary values 

• • •• •• • •• •• •• •• •• • • •• • •• •• •• •• •• •• • •• •• •• • • •• •• • •• •• •• •• •• •• •• • • •• •• • • •• • •• •• •• •• •• •• •• •• •• • • • •• • •• • • •• •• • • • •• • •• •• • •• •• • • • • • • • • • • • •• 
Figure 10.2 Sprite design for umbrella 

2 Add the following D A T A statements: 
200 DATA 0,8,0,0,8,0,0,127,0 

0, 
0, 
0, 
3, 
7, 

15, 
31, 
63, 

113, 
96, 

0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 

202 DATA 3.255,224,7,255,240,15,255,248 
204 DATA 31,255,252,63,255,254,113,255,199 
206 DATA 96,201,131,0,8,0,0,8,0 
208 DATA 0,8,0,0,8,0,0,8,0 
210 DATA 0,8,0,0,8,0,0,72,0 
212 DATA 0,72,0,0,48,0,0,0,0 

8, 0 
8, 0 

127, 0 
255, 224 
255, 240 
255, 248 
255, 252 
255, 254 
255, 199 
201, 131 

8, 0 
8, 0 
8, 0 
8, 0 
8, 0 
8, 0 
8, 0 

72, 0 
72, 0 
48, 0 

0, 0 

In creating DATA statements for sprite designs, it is convenient 
to have complete rows of a sprite on one DATA line. 

A final modification to Table 10.5 is to expand sprite ° in both 
directions, i.e. to add 

56 POKE SM+23,1 :POKE SM+29,1 

When the above modifications have been made to Table 10.5, list 
the program and RUN. On this occasion, a large white umbrella 
should 'float' down and across the screen while a smaller red 
umbrella moves across. If all the modifications are incorporated 
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(i.e. lines 52, 56, 82, 89, 200--212), then the red umbrella starts 
above the program listing and then goes 'under' it. A little later the 
red umbrella changes to green and, while both umbrellas touch, the 
X axis position values are displayed on the screen. Note that, once 
run, sprite 1 will continue to be displayed in green. 

10.9 Multicolour sprites 

In addition to specifying an individual sprite colour, it is possible to 
specify two other common colours that can be used with any sprite. 
For example, if the sprite 0 colour is white and the sprite 1 colour is 
green and then red and yellow are specified for multicolour use, 
sprite 0 can be designed in white, red and yellow (and the current 
background, i.e. screen, colour) and sprite 1 can be designed in 
green, red, yellow and the background colour. 

Sprites are specified as multicolour by setting their appropriate 
bit in register SM+28. For example: 

POKE SM+28,3 

will specify both sprites 0 and 1 as be;ng multicolour. 
The two additional common colours that can be used, called 

multicolour 0 and multicolour 1, are specified in registers SM + 37, 
SM + 38 respectively. For example: 

POKE SM+37,2 
POKE SM+38,7 

sets multicolour 0 to red and multicolour 1 to yellow. 
The four possible colours to be displayed are specified in the 

sprite design by 'bit pairs', i.e. 

00 transparent (i.e. screen colour) 
01 multicolour 0 
10 sprite's individual colour 
11 multicolour 1 

Since two bits of data are required for each colour, the resolution 
of a line of a sprite is reduced from twenty-four to twelve, each dot 
being expanded to twice its horizontal size so that the overall size of 
the sprite does not change. 

A multicoloured sprite line therefore still consists of a 24-bit 
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pattern (12 x 2) which is coded into three 8-bit denary values as 
before. For example, if the following line of twelve coloured double 
dots was required: 

YYYYGGGGRRRR 

where 
Y = yellow, multicolour 1 
G = green, sprite's individual colour 
R = red, multicolour 0 

then the bit pair pattern would be: 

11 1111 11 10 10 10 10 01 01 01 0 I 

and the three denary values would be: 

255,170,85 

A multicoloured sprite mosaics example 
The program described in section 10.8 can be changed to a multi­
colour sprite program by the addition of a short subroutine and a 
re-specification of the OAT A values. Line 58 needs to be changed 
so as to call the new subroutine: 

58 GOSUB 300 

The subroutine is shown in Table 10.6. The OAT A statements, 
given in Table 10.7, make the sprites appear as 3-by-3 mosaics. 

Table 10.6 Multicolour sprite subroutine 

300 REt'l t'lUL T ICOLOUR t'10IiE 
:310 POKE S~l+ 28., 3 
320 POKE St'1+37., 2 
330 POKE SM+38,7 
:::40 POKE ~;t'1+39., 1 
350 POKE ~;t'l+40, 5 
360 RETUFl1 

Before running the program, list it on the screen. When the 
sprites appear, the centre mosaic, which has been specified as the 
background colour, will appear transparent: that is, the sprite has a 
hole in the middle. The background colour can therefore only be 
used as a 'colour' provided the sprite does not pass in front of 
anything. 
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Table 10.7 Revised DATA statements for multicolour sprite mosaics 
200 !lATA 85 ~ 2~55., 850' E:5., 2~;5 .. :::5 
2~J2 DATR :::5., 2~55., :::5., 85., 255 .. 85 
204 DATA 170. (i. 255 .. 170. (1.255 
206 DATA 170.0,255.170.(1.255 
208 DATA 255.17(1 .. 85 .. 255.17(1 .. 85 
210 DATA 255 .. 170.85 .. 25!5. 170.B5 
212 DATA 0.0.0.0.0.0.0.0.0 
214 DATA 0,0.0.0.0,0.0.0.0 
216 DATA 0.0.0.0.0.(1.0.0.0 
220 END 

Problem 
Redesign the multicoloured sprites in the previous program as 
goldfish. A suggested colouring is, body-orange, markings-yel­
low, eye-black. Table A14 gives a suitable set of DATA values 
and the revised multicolour subroutine values. 

10.10 Customised characters 

The characters used by the Commodore 64 are defined in a similar 
way to the sprites. Each character is composed of eight lines of 8 
bits, thus eight denary numbers can be used to define a character. 

The character set is predefined in ROM but the contents of this 
ROM can he read and copied over into the 64's RAM. Once in 
RAM, individual data values can be altered to change the 'shape' 
of the characters. The 64 will need to be informed as to where to 
find the new character set by a suitable POKE instruction. 

The 64 provides a great deal of flexibility for moving its internal 
instructions around in memory, and internal clashes can occur. For 
this reason, the program given in this section is intended only to 
demonstrate the principle. A detailed explanation is beyond the 
scope of this book. 

The program in Table 10.8 transfers the character set to RAM 
and then changes the capital S to a Greek sigma symbol. 

Line 10, by means of a POKE, instructs the 64 to refer to a 
character set starting at memory location 14336. (The normal 
character set is obtained by POKE 53272.21 and the lower case set 
by POKE 53272,23.) Memory location 14336 has been chosen for 
the demonstration because it will be beyond the end of a BASIC 
program up to 8K in length. An alternative approach is to position 
the character set at the beginning of the BASIC area and then 
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Table 10.8 Customised character (sigma) program 

1 (1 POKE 5::::272.:;: 1 
2(1 PR nn" t·lRT CH TH I::; CHRNGE" 
90 PEt-l r·1O'·/E CHRPRCTER SET 
1(10 FOR .J=0 TO 2047 
105 POKE 56333 .. 127: POKE 1 .. 51 
110 )';=PEEK(53248+.J) 
115 POKE 1 .. 55: POKE 56:::::;:3 .. 129 
120 POKE(14336+.J) .. X 
1::::0 NE)<T .J 
500 REM IIEF I HE S RS S I (;I'lR 
510 FOR N=0 TO 7 
520 RERII ;':: 
530 POKE(14336+N+8*19) .. X 
540 t·1E::r ti 
600 DRTR 126 .. 96 .. 48 .. 24,48 .. 96 .. 126 .. 0 
610 Et·m 

change a series of pointers to move the start of BASIC. However, in 
this case, the simplest method of programming has been adopted. 

Line 20 prints a message on the screen. After execution of line 10, 
when the 64 is looking for characters in the new location and they 
have not yet been set up, this message will be displayed as nonsense 
on the screen. As the character set is copied over, the message will 
gradually become intelligible. 

The character set is copied over within the loop (lines 100-130). 
The number of characters to be copied over is 256 which, at eight 
data values per character, means the loop count for J is set from 0 to 
2047. Line 105 is necessary to allow the characters at the ROM 
address to be used. Line 110 sets X to the value PEEKed at the 
ROM address and then line 115 restores locations 1 and 56333 to 
their original values. The value in X is then POKEd into the new 
address location by line 120. 

When all the characters have been established in their new 
positions their design can be changed. The routine, lines 500 to 540, 
changes the capital S to a sigma. Lines 510 to 540 form a loop to 
POKE eight new values. The values are held in the DATA state­
ment at line 600. These values are derived from the eight lines of 8 
bits forming the character as shown in Figure 10.3. 

The start of the character table is now 14336 and the letter S is the 
nineteenth letter of the alphabet so the eight data values for the 
letter S start at 14336 + 8 X 19. Line 530 POKEs the eight successive 
data values. 
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.. I I'" 1 byte---~ Denary value 

• • • • • • 126 

• • 96 

• • 48 

• • 24 

• • 48 

• • 96 

• • • • • • 126 

0 

Figure 10.3 A customised character 

When the program is run, any screen display will become un­
intelligible; as the characters are copied across, the screen will 
gradually begin to return to 'normal'. It takes about 11/2 minutes for 
the character set to be completely formed. Once this has been done, 
all the capital Ss will then change to sigmas and the letter S key 
should now be defined as a sigma. 

Note that using the RESTORE key will have the usual action and 
will force a POKE 53272,21. That is, the letter S will become 
'normal'. However, the character set is still set up in RAM and the 
program does not need to be run again. To obtain the revised 
characters simply POKE 53272,31. This character set will be avail­
able via this POKE until the 64 is switched off. 
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Generating Sound 

11.1 Introduction 

The Commodore 64 has three voices, each of which are controlled 
by POKEing to their seven registers. In addition, the volume is 
controlled by POKEing to one common register. Appendix I gives 
details of the registers involved. As with the sprites, it is convenient 
to use register values that are offsets from the first value (54272). 

Each voice is turned 'on' and 'off' by POKEing the waveform 
register. The value POKEd, for 'on', is selected according to the 
waveform required (i.e. 17 for triangular). To turn the waveform 
'off' a value of one less is used (i.e. 16 for triangular). 

The characteristics of the voice must be set before turning the 
waveform 'on'. These characteristics fall under two headings: the 
shape of the sound (the sound envelope) and the frequency of the 
sound (i.e. note). 

The shape, or sound envelope, is determined by four parameters 
- the attack period, decay period, sustain level and release period­
as shown in Figure 11.1. These four parameters are often referred to 
as the ADSR envelope. 

The attack period determines how quickly the note reaches its 
peak volume (as determined by the volume setting). This period can 
range from 2 milliseconds to 8 seconds with the 64. A decay period 
(from 6 milliseconds to 24 seconds) then follows, during which the 
volume reduces to the sustain level. The sustain level can he set in 
increments from 15 (full volume) down to O. The sustain level is 
therefore a proportionate part of the current volume setting. Final-
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Figure 11.1 Elements of an ADSR sound envelope 

ly, the release period is similar to the decay period but reduces the 
sound from the sustain level to zero. 

The attack and decay are set by POKEing one register, and the 
sustain and release by POKEing another register. Reference to 
Appendix I will show that the attack/decay register for voice 1 is 
offset 5. The attack value is set in bits 4,5,6 and 7, while the decay 
value is set in bits 0, 1, 2 and 3. A value of 0 to 15 can therefore be 
used in each case. 

As the attack rate is set in the top four bits of the register, the 
chosen value (from 0 to 15) needs to be multiplied by 16 to obtain 
the correct positional denary equivalent. The decay value is then 
added to give the complete POKE value. For example, to imple­
ment an attack period of 6f\ milliseconds requires an attack value of 
6 (see Appendix J). If the decay period was to be 2.4 seconds (decay 
value = 11) then the composite POKE value would be: 

(6 x 16) + 11 = 107 
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A similar calculation is made for sustain and release values 
because the sustain value is set in the top four bits of the sustain/ 
release register. 

The effect of different attack, decay, sustain and release values 
are best judged by using them, and the next section gives a program 
that will allow this experimentation. 

The frequency of the note produced by the envelope designed, as 
described above, is determined by POKEing to two other registers 
(for each voice). These registers are referred to as the 'High 
frequency' and 'Low frequency' registers, values in these two 
registers interacting to produce a note. Appendix K gives the values 
to be used in this book for music notes over eight chromatic octaves. 
These are not absolute values, and alternative lists may be de­
veloped depending on the pitch required for a key note (e.g. concert 
pitch, etc.). 

If the 'pulse' waveform is to be used (POKE value 65) then two 
additional registers need to be POKEd. These registers are called 
the 'HI' pulse and the 'LO' pulse. Values of 0 to 15 can be POKEd to 
the HI pulse register and values of 0 to 255 to the LO pulse register. 
The pulse waveform is a square wave and can be visualised as the 
battlements of a castle. The HI pulse and LO pulse values used 
determine the relative proportions of the spacing on the 'battle­
ments'. 

The duration of a note (from the beginning of the attack to the 
end of the sustain) is determined by the program. POKEing the 
waveform 'on' starts the note and it is sustained for the required 
time by a delay loop in the program. Note that, if the sustain level is 
set to zero, the effective duration of a note is only the attack period 
plus the decay period. The note may therefore appear to stop before 
the end of a sustain loop or before the waveform is POKEd 'off'. In 
contrast, a note may carryon after the waveform has been POKEd 
'off', because the release period has not expired. 

The above considerations give the programmer great flexibility 
and control in developing sounds. However, because of the number 
of controls that need to be set, it is essential to experiment when 
developing programs using the sound facilities. 

In summary, the general sequence of instructions required within 
a program is as follows: 



1 Set volume level (0 to 15) 
2 Set attack/decay value 
3 Set sustainlrelease value 
4 Set waveform 'on' 
5 Set High frequency 
6 Set Low frequency 
7 Sustain note by program delay 

(7 a Branch back to step 5, if required) 
8 Turn waveform 'off' 
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(8a Branch hack to step 1,2,3 or 4, if required) 
9 Continue with program (set volume level to zero, if not re­
quired) 

The above sequence may not he followed in every instance as the 
program logic may be the deciding factor. In general, the volume, 
attack/deeay and sustain/release must he set before the waveform is 
seC Having created the desired sound effect, it is good practice to 
'turn off' the waveform and perhaps the volume because any 
settings will remain operative and will he carried over into the next 
program that is run. For this reason, it is useful to start a sound 
program with a routine that POKEs all sound registers to zero, i.e. 

10 FOR L=5427 TO 54272+24 
20 POKE L,O 
30NEXTL 

11.2 ADSR envelope program 

The best way to understand the effects of changing A, D, S or R 
values is to try alternative values in a program. Table 11.1 gives a 
program that allows different envelopes to he tried. As the emph­
asis is on changing A, D, S or R values, the program uses a single 
waveform (triangle) and a single note for the comparisons. 

Table 11.1 ADSR enve lope program 

8 GOSUB 500 
10 PI': 1m" EtHER VALUES BETWEEN 0 AND 15" 
15 pF.:lm 
20 INPUT"ATTACK ";A 
30 mpUT"IIECAY ".; II 
40 HlPUT "::;U::;TAIN" .; S 
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50 HlPUT"RELEASE"; R 
60 AD=A*16+D:SR=S*16+R 
7(1 GO::;UB 500 
72 PRINT"ATTA(¥ =";A;TAB(14);"DECAY =";D; 
73 PRINT TAB(29);"A/D =";AD 
80 PRINT"SUSTAIN =";S;TAB(14);"RELEASE =";R; 
82 PRItH TAB(29).; "::;,"'R =".; SR 
83 PRIm 
9[1 SS=54272 
92 FOR L=SS TO SS+24 
100 POKE L. 0 
110 ND:T L 
120 POKE %+24, 15 
130 POKE S::;+05 , AD 
140 POKE %+06,SR 
150 POKE %+01, 17 
160 POKE SS+00,37 
170 POKE SS+04, 17 
180 FOR T=1 TO 600 
190 PR I IH" ::;U::;TA I 1·1 coum".; T 
195 PRltH":l"; 
21)0 NE>::T T 
210 POKE SS+04,16 
220 am 
500 PRItH":1"; 
510 PRINT"VALUE A TIME D/R TIME % SUSTAIN" 
515 PRINT"---------------------------------------" 
520 FOR 1=0 TO 15 
522 READ L$ 
524 PRINT L$;INT(100*1/15+.5) 
526 1·1D<T I 
5:'::0 RE::;TORE 
540 PRINT"---------------------------------------" 
620 
621 
622 
62:::: 
624 
625 
626 
627 
62::: 
629 
630 
6:'::1 
632 
633 

635 
640 

DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
DATA " 
RETURN 

0 
1 
~, 

.:: 
:;: 
4 
r: ._' 
6 
7 
c' '-' 
9 

10 
11 
12 
1 ':0 ._' 

14 
15 

~J t'l::; 6 t'lS "" 
c' '-' t'lS 24 t'l::; 

16 t'ls 48 t'l':; 
24 t'lS ..,~) t'l::; , "" 
'000 t'lS 114 t'l:::; ._ ...... ' 
56 t'l:::; 16::: t'l::; 
68 t'lS 204 t'l:::; 
B0 t'lS 240 t'lS 

100 t'lS :'::00 t'lS 
25'1 t'1:::; 750 t'lS 
500 t'1S 1 '":' .G.. 

c-._' 

'=:00 t'lS 2.4 ::; 
1 ::; '00 ,... 

~, .:. 

3 
,... 
.::- 9 :::; 

5 S 15 ,... 
.:. 

::: c· 
~, 24 c ._' 
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Line 8 branches to a subroutine which causes the times associated 
with different A, D, Sand R values to be displayed on the screen. 
These details are in DATA statements (lines 620--635). The sustain 
levels are calculated as a percentage of full volume in line 524 
(within the loop, lines 520--526). When all sixteen DATA state­
ments have been read, the RESTORE in line 530 causes the DATA 
pointer to point to the heginning of the DATA list, so that the next 
time the subroutine is called (in line 70) the table can be displayed 
agam. 

Values for the attack rate, decay rate, sustain level and release 
rate are requested in lines 20 to 50. The values are over the scale 0 to 
15. Line 60 then converts the attack rate and the decay rate into a 
common value (AD) to be POKEd to the attack/decay register. The 
second statement in line 60 similarly converts the sustain level and 
release rate into a common value (SR). 

Line 70 refreshes the screen with the ADSR table of values again 
by calling subroutine 500. The values input and the calculated 
values to be POKEd to the AD and SR registers are then displayed 
directly under the table. 

The sound waveform is specified over lines 90 to 170. Line 90 
assigns the first sound register, 54272, to the variable SS so that the 
other registers can be specified as offsets. The loop (lines 92-110) 
clears all the sound registers by POKEing zero into each one. The 
volume level is then set in line 120, the attack/decay rate in line 130 
and the sustainlrelease in line 140. Lines 150 and 160 POKE the high 
and low frequency values required to sound the note. The triangular 
waveform is then turned on in line 170. 

The note is sustained by the loop from line 180 to line 200. A loop 
count of 600, which is a rather long sustain period, has been chosen 
so that the effect of slow attack or decay rates can be heard. As the 
loop is incremented, the loop counter (variable T) is printed as a 
'sustain count'. This allows the duration due to different attack, 
decay and release rates to be roughly compared. Line 195 within the 
loop moves the cursor up a line (using a 'cursor up' control 
character) to overprint continually the message 'sustain count', and 
the value ofT, on the screen. 

At the end of the program, line 210 turns the waveform off. 
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11.3 Some experiments with the ADSR program 

(a) attack = 15 decay = 0 
sustai n = 0 release = 0 
i.e. AID = 240 and SIR = 0 

(b) attack = 0 decay = 13 
sustain = 0 release = 0 
i.e. AID = 13 and SIR = 0 ~ 

-I 10 secs I----

(c) attack = 0 decay = 0 
sustain = 15 release = 0 
i.e. AID = 0 and SIR = 240 

(d) attack = 0 decay = 0 
sustain = 15 release = 15 
i.e. AID = 0 and SIR = 255 

J 
--I 

Note: Times shown are approximate 

sustain 
duration 

sustain 
duration 

L 
1--

I 

I 
I 
I 

1-15secs-l 

Figure 11.2 Some sound envelopes 

Run the program shown in Table 11.1 and enter the following 
inputs: 

(a) Attack = 15 Decay = 0 
Sustain = 0 Release = 0 

This gives an envelope that takes about eight seconds to reach 
peak volume ('sustain count' approximately 400). The note then 
abruptly ceases. An illustration of the envelope is given in Figure 
11.2a. 
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(b) Attack = 0 Decay = 13 
Sustain = 0 Release = 0 

This envelope, shown in Figure 11.2h, starts at full volume and 
slowly decays away. The note has effectively disappeared after a 
'sustain count' of 420. 

(c) Attack = 0 Decay = 0 
Sustain = 15 Release = 0 

This envelope demonstrates, in effect, a square wave. The note 
commences immediately at full volume and continues at full volume 
throughout the sustain loop. A diagram of the envelope is shown in 
Figure 11. 2c. In practice, this envelope is more likely to be used with 
very short sustain periods to create bleeps. 

(d) Attack = 0 Decay = (J 

Sustain = 15 Release = 15 

This envelope demonstrates the effect of the sustain and release 
characteristics. Due to the sustain valve, the note continues at full 
volume for the sustain duration. At the end of the sustain duration, 
when the note is turned off, the high release value causes the note to 
die away slowly over a period of approximately fifteen seconds. An 
illustration of the envelope is shown in Figure 11.2d. 

11.4 A two-tone siren 

This program (Table 11.2) demonstrates the use of the envelope 
tested out in (c) above. The program alternates between two notes 
to produce a siren effect. 

Line 30 sets the variahle SS to 54272 for use with the sound 
offsets. Line 50 sets up the volume register as V, the attack/decay 
register as AD, the sustain release as SR and the waveform as W. 

The volume is turned 'full on' in line 70 and line 90 sets the sound 
to the envelope shown in Figure 11.2c. The value of 240 for the SR 
register comes from: 

sustain level of 15 X 16 + release rate of 0 

A sawtooth waveform is turned in line 110. 
The loop, lines 120 to 190, is used to sound the two notes ten 

times. Line 130 POKEs a value to sound a note and line 140 
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Table 11.2 A two-tone siren 

30 S5=54272 
40 REM VOL, AD, SR, WlFORI1 POKE VALUES 
50 V=SS+24:AD=SS+5:SR=S5+6:W=SS+4 
60 REI1 SET VOL TO ~lA>-~ 
70 POKE V, 15 
80 REI1 SET AD 8, 8R VALUES 
90 POKE AD, €I: POKE SR., 240 
1013 REM SET WlFORI" TO SAWTOOTH 
1113 POKE W,33 
120 FOR N=1 TO 10 
130 POKE 8S+13, 75 : POKE SS+ L 34 
140 FOR D=1 TO 31313 
1513 NEXT Ii 
1613 POKE S5+e, 52: POKE SS+ L 43 
170 FOR Ii=1 TO 3013 
1813 ~lE>-~T D 
190 NE)<:T N 
200 POi(E loJ,32 
210 POKE \,I,e 
2213 END 

determines the sustain duration. The note is changed in line 160 and 
is sounded for a similar duration (lines 170 and 180). 

When the two notes have been repeated ten times, the loop is 
exited and line 200 turns the waveform off. Finally, line 210 turns 
the volume off. 

The notes produced by the program sound rather harsh, similar to 
an electronic siren. If the waveform is changed to triangular by: 

110 POKE W,17 
200 POKE W,16 

then the siren sounds more mellow. 
If the noise waveform is chosen by: 

110 POKE W,129 
200 POKE W,128 

then the sound is somewhat similar to a steam engine. 
By changing line 90 to: 

90 POKE AD,253:POKE SR,O 

the engine appears to come near and pass into the distance. This 
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effect is solely due to setting the attack rate value to 15 and the decay 
value to 13. If the value of N is printed out by: 

185 PRINTN 

it will be seen that the long attack time means that the 'steam engine' 
does not reach full volume until about the fourth loop (i.e. when N 
= 4) and the decay lasts from N = 5 until the end when N = 10. 

11.5 Two sound subroutines 

As every program involving sound requires several sound registers 
to be referenced, it is convenient to develop and use standard 
subroutines. 

Table 11.3 Sound initialisation subroutine 

1000 REt-l ::;OUt·m 111 I T I AL I SAT I ON 
1010 %=54272 
1020 "iOL=::S+24 
1030 WT=17:WS=33WP=65:WN=129 
1040 LF(1)=SS+0:HF(1)=SS+1 
1050 LP(1)=55+2:HP(1)=SS+3 
1060 l·jF( 1 )=::;5+4 
1 (170 AII( 1 )=5S+5: 5RC D=55+6 
1080 FOR 1=2 TO 3 
1090 LFCI)=LF(I-1)+7 
1100 HFCI)=HFCI-1)+7 
1110 LPCI)=LPCI-1)+7 
1120 HPCI)=HPCI-1)+7 
1130 WFCI)=WFCI-1)+7 
1140 AIICI)=ADCI-1)+7 
1150 SRCI)=SRCI-1)+7 
1160 HDn I 
11 70 RETUR~l 

The subroutine shown in Table 11.3 sets up all the sound registers 
in easily remembered variables, for example SS for the start of 
sound register and VOL for volume. Note however that only the 
first two letters of a variable name are recognised by the Commo­
dore 64, so these must be unique within the program - having used 
VOL, in line 1020, you then cannot use other variable names within 
the program starting with VO. 

Line 1010 assigns the first sound register (54272) to the variable 
SS. VOL is then set to 54296 in line 1020. The four waveforms are 
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assigned in line 1030: WT for triangular waveform, WS for sawtooth 
waveform, WP for pulse and WN for noise. 

The register locations associated with the three voices are 
assigned to array variables so that the array element represents the 
voice number. Voice 1 is first set up over lines 1040 to 1070 where 
the low frequency (LF(1)), high frequency (HF(I)), low pulse 
(LP(l», high pulse (HP(1», waveform (WF(I», attack/decay 
(AD( I» and sustain/release (SR( 1» are assigned the appropriate 
register value. 

As corresponding registers for each successive voice are seven 
units greater than the previous voice, the registers for voices 2 and 3 
are set within the loop, lines lORO to 1160. 

This subroutine is required only to be used once in any program. 
However, when sound programs are run, it may be necessary to 
clear the sound registers prior to further use. It is convenient to use a 
'clear sound registers' suhroutine as shown in Table 11.4. 

Table 11.4 Clear sound regiskr~ subroutine 

20010 REM CLERR SOUND REGISTERS 
20110 FOR L=SS TO 55+24 
20210 POKE L., 0 
2(130 NE)<:T L 
2040 RETURN 

Line 2010 assumes that the previous subroutine has been used 
and therefore the variable SS has already been assigned the value 
S4272. The loop 2010 to 2030 POKEs a zero into every sound 
register. 

11.6 A ringing phone routine 

This program (Tahle II.S) demonstrates the use of the two sub­
routines just described and also illustrates how a sound routine itself 
can be developed as a suhroutine. 

Line 10 calls the initialisation subroutine (Table 11.3) and then 
line 20 calls the ringing phone suhroutine that starts at line SOOO. 

The sound registers are cleared by the subroutine given in Table 
11.4, which is called at line SOOS. The volume, attack/decay rate, 
sustainlrelease rate and waveform are set by lines SOlO to S040. 

The loop, lines SOSO to S1S0, causes the basic ringing tone to be 
repeated five times. A further loop, lines S060 to S13(), causes each 
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Table 11.5 Ringing phone program 

10 CiOSUB 1000 
20 CiOSUE: 5000 
30 END 

5[100 REr', Rumum PHot-1E 
5005 CiOSUB 2000 
50113 PCIf<E VOL,15 
5020 POKE AD( 1).,9 
5030 POKE SR(1),220 
5040 POKE WF(l),WT 
5050 FOR R=l TO 5 
5060 FOR 1'1=1 TO 2 
513713 FOR T=l TO 15 
5071 POKE ~lF( 1), ~4T 
5080 POKE HF(1),6S:POKE LF(1),149 
5090 FOR s= 1 TO 5: ~lEi<T ~; 
5100 POKE HF( 1)., €I POKE LF( 1).,13 
5110 NE::-::T T 
51213 FOR D=1 TO 100: NEXT D 
5130 NE;~:T N 
5140 FOR P= 1 TO 500: 1·1Ei<T P 
5150 NE;<:T R 
51613 POKE lolF ( 1 ) , NT-1 
5190 RETUR~l 

'ring' to consist of two short 'trills'. The 'trill' is obtained by turning 
a note on and off very quickly fifteen times, within the loop 5070 to 
5110. 

Line 5071 POKEs a triangular waveform and line 5080 POKEs 
the two frequency values for the note. A very short sustain is 
provided by the loop in line 5090 and then line 5100 turns the note 
off. 

After a delay, caused by line 5120, the value of N is incremented 
at line 5130 and the loop from 5060 is repeated to give a second 
'trill'. Line 5140 causes a longer pause before R is incremented (line 
5150) and the two-trill pattern is repeated from line 5050. 

After five 'rings', line 5160 turns the waveform off and the 
subroutine returns to the main program at line 30 to end. 



110 Computer Programming with the Commodore 64 

11.7 Playing tunes 

The program shown in Table 11.6 plays the tune Frere Jacques, 
allowing you to choose one of the following instruments: piano, 
xylophone or organ. It has been written as a series of subroutines so 
that, for example, the tune or the instruments can easily be 
changed. 

1 [1 GOSUB 1000 
20 GOSUB 12[10 
30 GOSU:E: 1400 
40 GOSUB 2000 
50 GOSUB 1700 
60 GOSUB 1900 
70 GOSUB 3000 
80 GOTO 40 
90 E~m 

Table 11.6 Frere Jacques tune 

, 200 REt'1 SET UP mSTRUI'1ENTS 
1210 FOR 1=1 TO 3 
1220 READ WCI).ACI),SCI).HICI),LOCI) 
1230 NEi<:T I 
1240 DATA 65,9.0.0,255:REM PIANO 
1250 DATA 17,9.0.0,0:REM XYLOPHONE 
1260 DATA 17,.0.240.0 .. 0:REt·1 ORGAN 
1270 PETUR~l 

1400 REM NOTES TO ARRAY 
1410 DIM H(40),L(40),D(40) 
1420 FOP 1=1 TO 40 
1430 PEAD HCI),LCI),D(I) 
1440 IF HCI)()-1 THEN 1470 
1450 N=I-l 
146[1 1=40 
1470 NE:<T I 
1480 DATA 25.177,1,28,214,1,32,94,1,25.177,1 
1490 DATA 25.177,1,28,214,1,32,94.1,25,177,1 
1500 DATA 32,94.1.34.75.1.38.126,2 
1510 DATA 32,94.1,34,75,1.38.126.2 
1520 DATA 38.126 •. 5.43.52,.5.38,126,.5 
1530 DATA 34.75,.5.32.94,1,25.177.1 
1540 DATA 38,126,.5,43,52 •. 5,38,126,.5 
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15513 DATA 34.75 •• 5.32.94,1.25.177,1 
1560 DATA 25.177.1.19.63.1.25.177.2 
1570 DATA 25.177.1.19,63.1,25.177.2 
1580 DATA -1.-1.-1 
1590 PETUPt-l 
1700 PEM DISPLAY MEt-lU 
1 7 10 PP I t-n ":1" .: " :r::HOOSE At·j I t·jSTRUr'1H1H!" 
1720 PPlt-H 
1730 PPIt-H" PIANO" 
174(1 ppun" 
1750 PPItn" 

2 ;:'::'r'LOPHONE" 
3 OROAN" 

1 76(1 PP It-n 
1770 INPUT" EtHEF.: I t·jSTF:Ur'1ENT HO 
17'::0 IF Z(1 OF.: 2:>3 THEt·j 1700 
1790 PETUPt·l 
19013 PEt'1 SET UP PEO I -::TEF.:-:: 
1910 POKE VOL. 15 

,.''::'' 
.' '-

1920 POKE ADCl),A(Z):POKE SP(I).S(Z) 
1930 POKE LP(I).LOC::) : POKE HP(I),HIC' 
1940 PETUPN 

3000 REM PLRY TUNE 
3010 FOP 1=1 TO N 
3020 POKE HF(1).HCI):POKE LF(I).LCI):POKE WF(1),W(Z) 
~A~R FOP T =1 TO DCI)tI50·NEXT T 
3040 POKE WF(I).W(Z)-1 
3050 FOP T =1 TO 50:HEXT T 
~AF.ri t1[::<1 I 
c::070 F:ETUF:l-l 

The main program is contained in lines 10 to 90. Line 10 calls the 
sound initialisation subroutine previously discussed (see Tahle 
11.3) and then line 20 calls a subroutine at line 1200 to set up the 
POKE values for the three instruments. 

This subroutine reads three sets of DATA values into arrays 
within the loop from line 1210 to line 1230. Array W holds the 
waveform values, array A the attack/decay values, array S the 
sustainlrelease values, array HI the high pulse values and array LO 
the low pulse values. The associated DATA values are in the 
subroutine at lines 1240 to 1260. 

The main program at line 30 next calls a subroutine at line 1400 to 
set up the required notes and their durations into arrays. 

The subroutine starting at 1400 is designed to read three DATA 
values for each note, the high frequency, the low frequency and 
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duration, and store them in arrays H, Land D respectively. Line 
1410 dimensions the arrays to 40. This is sufficient for most simple 
tunes. The intention is that up to this limit of 40 the subroutine is 
general purpose and only the DATA lines (1480-1580) will need 
changing for another tune. The end of the tune is indicated in the 
DATA lines by -1,-1,-1. 

A loop, lines 1420 to 1470, reads in the DATA values into the 
three arrays. The high and low frequency values are established by 
converting the musical note to a POKE value from Appendix K. 
The note duration is relative; for example, a crotchet = 1. 

When the note is 'played', this duration is multiplied by a factor of 
150 (line 3030) to create a sustain duration. To play the tune quicker 
the factor can be decreased or vice versa. 

Line 1440 in the loop tests the value of H(I) for the end of the 
data, when it will equal -l. If H(I) is not equal to -1, the reading 
and storing of DATA values continue. When the end of the data is 
reached, line 145() sets N to the number of notes to be played and 
then I is set to 40 in line 1..J.6() so that the loop is exited. The end of the 
subroutine is immediately after the DATA statements at line 1590. 

Having set up the notes ready to be played, the sound registers 
are cleared by line 40 of the main program calling the subroutine 
previously given in Table 11.4. Line 50 then calls a subroutine at line 
1700 which displays the menu. 

The menu subroutine clears the screen and displays the title in 
line 1710. The choice of three instruments is then given over lines 
1730 to 1750, and line 1770 requests an instrument number be 
entered. Line 1780 tests that the number entered, stored in variable 
Z, lies within 1 and 3 otherwise the subroutine is restarted. Once Z 
has been set to 1, 2 or 3, the subroutine returns from line 1790 to the 
main program so that the appropriate sound registers can be set. 

Line 60 of the main program calls a subroutine starting at line 
1900 to set up the sound registers for the chosen instrument. Line 
1910 turns the volume 'full on'. Line 1920 POKEs the attack/decay 
register for voice 1 with the appropriate value for instrument Z, and 
then POKEs the sustainlrelease register for voice 1. The appropri­
ate high pulse and low pulse values are POKEd for voice 1 in line 
1930. The subroutine returns in line 1940 to the main program. 

Line 70 of the main program finally calls subroutine 3000 to 'play' 
the tune. This subroutine consists of a loop, lines 3010 to 3060, 



Generating Sound 113 

which processes each note of the tune. Line 3020 POKEs the 
appropriate high frequency and low frequency and then turns the 
waveform on. Line 3030 sustains the note according to the value of 
the current D(I) value and then the note is turned off by line 3040. 
Line 3050 provides a slight delay before the next note is played by 
repeating the loop. When all the notes have been played (from 1 to 
N) the subroutine returns to the main program. 

The main program, line 80, then jumps back to line 40 so that the 
tune can immediately be played again, with a different choice of 
instrument. 

Note that in order to do this, all 'setting up' subroutines involving 
the reading of DATA must precede line 40, otherwise the DATA 
pointer could be wrong. It is also important, in any sound programs 
that recycle, to ensure that the sound registers are cleared to avoid 
the possibility of previous settings being carried over. 

Problem 
Write a program to act as a timer alarm. The time duration should 
be entered in minutes and the screen should display the elapsed time 
in minutes and seconds. As the timing count proceeds a ticking 
noise should be heard. When the required elapsed time is reached 
an alarm is sounded. A suitable program is listed in Table A15. 

Hints: The variable Tl is used by the Commodore 64 as a timer and 
is automatically incremented by 1 every 1/60 of a second from the 
moment the 64 is switched on. Therefore, if B is set equal to TI at 
the beginning of the count, then the duration, D, in seconds can be 
calculated from 

D = (TI - B)/60 
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Range of Applications 

12.1 Series 

A series consists of a number of terms, each term having a constant 
relationship to the next term. When devising computer programs 
for evaluating series, a procedure needs to be designed which allows 
the next term in the series to be calculated from the previous term. 

For example, the exponential series may be evaluated as follows: 

where 2! = 1 x 2 3! = 1 x 2 x 3, etc. 
The steps in the repetitive process to calculate e' to fl terms are: 

Step 1 
Step 2 

Step 3 

(initialisation), set first term (T) tox, eX to I + T, and I to 2 
calculate next term by multiplying previous term by xiI, and 
add this new term to the old value of eX 
repeat step 2 a further n - 2 times. 

The BASIC routine to calculate e is shown in Table 12.1. 

Table 12.1 Program to calculate e' 

20 II1F'UT"110 OF TEPr·)::::; FOP El:";".1·1 
40 H1F'UT''',lALUE OF ::-:;".; >:: 
60 LET T=>: 
70 LET E=l+T 
80 FOP I =2 TO 11 
:30 LET T=H::,'I 
100 LET E=E+T 
110 I1E>:T I 
115 PF.:UH 
120 PRINT"El";X;"=";E 
125 PPINT"*****************" 
130 Elm 
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Problem 1 - Evaluation of cos x 
Write a BASIC program for evaluating cos x, given that: 

x 2 X4 xC> 
cos X = 1 - 2! + 4! - 6] + . 

The program is listed in Table A16, and the value of cos 30° to five 
terms is given in Appendix B. 

12.2 Processing experimental data 

The program given in Table 12.2 illustrates the use of the computer 
to process data which is entered at run time from the keyboard in 
response to messages output from the program. This method of 
working is applicable to, say, a class of students where each group is 
carrying out similar experiments. The results of the experiments are 
prepared for input to the computer program. and the program is 
used to output the final answer for each group. Similarly, a scientist 
may repeat the same experiments for different substances and the 
series of results may then be processed by one computer program. 

The output messages, replies (data input) and results are shown 
in Table 12.3. S is the mass of substance burnt and W the mass of 
water heated by the substance in grammes, T is the rise in tempera­
ture of the water in °e, and R is the relative molecular mass. 

Table 12.2 'Heat of combustion' problem 

10 PRINT"HERT OF COMBUSTION" 
15 PRINT"------------------" 
20 PRIm 
3(1 H1PUT" NRf'1E OF SUB::;TANCE"; t'j$ 
40 INPUT"ENTER S,W,T,R";S,W,T,R 
60 LET H=INT(W*4.2*T*R*0.001/S+0.5) 
7(1 PRINT 
;::0 PRHlT"RE:::;UL T FOR "; t'l$,;" = ",; H,;" VJ/j-lOL" 

;::5 PRINT"******'*""'*"'*'****************" 
9(1 PRI m 
1 (10 I tlPUT" Rtfr i-lORE DATA ('r=',.'ES ,- N=NO::' " ,; 'y'$ 
120 PPItH 
130 IF ¥$ = "yo THEN 20 
140 Et'm 
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Table 12.3 Output from Table 12.2 and data input 

HEAT OF COMBUSTION 

NAME OF SUBSTANCE? ETHANOL 
ENTER S,W,T,R') .36,100,23.5.46 
RESULT FOR ETHANOL = 1261 KJ/MOL 
**************************************** 

ANY MORE DATA (Y = YES, N = NO)?Y 
NAME OF SUBSTANCE? METHANOL 
ENTER S,W,T,R'! .39,99,21.2.32 
RESULT FOR METHANOL = 723 KJ/MOL 
**************************************** 

ANY MORE DATA (Y = YES, N = NO)?Y 
NAME OF SUBSTANCE? PROPANOL 
ENTERS,W,T.R') .31,101,24.8,60 
RESULT FOR PROPANOL = 2036 KJ/MOL 
**************************************** 

ANY MORE DATA (Y = YES, N = NO)?N 

Problem 2 - Roots of quadratic equations 
Write a program to calculate the values of the roots of any number 
of quadratic equations (ax2 + bx + c = 0), given the coefficients a, b 
and c. If b2 - 4ac > 0, output the message 'REAL ROOTS' and the 
two roots. If b2 - 4ac = 0, output the message 'COINCIDENT 
ROOTS', and the value = -bI2a. If b2 -4ac < 0, output the 
message 'COMPLEX ROOTS'. Allow for interactive entry of a, b 
and c during run time and stop the execution of the program by 
zeros being entered for a, band c. The program is listed in Table 
AI7, and the answers for the equations shown in Table 12.4 are 
given in Appendix B. 

Table 12.4 Quadratic equations 

3x2 + 9x + 2 = 0 
7x2 - 5x + 3 = 0 
x 2 - 8x + 16 = 0 

2x2 + 3x - 4 = 0 
- 3x2 - 2x + 1 = 0 

x2+2x+ 3=0 
4x2 + 4x + 1 = 0 
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12.3 Tabulation of results and averaging 

Measurements, intermediate calculations and final results of ex­
periments may need to be tabulated so that a permanent record is 
available in an easily readable form. The final answer is often 
obtained by averaging the results of more than one experiment. 

Problem 3 - Width of a slit 
The collimator of a spectrometer was used to provide a parallel 
beam of light from a sodium flame. The beam of light was allowed to 
fall on a slit placed vertically at the centre of the table of the 
spectrometer. When appropriate adjustments had been made, 
parallel bands were seen on looking through the telescope. These 
were made as sharp as possible by adjusting the slit of the collima­
tor. The crosswires of the eyepiece of the telescope were set on 
corresponding minima on either side of the centre and the vernier 
readings were noted; this gave a value of 2A for each of the fringes 1 
to 6. 

The width of the slit W (em) = NA/A where N is the fringe 
number, A = 5.893 X 10-5 em (wavelength of sodium light), and 
A is in radians. 

Write a program to tabulate the measurements taken and values 
of A and W as shown in Table 12.5, and output the average value of 
the width of the slit. There arc two pairs of vernier readings for each 
fringe number. Values of 2A are found by subtracting the second 
vernier reading from the first vernier reading. The average value of 
A is then calculated for each fringe number. The program is listed in 
Table A18, and the average value of W is given in Appendix B. 

12.4 Linear regression 

Often straight line graphs may be obtained by manipulating the 
formula which defines the relationship between the variables. The 
equation of a straight line may be written as, 

y=mx+c 
where 

x = the independent variable 
y = the dependent variable 
m = the slope of the line 
c = the intercept of the line on the y axis 
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Table 12.5 Tabulation of results for Problem 3 

FRINGE VERNIER READINGS A WIDTH OF 
NUMBER DEG MIN DEG MIN MIN SLITCM 

2 

5 

(, 

41 
221 

41 
221 

41 
221 

41 
221 

41 
221 

41 
221 

26 

25 

29 
27 

33 
31 

35 
34 

39 
3R 

41 
40 

41 
221 

41 
221 

41 
221 

41 
221 

41 
221 

41 
221 

20 
It) 

17 
15 

15 
13 

11 
10 

9 
R 

5 
4 

.0675 

A line of 'best fit' can be calculated for a series of data points from, 

nLxy - LXLY 
In =, " nLx- - (LX)-

and 
Ly - mLx 

C = ----'----
n 

where 
x and yare the co-ordinates of each data point and 
n = number of data points. 
There are many equivalent forms of the above expression; some 

are more suited to manual calculation than programming. A meas­
ure of how closely the data follows the calculated straight line is 
given by the coefficient of correlation (r). If the data lies on a 
perfectl y straight line then r will be + 1 (for positive slope) or -1 (for 
negative slope). In the extreme case of no correlation whatsoever 
(i.e. the points are scattered randomly) r will equal zero. The 
acceptable level of correlation (i.e. value of r) for the number of 
readings involved can be found from statistical tables. 
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Again, the formulae for r can be presented in different ways. The 
expression given below is in a convenient form for programming 
when the slope is already evaluated. 

r = jm(Lxy - LXLy/n) 
Ll- (Ly)2/n 

It should be noted that m, c and r require similar preliminary 
calculations and that it is convenient to calculate initially and store, 

LX, LY, LX2, Ly2, LXLY 

A program to perform linear regression and calculate r is given in 
Table 12.6. 

Table 12.6 Linear regression routine 
50 DIM X(21.3),Y(20) 
50 HlPUT" E~nEP llO OF PA I P::: OF PEAII I NC8' .: I·i 
80 FOP I == 1 TO N 
9'.:1 I l·iPliT" EI·nEP ;,<, 'T' PA I P ": >< ( I ) .' 'T' ( I ) 
111.3 l·iD:T I 
121.3 GOSUF 4CJI.31.3 
131.3 Elm 
401.30 LET :::1 =1.3 
4011.3 LET 52=0 
4020 LET ::::C:=1.3 
4031.3 LET ':::4=1.3 
4'.:141.3 LET :::5=1.3 
411.31.3 FOR I = 1 TO N 
4111.3 LET 51=51 + XCI) 
4121.3 LET 52=52 + Y(I) 
41::::,) LET ::::c:= S:C: + ;x;(J) l2 
4141.3 LET :::4=S4 + 'r'( I:; l2 
4151.3 LET S5=55 + X(I)tY(I) 
4161.3 lien I 
4171.3 LET t'1==<tit55 - :::2*:::1 ),··(l-1t:::3 - :::ll2) 
41 81.3 LET C= (:::2 - I'W::: 1 ) /t·i 
4191.3 LET P= (1'1 t (:::5 - ::: 1 t:::2,'II) ),' ': '::4 - '::2l2,· ... I·l) 
4192 Plum 
4193 PPINT"Y ::: MtX+C" 
4194 PRIm"t'l =": t'l 
4195 PPINT"C =";C 
4196 PF.'It-n 
4197 PP I l-n" COEFF. OF COF.:RELAT I OH = ": SOP (F:) 
4199 PETURI·l 
5001.3 Elm 
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Problem 4 - Young's modulus of the material of a bar 
The bar was clamped horizontally at one end. A weight of mass M 
(kg) was attached to the other end, and was kept vibrating by an 
electro-magnet. The vibrating end of the bar was illuminated and 
was viewed through a slit in a rotating disc, using a telescope. The 
speed of the disc was gradually increased by adjusting the resist­
ance, placed in series with the electric motor used to rotate the disc, 
until the bar appeared to be at rest when it was vibrating. A counting 
arrangement on the motor gave the number of rotations in a definite 
time. 

It can be shown that the motion of the vibrating bar is simple 
harmonic with a period: 

T = 2Jtj(P(M \~:140m)) 

where 
i is the moment of inertia of cross-section 
Y is Young's modulus of the material of the bar 
I is the length of the bar in metres 
m is the mass in kg of the vibrating part of the bar 
For a bar of rectangular cross-section (breadth b and depth d 

metres), i = bd3/12. 

3Ybd3T 2 

Hence, 48 Jt2p = M + 331140m 

T2 (seconds) plotted for different values of M (kg) gives a straight 
line graph, and Y may be found using the slope of the graph as 
follows: 

Y=-----
slope of graph 

Write a program to output Young's modulus for a bar in Newtons/ 
m2. Use the linear regression routine given in Table 12.6, to find the 
slope of the graph for the values of T and M given in Table 12.7. The 
dim~nsionsofthe bar are: b = 1.58 cm, d = 0.312cm, I = 40cm. The 
results are given in Appendix B. 

Note: Remember to caiculate T2 for the linear regression 'Y' values; 
the 'X' values are those listed under M. 
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Table 12.7 Data for Problem 4 

12.5 Simulation 

12.5.1 Background 

M (kg) 
.097 
.147 
.157 
.177 
.197 

T (seconds) 
0.12 
0.139 
0.145 
0.15 
0.16 

Simulation requires the writing of a program that models a situa­
tion. Changes are brought about in the model, either by the user or 
by inbuilt routines so that the behaviour of the model can be 
studied. From studying the behaviour of the model under varying 
circumstances it is hoped to gain a better understanding of the 
reality represented by the model. 

Some models consist of specific relationships (e.g. a Balance 
Sheet). In such a case, if you make a change in one variable this 
leads to a specific revised Balance Sheet. You can, by this means, 
simulate the effect of changes in labour costs on the profits. 

Many forms of simulation require the values of some of the 
variables to be sampled from a probable range of values. The 
probable range of values is usually expressed as a probability (or 
frequency) distribution. In these models, the outcomes and their 
interactions need to be studied over many simulations to obtain a 
representative picture of the model's behaviour. 

A simple simulation model of this type is discussed below. As the 
basis of the variability is the sampling from a frequency distribution, 
the program has been written to make use of the two subroutines 
previously developed in Chapter 9, section 9.6. Note how the 
subroutine can be used several times by transferring values to and 
from the variables common to the subroutine. 



122 Computer Programming with the Commodore 64 

12.5.2 Simulation of combined units 
The problem is to simulate the breakdown pattern of a combined 
unit comprising a motor assembly and a gear assembly from the 
breakdown pattern of the individual assemblies. 

The running time of a combined unit can be simulated by 
sampling in turn from the running time distributions of the motor 
unit and the gear unit. The shorter running time will be the running 
time of the combined unit. By simulating many such samples the 
MTBF (mean time between failure) for a combined unit can be 
obtained. 

12.5.3 Output required 
For a short simulation it is convenient to monitor the course of each 
pass through the program. Therefore, in this case, the output can be 
the sampled lives of the motor and gear assemblies, the life of the 
combined unit and the MTBF to date. For longer simulations this 
amount of detail would be time consuming to print. It could be 
incorporated for dehugging purposes and then dropped, the final 
program only producing the ultimate MTBF. 

However, a single final statement of the value of the MTBF is not 
as informative as a running output of the variable. The decision to 
terminate a simulatic,n is often taken once the variable under 
inspection has settled down. These considerations, in this case, lead 
to the idea that there should be an option to continue the run if the 
fluctuation in the MTBF is not within the desired limits. 

12.5.4 Description of the program 
The BASIC listing of the main routine is shown in Table 12.8 and of 
the subroutines in Tables 9.12 and A 13 (see Chapter 9). 

The motor unit frequency distribution is input after control is 
transferred to the subroutine from line 40. The input is returned in 
array D and the contents copied to array M. This allows array D and 
hence the subroutine to be used again. This time the gear unit 
frequency distribution is input and on return to the main routine it is 
copied from array D to array G. 

The next stage of the program initialises the variables T and K in 
readiness for the simulation. Variable T is the cumulative combined 
unit running time, and variable K is the starting (or continuation) 
value of the simulation count. K is initially set at one for the first run 
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Table 12.8a Main routine for simulation program 

20 DIM M(10,2),G(10,2),D(10,2),XCI0,2) 
40 GOSUB 800 
50 FOP 1=1 TO ~j 
52 LET MC1,l)=D(1,I) 
54 LET M(1,2)=D(1,2) 
56 t·jEi<T I 
60 GOSUB 8(1(1 

70 FOR 1=1 TO t·j 
72 LET GCI,l)=D(I,l) 
74 LET GCI,2)=D(1,2) 
76 t·jD::T I 
80 LET US="------------------------------------" 
'-'in LET T=0 
W0 LET f<=1 
115 PPItH 
120 HlPUT"LEt~GTH OF SH1ULRTIOt·j".: L 
140 PRINT 
145 PPINT US 
150 PF.: HlT "SH1" .: TAB(6).: "t'10TOR" .: TRBe 14).: "GEAR" .: 
160 PPHlTTRIH 22) .: "C(lt-rE:. "; TAB (3(1).: " t'1TE:F " 
170 PP1tn us 
1::::0 FOP :3=t< TO L 
200 FOP 1=1 TO 10 
202 LET X(I,l)=M(1,I) 
204 LET X(1,2)=MC1,2) 
206 t·jE)<:T I 

(line 100) and is revised in line 370 in case the FOR loop is to be 
continued. 

The initial length of the simulation is input at line 120. Lines 150 
and 160 print the required heading. PRINT U$ produces a line of 
dashes and is used to highlight the headings (lines 145 and 170). 
Each line of calculated output is produced within the FOR loop 
from lines 180 to 350. 

To sample from the motor unit distribution (array M) it is copied 
to array X by lines 200 to 206. The subroutine starting at line 900 is 
entered and a sample from array X is returned as variable V. In line 
220 this value is retained for future reference as variable UI. This 
procedure is then repeated for the gear unit, the sampled value 
being retained as U2. Lines 280 to 300 carry forward the lower of the 
two values as variable C (this is the running time of the combined 
unit). The cumulative running time is calculated in line 320 and the 
current average running time (the MTBF) is calculated in line 330 as 
A. Having completed a pass through the FOR loop, a line of output 
provides the current simulated values of Ul, U2, C and A. 
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After simulating the stipulated number of times (i.e. L), the FOR 
loop is left. In anticipation of continuing, the value of K is reset in 
line 370. Lines 380 to 400 allow you to reset L or, if you enter lero, 
the run stops. 

Table 12.8b Main routine for simulation program 

210 005U1:: 900 
220 LET U1=' .... 
240 FOR 1=1 TO 10 
242 LET ::«I,1)=G(I,1) 
244 LET X(I,2)=G(I,2) 
246 tlEi<T I 
250 G(i::;UB 9[10 
260 LET U2='·/ 
2:::0 LET C=U 1 
290 IF U2)U1 THEN 320 
300 LET C=U2 
320 LET T=T+C 
330 LET A=T .. '::; 
335 LET A=INT(10tA)/10 
340 PRINTS;TAB(6);U1;TAB(14);U2;TAB(22);C;TAB(30);A 
350 HEi<:T S 
355 PP I t·~T U$ 
370 LET K=L+1 
380 PRItH"HHER AliIlITIONAL :::H1ULATIOI·l:=;" 
390 PRHlT"f;:EG'Ulf;:Eli .. OR ZERO TO :::;TOP".; 
400 HlPUT L 
405 IF L)0 THEN 420 
410 nm 
420 LET L=K+L-1 
430 GOTO 17[1 

To separate this interactive part of the run from thc previously 
calculated output, PRINT U$ is now uscd in line 355. Ifthc run is to 
be continued, control is returned to line 170 to separate the subse­
quent output in a similar way. This means of trying to keep the 
output tidy is best appreciated by studying cxtracts from a run of this 
program as shown in Table ]2.9. 

Problem 5 - Combined units simulation 
Use the simulation program (Table 12.8) to calculate the mean time 
bctwccn failure for a combined unit consisting of motor and gcar 
units having the failurc pattcrn shown in Table 12.10. Simulate 100 
failurcs. The answer is given in Appendix B. 
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Table 12.9 Example of output from Table 12.8 

INPUT LENGTH OF SIMULATION? 10 

SIM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

MOTOR 

16 
16 
8 

16 
16 
8 

12 
20 
16 
4 

GEAR 

18 
14 
16 
18 
14 
14 
22 
22 
10 
14 

ENTER ADDITIONAL SIMULATIONS 
REQUIRED, OR ZERO TO STOP? 5 

11 
12 
13 
14 
15 

16 
12 
16 
16 
12 

14 
14 
18 
16 
18 

ENTER ADDITIONAL SIMULATIONS 
REQUIRED, OR ZERO TO STOP? 0 

COMB. 

16 
14 
8 

16 
14 
8 

12 
20 
10 
4 

14 
12 
16 
16 
12 

MTBF 

16 
15 
12.6 
13.5 
13.6 
12.6 
12.5 
13.5 
13.1 
12.1 

12.3 
12.3 
12.6 
12.8 
12.8 

Table 12.10 Failure pattern of units 

Motor Unit Gear Unit 
Life (weeks) Cum % Freq Life (weeks) Cum % Freq 

4 20 10 10 
8 40 12 15 

12 50 14 40 
16 90 16 60 
20 100 18 75 

20 80 
22 100 
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12.6 Financial 

Many financial calculations relate to the calculation of interest over 
a period of time. A common example involving repayment of 
interest (and capital) is a mortgage repayment. Once a mortgage 
has been obtained there is little you can do about the repayments 
required. A computer program, however, could be particularly 
useful in examining the effects of changing the variables to assist in 
choosing the most suitable mortgage. 

12.6.1 Mortgage calculations 
The repayments required on a mortgage can be calculated from the 
following formula: 

Pi(l + i)" 
R=----

(1 + it - 1 

where 
P = Principal (the amount borrowed) 
n = duration of mortgage 
i = interest rate per annum 
R = required annual repayment 

Many organisations providing mortgages allow you to repay 
monthly. The monthly repayments are usually i2 of the annual 
repayments because they are regarded as simply advance payments 
of the annual premium. These monthly advance payments do not 
themselves earn interest. 

12.6.2 Requirements of the program 
In examining alternative mortgage proposals you would want to 
change P, nand/or i as required. As successive changes were made it 
would be useful to be reminded as to the current values of these 
three variables. 

This program is the type likely to be used by someone such as a 
broker in a working environment. As he is not likely to have any 
programming knowledge the PRINT messages need to be clear and 
the data entered in the most natural way. Thus the variables to be 
revised are indicated by entering i, P or n rather than entering a 
numeric alternative such as 1, 2 or 3. Although the program is 
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slightly more complex as a result, this is regarded as a secondary 
consideration. 

The input to the program is straightforward; the interest rate is 
entered as a percentage (i.e. 12.5 not .125) as this is how it is 
commonly quoted. 

12.6.3 Description of the program 
A listing of the program is given in Table 12.11 and an example of 
the output in Table 12.12. 

Table 12.11 Program for mortgage calculation 

10 REr-l t'1ORTGAGE PEF'A'r't'IEt-lT 
30 IIEF FI·lt'10D=Hn<>::*1013 + .5).··.'1(113 
40 H1PUT"EIHER ItHEREST RATE A::; A ;;"; I 
60 LET I = 1/100 
70 It-lPUT"ENTER SIZE OF MORTGAGE";P 
90 INPUT" EtHER PER I OD OF LOAH < 'T'''~S) " .; H 
120 LET P=<P*I*< 1 + IdN)/U (1 + 1> 'IN)-l:; 
130 PPHlT"t'10NTHL'r' REF'R'r't'IENTS =".; 
135 PRINT FNM(R/12) 
140 PRItH 
160 PRItH"Et-nER r. F' OF.: 11 TO PE'·/ISE" 
165 PF.~ 1m" I NTmEST .' PR I Ne I PAL OF.: 'r'EAF.~S" 
170 PI": nn : PF.: ItH" Ein ST HlG VALUES ARE" 
175 PRltH I.; p; t·j 
180 PRItH: PF.:HlT"C1R ENTER ::; TO ::;;TOP" 
190 I 11PUT A$ 
2(10 IF A$ = "::;" THEI'l 350 
210 INPUT"EtHER RE' ... 'I::;ED VALUE"; >:: 
2:=:0 IF A$ = "I" THEt·j 290 
240 IF A$ = "P" THEN 3113 
25'21 IF A$ = "11" THEI·l :=:3'21 
26'21 pPHn:pPHlT"F.~EVI::;IOtl ERPOR: ". 
270 PRINT A$;" EIHERED": PRItH 
2:::0 GOTO 160 
290 LET I = X/I00 
300 GOTO 120 
310 LET P = ::< 
320 OOTO 120 
3:=:0 LET N = >-; 
340 GOTO 120 
3513 EI·m 

Line 30 defines the function FNM which rounds to two decimal 
places thereby representing monetary amounts to the nearest 
pence. Lines 40 to 90 request the starting values of I, P and N. The 
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annual repayment is calculated in line 120 and printed as a monthly 
repayment in line 135. A blank line (line 140) is printed before 
looping and producing revised output. 

Table 12.12 Example of output from Table 12.11 

ENTER INTEREST RATE AS A % ? 12.5 
ENTER SIZE OF MORTGAGE? 10000 
ENTER PERIOD OF LOAN (YRS) '? 25 
MONTHLY REPAYMENTS = 109.95 

ENTER l.P OR N TO REVISE 
INTEREST. PRINCIPAL OR YEARS 
EXISTING VALUES ARE 
.125 10000 25 
OR ENTER S TO STOP 
') P 

ENTER REVISED VALUE? 8000 
MONTHLY REPAYMENTS = 87.96 

ENTER I,P OR N TO REVISE 
INTEREST. PRINCIPAL OR YEARS 
EXISTING VALUES ARE 
.125 8000 25 
OR ENTER S TO STOP 
?S 

Line 190 allows you to revise optionally the values of I, P or N 
(line 175 reminds you of the current values). The option you enter is 
identified by the program over lines 200 to 250. If an inappropriate 
character is entered, this character 'falls through' these lines and the 
error message (line 260) is printed. Otherwise the revised value 
entered in line 210 is assigned accordingly over lines 290 to 330. The 
program then loops back to line 120 to recalculate R. 

Problem 6 - Monthly repayments 
Run the program shown in Table 12.11 using the following data: 

Interest rate, 11 %; Loan, £15,000; Period of loan, 20 years 

Then revise the loan to £20,000. The two monthly repayments are 
given in Appendix B. 
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12.7 Morse Trainer 

This program makes use of the 64's sound facilities to 'playback' in 
Morse code any word entered at the keyboard. In addition, dots and 
dashes are displayed on the screen to match the Morse sounds. 

The program is given in Tables 12.l3a and 12.13b. Line 20sets the 
basic unit of sustain used in subsequent delay loops. By making S 
smaller, the Morse will be played quicker but the relative timings of 
dots, dashes and pauses will be maintained. Line 70 transfers 

Table 12.13a Morse trainer 
10 DIM M$(26),L$(40) 
20 '=;=15 
3(1 PR ItH ":11.1" 
40 PF.:ItH" ~lORSE TRAINER" 
50 PRINT" ••• -.-.-.-" 
6(1 PR ItH n )~OO" 

70 GOSUB 40t:.::1 
75 GOSUB 1(100 
8t:.::1 H1PUT "EHTER r'1E,=SAGE ".; Sf 
gr.1 PR I HT" )fi" 
100 GOSUB 500 
110 FOR K = 1 TO L 
120 L$=UCK) 
130 GOSUB 3000 
140 HD(T K 
150 PF.:HlT 
160 Et·m 
400 FOR I = 1 TO 26 
410 READ t'1$( 1) 
420 HE)<:T I 
430 DATA .-,-••• ,-.-.,-•• ,. 
440 DATA •• -.,--., •••• , •• ,.---
450 DATR -.-,.- •• ,--,-•• ---
460 DATA .,--.-,.-•••••• 
470 DATR •• -, ••• -" '.". 
480 IIATA 
490 RETURt·j 
5(10 REr'1 TRAt6LATE 
510 L=LE~l(Sf) 
520 FOR I = 1 TO L 
530 L$(I)=CHR$(32) 
535 FOR J = 1 TO 26 
540 IF MID$(S$,I,1)()CHR$C64+]) THEH 550 
545 L$( I )=t'1$(J) 
550 NE:x:T J 
560 t·jD<T I 
570 RETURN 
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control to subroutine 400 which sets up an array M$(26) with strings 
of dots and dashes to represent the Morse code (in alphabetic 
sequence). This routine could be extended to include the full Morse 
code set by increasing the array size and adding suitable DATA 
statements. 

Line 75 then calls the subroutine at line 1000 which clears and sets 
up the sound registers. The loop, lines 1020 to 1040, clears the 
registers. Line 1050 sets the volume and line 1060 POKEs attack! 
decay and sustainlrelease values that set up a 'pure' organ tone. 

The message to be transmitted in Morse is input at line 80. This is 
examined character by character in the subroutine (lines 500-570) 
and as each character is identified in line 540. its Morse code 
equivalent (M$(J)) is copied to array L$. Each character occupies 
one cell in the array. The dimension statement (hue 10) therefore 
limits the current program to messages of 40 characters. 

Lines 110 to 140 in the main program then transfer the Morse 
code string from array L$ to the variable L$ within a loop. The 
current contents of the variable L$ then is used by the subroutine 
30()0 to 3100 to determine which sound subroutines should be 
called. 

If L$ is a space, then the 'end word' subroutine (lines 7000--7030) 
is entered. Lines 4000 to 4070 or lines 5000 to 5070 are executed if L$ 
is a dot or dash, respectively. Having sounded appropriately, the 
'end letter' subroutine (lines 6000--6030) is entered. 

The relative timing is determined by the delay loops in the sound 
subroutines. Taking the dot character as a unit of duration, the time 
interval between characters is also equivalent to a dot. The duration 
of a dash is three dots. Between letters there is a pause equivalent to 
three dots, but as the last dot or dash has a pause of one unit within 
its own subroutine, the 'end letter' subroutine needs to add only two 
dot equivalents. The end of a letter is signified on the screen by the! 
symbol incorporated in the print statement at line 6010. 

Similarly, as the interval between words is equivalent to seven 
dots, the subroutine (lines 7000--7300) adds a further pause equiva­
lent to six dots. These timings are approximate because the time 
spent in the rest of the program will add a small fixed element. 

The above program can be modified in several ways; for example. 
by making the INPUT from tape, practice tapes could be compiled 
by someone else so that the listener does not already know the 
message. 
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Table 12.13b Morse trainer 

1000 RHl CLEAR 8: ::;ET UP ::;OUI·iII REGI ::;T!:.r':::; 
1 (11 0 ::;':;=54272 
1020 FOR 1= ::;S TO ::;::;+24 
1(1:;::0 POKE I .. (1 
1 (140 ~lE::T I 
1050 POKE ::;::;+24 .. 15 
1 (160 POKE ':::::+5, 0 : POKE ::;::;+6 .. 240 
1070 RETUF.:t·j 
3000 REM ::;OUND CHARACTER::; 
3010 IF LS(>CHRS(32) THEN 3030 
3020 CiO::;UB 7000:CiOTO 3100 
3(00 ~'l=LEt'F LS) 
3040 FOR I = 1 TO W 
3050 )<S=t'1I D:f (L$, I, 1 :0 
3060 IF XS=CHRS(46) THEN CiO::;UB 4000 
3(170 IF ::<:$=CHR$ (45:0 THEI·l CiOSUB 5000 
308(1 NE)'::T I 
3090 CiOSUB 600(1 
31(10 RETURt·l 
4000 REt" DOT 
401(1 pF.:ItH"e"; 
4020 POKE ::;::;+0,75:POKE ::;::;+1,34 
4030 POKE ::;::;+4,17 
4040 FOR D = 1 TO ':; t1E::<:T II 
4050 POKE ::;S+4 .. 16 
4060 FOR D = 1 TO::; NEXT D 
4070 RETURt·l 
5000 REt" DA::;H 
5010 PF.:It1T". ".; 
5020 POKE ::;::;+0.,75: POKE ':;::;+ 1., 34 
5030 POKE ::;::;+4,17 
5(140 FOR It = 1 TO 3*':; : NE::<T D 
5050 POKE SS+4 .. 16 
5060 FOR D = 1 TO S t1EXT D 
5070 PETUF.:t·l 
60(:m F.:Hl Etm LETTER 
601(1 PRItH" / ".; 
6020 FOR It = 1 TO 2*S : NEXT D 
6030 RETUF.:I~ 
7000 REM END NORD 
7010 PRINT:PRltH 
7020 FOR D = 1 TO 6*::; NEXT D 
7(00 RETURt~ 
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Using a Printer and Disk Unit 

13.1 Disk units and printers 

So far we have considered only a few of the possible peripheral 
devices that can be attached to the Commodore 64 microcomputer. 
Input of data has been from the keyboard with output to the screen 
(television set or video monitor). 

In Chapter 2, we suggested that you should save your programs 
on cassette so that you can load them into the 64's memory at any 
time. You can save programs on disk in a similar way. However, it is 
much quicker to load a program from disk as the disk's directory 
allows direct access to the required program, which is then transfer­
red to the 64's memory at high speed. 

Cassettes and disks can also be used for holding data files which 
are separate from the programs which use them. The use of data 
files is explain-;d in Chapter 14. A comprehensive file processing 
example is given in Chapter 15; this uses a sequential file held on 
disk. 

Another important peripheral is a printer. This is used for both 
listing programs and providing printed output of results from 
programs. 

Although attaching a single disk unit gives a useful improvement 
in performance, it is preferable to have two disk units for business 
use. A typical system for business applications will include two disk 
units and printer as shown in Figure 13.1. 
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Visual Display Unit 
Printer 

Keyboard and central processor Floppy disk drives 

Figure 13.1 A typical business system 

The disk units allow the information held on a disk to be copied 
easily to another disk for making back-up copies, using special disk 
commands. All important programs and data files should have a 
back-up copy, in case the original copy becomes corrupted. If this 
happens, the first thing you should do is to make another back-up 
copy. 

Two main types of printer that are used for business applications 
are matrix printers and daisy-wheel printers. Matrix printers print 
each character as a grid of dots, while daisy-wheel printers have the 
character set embossed on the circumference of the print-wheel. 
The latter is interchangeable so that different character sets and 
type founts can be used. Daisy-wheel printers tend to be more 
expensive than matrix printers and are used for 'letter-quality' 
printing. 

Matrix printers have a standard character set built into the 
printer, but special characters can be programmed such as the L: sign 
shown in Figure 10.3 (page 97). However, note that printer 
characters are seven dots high and therefore the lowest line is 
omitted, and the denary values are calculated on a column by 
column basis. As the precise details vary from printer to printer, it is 
important to consult the appropriate printer manual. 

Print statements can include control characters for the printer, for 
example to move the printer stationery to a certain position, but use 
of these is outside the scope of this book. 
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13.2 Using a printer for program listings 

To obtain program listings on the printer, you need to use two 
commands. The first one is an OPEN command giving the file 
number of the program in the 64's memory which is to be listed, and 
the device number of the printer. This is followed by a CMD 
command. 

In the following example. the program has been given a file 
number of 1, and the printer has been specified as device number 4. 
CMD 1 is used to leave the printer addressed and 'listening' for 
output from file 1, in this case: 

OPEN l.4:CMD 1 

Next you type a LIST command. which can be anyone of its 
available forms, For example. LIST will output the whole of the 
program. while LIST 10-200 will output lines ]() to 200, inclusively. 

When you have finished listing the program, you need to stop the 
printer listening and close the program file by typing: 

PRINT#1:CLOSE 1 

13.3 Output to the printer from a program 

A program which outputs to the printer is shown in Tables 13.1a and 
13.1 b. This is an enhanced version of the simple program given in 
Table 2.2 (page 12), and gives the user a choice of printing letter 
headings, notebook labels or envelope labels. The enhancements 
include: 

A menu of options 
Variable parameters 

for each option 
Centering the name in 

a border of asterisks 

(lines 60-130) 
(lines 210-240, 
410-420,710) 
(lines 430-620) 

Cursor control characters have been used in INPUT and PRINT 
statements. For example. line 10 clears the screen and moves one 
line down the screen; line 20 moves one line down. A list of cursor 
control characters that you can use in INPUT messages and PRINT 
strings is given in Appendix E. The cursor down character, shown as 
a reverse video 0 in the listing, is an alternative to using PRINT on 
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its own. For example, line 80 in Table 13.1a causes two blank lines 
to be left on the screen, and could be replaced by inserting two 
cursor down characters at the beginning of the PRINT string (that 
is, just before the 1) in line 90. 

Table 13.la Enhanced name and address program 

10 HlPUT"::11!1T ITLE ": 1$ 
2(1 HlPUT" :~llAt'1E ": tit 
3(1 HiPUT" Jf,f1DDRE:::::: 1".: A:f 
4(1 HlPUT":~mDF.:E::S 2".: B:f 
50 HiPUT"Jf1DDRESS 3".: C$ 
60 PRHlT":,] :::ELECT OPTIDt·l" 
7(1 PR I tH " -------------
80 PF.: HlT : PF.: HiT 
90 PRHlT"1 LETTEF.: HEAIIING" 
100 PF.:HlT":m NOTEBOOf< LA:E:ELS" 
110 PRItH":n:: ENVELOPE LABELS" 
120 PF.: ItH":~ END PROORAt'l" 
130 It-lPUT":IIlI!lIOClPT10H": C 
140 ON C GOSUB 200.400.700.800 
150 OOTO 6[1 

1:00 REi'1 LETTEF~ HEADHlCi 
210 1 HPUT" :1a'lUt-tBER OF :::HEETS".: t·l 
220 It-lPUT "~F'AGE LEtiGTH".: P 
23(1 1 HPUT":1!1T OF' t'1ARG 1 W' .: T 
240 HlPUTH~ETRRT F'O:'::ITIOW'.: S 
2450PEH 1,4 
250 FOR 1=1 TO N 
260 FOR J=1 TO T: PRIIH#1 : NEi<T J 
270 F'F.:UlT#1 .. TAB':S).: A$ 
280 PRIHT#1. TAB':S).: B$ 
290 PF.:HlT#1 .. TAB(S).: C$ 
300 FOR J=1 TO P-T-:;::PRHlT#l :t'E:',;r J 
310 tlEi<:T 1 
315 CLOSE 1 
320 RETUR~l 

The output to the printer is achieved by specifying PRINT#l as 
the print command, having opened file 1 to the printer in lines 245, 
425 and 715. At the end of each print option, file 1 is closed (lines 
315,625 and 785). 

Note output to the screen is by means of ordinary PRINT 
statements (for example, lines 60--120). The INPUT messages also 
appear on the screen (for example, lines 10--50 and line 130). 

When outputting to the printer, you should use a SPC (space) 
function instead of TAB, after the first TAB in a print statement. 
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Table 13.1 b Enhanced name and address program 
400 F.:Ef·l t·lOTE:E:OOI< LABEL::; 
410 IHPUT"::m·JUt1BEF.~ OF LR:E:EL::;" .;N 
420 HlPUT":I!T:::TART PO::;ITIOW.;S 
425 OPEt'J 1 .. 4 
430 L=LEI-l(l-J$) 
440 FOR 1=1 TO H 
45(1 PPItHtf:1 .. TAB(S).; u**********************" 
460 PF.~ItHtf:l .. TAB(S); U* *" 
470 PPItHtf:l .. TAB(S); u* *" 
480 SP=It-n«20-L)/2) 
490 PPII-lTtf:l .. TAB(S);u*,,; 
500 FOR 1<=1 TO SP 
510 PPItH#L" ".; 
520 I·JD:T I< 
5:C:0 PRItH#I .. I·J:t.; 
540 FOR 1<=1 TO 20-L-SP 
550 PPHlTtf:l .. " ".; 
560 NEXT to: 
570 PPIHT#1 .. "*" 
580 PPItH#l .. TAB(::;); U* :+i" 
590 PRHlT#LTAB(::;).;"* :+i" 
600 PRINT#l .. TAB(S);"**********************" 
610 PRINT#l :PRINTtf:l:PRINT#l 
620 ~JE~':T I 
625 CLOSE 1 
6:C:0 RETURN 
700 REN Et-l'·,lELOPE LABELS 
710 H1PUT"::mrOTAL NUr·lBEF.: OF LABELS(EVEN>".; N 
715 opaJ L 4 
720 FOR 1=1 TO ~'2 
730 PPINTtf:1 .. TAB(10);T$;" ";N$; 
735 PF.~HlTtf:L SPU34-LEI·l(I·j$+T$».; H.;" ".; N$ 
740 PRINTtf:l,TAB(10);A$;SPCC35-LENCA$»;A$ 
750 PPHlT#l .. TRBC 10).; B$; ::;PC05-LENCB$».; B$ 
760 pF.~nlTtf:1 .. TAB(0).; C$.; SP[:05-LENCC$»; [:$ 
770 pF.~nlT#1 : PRINT#1 : PRItH#1 
78(1 ND:T 1 
7'::5 CLOSE 1 
790 RETURI·j 
8[10 EI·lD 

When using SPC, it is important that the number of spaces moved 
takes into account the length of any previously printed output on 
that line. One way of achieving this is shown in line 740, in which 
SPC(35-LEN(A$)) 'spaces' from the end of A$ to the thirty-fifth 
print position from the start of A$. 

A new statement has been introduced in line 140, the ON .. . 
GOSUB statement. This works in a similar way to the ON .. . 
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GOTO statement discussed in Chapter 5, but branches to sub­
routines according to the value of the expression or variable after 
the word ON (that is, C in the example in line 140). 

Line 140 causes a branch to line 200, 400, 700 or ROO depending on 
whether 1, 2, 3 or 4 has been entered in response to line 130 for 
variable C. For example, if 1 is entered from the keyboard in 
response to OPTION? (line 130), then a branch will be made to line 
200 and lines 210 to 315 will be executed. When line 320 (RE­
TURN) is reached, the program will branch to the line following the 
ON ... GOSUB statement, that is, line 150 which branches back to 
line 60 to select the next option. To end the program run, 4 is 
entered as the option and a branch is made to ROO (END), so no 
RETURN statement is required. 

For some applications, you may want to give a choice of output­
ting to the screen or to the printer. The screen is device 3, so by using 
a variable for the device number in the OPEN statement, the output 
device can be selected at run time. For example, the following 
statements will cause output to go to the screen or to the printer, 
depending on whether 3 or 4 is entered in response to line 10: 

10 INPUT "ENTER 3 FOR SCREEN OR 4 FOR 
PRINTER";N 
20 OPEN 2,N 
30 PRINT#2, TAB(l2);"REORDER LIST' 

In this example, the output file has been designated as file 2, and 
needs to be closed at the end of the program by, say, 

100 CLOSE 2 
If you are writing a program for a business user, it may be 

preferable to use codes rather than numbers for the devices in the 
INPUT statement. For example: 

10 INPUT "OUTPUT TO SCREEN OR PRINTER,S/P";A$ 
20 IF A$ = "S" THEN D = 3 
30 IF A$ = "P" THEN D = 4 
40 IF A$ <> "S" AND A$ <> "P" THEN 10 
50 OPEN 2,D 

In this case, if neither S nor P has been entered, as tested in line 
40, the program branches back to line 10 and the user is prompted 
again. 
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13.4 Disk commands 

A range of commands exist for communicating with the disk unit 
and processing disk-based programs. Some, such as LOAD. SA VE 
and VERIFY are directly equivalent to cassette commands; others 
relate to manipulating programs on the disk (for example. COPY. 
RENAME), while others control the disk system (for example. to 
obtain an error message). 

LOADing, SA VEing and VERIFYing 
When a disk is inserted into the drive, programs on the disk may be 
loaded into the 64 by using the LOAD command in the following 
format: 

LOAD "program name")~ 

where 8 is the device number of the disk drive (preset by CBM). For 
example: 

LOAD "MORSE'·.S 

will load a program named MORSE from the disk drive. 
When the disk drive contains many programs, the precise pro­

gram name may have been forgotten. It is possible to load the disk 
directory into the 64 by using $ in place of the program name. 
Typing LIST will then display the disk directory on the screen, for 
example: 

LOAD "$",8 
FOUND $ 
LOADING 
READY 
LIST 

A program can be saved on a disk by a similar command, i.e. 

SA VE "program name",8 

When a program has been saved, it is good practice to verify the 
saved version. This is done by: 

VERIFY "program name",8 
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OPEN and PRINT 
The 64 can communicate with the disk drive via command channel 
15. This channel first needs to be OPENed by: 

OPEN filenumber,8,15 

For example: 

OPEN 15,8.15 

The file number can be from 1 to 255 but it is convenient to use 15 
when using command channel 15. 

Once the channel has been OPENed commands can be sent to the 
disk drive via a PRINT instruction as follows, 

PRINT#filenumber, "command" 

The format of the commands that can be sent will be discussed in the 
next sections. In these sections it will be assumed that OPEN 
15,8,15 has already becn uscd. 

NEW 
This command erases an entire disk and sets it up to be used afresh. 
A brand new hlank disk must be NEWeo before it can be used by a 
64. The format of the command is: 

PRINT#15,"NEW drive numher:name, id" 

where 
drive number = 0 for a single disk drive 
name = the required name of the disk 
id = any two-character identifier 

For example: 

PRINT#15. "NEW O:DEMO DISK, 01" 

In all subsequent examples it will be assumed that the relevant disk 
drive is number O. 

COpy 
This command allows a program to be copied under a different 
name. The format is: 

PRINT#15, "COPY O:new file = O:filer 



140 Computer Programming with the Commodore 64 

For example: 

PRINT#15, "COPY O:MAR = O:JAN" 

RENAME 
This command allows an existing disk file name to be changed. The 
format is: 

PRINT#15,"RENAME O:new name = old name" 

For example: 

PRINT#15. "RENAME O:PHONE = TEL" 

SCRATCH 
This command allows you to erase unwanted files from the disk. The 
format is: 

PRINT#15. "SCRATCH O:file name" 

For example: 

PRINT# 15 , "SCRATCH O:TEL" 

INITIALISE 
The use of this command restores the disk drive to its initial 
powered-up state. This is useful if an error condition has arisen, 
causing the current command to be inoperable. The format is: 

PRINT#15, "INITIALISE" 

Error conditions 
If the error light on the disk drive comes on, the error condition can 
be cleared and an error message displayed by running the following 
routine: 

10 OPEN 15,8,15 
20INPUT#15,A$,B$,C$,D$ 

'30 PRINT A$,B$,C$,D$ 

To obtain a fuller explanation of the error message the disk user's 
manual should be consulted. 
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Abbreviating commands 
All the commands within the PRINT#15 statement can be abbre­
viated to their initiallctter, for example: 

PRINT#15, "RO:PHONE = TEL" 

Pattern matching and wild carding 
When specifying file names, use can be made of two special sym­
bols. These are the asterisk and the question mark. Incorporating a 
question mark in the file name of a disk command means that the 
character in that position is irrelevant. For example: 

PRINT#15, "SCRATCH O:C?M" 

would scratch all three character file names that began with C and 
ended with M(i.e. CBM, CAM, COM, etc.). 

When an asterisk is used as the last character of a file name it 
implies that the rest of the name is irrelevant. Thus 

PRINT#15. "SCRATCH O:C*" 

would scratch all files whose name began with C. 

DOS support program 
A demonstration disk is usually supplied with the disk drive. On 
that disk there is likely to be a DOS (Disk Operating System) 
support program that simplifies the use of the disk unit. The 
program is usually named "C-64 WEDGE". 

When this program is loaded and run, the divide key (I) replaces 
the LOAD command. for example: 

I MORSE 

Note also that the device number (8) is not required. 
Instead of PRINT# 15. the 'greater than' key (» is used. For 

example: 

>SO:TEL 

will scratch the file named TEL. 
Keying >$ will display the disk directory on the screen without 

affecting the program in memory. 
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If the disk error light comes on, the error condition can be cleared 
and an error message displayed by simply keying >. 

The DOS support program is so useful that it is a good idea to load 
it as a matter of routine whenever disks are used. However, it 
should be noted that this program may interfere with the correct 
reading and writing of data with cassette files. 
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Using Data Files 

14.1 Data files 

When a large amount of common data is required by a program it is 
inconvenient to enter this data each time via the keyboard. A 
preferable method is to store the data in DATA statements within 
the program, as described in Chapter 3. However, this is still 
restrictive as these DATA statements are not readily available to 
other programs. The most flexible approach is to store your data in 
separate files from your programs so that the data files may be used 
by more than one program. You can then also prepare standard 
programs to analyse and process different data set up in data files. 

A data file is created by a BASIC program so that the contents 
and format are under your control. In practice this means you are 
likely to write several programs - for example, one to create the 
data file, one to update the data file, and some to process the data. 
This chapter shows how such data files may be created and read. 

There are two ways of processing files: sequentially and random­
ly. Random access of files can only be carried out from disks, 
whereas sequential access can be carried out from disks or magnetic 
tape. This book deals only with sequential file systems. 

14.2 File records 

The contents of a data file may be regarded as the equivalent of a 
series of DATA statements within a program. Although the data 
consists of one long 'column' of values, it is useful for you to think 
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and dp,ign the logic of your program round the concept of records. 
For example, a stock record might consist of a stock number, item 
description, stock level, unit cost, reorder level and order quantity 
as shown in Table 14.1. 

Table 14.1 Stock records 

Stock Description Stock Unit Reorder Order 
No Cost Level Quantity 

1234 Pens 15 45 20 60 
2340 Pencils 50 12 4() lOU 
2679 Erasers 8 5 10 50 
3456 Rulers 20 26 30 100 
4567 Writing pads 40 35 50 200 
4568 Notebooks 60 40 30 100 
6770 Labels 70 15 25 75 
6775 Pins 40 15 20 60 
6979 Envelopes 40 20 60 200 
7050 Cash books 30 22 40 100 

The data contained in Table 14.1, recorded sequentially record 
by record, would give rise to a 'column' of values as shown below: 

1234 
PENS 
15 
45 
20 
60 
2340 
PENCILS 
50 
etc. 

In transferring this data to and from memory it is more conve­
nient to assign separate variable names to each part of a record and 
move one record at a time. This keeps the program logic simpler, 
although within a particular program a variable (unit cost, say) may 
not be manipulated or used. 

As the program examples in this chapter use the data shown in 
Table 14.1, this is a convenient place to define the variable names to 
be used: 
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K stock number 
D$ description 
S stock 
C unit cost 
R reorder level 
Q order quantity 

14.3 OPEN and CLOSE statements for data files 

All data files used by your program need to be declared before they 
are used. Prior to reading or writing to a data file, the file needs to be 
'opened' by means of an OPEN statement. When all the informa­
tion has been passed between the file and the 64, the file then needs 
to be 'closed' by means of a CLOSE statement. 

A separate OPEN statement is required for each file to be used in 
a program, and each file must be identified by a different file 
number. The syntax of the OPEN statement varies slightly accord­
ing to whether the file is on cassette or disk. 

OPEN statement for cassette files 
This has the general form: 

line number OPEN x, y, z, "filename" 

where x, y, z are file parameters as follows: 
x = the file number, as chosen by the user for this particular 

program 
y = the number of the device containing the file, which is 1 for the 

64's cassette recorder 
z = an indicator stipulating whether the file is to be opened to be 

read, or to be written to 
For example: 

10 OPEN 1,1,1 , "STK-DATA" 

indicates that a file named "STK-DATA" will be referred to 
subsequently as file 1 and is located on device number 1. If z = 1, 
this indicates the file is to be written to, while z = 0 is used for a file 
which is to be read. 

The default option, OPEN x, means that the next file encoun­
tered will be opened to read only and will be assigned the number x. 
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OPEN statement for disk sequential files 
This has the general form: 

line number OPEN x,y,c, "d.filename,type,direction" 

where 
x = the file number, as chosen by the user 
y = the number of the device containing the file (the disk unit is 

device number 8) 
c = a data channel number (any number from 2 to 14) 
d = the disk drive number, which is zero for single disks 
type = S for sequential files 
direction = R for reading a file or W for writing to a file 

For example: 

10 OPEN 2.8,2,"():STOCK,S,R" 

indicates that the file named "STOCK" will be referred to subse­
quently as file 2 and is located on a disk in drive () of device number 
8. The file is a sequential file and is to be opened for reading. 

The part of the OPEN statement within quotes can be manipu­
lated within a program using string variables, for example: 

10 INPUT "FILE NAME";F$ 
20 OPEN 2,8,2, "0:" + F$+" ,S,R" 

CLOSE statement for cassette and disk files 
Regardless of the device being used for file processing, the data file 
is closed as described for print files in Chapter 13, that is, 

line number CLOSE x 
where 

x = the chosen file number 
For example: 

100 CLOSE 1 
110 CLOSE 2 

14.4 File input-output statements 

The statement used to output a file has the general form: 

PRINT#filenumber, variable list 
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For example: 

PRINT# 1 ,K,O$,S, C,R, Q 

The comma as a delimiter is suppressed so that in the above example 
K,O$,S,C,R,Q, is written as one string. You can preserve the 
variables separately by using separate PRINT statements. that is: 

PRINT#l,K 
PRINT#l,O$ 
PRINT#l,S 
PRINT#l,C 
PRINT#l,R 
PRINT#l,Q 

or you can retain the commas by enclosing them in quotes: 

PRINT#l ,K;", ";0$;"," ;S;" ,";C;"," ;R;",";Q 

The corresponding read statement is: 

INPUT# I ,jilenumber, variable list 

Thus a corresponding read statement might be: 

INPUT# I ,K,O$,S.C,R.Q 

14.5 End of file records 

I t is convenient if you have within your program your own means of 
detecting the end of the data. This can easily be done by terminating 
your data files with a dummy record. The contents of this dummy 
record are chosen to make it unique. For example, in the stock 
record file previously discussed the dummy stock number could be 
made larger than any likely to be encountered (i.e. 9999 if four-digit 
codes are used). 

Since a complete record is transferred as a whole, the remaining 
fields of the dummy record need to be provided with values as 
shown below: 

9999,X,O,O,O 

The general flow of processing when a dummy record is used is 
shown in Figure 14.1. 
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INITIALISE 

TERMINATION 
ROUTINES 

Figure 14.1 General flow with dummy record 

14.6 Problems 

Problem 1 - Stock data file 
Write a program to create a stock data file on cassette incorporating 
a dummy end record for the data in Table 14.1. 

A suitable program is listed in Table A 19. 

Problem 2 - Reorder list 
Write a program to read the data file produced in Problem 1 and 
output a list of items to be reordered optionally to the screen or to a 
printer. A sample output is shown in Table 14.2. 
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Table 14.2 Output from reorder program 

REORDER LIST 

CODE DESCRIPTION ORIIER orr' 
----------- ---------

1234 PENS 613 
2679 ERASERS 513 
3456 RULERS 100 
4567 WRITING PADS 2130 
6979 HNELOPES 2130 
7050 CASH BOOKS 100 

A suitable program is listed in Table A20. 

Problem 3 - A data file search program 
Write a program using string functions to search the stock data file 
produced in Problem 1 for any stock description containing a 
specified substring (e.g. PEN). An example of the output is shown 
in Table 14.3. 

Table 14.3 Output from search program 

STOCK FILE SEARCH 

ENTER SEARCH WORD? PEN 
PRESS PLAY ON TAPE 
OK 

CODE DETAILS STOCK 

1234 PENS 
2340 PENCILS 

10 RECORDS READ 
2 RECORDS LISTED 

15 
50 

Allow for the stock details to be output either to the screen or to the 
printer. The program is listed in Table A21. 

Notes 
I As mentioned in Chapter 2, the screen will go blank while the 64 

is communicating with the cassette unit; that is, when a program 
writes to a tape or reads from it. 
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2 You must not have the disk operating system (DOS) loaded into 
the 64 when using data files on cassettes. 
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File Processing and Reporting 
Example 

15.1 Introduction 

This chapter describes a stock recording program which is a de­
velopment of the problem and programs described in Chapter 14. 
This program also uses the same data. Note however that the data is 
entered in a different order from that shown in Table 14.1. 

The program illustrates the application of many of the program­
ming techniques discussed in this book, and the basic structure of 
the program is relevant to other applications. The program is menu 
driven, with all the options being written as subroutines. This will 
allow further options to be added easily at a later date. A discussion 
of ways in which the program might be developed is presented at the 
end of the chapter. 

It should be emphasised that this program is given to illustrate 
programming techniques; it is not intended to be a commercially 
usable system. A sequential file is used in the example so that it can 
be used with a cassette unit as well as a disk unit. 

15.2 The menu 

An illustration of the menu is given in Figure 15.1. 

The appropriate command (option) is selected by keying in A, C, 
D, E, R, S, U or V; that is, the initial letter of the required 
command. A brief description of each command is given below: 
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ADD This allows the user to add (that is, create) a further stock 
record. 

CHANGE This displays an existing stock record and allows any 
part of its contents to be changed. 

DELETE This allows a stock record to be deleted. It is not 
deleted from the computer's memory, but instead, the stock 
description is replaced by the word 'DELETED'. This ensures 
that it is not saved to the updated file. 

EXIT This terminates the program. Before terminating, the 
user is given the option of saving the current set of records to 
tape or disk. Any deleted records will not be saved to the new 
file. 

REORDER REPORT This produces a stock list of items 
currently below their reorder level. The list can be displayed on 
the screen or sent to the printer. 

SEARCH This allows the user to search the stock file for a 
sub-string match in the stock description field. The output can 
be directed to the screen or to the printer. 

UPDATE STOCK LEVELS This allows the stock quantity for 
a specified stock record to be updated. 

VALUATION REPORT This produces a complete stock list, 
to the screen or printer, giving the value of each stock quantity 
and a cumulative total for the whole stock holding. 

I COMMAND MENU I 

IIHANGE 

IIEARCH 

mPDATE STOCK LEVEL 

IiIEORDER REPORT 

I!IALUATION REPORT 

DIXIT PROGRAM 

COMMAND ACDERSUV? 

Figure 15.1 Command menu for stock recording program 
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15.3 Structure of the program 

All the above menu options have been written as subroutines. In 
addition, a few routines that are common to these subroutines have 
been written as 'utility' subroutines. For example, at the end of each 
option the user is given the choice of repeating the current option or 
returning to the menu, that is: 

CONTINUE OR MENU? 

Details of all the stock records are held in arrays. If a stock file 
already exists, it is read into the arrays during the 'start up' phase. 
Stock record changes are made to the array variables, the revised 
arrays being saved to a file when the EXIT option is chosen. 

An outline flowchart is given in Figure 15.2. 
A stock record consists of seven fields. They are all numeric 

fields, except the stock description, and none of them are of fixed 
length. The fields are as follows: 

Stock number: A part or commodity number 
Description: Any alphanumeric description 
Unit cost: The cost of one unit of stock quantity. The monetary 

units should be consistent throughout the file. 
Order quantity: The standard reorder quantity 
Reorder level: Items below this level will appear in the reorder 

list 
Stock quantity: The current stock level. This field can be up­

dated by +/- transactions (i.e. by entering a number preceded 
by a + or - sign). 

Stock value: The content of this field is calculated by the 
program and automatically updated whenever the unit cost or 
stock quantity is changed. 

Although none of the data is held in fixed length field format, it is 
reformatted prior to some listings. These are the listings that might 
be sent to the printer, i.e. REORDER REPORT, SEARCH and 
VALUATION REPORT. The reformatting is done by a sub­
routine that converts all the numeric fields to eight character strings 
padded with leading spaces. A further subroutine is called to ensure 
that financial amounts are presented to two decimal places with the 
decimal point aligned. The stock description field is formatted to 15 
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INITIALISE 

YES 

SET CHANGES FLAG 
SET NO OF RECORDS 

=0 

LOAD FILE 
SET NO OF RECORDS 

NO 

CALCULATE 
NEXT RECORD 

VALUE 

DISPLAY 
MENU OF 

COMMANDS 

APPROPRIATE 
COMMAND 

SUBROUTINE 

Figure 15.2 Outline flowchart 
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characters. This allows the description field plus any three other 
fields to be concatenated to produce a 39-character line of output. 
If 40 characters were used, the cursor would move to the next line on 
the screen, thereby producing a blank line between each line 
output. 

The program automatically assigns a record number to each stock 
record, which is, in fact, the array subscript for that record. This 
record number is not used in any way by the user. The user always 
references a stock record by its stock number. If the stock number is 
not known, or has been forgotten, then the SEARCH option on the 
description field will allow the user to find the appropriate stock 
number. 

15.4 Printed output 

Printed output is available for three options: SEARCH, RE­
ORDER REPORT and VALUATION REPORT. 

The SEARCH option produces a list of all stock items whose 
description contains the string of characters specified by the user. 
For each stock item listed, the stock number, description and stock 
quantity is given. At the end of the listing there is a note ofthe total 
number of records searched and a count of those listed. An example 
of a printed SEARCH listing is given in Table 15.1. 

Table IS.1 Example of output for search option 

SEARCH FOR BOOKS 

STK t~O DESCRIPTION 

4568 t'lOTE BOOf<~; 
7050 CA~;H BOOI<~; 

10 RECORDS ~;EARCHEII 
2 RECORDS LISTED 

sn: Gi1'1' 

6(1 

30 

This option is most likely to be used to find the stock number of an 
item from its description. The stock quantity is also listed because 
this is the next most likely reason for accessing a stock record. The 
number of records searched is given to 'reassure' the user that the 
whole file has been examined, particularly in the case where no 
string match has been found. 
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The REORDER REPORT comprises all those stock items 
whose current stock quantity is below the reorder level. For each 
item listed the specified order quantity is given. The program also 
calculates, from the unit cost and the order quantity, the order cost 
for each item and cumulates these costs to give a total cost for the 
complete reorder list. An example of a REORDER REPORT is 
shown in Table 15.2. 

Table 15.2 Example of output for reorder report 

REORDER REPORT 

STK 1·10 ORD eH'r' COST 

1234 PEilS 6[1 270(1 • 00 
2679 ERA::;ER::; 50 250.00 
3456 RULERS 100 26[10.0[1 
4567 ~jF.: I T I I~(; PAIlS 200 7000. [10 
6979 EHVElOPE::; 200 4000.00 
71350 CASH BOOK::; 100 2200.00 

TOTAL 187513.00 

The V ALUA nON REPORT lists all the items in the stock 
record and presents the current stock quantity together with the 
value of the stock. A cumulative total of the complete stock value is 
given at the end of the list as shown in Table 15.3. 

Table 15.3 Example of output for valuation report 

'.,IAlUAT I OI-j REPORT 

STr.: I·m STK O1'r' VALUE 

1234 PEt·j::; 15 675.0(1 
2340 PEt·jCll::; 50 600.00 
2679 EF.:A::;EF.:::; 0 

'-' 40.00 
3456 RUlEF.S 20 520. [10 
4567 (,W I T1 HG PAD::; 40 1400.00 
4568 tiDTE BOOKS 60 24[1(1. [10 
6770 lABEL::; 7[1 105[1.00 
,. .......... C' 
t't {._I PI N::; 40 6(10.00 
6979 Et'j',/ElOPES 40 ,:::00.00 
7050 CA::;H :8001<S 30 66(1.00 

TOTAL :::745.00 
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15.5 Initialisation and start-up routine 

The initialisation and start-up routine forms the start of the program 
and this part of the program is shown in Table 15.4. Lines 100 to 160 
set up the headings for each field in the stock record. The headings 
are assigned to elements 1 to 7 in the array H$. To assist in neat 
screen presentations, all the fields are a fixed 18 characters in length. 
A further variable, B$, is set up as a string of spaces. This variable 
will be used to pad out strings in the 'format fields' subroutine (lines 
8200-8290, Table 15.11). 

Table 15.4 Initialisation and start-up routine 

10 DIM SN(100).D$(100).UCCI00),OQ(100) 
20 DU1 ROL(100).SL<100).V<100) 
100 H$( 1 )="STOCK NUl'lBER 
110 H$(2)="I1ESCRIPTION 
120 H$(3)="UNIT COST 
130 H$(4)="ORnER QUANTITY 
140 H$(5)="REORIIER LEVEL 
150 H$(6)="STOCK LEVEL 
160 H$(7)="STOCK '· ... RLUE 
200 B$=" 
300 PRINT":l":PRINT:PRINT 

" 
11 

310 PRINT" ~!!E\.o! FILE" :PRltH 
320 PRINT"OR ::.t..!!!)AD E:X:ISTING FILE" : PRHlT:PRItH 
330 INPUT A$ 
340 IF A$O"N" AND 
350 IF A$=" N" THEN 
360 IF A$="L" THEN 
370 NR=N+l:DC=0 

A$O"L" THEN 3130 
N=0 
GOSUB 551313: REl'l LOAn FILE 

Lines 300 to 370 form a start up routine that initialises file record 
pointers. The user is asked whether the file to be processed is new or 
is to be loaded as an existing file (lines 310-330). lithe file is new, 
then the number of records (N) is set to zero in line 350. If an 
existing file is to be loaded, line 360 goes to the file loading 
subroutine (GOSUB 5500). On returning from the subroutine, the 
number of records will have been assigned to N. Line 370 completes 
the initialisation by setting NR (next record variable) to N + 1 and 
setting DC to zero. DC is a variable that represents the number of 
records deleted during the course of the run (i.e. delete count). 
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15.6 File load routine 

Table 15.5 File load routine 

5500 PRHn l :1" :F:H1 FILE LOAII ROUTHlE 
5510 PRHn 
5520 INPUT"CASSETTE OR DISK FILE, C/D";F$ 
5530 IF F$="C" THEN II=1 
5540 IF F$="D" THEN D=E: 
5550 IF F$(>"C" AND F$(>"D" THEN 5520 
5560 PRIm 
5570 HWUTII EtHEF: FILE HAr'1E"; FT$ 
5586 IF D=1 THH1 OPEt·1 l.o L 0 .. FH 
5~,90 IF D=8 THH1 OPH1 L8 .. 2,1~3:"+FT$+".S .. F.:" 
5592 PRIm 
5595 PRINT"FOUHD ";FT$ 
5616 INPUT#LN 
5612 PRIm 
5614 PRHn"READING".;N; "RECORD::;" 
5620 FOR 1=1 TO N 
5630 INPUT#I,SH(I),D$(I),UCCI),OQ(I),ROLCI),SLCI) 
5635 V(I)=UC(I)tSLCI) 
5640 1·1E:":T I 
~,650 CLOSE 1 
5676 F.:ETUF.:t·1 

The file load routine is given in Table 15.5. On entering the file load 
routine the user is asked to input the storage device code (e.g. C for 
cassette or D for disk) and then the file name. Line 5580 opens the 
file for reading if it is on tape, while line 5590 opens a disk' file for 
sequential reading. Once opened, the first data item read from the 
file is a value for N, the total number of records. A loop is then set up 
between lines 5620 and 5640 to read N sets of records into six arrays, 
The six variable names are: 

SN(I) 
D$(I) 
UqI) 
00(1) 
ROL(I) 
SL(I) 

Stock number 
Description 
Unit cost 
Order quantity 
Reorder level 
Stock quantity (i.e. level) 

A seventh variable V(I), stock value, is calculated within the loop, 
thereby ensuring that the stock value held in memory is based upon 
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the latest situation. After reading in all the records, the subroutine 
returns to the start-up routine at line 370 as previously described. 

15.7 Main program and menu 

The main program and menu subroutine are shown in Table 15.6. 

Table 15.6 Main program and menu subroutine 

400 GOSUB 1200'REM MENU 
4 1 (1 PR I tH " :')" 
420 ON OP GOSUB 1500.2500.2000.6000,4000.3000.3500.4500 
430 IF OP()4 THEN 400 
450 Et·m 

1200 REt'1 t'1Et1U 
1210 PRHlT":J" 
1220 PRHH" 
1230 PRHH 
1240 PRItH" 
1250 PRIm" 
1260 PRWT" 
1270 PRHH" 
1280 PRIm" 
1290 PRItH" 
1300 PI<: 1m" Cm'lt'1At·m 
1310 I~1PUT A$ 
1320 OP=0 
1330 FOR 1=1 TO 8 

~::ot'1t'1Atm t'1ENU!!" 

:.f1!!!DD ~:~At1GE" . PR 1m 
:~D!!ELETE :.r:;!!EARCH" : PR I m 

~-'!!PDATE STOCK LEVEL": PR un 
:F.!!EOF.:DER REPORT": PR I tH 
:l,,"~LUAT I ot·1 REPORT": PR I m 
~~<IT PROORAt-l": PRWT 

1340 IF A$=t'lID$< "ACDERSUV", I, 1:0 THEt1 OP=I 
1350 t·1E:<T I 
1360 IF OP(1 OR OP)8 THEN 1200 
1370 RETURN 

The main program only occupies five lines, 400 to 450. The first line 
(400) calls the menu subroutine which return a value for OP 
depending upon the option selected. The main program in line 420 
then branches to the appropriate option subroutine. Having com­
pleted the option the program returns to line 430. The exit option 
would have set OP to equal 4, therefore if OP does not equal 4 the 
program loops back to line 400 and presents the menu once again. If 
the exit option has been selected and therefore OP does equal 4, 
then the program goes instead to line 450 which halts execution. 

The subroutine starting at line 12()O displays the menu and sets the 
value of OP according to the option selected. Lines 1220 to 1300 are 
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P1{INT statements that set up the screen display of menu options. 
These optinns are referred to as 'commands' on the menu and the 
user makes his selection by entering the initial letter (i.e. 
A,C,D.E.R,S,U or V). Line 1340 compares the input from the user 
with successive letters in the string 'ACDERSUV' and sets the 
variable OP accordingly (e.g. OP = 1 for A, OP = 2 for C, etc.). 
Finally. line 1360 checks that the value allocated to OP lies between 
1 and 8; if not. the program returns to the start of the subroutine at 
line 1200. 

The subroutines associated with the menu options will be 
described in alphabetic order. 

Add record routine 

Table 15.7 Add record routine 

1500 PR I NT":1" : RHl ADD RECORD 
1510 PRINT" a<:ECORD t·101I!"; tlp: PRItH: PPINT 
1520 PP H1TH$ ( 1 ).: : ItlPUT S~l: PP a1T 
1530 PRH1TH$(2).:: INPUT D$:PPH1T 
1540 PRINTH$(3); : INPUT UC:PPINT 
1550 PRINTH$(4); : INPUT OQ:PRINT 
1560 PRH1TH$(5).: : H1PUT ROL PPIIH 
1570 PRINTH$(6); : INPUT SL·PPINT 
15>::0 H1PUT"ACCEPT DATA ',.'/1-1".: A$ 
1600 IF A$()"'r'" THEt·l 16:=:0 
1605 ;·:::":=t·lR 
161 (1 [iO~;U:r:: ;::0(10: REt'l SET UP PECOPD 
1620 NR=NR+l 
16:;:0 [iO~;UB 7200 
1640 IF A$="C" THHl 1500 
1650 PETUF:tl 

>::000 FHl SET UP F:ECOPD 
>::(110 5t·1 (:'::':) =St·1 
8(120 II$ (>::~,:::, =D$ 
8030 UC (::<:;:<:) =UC 
B040 OQ (::.::::.::) =o(! 
8(150 F.:OL ()(:<::;. =ROL 
8060 SLO'::';)=5L 
8070 V(XX)=SL(XX)+UC(XX) 
B0B0 RETURN 

7200 REM CONTINUE 
7205 PPlt-1T 
7210 I t·1PUT" ::J.::~tn I t·1UE OR a-'l~llU ": A$ 
7220 RETURt·l 
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The add record subroutine is shown in Table 15.7, together with two 
associated subroutines. The add record subroutine starts by display­
ing the record number. Although this is not directly used by the 
user, it is useful to know the size of the file when adding further 
records. Lines 1520 to 1570 display the stock record headings in turn 
and require the user to make an appropriate entry. When all the 
data for a new stock record has been input, line 1580 asks the user 
whether the data should be accepted. The data has been stored in 
temporary variables. If the data is accepted, then the record number 
(NR) is transferred to a temporary variable XX prior to the program 
going to subroutine 8000 that sets the record up in the required array 
elements. Having set up the record, the record counter is increased 
by 1 in line 1620. Another subroutine is then called that determines 
whether the user wishes to continue using this option (i.e. adding 
records) or to return to the menu. The subroutine is called in 
line 1630 and returns the variable A$ as a character C or M. If 
A$ = "e" then the subroutine is repeated from line 1500, other­
wise control passes back to the main plOgram (to line 430). 

When the additional record data is not accepted in line 1580, then 
line 1600 causes the program to go to line 1630 without entering the 
temporary data into array elements. The user can then either repeat 
the option and enter acceptable data or return to the main menu. 

It srould be noted that the stock value is calculated within the 'set 
up record' subroutine in line 8070. The stock value is therefore only 
calculated and stored once the data has been accepted. 

Change record routine 

Table 15.8 Change record routine 
251313 PR I tn":1" : REt'! CHANGE RECORD 
2510 H1PUT" STOCK HO TO CHAI~GE".; SI·1 
2540 FOR 1=1 TO 1·1R-1 
2550 IF SI·l( I ) ()SI·1 THEI·l 2740 
2560 PRlln: PRltn"I<:ECOF.:lI 1·10".; I: PRlln 
2570 PRINTH$( 1).; SN< I).; 
2575 L=LEW:::;TR$(SHU»)+2 
2580 GOSUB 76(10: II·1PUT SN 
2590 PRINTH$(2);" "+D$(I); 
2595 L=LEN<D$( D)+2 
2600 CiOSUB 7600: II·1PUT [i$ 
2610 PI': I IHH$ ( 3) .; UC ( I ) .; 
2615 L=LEHCSTR$(UCCI»)+2 
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2620 GOSUB 7600: I NF'UT UC 
2630 PRINTH$(4);OQCI); 
2635 L=LENCSTR$(OQ(I»)+2 
2640 GOSUB 7600:IHPUT OQ 
2650 PRI NTH$(5).: ROLe I); 
2655 L=LENCSTR$(fWUI»)+2 
2660 GOSUB 7600: I NPUT POL 
2670 PRIHTH$(6).: ~:L( 1).: 

2675 L=LEH<STR$(SL( 1)::0 )+2 
2680 GOSUB 7600: I t·iPUT ~:L 
2690 F'PINT 
2700 H1F'UT"ACCEPT DATA Y/tl".: At 
2720 IF A$()"Y" THEN 2740 

IF D$ C I )=" **DELETEn**" ANII n$()" **nELETEDH:" THEN m,:=DR-l 
2730 V(I)=SLCI)*UC(I) 
2735 ::<~,:= I : GOSUB 8000 
2740 t'lE::<T I 
2745 GO~:UB 7200 
2750 IF A$="C" THEN 2500 
2760 RETURN 

{,600 RHl C:lI1<:SOP ~lO""'E 
7610 FOR Z= 1 TOL : PI<: I NT "II".: : tlEi<:T : PETUPN 

The change record subroutine is given in Table 15.8, together with 
the cursor move subroutine. To change the details within an existing 
stock record the user has to specify the stock number (line 2510). A 
FOR ... NEXT loop is then executed over lines 2540 to 2740 to 
search sequentially through the stock number array SN. If no match 
is found in line 2550 a jump is made to NEXT I to increase the array 
element,!, by one. When a match is found, the statements within 
the loop are executed. None of these statements cause a jump out of 
the loop, so that even when a match has been found and acted on, 
the search for similar records with the same stock number continues 
to the end of the file. Although there should not be two stock 
records with the same stock number, if such a situation arose, this 
subroutine would highlight the fact and the situation could be 
remedied by using either the change record option or the delete 
record option. 

Within the loop. each field heading is displayed in turn together 
with the current contents for that record (e.g. line 2570). The length 
of the field is evaluated (e.g. line 2575) and subroutine 7600 is then 
used to reposition the cursor over the initial character. Pressing the 
return key re-enters the existing values into a temporary variable; 
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alternatively any changes made prior to pressing the return key will 
be input to the temporary variable (e.g. line 2580). Each field is 
treated in a similar manner until finally line 2700 is reached. If the 
'data', as displayed and edited, is now accepted (i.e. A$ = "Y") then 
the stock value is re-calculated in line 2730 and line 2735 calls 
subroutine 8000 to transfer the values from the temporary variables 
to the appropriate array elements. If the data is not accepted, this 
transfer does not take place and a jump is made to the end of the 
loop (to line 2740). 

Having processed one change, the final lines of the change record 
subroutine allow the user to continue making changes, or to return 
to the main menu. 

Delete record routine 

Table 15.9 Delete record routine 

201313 pF.:Iml;J": RHl DELETE F.:ECOF.:D 
2010 PRIm:PRIm 
2(1213 INPUT II :.ETOCK t-lU~lBER TO DELETE!!".; SHD 
2(135 FOR 1=1 TO t-lR-1 
2036 IF St·l( l)·o::;tm THEt·j 210E: 
21337 ::.::= I 
2(1413 PRIHT";J" 
20513 PRIm" :iDELETE THIS RECORII!!" 
20613 GOSUB 74GG:REM DISPLAY RECORD 
20713 PR I t-lT: HjPUT II AF.:E 'T'OU SURE 'T' /~j" .; A$ 
2(1E:G IF A$= II N" THEN 21GE: 
21390 IF A$e>'''T'" THEt·j 2(140 
2100 D$ ( I ) =" :HDELETEIE+* II 
21135 DR=DF.:+1 
21138 HD::T I 
21113 GO~;UB 72013 
21213 IF A$= II C" THEt·j 213130 
21313 F.:ETURt·l 

741313 RHl III :::PLA'T' RECOF.:D 
741 (1 PI': I m II PECOF.:II t·m II .: :': : PP I t-lT 
74213 PRIm H$(l).;:::!·jO·::) :PRIm 
74313 PRIHT H$(2);" "+II$(X):PRIHT 
7440 PF.:HlT H$(3).;UCCx:) :PPIt-lT 
74513 PRHlT H$(4).; (II]()':) : PPWT 
74613 PRIm H$(5).;F.:OLC:<;) :PRIm 
74713 PPIHT H$(6);SLeX):PPIHT 
74E:G PRIt-lT H$(7).; v e·::) : PRHlT: pF.:nlT 
74913 RETURt~ 
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The delete record and display record subroutines are shown in 
Table 15.9. The record to be deleted is identified by entering its 
stock number (line 2020). Each record within the file is then 
examined in turn for a match with the stock number within the loop 
2035 to 2101-1. When a match is found, a 'DELETE THIS RE­
CORD' message is displayed in reverse video. The relevant record 
details are displayed by calling the subroutine at 7400 from line 
2060. 

The subroutine at 7400 displays the record number, field headings 
and their contents. Having displayed the record the user is asked if 
he is sure that he wishes the record to be deleted (line 2(70). If the 
response is N (No) then no action is taken and the program jumps to 
the end of the loop (i. e. N EXT I at 2101-1). On the other hand, if the 
response is Y (Yes), then line 2100 replaces the current stock 
description with the string '* * DELETED* *' and line 2105 increases 
the deleted records count by one. 

The record is therefore not deleted immediately, but a flag is put 
into the stock description field which will allow the record to be 
identified during the file saving routine. The record will not be saved 
l)!1 the updated fiie. This approach allows the user to use the 
SEARCH option just prior to exiting the program and search for 
the string '** DELETED**'. A complete list of records about to be 
dropped from the updated file can then be obtained. If the user has 
any second thoughts about stock items appearing on the list he can 
then use the CHANGE RECORD option to replace the '**DE­
LETED**' in the stock description by its proper descripti0>1. once 
again and the record will not then be dropped. 

As with the other options, the lines 2110 and 2120 allow the user 
to continue with the DELETE option or to return to the menu. 

Exit program routine 

Table 15.10 Exit program routine 

6(i00 PRUn":J" RHl E:":IT S: SA"/E RCiUTH1E 
6(i 10 I t·1PUT" ~:AVE CUF:RENT FILE, 'T'/H!!": AS 
6030 IF AS(>"N" AHD A$(>"Y" THEH 6000 
6040 IF A$="H" THEN 6300 
6050 PRIm 
6060 HlPUT"CA:::i::ETTE OR DI::::K FILL C/D" .:F$ 
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6070 IF F$="C" THH1 Ii=l 
60;::::0 IF F$=" Ii" THEN Ii=;:::: 
6090 IF F${)"C" ANIi F${)"D" THEN 6060 
6100 PPItH 
6110 H1PUT" EtHEF: FILE HAr'lE".; FH 
6120 IF D=l THEN OPEN 1,1, 1,FT$ 
6130 IF D=;:::: THEt1 OPEt·1 1.,;::::,2,"0:"+FT$+",':;,(,j" 
6140 PPINT#l,NR-I-DR 
6150 FOR 1=1 TO NR-l 
6155 IF D$(I)=""DELETED"" THEN 6220 
6160 PPINT#I,SN(I) 
6170 PPINT#I,D$(I) 
61;::::0 PPINT#l,UC(I) 
6190 PRINT#I,OQ(I) 
6200 PPINT#I,POL(I) 
6210 PPINT#I,SL(I) 
6220 t1E>:T I 
62::::0 CLO':;E 1 
6240 PPHn "FILE ':;A',,1ED" 
6300 PETUF.:t·1 

The exit program subroutine is shown in Table 15.10. When this 
option is chosen from the main menu the user is asked in line 60lO 
whether he wishes to save the current file. If the response is N (No) 
then the program jumps to the end of this subroutine (i.e. line 
6300). If the response is Y (Yes) the main part of the subroutine is 
executed. If the response is neither N or Y, then line 6030 ensures 
that the question is repeated until a N or Y response is obtained. 

The main part of the subroutine lies between lines 6060 and 6240. 
Line 6060 requests the appropriate storage device code to be 
entered (i.e. C for cassette tape and D for disk). Line 6110 requests 
the name of the proposed file. If the file is to be saved to tape, then 
line 6120 opens the file; if to disk, then line 6130 opens a disk file in 
sequential write mode. 

The first data item to be recorded, in line 6140, is the total number 
of records to be saved, the total number being the current number of 
records, NR - 1, less the number of deleted records. Lines 6150 and 
6220 form a loop that processes each record in turn. If the record is a 
'deleted' record then line 6155 causes that record to be bypassed, 
otherwise each field of the record is written to the file over lines 6160 
to 6210. Only the calculated 'value of stock' is not written to the file. 
After processing all the records, line 6230 closes the file and line 
6240 displays a message confirming that the file has been saved. 
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Reorder report routine 

Table 15.11 Recorder report routine 

4(10(1 PP I t-lT":1" : PEr'l F.:EORDEP PEPOF.:T 
4[110 GOSU:E: 7'::00 
4020 OPEH I, II 
4025 CT=0 
4(12':: F'P HlT# 1 " " 
40:'::0 F'PHlT#I .. " F:EOPDEP F'EF'OPT" 
4040 PPINT#I .. " --------------" 
4(15(1 PR wn 1 .. II 

4(160 PRHlT#I .. " ,::n: t'm IIES(:PIPTIDr-1 OPIi OT'T' (:O'::T" 
4(17(1 PPINT#I .. "---------------------------------------" 
4(180 FOP 1=1 TO NP-l 
409(1 IF SL(I»POLCI) THEN 4155 
4100 (:ST=OO(I)tUCCI) 
4105 AM=CSTGOSU:E: 7700CSTt=Mt 
4110 CST$=PIGHT$(:E:t+CSTt,8) 
412(1 CT=CT+C':;T 
4130 XX=IGOSUB 8200 
4140 L$=Fl$+F2t+F4t+CSTt 
4150 PRHlT#I, U 
41 55 tIE><r I 
416(1 PRINT#I,"---------------------------------------" 
4165 AM=CT:GOSUB 7700:CT$=M$ 
4170 PRIt-lT#I .. " TOTAL 
4175 PRINT#I .. RIGHT$(B$+(:T$ .. 8) 
4180 PRINT#l .. "---------------------------------------" 
4190 CLO':;E 1 
4200 GO':;U:E: 7200 
421 [1 IF A$="C" THEt-l 4000 
4225 PETUFll 

7700 RH1 TWO DEC H1AL PLACE POUT It~E 
7710 L$=STR$ (I tH (At'1» 
7720 R=It-lH 100tAt'l+. 5) 
7730 R$=RWHH 0: ':;TI<::f.( R::' ,2) 
7735 I F A~1=0 THEt-l R$=" 00" 
7740 t'1$=L$+". "+1<:$ 
7750 RETURt-l 

7800 REN SET UP OUTPUT !lEI/ICE 
781'" PRIt-lT 
7820 EIPUT"OUTPUT TO SCREEN OR PRUlTEP .. S/P" ,: A$ 
7830 IF A$="S" TWEt-l !I=3 
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7840 IF A$="P" THEN D=4 
7:::50 IF A$C>"::;" Atm AtO"P" THEH 7820 
7'=::60 RETURN 

:::200 REt-I FOF:t'lAT FIELDS 
821 [1 F 1 t=R I OHT $ (E:t+STPt.:, SN':' :':)':::0 ). 8) 
:::220 F2t=LEFT$(Dt(i-;:':HBHBt .. 13) 
8230 F2$=" "+F2t 
8240 F3t=RI OHH CE:t+STR$(lJC 0':)0) .. 8) 
8250 F4$=RI OHT$(E!$+STRt(OQO(:C') .. 8) 
8260 F5$=RI OHT$(E!$+STR$(F:OL<){:O::O .. 8) 
8270 F6t=RI OHT$(E!$+STP$(SLC·:)O::O .. 8) 
8275 A~l='.J(>::::';): C;OSUB7700: 1,I$=t'l$ 
8280 F7$=RIGHT$(B$+V$,8) 
8290 F:ETUF:N 

The reorder report is shown in Table 15.11 together with the three 
associated subroutines (starting at lines 7700,7800, and 8200). The 
reorder report sub-routine starts by having line 4010 call a sub­
routine at 7800. This allows the user to set the output device to be 
either the screen (device number 3) or the printer (device number 
4). Line 4020 then opens the appropriate device. The cumulative 
monetary total (CT) is set to zero in line 4025 and then the report 
headings are printed (lines 4030-4070). 

The individual records are processed, in turn, within the loop set 
up by lines 4080 and 4155. If the stock level is above the reorder 
level a jump is made to the end of the loop, from line 4090 to 4155. If 
a stock item is to be listed, then the cost of the stock order (CST) is 
calculated, in line 4100, by multiplying the order quantity by the 
unit cost. Line 4105 calls the subroutine at 7700 to set the cost to a 
two-decimal result in string format. Line 4110 adjusts the string to 
an eight-character string. The cumulative cost is updated in line 
4120. The stock record fields are all formatted to strings in line 4130 
by calling suhroutine 8200. The results for one stock record are then 
concatenated into the string L$, in line 4140, and printed in line 
4150. 

Having processed all the records in the file, the loop, lines 4080 to 
4155, is left and the final stages of the report produced. Line 4160 
underlines the stock list. The cumulative cost is formatted as a string 
in line 4165 and printed out in line 4170. Finally line 4180 underlines 
the cumulative cost, and the output file is closed in line 4190. The 
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user can then repeat the report by 'continuing' or return to the main 
menu. 

In practice, the user might send the report to the screen first, to 
check its contents, and then, if satisfied, 'continue' and send the 
report to the printer. 

Search records routine 

Table 15.12 Search records routine 

3000 pF.:nlT":1": RH1 SEARCH ROUTINE 
:::010 PP UlT " ;l5TOCt< FILE SEARCH!!" 
3(120 PF.:IHT 
3030 WPUT"ENTER SEARCH STRING".; ::<$ 
3050 L=LEW)·:$): E=0 : F=0 : )<:X=0 
3(160 PRltH 
::::(170 GOSUB 7800 
3(175 OPEt~ 1., II 
3078 PRItH 
:::(180 PR I NT# 1 .. " ~;ERRCH FOR ".; X$ 
3090 PRINT#I,"-------------------------------" 
31 (10 PR I NnI 1 .. " 
3110 PRINT#I," STt< t·m DESCRIPTIOt·l STt< QT',.''' 
3120 PPINTt!I .. "-------------------------------" 
3130 FOR 1=1 TO NR-l 
:::140 E=E+l 
3150 W=LEN(D$(I»-L+l 
3160 FOR P=1 TO W 
3170 Z$=MID$(D$(I),P,L) 
3180 IF Z$()X$ THEt·l 3230 
3190 F=F+l 
3200 i(:<:= I : GOSUB 8200 
3210 L$=Fl$+F2$+F6$ 
3220 PP I NTI 1, L$ 
:::225 p=~,j 

~:230 t·lEin p 
3240 NE)-=:r I 
3250 PRINT#I,"-------------------------------" 
3260 PRUlTt! 1, E.; "F.:ECORDS ~;ERF.:CHED" 
:::270 PR I NnI 1 .. F.; "RECORDS LI ~;TED" 
3280 CLOSE 1 
3290 GOSUB 72(10 
3300 IF A$="C" THEt·l 300(1 
3310 F.:ETUPt·l 

The search records subroutine is shown in Table 15.12. The user is 
requested to enter the required search string at line 3030. The length 
of the search string is calculated in line 3050 and two search 



File Processing and Reporting Example 169 

parameters, E and F, set to zero. Line 3070 allows the user to specify 
the output device and line 3075 opens the output file. The report 
headings are printed out over lines 3080 to 3120. Each record is 
processed within the loop at lines 3130 to 3240. 

As each record is examined, the record count, E, is increased by 
one in line 3140. Line 3150 calculates W, the number of successive 
comparisons of the search string that can be made within the stock 
description string. The string comparisons for one record are then 
made within the loop over lines 3160 to 3230. A sub-string of the 
stock description extracted at line 3170 is compared with the search 
string at line 3180. If a match is found, then the 'number found' 
count, F, is increased by one at line 3190; the fields are formatted for 
output in line 3200 and concatenated into a single string variable, 
L$, in line 3210. Details of the record are printed at line 3220. 

Having processed each record the output is concluded by report­
ing the number of records searched and the number of matches 
found (lines 3250-3270). The output file is then closed at line 3280 
and the user continues with another search or returns to the main 
menu. 

Update stock routine 

Table 15.13 Update stock routine 

350(1 PP un ":1" : REI'l STOCK UPIIATE 
3510 I t·1PUT" STOCK NU~lBEF: TO UPIIATE".; SH 
3520 PPItlT 
3530 FOR 1=1 TO HR-1 
354(1 IF ~;t'l( I )()SN THEN 3660 
3560 PPHn"PECORII NO".; I : PRINT 
3570 PRINTH$(l);SN(I) PRINT 
3580 PIU NTH$ (2) .; 11$ ( I ) • PR un 
359(1 PF.:INT"CUPF.:EtlT STOCK".; SU 1) • PF.:INT 
~:595 SA=0 
3600 U1PIJT"STOCY AJUSH1Etn + ..... _".; ~;A. PRItlT 
3605 SL=SL(I)+SA 
3610 PR un" PE',n ':;ED ':;TOCK".; ~;L • PR HiT 
36213 H1PUT"ACCEPT DATA 'r'/t·l".; A$ 
36:'::13 IF A$() '''i'' THEtl :.::6613 
:'::E".4a SU I )=SL 
3650 V(I)=SLCI)*UC(I) 
3660 HDn I 
:;:67(1 GOSUB 7200 
:.::680 IF A$="C"THEN 35013 
3690 RETURN 
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The update stock subroutine is shown in Table 15.13. Having 
specified the stock number in line 3510 the stock records are 
searched within the loop. line 3530 to line 3660. Line 3540 ensures 
that records not specified are by-passed. When an appropriate rec­
ord is found, its record number, stock number and description are 
printed by lines 3560 to 3580. The current stock level is printed by 
line 3590, the stock adjustment (SA) set to zero in line 3595. and an 
adjustment requested from the user in line 3600. A temporary 
variable (SL) is then used to hold the revised stock level and its 
value is printed by line 3610. If the adjustment is not accepted by the 
user in line 3620, then line 3630 by-passes the updating and the 
processing continues within the loop to the next record. 

Accepted revised records are updated by transferring the stock 
level in the temporary variable to the correct array element (line 
3640) and by the re-calculation of the value of stock (line 3650). The 
routine ends with the standard 'continue' or return to main menu 
option. 

Valuation report routine 
The valuation report subroutine is shown in Table 15.14. The 
valuation report routine is similar to the reorder report routine. 
Lines 4510 and 4520 allow the user to send the report to the screen 
or the printer. The cumulative total is set to zero in line 4530 and 
then the report headings are printed out over lines 4540 to 4580. 
Each record is processed over the loop at lines 4590 to 4635. Line 
4600 formats the stock record fields as strings and line 4610 con­
catenates the required fields into one string. This string, L$, is 
printed out in line 4620. The cumulative stock value is updated in 
line 4630. 

Having printed out all the stock records, the cumulative stock 
value is formatted as a string in line 4638 and the bottom lines of the 
report are printed out over lines 4640 to 4660. 
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Table 15.14 Valuation report routine 

4500 PRINT":1": I':E~l '",'ALUATION F~EPORT 
4510 GOSUB 7800 
4520 OPEN 1 .. D 
4530 CT=0 
4535 PRIm#1.," 
4540 PI': I Nn 1 .. " 
4550 PI':INT#1 .. " 
4560 PRINT'I,I' It 

'.,IALUATIot-l REPORT" 
________________ 11 

4570 PRHlT#1.," sm t·lD DE:::CRIPTIOt-l STI< QT'r' VALUE" 
4580 PRINT#1 .. "---------------------------------------" 
4590 FOl': 1=1 TO NR-1 
4600 ::{,,:= I : GOSUB 8200 
4610 L$=F1$+F2$+F6$+F7$ 
4620 PR INn 1 .' L$ 
46:::0 (:T=CT +',,.. ( I ) 
4635 NE>n I 
4638 AI'l=CT: GOSUB7700 : CT$=~l$ 
4640 PR I tH# 1 .' "---------------------------------------,, 
4650 PRItH#L" TOTAL "; 
4655 PRHlT#1.. I':IGHH(B$+CT$, 8) 
4660 PR1NT#1 .. "---------------------------------------" 
4670 CLOSE 1 
4680 GOSUB 7200 
4690 IF A$="C" THEN 4500 
4695 RETURt·l 

15.8 Further program developments 

The program can be developed in three areas. 
Firstly, the INPUT statements, where appropriate, can be re­

placed by a protected input routine based on GET, as described in 
section 9.S (Chapter 9), to make a null routine impossible. 

Secondly, range checks could be introduced for some of the 
INPUT statements to trap unacceptable responses. 

Thirdly, the range of options could include a sort, a complete 
stock listing and different types of report. With these additions. for 
example, a stock listing in decreasing value of stock could be 
produced. 



Appendix A 

Programs (Tables Al to A21) 

Table Al Number of £s required 

20 INPUT"A,E,P,N,R";A,E,P,N,R 
25 PRItH 
30 LET T=( (A+E)*N+P)/R 
40 PRHlT"LEt·lGTH OF STA'r'(NIGHTS> :".: [·1 
5(1 PRINT"ACCot'lODATIOt·l(PER NIGHT> :$:".:A 
6(1 PRIt-IT "E;':PENSESn'lEAL::: ETC.) :$: " .: E 
70 PR I tn" ALLOIolANCE FOF.: PRESENTS :$ : ": P 
80 PRHlT"Er.:CHANGE F.:ATE(:$ TO THE £):" .:F.: 
85 PF.:HlT 
90 PRINT"POUt·ms STERLHlG RHmIREII : ";T 
95 PR I NT" *********************************" 
1(10 Et·m 

Table A2 Cost of stationery 

10 mpUT"NO OF IIELEGATES"; ~l 
12 INPUT"COST OF FOLDERS AND PADS";F,P 
14 INPUT"COST OF PENS AND DISCOUNT".: S.' II 
20 PRINT 
25 PRINT 
313 LET C=N*(F+P+2*SlH 100-D)/le0)/100 
413 PRINT"NO OF DELEGATES : II ;t·l 
50 PRIHT"COST OF FOLDERS : ".: F.: lip EACH" 
60 PR I NT "COST OF PAPER : " , P; "P PEl': PAD" 
70 PRINT"COST OF PEl-1S LESS".: D.: ";.;:"; S.: "P EACH" 
813 PRINT 
85 PRINT"TOTAL COST OF STATIONERY = £": C 
90 PRIHT"**********************************" 
95 END 
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Table A3 Using the ON ... GOTO statement 

20 PRINT"CALCULATIONS FOR IflFFERENT COItES" 
25 PRINT"--------------------------------" 
313 PRINT 
50 INPUT "NUT'1BER OF SETS OF ItATA"; N 
55 PRINT:PRINT 
613 FOR 1=1 TO N 
70 INPUT "CODE,X.Y";C,X,Y 
75 PRINT: PRINT 
813 ON C GOTO 90 .. 100,110 .. 120 .. 130 
913 LET R=X+'T' 
95 GOTO 140 
100 LET R=)<:-Y 
1135 GOTO 140 
11 e LET R=)<:*Y 
115 GOTO 140 
1213 LET R=i</y 
125 GOTO 140 
1813 LET R=i<:'W 
140 PRINT"CODE:"; C".; RESLIL T ="; R 
145 PRI NT" ********************** .. 
1513 PRINT:PRINT 
1613 NEXT I 
1713 END 

Table A4 Centering a rectangle 

10 INPUT"ENTER ~HDTH,ItEPTH".;~·J.,D 
15 LET 8=20-IN1<W/2+0.5) 
20 PRINT":,)": REl"'l CLEAR 
25 FOR 1=1 TO ll-INT(D/2+0.5) 
30 PRINT 
35 NE;~:T I 
413 PRINT TAB(S); "r"; 
45 FOR 1=1 TO 1.01-2 
50 PRINT"-"; 
55 NE)':T I 
60 PRINT"," 
65 FOR 1=1 TO It-2 
70 PRINT TAB(S).; "I ";TABO~-l+S).;" I" 
75 NE><:r I 
813 PRINT TAE:(S).; ilL".; 
85 FOR 1=1 TO ~~-2 
913 PRINT"_"; 
95 t1EXT I 
lea PRINT".J" 
105 ENIt 
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Table AS Animated face 

8 PRINT":,]" 
10 St1= 1024 : 01=55296 
20 S=5t'1+46t8+ 1 7 
30 C=01+46t8+ 17 
41::1 FOR 1 =6 TO 5 
50 FOR ,]=6 TO 5 
60 READ i< 
70 POKE S+40*1 +J .. i< 
80 POKE C+46*1+,],3 
90 t·len J 
100 HE;':T I 
116 :":=74: Y=75 : CL=3 
115 :":A=85: YA=73 
126 FOR 1=1 TO 10 
1 ~:6 POKE 5+46*4+2 .. ;<: 
146 POKE C+40*4+2.· CL 
150 POKE S+40t4+3.Y 
166 POKE C+46t4+3.CL 
176 FOR D= 1 TO 1660: HE>::T D 
180 XB=X:X=XA:XA=XB 
185 YB=Y:Y=YA:YA=YB 
196 t·1E:':T 
200 DATA 85,162,162,102,162.73 
216 DATR 93,87,96,96,87,93 
220 DATA 93~96)85)73}96}93 
230 DRTA 93,96,74,75,96,93 
240 DATA 93,96,96,96,96,93 
250 DATA 74 .. 64 .. 64 .. 64 .. 64 .. 75 
260 Et·m 



Table A6 Radius of circumcircle 

2£1 INPUT "SIDES OF TRIANGLE"; R.> B .. C 
313 PRINT 
4£1 LET X=(A*A+C*C-nB)/(2*A*C) 
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50 LET R=B/(2*SW(ATN(SQR( 1-:'<*~':)/;<):;) 
60 PRINT 
70 PRINT "RADIUS =";R;"M" 
75 PRINT "*********************" 
80 END 

Table A7 Volumes of solids 

10 DATA CUBO!Il, CYLI l·mEF~.> "HE:'< BAR" 
2[1 DEF H1R(A)=INT(A/F+0.5HF 
40 IHPUT"EHTER CODE AI·m SCALE";(:'F 
60 IF (:=0 THEli 250 
70 INPUT"ENTER TWO DIMENSIOHS";D1 .. D2 
80 I 1·1PUT" EIHER HE I GHT " .; H 
30 PRIIH 
100 01·1 (: (iOTO 110.> 1313 .. 150 
110 LET A=D 1 *D2 
120 (iOTO 160 
130 LET A=rr*D1*D1 
140 GOTO 16[1 
150 LET A=SQR(27)/2*D1*D1 
160 FOR 1=1 TO (: 
170 READ 1·1$ 
180 1·1D:T I 
130 PRIHT "VOL OF ".; I·U.;" =".; 
195 pF.:nH FI·1R(A*H:;.;" CUBIC Ct'l" 
200 PF.: I NT" **********************************" 
210 PRIm 
220 PRINT 
230 RESTORE 
240 GOTO 40 
250 Elm 
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Table A8 Copying an array 

20 HlPUT "1-10 OF ELEl'1Etn-:; Itj APPA'r"'; N 
25 PRINT :PPHn 
30 DIM A(20).B(20) 
413 FOF.: 1=1 TO H 
5(1 PEAD A( I ) 
60 t·jEi<:T I 
7(1 FOR 1=1 TO t1 -:;TEP 5 
9(1 FOR J=I TO 1+4 
1013 LET B(J)=RCH+1-J) 
110 PR I NT B (.n ; 
1 ::::0 t·jEin J 
140 PP1tH 
150 HEi<:T I 
160 DATA 1.2.3.4.5.6.7.8.9.10.11.12.13 
170 DATA 14.15.,16.,17.,18.,19.,20 
18(1 END 

Table A9 Sum of elements 

20 Dnt A(5.,5) 
313 HlPUT "EtHER t'1 FOF.: t'1 )<: 1'1 ARRA'T".; I" 
413 IF M=0 THEN 2613 
50 LET D=0 
60 FOR 1=1 TO ~, 
7(1 FOR J= 1 TO ~, 

::::(1 PEAD A( L J) 

90 PRIm AU.n.; 
10(1 ~lE>::T J 
11 (1 PRUlT 
120 D=D+A(I.I)+ACI.M+I-I) 
130 HEiH I 
140 PRItH 
150 IF 1'1/2= I NT (t'1/2) THEN 180 
160 LET N=HlTO'1/2)+1 
170 LET D=II-AO'j, t·D 
18(1 PPIt~T"!:;UI" Ot-l DIAGONALS =".;D 

185 PI': I NT" **********************" 190 PF.:HlT 
2(113 PRINT 
210 RESTORE 
220 GOTO 30 
2::::0 DATA 1(1.,11.. 12.13, 14., 15., 16., 17 .. 18,19 
240 DATA 20J21J22J23}24J25,26J27J28,29 
250 nATA 30 .. 31.. 32., 33. 34 
2613 Et·m 



Table AIO Sorting a list of numbers 

20 I t·1PUT "~lO OF t·1UI·lEERS".; t·1 
30 PR nn":1" : REI'l CLEAR 
40 nm AU!) 
50 FOR 1=1 TO t·l 
60 READ ACI):PRINT ACI); 
7(1 HEi-::T I 
:::(1 PRIm 
90 FOR 1=1 TO N-l 
100 LET E=O 
110 FOR J=1 TO N-l 
120 IF ACJ)<=AeJ+l) THEN 170 
130 LET S=A cn 
140 LET ACJ)=ACJ+l) 
150 LET AO+l )=::: 
160 LET E=1 
170 tlEin J 
180 IF E=0 THEN 260 
200 FOR K=1 TO N 
210 PRItH AOO.; 
220 ~lE~':T f( 

230 PRItH 
240 ~lEi<T I 
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250 DATA 15,3.20,22.22.9.4.23,2.0,-25 
260 END 

Table All Plot of percentage pastureland 

20 nUl ' .... ( 10(1) 
.30 mpUT "EtHER t·lD OF 'T'EAR::;".: H 
5(1 PRIm 
60 FOR I = 1 TO N 
70 PRrtn";; PA:::TURELAt-m, 'iR".; I.; 
80 It-lPUT V ( I ) 
'=IR tlEi<T I 
1(10 PRItH 
110 GO::;UB 1010 
120 END 
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Table Al2 Pastureland histogram 

20 DIM V(100).X(15),F(15) 
30 INPUT "EIHEF.: 1m OF PAPI SHES" .: 1·1 
50 PRII-lT 
60 FOR I = 1 TO N 
70 PR UlT "PAP I '::H": I 
::::0 INPUT '.,1 ( I ) 
gr-t 1·1E:':T I 
1(10 PF.:IIH 
110 GO'::U:B 2000 
12(1 GOSUB :::(100 
1 ::;::0 GO'::UB 4000 
140 Elm 

Table A13 Input subroutine 

;::00 PRItH 
:::1(1 mpUT"HO OF Rm·~S IN FREO IW::T." .:1·1 
830 IF N(11 THEN 850 
840 PRHH"I1OT 1'10PE THA~l 10, TP'r' AOAH1" 
845 OOTO :::00 
850 PPHH 
860 PRHlT" HlPUT >< ,5:, CUI'l FPEO" 
870 FOR 1=1 TO N 
880 INPUT DCI,I),DCI,2) 
890 NE:'n I 
:::99 RETUPI1 

TaNe A14 Multicoloured goldfish DATA and subroutine values 

200 DATA O,38,64,128,166,160 
202 DATA 33,154,120,38,153,170 
204 DATA 33,105,152,128,166,144 
206 DATA 0,26,128,O,O,O,O,O,O 
208 DATA 0.0.0,0,0.0,0.0,0 
210 DATA 0,0.0.0.0,0.0.0,0 
212 DATA 0,0.0.0,0,0,0,0.0 
214 DATA 0.0,0.0,0.0.0.0,0 
220 END 
300 REM MULTICOLOUR MODE 
310 POKE :::1'1+ 28., 3 
320 POKE :::1'1+37.,7 
330 POKE SI'1+38 .. ° 
340 POKE SM+39,8 
350 POKE SM+40,8 
360 RETUPH 



Table A15 Timer alarm 

1 (1e SS=54272 
lie GOSUB 200e 
12e GOSUB 3e0e 
125 GOSUB 4eee 
130 PEl" TI CK AWA'T' 
140 POKE SS+0 .. 75: POKE SS+ 1, 34 
15e POKE 5S+4, 17 
16(1 FOP L= 1 TO 5e0: NE~':T L 
17e POKE 5S+4 .. 16 
18e REf'l ELAPSEII TIl'lE 
1ge D=TI-B 
2(10 M=INHIV36(1e) 
21e S=Itn(IV60)-6e*r'1 
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22e T$=f'1 ID$ (STR$O'1) ,2)+" : "+t'1ID$(STR$(S) .. 2)+" " 
23e PPHlT":'l!!MQ.""ELAP5ED THlE ".;1$ 
24e IF TI ( F THEN 130 
250 REI'l TRILL 
260 POKE :::S+5 .. 9: POKE 8S+6 .. 220 
27e POKE %+4, 17 
280 POKE 5,=;+e .. 149: POKE SS+ 1,68 
2ge FOR L=l TO 5: NEi<:T L 
300 POKE 55+e,0: POKE 55+1,0 
31e GET A$ 
32e IF A$=""THEN 27e 
330 Et·m 
2000 REr'l CLEAR SOLIND REGISTERS 
2010 FOR L=:::;S TO 58+24 
2020 POKE L .. €I 
2(130 ~lE>n L 
204e PETURN 
::;(1ee PHl SET LIP T I r'lEP DURAT I ON 
301e PPINT"SET THlHlG IIUF.~ATION" 
302e PPINT 
3030 INPUT"NLll'lBER OF MINUTES ".; T 
30413 IF T<0 THEN 30313 
3050 P=T*60*60 
30613 PRINT 
3070 PRIHT"PRESS SPACE BAR TO START" 
3075 GET R$: IF R$="" THEN 3075 
3080 B=TI:F=B+P 
3090 RE"Tlj.fi:!'i 
4£1130 RHl ·SET UP sou~m ENVELOPE 
40113 POKE %+24,15 
41320 POKE SS+5 .. 1: POKE 55+6, €I 
40313 RETURN 
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Table A16 Cos X 

20 H1PUT"I·m OF TEPI'1:::; FOP CO::; >:" .. Ii 
40 HiPUT"\iALUE OF >:: <DEGPEE::;) "; ::<:1 
60 LET »(i<:1+rr .. ··180)l2 
70 LET T=l 
80 LET C=l 
~A FOP 1=2 TO N*2 STEP 2 
100 LET T=(-l)*T*X/«I-l)*I) 
1135 LET C=C+T 
1113 t-1E::<T I 
115 PPItH 
120 PRIHT"COS".;;:-:;l.:"=" .. C 
125 PR I tH" H**H*************" 
130 EI·m 

Table A 17 Roots of quadratic equations 

10 DEF FNR(A)=ItH(A/0. 01+0. 5)*(1. (11 
20 PR nn "ROOTS OF QUAIIRAT I C EQUATI ONS" 
30 PRIt-1T"----------------------------" 
40 INPUT"ENTER A .. B.C (ZEROS TO STOP)";A .. B.C 
70 IF A=0 THEN 210 
80 LET D=B*B-4*A*C 
9(1 IF II<G THEI·i 150 
1130 IF D=G THEN 170 
110 LET D=:::OP(D) 
120 PRItH"F.:EAL POOT::;: 
125 PRINT FNR«-B+D)/(2*A»; 
130 PRItH"RI·m ".: Ft~R« -B-D)/(2*A» 
140 GO TO 180 
150 PPIHT"COMPLEX ROOTS" 
160 GOTO 1BO 
170 PRINT"COINCIIIENT ROOTS: "; 
175 PRIHT FNR(-B/(2*A» 
180 PRINT"**************************" 
19(1 PF.:IIH 
200 GOTO 40 
21(1 am 



Table A18 Width of a slit 

10 PRINT "WIIITH OF A SLIT" 15 PF.:IHT 11 _______________ 11 

20 H1PUT "EtHER ~~AVELEt1(;TH".; L 
4[1 pr::ltn 
5[1 INPUT "EtHER ~lO OF FF:HlGES".: N 
70 FOR 1=1 TO t·1 
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B0 PRINT "Et--lTER TWO PAIRS OF '-lEl<:NIER READINGS" 
90 PRINT "mEG, t-lIN FOR EACH) FOR FRHlGE NOli.; I 
100 FOR J=1 TO 2 
110 INPUT P(I.J).QCI,]).RCI,]),S(I,J) 
120 LET Be])=PCI.J)*60+Q(I,])-RCI.J)*60-SCI.J) 
1 ~:0 t·1Ein ] 
140 LET ACI)=CBC1)+B(2»!4 
150 LET WCI)=I*L*60*180/CRCI)*rr) 
160 NEXT I 
170 PRINT 
1(::0 PRINT "FRHlGE VERNIER READINGS A WliiTH OF" 
190 PRINT "NUt-1BER DEG 1'1IN DEG mN !'lIH SLIT Ct-l" 
200 PRINT ,,---------------------------------------" 
210 PRItH 
220 FOR 1=1 TO N 
230 LET W(I)=INTCW(I)!0.0001+0.5)*0.0001 
240 PRINT TAB(S);PCI,I);TABCI2);Q(I.l); 
250 PRINT TAB(17);RCI.l);TRB(21);SCI.l) 
260 PRINT TAB(2);I.TRB(27);ACI);TAB(32);W(I) 
270 PRINT TAB(8);PCI.2);TABCI2);QCI.2); 
280 PRINT TABCI7);RCI.2);TABC21);SCI,2) 
290 PRINT "---------------------------------------" 
300 PRItH 
310 LET ~-l=~-l+~~C 1) 
320 Nn:T I 
3::::0 Pr::INT 
340 LET ~~=It..jT(~.j/H/(1. (1001 +0.5)*0.0001 
350 PRINT "~HIITH OF SLIT ="; W.: "CM" 
360 PRINT "************************" 
370 END 
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Table A19 Stock data file creation 

5 REM "STK-t'1AKE"; CREATES "STK-DATA" 
10 PR I NT" :M:::TOO: FILE CREATI ON" 
20 PRINT"-------------------" 
25 PRINT 
3(1 OPEN L L L "STK-DATA" 
40 INPUT"CODE";K 
45 IF K=9999 THEN 115 
50 It~PUT" DESCR I PTI 01'1" .; DS 
60 H1PUT" ST OCK LEVEL".; S 
70 IHPUT"UtHT COST" .;C 
80 It~PUT It RE -ORDER LEVEL II .; R 
Cin H1PUT It OF.:DER G!UANTI T',.''' ; Q 
1(10 PRIt·H#l .. K.;" .. " .;D$.;", ".;S.; " .. " .;C;", ".;R;",";Q 
110 GOTO 413 
115 PRINT#1,9999;",";"x";a;",";a;",";0;",";0 
120 CLOSE 1 
1313 Et·m 

Table A20 Reorder list 

5 REt'1 "ORD-LIST" PROIIUCES A REORDER LIST 
113 H1PUT ":'IL!ENTER 3 FOR SCREEt·l OR 4 FOR PR ItnER" .; H 
20 OPEN 2, t·l 
25 OPEH 1,.1 .. e .. "STK-DATA" 
30 PRH1T":'III1" 
4a PRINT#2 .. TAB( 12).; "REORDER LI:::;T" 
45 PRINT#2 .. TAB( 12).; "------------,, 
5(1 PRlHT#2 
60 PRltn#2 .. TAB( 1) ,; "CODE".; :::;PC(5); "DESCRIPTION",; 
62 PRH1T#2 .. SPC(5).; "OF.:DER G!TY" 
65 PRINT#2 .. TAB(1);"----";SPC(5);"-----------"; 
67 PRIHT#2 .. SPC(5);"---------" 
7a PRItn#2 
80 INPUT#l .. K.D$,S .. C .. R .. G! 
gn IF K=9999 THEN l:::a 
1aa IF S)R THEN 80 
110 PRU1T#2 .. K; SP(5).; !IS.; :::;PCC IB-LEt'lCDS);' ,; G! 
12a GOTO Ba 
130 CLO:::;E 1 
135 CLOE;E 2 
14a Et·m 
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Table A21 Stock file search 

5 REf'1 nnERROGATEISTK-DATA" FILE 
Ie INPUT":1EHTER :;:: FOR ::;CREEN OR 4 FOR PRIHTER",;N 
213 OPEN 2 .. N 
25 PR I NT":JWl" 
313 PRnn"STOCK FILE SEARCH" 
35 PRINT"-----------------" 
40 PF.~INT 
45 INPUT" E~nER SE ARCH ~·lORD" ,; )<$ 
513 L=LEW)<$) 
55 OPEHl .. I,. (1,. "STK-DATA" 
613 LET E=0 
65 LET F=0 
70 LET U$="--------------------------" 
75 PRIHT#2 .. U$ 
8(1 PRIHT#2,. TAB( 1) ,; "COIlE"; SPC(3); "DETAILS" ,; 
82 PRINT#2,. SPc(6) ,; "STOCK" 
85 PRIHTI2 .. U$ 
90 IHPUT#I .. K .. D$ .. S .. C .. R .. Q 
95 IF K=9999 THEN 150 
lee LET E=E+l 
105 LET ~·I=LEN<II$)-L+l 
110 FOR 1=1 TO ~·l 
115 LET Z$=MID$(D$ .. I .. L) 
120 IF Z${)X$ THEN 140 
125 LET F=F+l 
130 PRIHT#2,. K,; SPC( 2) ,; Iff.; SP(:( 13-LEt-FD$».; S 
135 LET I =~·l 
140 NE~":T I 
145 GOTO 90 
150 CLOSE 1 
155 PRIHT#2 .. US 
160 PRItn#2 .. E.; "RECORDS REAII" 
165 PRIHT#2 .. F;"RECORDS LISTED" 
1 70 CLOSE 2: am 
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Answers to Problems 

Chapter 5 

1 CALCULA TIONS FOR DIFFERENT CODES 
CODE X Y CALC. VALUE 

3 51 4 204 
1 25 13 38 
2 8 34 -26 
5 4 3 64 
4 62 5 12.4 

Chapter 7 

I RADIUS = 443.334 M 

3 VOLUME OF CYLINDER = 111.33 CUBIC CM 

VOLUME OF HEXAGONAL BAR = 103118 CUBIC CM 

VOLUME OF CUBOID = 155.8 CUBIC CM 

Chapter 12 

1 Cos 30° = 0.866025 (to five terms) 

2 REAL ROOTS: -.24 AND -2.76 
COMPLEX ROOTS 
COINCIDENT ROOTS: 4 
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REAL ROOTS : 
REAL ROOTS : 
COMPLEX ROOTS 
COINCIDENT ROOTS: 

3 WIDTH OF SLIT = .0675 CM 

4 Slope = 0.1096 

.85 
-1 

-.5 

Coefficient of correlation = 0.9953 
Young's modulus = 1.92 X 1011 Nm- 2 

AND 
AND 

-2.35 
.33 

5 The answer will vary slightly depending upon the selection of 
random numbers but should be close to 11.1 weeks. 

6 Monthly repayments = 156.97 and 209.29, respectively. 
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ASCII and CHR$ Codes 

PRINTS CHR$ PRINTS CHR$ PRINTS CHR$ PRINTS CHR$ 

0 II 17 34 3 51 - lR # 35 4 52 

2 • 19 $ 36 5 53 

3 • 20 % 37 6 54 

4 21 & 3R 7 55 - 5 22 39 R 56 

6 23 40 9 57 

7 24 41 5R 

DISABLES.ct R 25 42 59 

ENABLES _ ct 9 26 + 43 C 60 

10 27 44 61 

11 - 28 45 => 62 

12 II 29 46 ? 63 

am 13 • 30 47 (Zi 64 

14 - 31 0 48 A 65 

15 .. 32 49 B 66 

16 33 2 50 C 67 
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PRINTS CHR$ PRINTS CHR$ PRINTS CHR$ PRINTS CHR$ 

D 68 ~ 95 [j] 122 brown 149 

E 69 El 96 ffi 123 Ired 150 

F 70 ~ 97 ~ 124 grey I 151 

G 71 OJ 98 OJ 125 grey 2 152 

H 72 El 99 f[] 126 I green 153 

I 73 D 100 ~ 127 I blue 154 

J 74 U 101 128 grey 3 155 

K 75 g 102 orange 129 • 156 

L 76 0 103 130 II 157 

M 77 [] 104 131 - 158 

N 78 t;J 105 132 - 159 

0 79 [:j 106 f1 133 .. 160 

P 80 ~ 107 f3 134 IJ 161 

Q Rl 0 108 f5 135 .- 162 

R 82 LSJ 109 t7 136 D 163 

S 83 0 110 f2 137 0 164 

T 84 0 III f4 13/\ D 105 

U 85 0 112 f6 139 III 166 

V 86 • 113 f8 140 D 167 

W R7 D 114 __ 141 • 168 

X 88 ~ 115 II1II142 ~ 169 

Y R9 D 116 143 0 170 

Z 90 G:1 117 - 144 [E 171 

[ 91 l8J 118 II 145 ~ 172 

£ 92 C 119 - 146 [g 173 

1 93 ~ 120 II 147 ELl 174 

l' 94 [] 121 • 148 ~ 175 



188 Computer Programming with the Commodore 64 

PRINTS 

[Ij 

e:J 
En 
BJ 

CODES 
CODES 
CODE 

CHR$ 

176 

177 

178 

179 

PRINTS 

D 
IJ 
[J 
U 

192-223 
224-254 
255 

CHR$ 

180 

181 

182 

11\3 

PRINTS 

~ 
~ 
0 
.:J 

SAME AS 
SAME AS 
SAME AS 

CHR$ 

184 

185 

11\6 

187 

PRINTS 

~ 
E!J 
~ 
~ 

96--127 
160-190 
126 

CHR$ 

188 

189 

190 

191 
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Colour Codes 

Colour POKE values for CHR$ 
Border, Background 

and Sprite colour 
Black 0 144 
White 1 5 
Red 2 28 
Cyan 3 159 
Purple 4 156 
Green 5 30 
Blue 6 31 
Yellow 7 158 
Orange 8 129 
Brown 9 149 
Light Red 10 150 
Grey 1 11 151 
Grey 2 12 152 
Light Green 13 153 
Light Blue 14 154 
Grey 3 15 155 

Note 
To change Border POKE 53280,X 
To change Background POKE 53281,X 
where X is one of the POKE values from the above table 
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Symbols Displayed for Special Keys 

t'lERtHNG CHP$ 

:1 CLR 147 
~ HmlE 19 
~ RVS ON 1° '-' 
!! RVS OFF 146 
:l CURSOR UP 145 
:~ CURSOR nm-n·j 17 
II CUR~;OR LEFT 157 
•• CURSOR r<~ICiHT 29 

• I:LRCl< 144 
=- ~lHITE 5 
fl RED -'c' ':"'-' 

.... C'y'AN 159 

• Pur<~PLE 156 
Iii GREEt·j 313 .. BLUE ::;: 1 ... 
:i1 'r'ELLOJ..l 15f:: 

;J ORAt~GE 129 
Po BRmn·j 149 

" LIGHT REI! 1513 
:il GRE'y' 1 151 
~~ GPE'y' -:' 1 C"-, 

'" ._1.::... 

• LIGHT GREEt~ 153 
~ LIGHT :E:LUE 154 .. GRE'T' 'J 155 .. ~, 



Appendix F 

Screen Display Codes 

SET 1 SET2 POKE SET 1 SET2 POKE SET 1 SET2 POKE 

@ 0 R 18 $ 36 
A a 5 s 19 0/0 37 
B b 2 

T 20 & 38 
C c 3 

U 21 39 u 
0 d 4 

V 22 40 v 
E e 5 

W 23 41 w 
F 6 

X 24 42 x 
G 9 7 

Y 25 43 Y + 
H h 8 

Z z 26 44 

I 9 27 45 
J 10 £ 28 46 

K k 11 29 47 

L 12 i 30 0 48 
M m 13 +- 31 49 

N n 14 32 2 50 
0 0 15 33 3 51 

P P 16 34 4 52 
Q q 17 # 35 5 53 
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SET 1 SET 2 POKE SET 1 SET2 POKE SET 1 SET 2 POKE 

6 54 0 0 79 ~ 104 

7 55 0 P 80 ~ R 105 
8 56 • a 81 0 106 
9 57 bJ R 82 [E 107 

58 ~ S 83 ~ 108 
59 D T 84 ~ 109 

< 60 ~ U 85 6J 110 
61 ~ V 86 

~ 111 
> 62 C W 87 [[j 112 
? 63 ~ X 88 

~ 113 
B 64 []] Y 89 Ea 114 

~ A 65 [I] Z 90 BJ 115 

rn B 66 EEl 91 D 116 

E3 C 67 IJ 92 [] 117 

El D 68 [] 93 [] 118 

E1 E 69 [IT] III 94 U 119 

bJ F 70 ~ 9! 95 ~ 120 

D G 71 96 ~ 121 
[] H 72 IJ 97 0 0 122 

EJ 73 ~ 98 .:J 123 

~ J 74 D 99 ~ 124 

~ K 75 D 100 ~ 125 

0 L 76 D 101 ~ 126 

lSI M n III 102 ~ 127 
[Zl N 78 D 103 

Codes from 128-255 are reversed images of codes 0-127. 



Appendix G 

Screen and Colour Memory Maps 

1024-
1064 
1104 
1144 
1184 
1224 
1264 
1304 
1344 
1384 
1424 
1464 
1504 
1544 
1584 
1624 
1664 
1704 
1744 
1784 
1824 
1864 
1904 
1944 
1984 

rL 

, .. 

f-L ~~. 

f.-L -4-
f-~+ 

SCREEN MEMORY MAP 

10 

r --

+f-

IT 

+ + 
-i 

I 

.-1. 

COLUMN 
10 

~-
-I 

4 

if .L_ 

r 
I 1 

1 

I 

I 

~ 

I 

-f i 
-.1_ 1 

30 

-, 

I 

I 

39 

1063 
t 

!-

+-H 

, 

-.l--I-~ 

't 

t 
2023 

10 ~ 

20 

24 
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COLOUR MEMORY MAP 

55296-
55336 
55376 
55416 
55456 
55496 
55536 
55576 
55616 
55656 
55696 
55736 
55776 
55816 
55856 
55896 
55936 
55976 
56016 
56056 
56096 
56136 
56176 
56216 
56256 

+ 
+ 

# 
=f± 
~ 
± 

-

....:1 
-·'T ~. 

+ i 1 ~ 

-'-

10 

~ 

~ 
~ 

-1+ -
f-l 

COLUMN 
20 

l , 

+ 

=V 
::r 

r-

=r 

! 

30 

I 

-.~ 

1-1-

! 1_. 

ft 
L 

---:-

-

39 

55335 
t 

+ffi 
, 

1 
, 

. I 
, 

P 
I 

I 

t+i 
+ 

56295 

20 

24 



Appendix H 

Sprite Registers 

SPRITE NO 7 6 5 4 3 2 1 0 

X component 14 12 10 8 6 4 2 0 

Y component 15 13 11 9 7 5 3 1 

msbX 16 
on/off 21 
expand Y 23 
background priority 27 
multicolour select 28 

'expand X 29 
sprite-sprite collision 30 
sprite-bkgrd collision 31 

sprite multicolour 0 - -1371 ~ 
sprite multicolour 1 ~.1381·~ 

sprite colour 46 45 44 43 42 41 40 39 

SPRITE NO 7 6 5 4 3 2 1 0 

denary values used 128 64 32 16 8 4 2 1 
in common registers 

Note: The above register numbers are offsets from memory 
location 53248 
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Sound Registers and Control 
Settings 

The values in the tables are offsets from memory location 54272 

low frequency 
high frequency 
low pulse (LO) 
high pulse (HI) 
waveform 
attack/decay 
sustamlrelease 

volume (common to all voices) 

Types of waveform 

Triangle 
Sawtooth 
Pulse 
Noise 

Voice I 
o 
1 
2 
3 
4 
5 
6 

24 

Voice 2 
7 
8 
9 

10 
11 
12 
13 

Voice 3 
14 
15 
16 
17 
18 
19 
20 

Value to POKE to wave form offset 
to turn on to turn off 

17 16 
33 32 
65 64 

129 128 
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Envelope Rates and Levels 

Value 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Attack rate 
2ms 
8ms 

16 ms 
24 ms 
38 ms 
56ms 
68 ms 
80ms 

lOOms 
250 ms 
500 ms 
800ms 

1 s 
3s 
5s 
8s 

Decay and Release rate 
6ms 

24ms 
48 ms 
72ms 

114 ms 
168 ms 
204 ms 
240ms 
300ms 
750 ms 

1.2s 
2.4 s 

3s 
9s 

15 s 
24 s 

The values to be POKEd can be calculated from: 

% Sustain level 
o 
7 

13 
20 
27 
33 
40 
47 
53 
60 
67 
73 
80 
87 
93 

100 

attack/decay POKE value = attack value x 16 + decay value 
sustain/release POKE value = sustain value x 16 + release value 
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Music Note Values 

Note Note-Octave Hi Freq Low Freq 

0 C-O lR 
I C#-O 35 
2 D-O 52 
3 D#-O 70 
4 E-O 90 
5 F-O 110 
6 F#-O 132 
7 G-O 155 
R G#-O 179 
9 A-O 205 

10 A#-O 233 
11 B-O 2 6 
12 C-l 2 37 
13 C#-l 2 69 
14 D-I 2 lO4 
IS D#-1 2 140 
16 E-I 2 179 
17 F-l 2 220 
IR F#-l 3 8 
19 G-I 3 54 
20 G#-1 3 103 
21 A-I 3 155 
22 A#-I 3 210 
23 B-1 4 12 
24 C-2 4 73 
25 C#2 4 139 
26 D-2 4 208 
27 D#-2 5 25 
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Note Note-Octave Hi Freq Low Freq 

28 E-2 5 103 
29 F-2 5 185 
30 F#-2 6 16 
31 G-2 6 108 
32 G#-2 6 206 
33 A-2 7 53 
34 A#-2 7 163 
35 B-2 8 23 
36 C-3 8 147 
37 C#-3 9 21 
38 D-3 9 159 
39 D#-3 10 60 
40 E-3 10 205 
41 F-3 11 114 
42 F#-3 12 32 
43 G-3 12 216 
44 G#-3 13 156 
45 A-3 14 107 
46 A#-3· 15 70 
47 B-3 16 47 
48 C-4 17 37 
49 C#-4 18 42 
50 D-4 19 63 
51 D#-4 20 100 
52 E-4 21 154 
53 F-4 22 227 
54 F#-4 24 63 
55 G--4 25 177 
56 G#-4 27 56 
57 A-4 28 214 
58 A#-4 30 141 
59 B-4 32 94 
60 C-5 34 75 
61 C#-5 36 85 
62 D-5 38 126 
63 D#-5 40 200 
64 E-5 43 52 
65 F-5 45 198 
66 F#-5 48 127 
67 G-5 51 97 
68 G#-5 54 111 
69 A-5 57 172 
70 A#-5 61 126 
71 B-5 64 188 
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Note Note-Octave Hi Freq Low Freq 

72 C-6 68 149 
73 C#-6 72 169 
74 D-6 76 252 
75 D#-6 81 161 
76 E-6 86 105 
77 F-6 91 140 
78 F#-6 96 254 
79 G-6 102 194 
80 G#-6 108 223 
81 A-6 115 88 
82 A#-6 122 52 
83 B-6 129 120 
84 C-7 137 43 
85 C#-7 145 83 
86 D-7 153 247 
87 D#-7 163 31 
88 E-7 172 210 
89 F-7 183 25 
90 F#-7 193 252 
91 G-7 205 133 
92 G#-7 217 189 
93 A-7 230 176 
94 A#-7 244 103 



ABS,51 
accumulator, 3 
ADSR, see sound envelope 
American Standard Code for 

Information Interchange, 
(ASCII), 38,186 

AND,84 
animation, 48, 175 
antilogarithms, see EXP 
arctangent, see ATN 
arguments, 50 

dummy, 58 
arithmetic 

and logic unit, 1 
expressions, 16 
operations, 15 
operators, 16 

arrays, 60 
dimensioning, 62 
naming, 62 
subscripts, 62 

ASC, 39 
ASCII, 38,186 
assembler, 4 
assembly language, 4 
ATN,54 
attack period, 98 
average of three numbers 

flowchart, 26 

backing storage devices, 2 

Index 

BASIC, methods of translation, 4 
binary, 3 
bit,3 

pattern setting, 82 
block 

of memorv, 84 
brackets, us~ of, 17 
branch 

conditional, 29 
GOTO,28 
IF ... THEN, 29 
instruction, 28 
ON ... GOSUB, 136 
ON ... GOTO,34 

byte, 82 

cassette recorder, 13, 149 
CBM logo key, 42 
central processor, 1 
character codes, 38, 186 

table, 96 
characters 

colour of, 42, 44 
customised,95 
lower case, 95 
upper case, 95 

chips, micro, 5 
CHR$,38 
clear screen, 12 
CLOSE, 134, 145 
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codes 
character, 38 
colour, 41 
POKE, 40 
screen location, 44, 193 

compiler, 5 
conditional statements, 29, 32, 34 
constant, 7 

numeric, 16 
CONT,13 
control unit, 1 
COPY, disk, 139 
COS, 54 
cosh, 56 
cosine 

evaluation of, 115, 180 
inverse of, 54 
(see also COS) 

CTRLkey,42 
cursor 

control characters, 134, 190 
simulated, 79 

customised characters, 95 

DATA statements, 7,54 
sprite design, 91 

data 
files, 143 
input statement, 7 

decay period, 98 
DEFFN,57 
denary number, 82 
DIM, 62 
dimensioning arrays, 62 

see also DIM 
disk 

commands 
CLOSE, 145 
COPY, 139 
INITIALISE, 140 
LOAD, 138 
NEW, 139 
OPEN, 139, 145 
PRINT, 139 
RENAME, 140 
SAVE, 138 

SCRATCH, 140 
VERIFY, 138 

errors, 140 
operating system, see DOS 
unit, 132 

documentation, 27 
DOS, 141 
dry run, 27 
dummy 

arguments, 58 
value, 

example of, 31 
duration, of note, 100 
dynamic dimensioning, 63 

e,56 
END, 8 
envelope, sound, 98,101 
equal to, 30 
error 

execution, 25 
logical, 27 
syntax, 24 

evaluation, order of, 17 
execution errors, 25 
exercises, see problems 
EXP,55 
experiments, sound, 104 
exponent, 3,16 
exponential series, 114 
exponentiation, 17 

files 
add records routine, 160 
change records routine, 161 
data, 143, 151 
delete records routine, 163 
end of file record, 147 
input-output statements, 146 
loading routine, 158 
OPEN and CLOSE, 145 
processing example, 151-71 
search records routine, 168 
sequential 

cassette, 145 
disk, 146 



financial applications, 126 
floating point, 3, 16 
flowchart, 24 

average of three numbers, 26 
dummy record, 148 
file processing and reporting, 

154 
loop control, 30 
sampling, 77 
sorting numbers, 66 
symbols, 25 

FOR ... NEXT 
example, 32 
loops, 32 
nested, 36, 64 

frequency, sound, 100 
functions 

exponential, 55 
hyperbolic, 56 
library, 50 
logarithmic, 55 
of a computer, 1 
string, 38 
TAB, 56 
trigonometric, 54 
user defined, 57 

GET, 78 
GOSUB,68 
GOTO,28 
greater than, 30 

headings 
format and layout of, 22 
outputting, 9 

high level language, 4 
histogram 

example (colour), 45 
pastureland, 74,178 

HOME character, 48 
hyperbolic function, 56 

IF ... THEN, 29 
INITIALISE, disk, 140 
INPUT, 9,147 
input 

Index 203 

devices, 1 
protected,78 
statements, 9, 10, 146 

insert/delete key, 8 
instruction, 3 
INT,50 
integrated circuits (ICs), 5 
interpreter, 5 

jump, see branch 

LEFT$,39 
LEN, 39 
less than, 30 
LET, 15 
library functions, 50 
line numbers, 7 
linear regression, 117 
LIST,8 
lists, 60 
Load 

cassette, 13 
disk,138 

LOG, 55 
logarithms, see EXP, LOG 
logical errors, 27 
loop 

count, 31,32 
ftowchart of. 30 
nested, 36, 64 

lower case characters, 95 
LSI, 5 

machine code, 3 
mantissa, 3 
memory 

block of, 84 
main, 1 

menu, 78, 151, 159 
microcomputers, 5 
microprocessors, 5 
MID$,39 
mnemonic code, 4 
mobile object blocks (MOBS), 

see sprites 
Monte Carlo simulation, 121 
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Morse trainer, 129 
multicolour sprites, 93 
music synthesiser, 6, 110 
musical note values, 111, 191\ 

name, variable, 7 
NEW, 14 

disk, 139 
number 

constant, 16 
decimal, 16 
exponential format, 16 
floating point, 16 
integer, 16 
negative, 16 
positive, 16 

ON ... GOSUB, 136 
ON ... GOTO,34 
OPEN, 134, 139, 145 
operations, hierarchy of, 17 
operators, 7 

arithmetic, 16 
OR,84 
output 

designing, 22 
devices, 1 
layout of, 11 
statements, 7, 146 

pattern matching, 141 
PEEK,40 
peripheral devices, 1 
pi,55 
playing tunes, 110 
plotting routine, 69 
POKE,40 
PRINT, 8, 134, 139, 146 
printer 

listing programs, 134 
output to, 134 
types of, 133 

problems 
animated face, 49,174 
centering a rectangle, 37, 173 
copying an array, 65, 176 

cost of stationery, 21, 172 
datafile search, 149, 183 
evaluation of cos x, 115, 1RO 
input subroutine, 78, 171\ 
monthly repayments, 128 
multicoloured goldfish, 95, 17R 
number of £s required, 20, 172 
pasture land histogram, 74, 178 
percentage pastureland plot, 

70,171\ 
quadratic equations, 116, 180 
radius of circumcircle, 58, 175 
reorder list, 148, lR2 
simulation, 124 
sorting numbers, 65,177 
stock data file, 148,182 
sum of elements, 65, 176 
timer alarm, 113, 179 
using ON ... GOTO, 35,173 
volume of solids, 59,175 
width of a slit, 117, lRl 
Young's modulus, 120 

program, 1 
development, 22 
editing, R 
languages, 4 
listing, 134 
structure, example of, 153 
testing, 24 

programming languages, 4 
programs 

ADSR envelopes, IOJ 
changing sprites, 86 
coloured mosaics, 47 
cylindrical tank diameters, 53 
expanding sprites, 87 
file processing and reporting 

example, 151-71 
frequency 

grouping routine, 72 
table routine, 72 

Frere Jacques tune, 110 
Greek sigma, 95 
heat of combustion, 115 
histogram routine, 46, 73 
linear regression, 117 



Morse trainer, 129 
mortgage calculation, 126 
moving sprites, 88 
multicoloured sprites, 93 
name and address, 11, 134 
plotting routine, 69 
print selected numbers, 61 
protected input routine, 78 
ringing phone routine, 108 
rounding examples, 52, 58 
sampling routine, 76 
screen, border and text 

colours, 42 
simple animation, 49 
simulation problem, 121 
sound subroutines, 107 
sprite collision detection, 91 
to add N numbers, 31,33 
to calculate eX, 114 
to illustrate 

FOR ... NEXT, 34 
nested for loops, 64 
SON and SQR, 53 

to output a rectangle, 36 
turning sprites on/off, 84 
two-tone siren, 105 

random numbers, see RND 
READ,7 
records, file, 143 
registers, 6 

sound,98,196 
regression, linear, 117 
relational 

expression, 29 
operators, 30 

release period, 98 
REM,11 
RENAME, disk, 140 
reports 

reorder, 156 
search,155 
valuation, 156 

RESTORE,54 
key,97 

RETURN,68 

key,8 
RIOHT$,39 
RND,57 
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roots of quadratic equations, 116 
rounding, 52 
RUN,8 
RVS keys, ON and OFF, 44 

sampling, 75 
SAVE, 13, 138 
SCRATCH, disk, 140 
screen 

clear, 12 
colour, 41 
display codes, 191 
location codes, 44,193 
memory map, 193 

secondary storage devices, 2 
separators, 7 
series, 114 
SON,51 
SID, see sound interface device 
simulated cursor, 79 
simulation, 121 
SIN,54 
sine 

inverse of, 54 
see also SIN 

sinh,56 
sorting numbers, 65 
sound 

attack period, 98 
decay period, 98 
duration of note, 100 
envelope, 98, 101 
experiments, 104 
frequency, 100 
Morse trainer, 129 
playing tunes, 110 
registers, 9R, 196 
release period, 98 
sequence of program 

instructions, 101 
sustain leveL 98 
volume leveL 9R 
waveform, 98, 100 
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sound interface device, 6 
SPC,136 
sprites 

changing, 86, 91,93, 189 
collision detection, 91 
designing, 84, 91 
expanding size, 87 
mobile object blocks (MOBS), 

81,195 
moving, 88 
multicolour, 93 
priority, 88,90 
registers, 195 
turning on/off, 84 

SQR, 50, 53 
square root function, see SQR 
statement, 7 

conditional, 29, 32, 34 
STEP, 33 
STOP and RESTORE keys, 41 
string 

comparison, 32 
constant, 10 
functions, 38 
variables, 10 

STR$,40 
subroutine, 24, 68, see also 

GOSUB 
subscripts, 60, 62 
sustain level, 98 

syntax errors, 24 

TAB, 10,35,50,56,136 
tables, 60 
tabulation, 117 
TAN,54 
tangent, inverse of, 54, see also 

TAN,ATN 
tanh, 56 
testing programs, 24 
TI,113 
trigonometric functions, 54 
truncation, 51 
tunes, playing, 110 

units of a computer, 1 
upper case characters, 95 
user defined functions, 57 

VAL,40 
variables, 7, 10 
VDU, see visual display unit 
VERIFY, 13, 138 
video interface controller, 6 
visual display unit, 1 
volume level, 98 

waveform, sound, 98, 100 
wild carding, 141 



COMPUTER PROGRAMMING 
IN COBOL 

MELINDA FISHER 

COBOL (Cammon Business Oriented Language) is the 
computer language which is most widely used in busi­
ness and commerce, for invoicing, stock control, payroll 
and management information systems, on both micro­
computer and mainframe installations. 

This book looks first at the basic concepts of computers 
and computer programming before examining the lan­
guage, logic design and special features of COBOL. 
Starting from first principles, the book systematically 
introduces and explains the main COBOL facilities, lan­
guage statements and relevant syntax. Thus the reader 
progresses in easy stages from data description and 
manipulation, through sequence control and handling 
sequential files and tables, to producing printed reports 
and indexing. Sample programs illustrate the everyday 
application of COBOL facilities and a fully documented 
example shows how a tested, working program is de­
veloped from an initial specification. Exercises (with 
answers) are provided throughout. 

TEACH YOURSELF BOOKS 



COMPUTER PROGRAMMING 
IN FORTRAN 

ARTHUR S. RADFORD 

FORTRAN (FORmula TRANslator) is an established 
computer language, which has been widely adopted for 
scientific, technical and commercial applications. 

This book provides a step-by-step introduction to FO R­
TRAN 77 - the most up-to-date standard version of the 
language. Arthur Radford looks first atthe basicconcepts 
of computing and program design before explaining the 
syntax and structure of FORTRAN. He then describes 
the system commands for programming conditional 
statements, loops, arrays and subroutines, and the input 
and output requirements, including file processing. A 
wide range of illustrative examples and exercises (with 
answers) gives the beginner a practical grounding in 
FORTRAN programming while a comparison with the 
earlier standard FORTRAN 66 makes the book suitable 
also as a conversion course for more experienced pro­
grammers. 

TEACH YOURSELF BOOKS 



COMPUTER PROGRAMMING 
IN PASCAL 

DAVID LIGHTFOOT 

Pascal is a general-purpose computer language which 
has become popular for its compact yet powerful facili­
ties on a wide variety of microcomputers (including 
personal computers) and mainframe systems alike. 

The simple nature of Pascal makes for clearly structured 
programming giving rise to programs which are easy to 
read, modify and show to be correct. As such, it is also 
one of the easier computer languages to learn. 

This book provides a sound introduction to Pascal in its 
standard (BSI) and UCSD implementations. David Light­
foot first describes its general rules and standard types. 
Then, with the aid of many examples and illustrations, he 
gives a step-by-step explanation of Pascal statements 
and syntax - including branching, looping and dealing 
with sequential files - and practical advice on program 
design. Exercises (with answers) are included to give a 
thorough grounding in programming for a wide range of 
applications, while a graded selection of sample pro­
grams highlights the flexibility offered by Pascal. 

TEACH YOURSELF BOOKS 








