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Introduction 

In the past few years, prices of computers have dropped sharply, 
while at the same time their quality and power have increased. Most 
of them were selling for well above $1,000. It seemed to be a general 
rule that any computer below this price level was classified (and was 
regarded by many) as a toy. It was not until the beginning of 1983 
that Commodore Business Machines (CBM) released its bombshell 
-the Commodore 64, which sold for the unprecedented low price 
of $595. Within six months, the price of the Commodore 64 was 
further reduced to under $200, making it by far the most powerful 
computer available in its price range. This development was made 
possible by improved mass production techniques. It has become 
the one true "people's computer," providing the novice and experi­
enced programmer alike with a powerful, versatile, and expandable 
machine. 

The Commodore 64 has, as its name implies, 64,000 (64K) 
"bytes" (characters) of programmable memory and comes equipped 
with a long list of standard features and available options. These 
include advanced graphics capability; 16 display colors, a screen 
that displays 25 rows of 40 columns each; animation with sprites 
(programmable graphics characters); a three-voice music synthe­
sizer and a "white noise" generator; a 6510 chip (an improved 
central processor similar to that used in the Apple, Atari, and 
other leading computers); a built-in serial interface to allow for 
communication with various external devices, such as printers; a 
port to allow plug-in cartridges to expand further its capabilities; 
and finally, two ports to allow input from joysticks, paddles, or a 
light pen. 

However, these are not its only desirable features. There are many 
other options available, including cartridges to support CP/M (a 
popular operating system), LOGO (the increasingly widespread ed­
ucationallanguage), a cassette tape recorder, a disk drive, a printer, 
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8 • Introduction 

and a modem (for communication through,the telephone with other 
computers). 

The keyboard on the Commodore 64 has 66 full-stroke keys, 
including four programmable function keys that may be defined 
within a program for special uses. By taking advantage of its key­
board buffer, it is possible to type up to ten characters ahead while 
the machine is performing other tasks. Special graphics symbols 
may be produced directly from the keyboard, or they may be defined 
by the programmer should their creation, become necessary. The 
full, standard character set that is built into the machine includes 
both upper and lower case although the BASIC programming lan­
guage recognizes only upper case. 

Getting Started 

Once you have the computer connected, it would be a good idea .' 
to become familiar· with the keyboard since this is the primary 
method by which you will communicate with the computer. The 
keyboard is quite similar to that of a standard typewriter-with 
some important exceptions. The RETURN key for example, which 
is found on electric typewriters, plays a special role. When it is 
pressed, the line typed in is sent to the heart of the computer for 
processing. This is important to remember because if it is not 
pressed after a command has been issued, the computer simply waits 
indefinitely, doing absolutely nothing,until it is pressed. After a 
little practice, remembering to press the RETURN key becomes an 
automatic reflex. 

The SHIFT key works in a manner similar to that on a standard 
typewriter. However, in addition to enabling you to type in either 
upper or lower case or to access the rightmost of the two graphics 
symbols on the front side of many of the keys, it allows other keys 
to perform a variety of operations. One of these is the CLRlHOME 
key, which positions the "cursor" at the "home" position of the 
screen-the cursor being the flashing square on the screen that tells 
you where the next character will be displayed. The "home" posi­
tion is the top lefthand corner of the screen. Holding down the 



Introduction • 9 

SHIFT key while pressing CLRlHOME not only places the cursor 
in the home position but also clears the screen. 

The CTRL (control) key allows you to perform some specialized 
operations, one of which is setting the color of the screen. This is 
accomplished by holding down CTRL and pressing one of the keys 
labeled "1" through "8". When both keys are released, anything 
you type appears on the screen in the specified color. For example, 
if CTRL-2 (the way to indicate pressing both the control key and 
the 2 key) is pressed, the flashing cursor turns white and all subse­
quently typed characters appear in white. The CTRL key is always 
used in conjunction with other keys, never by itself; it is effectively 
another type of SHIFT, allowing other keys to perform a variety of 
useful functions. 

The Commodore key (the key bearing the famous Commodore 
logo located at the bottom left of the keyboard) is yet another type 
of shift key. Among its uses are setting the color in a manner iden­
tical to that for the CTRL key. However, whereas using the CTRL 
key permits access to the first eight colors, the Commodore key 
allows for a second set of eight colors, as shown in the accompanying 
table. 

Keys Color Obtained Keys Color Obtained 
, CTRL-l black COMo! orange 

CTRL-2 white COM-2 brown 
CTRL-3 red COM-3 light red 
CTRL-4 cyan COM-4 gray! 
CTRL-S purple COM-S gray 2 
CTRL-6 green COM-6 light green 
CTRL-7 blue COM-7 light blue 
CTRL-8 yellow COM-8 gray 3/ 

You do not have to memorize these color codes since this table 
may always be referred to when the need arises. There are several 
other keys that have not yet been mentioned-such as the RUNI 
STOP and INST/DEL keys-but these will be covered later in the 
book at the appropriate time. 

We assume that you have access to a Commodore 64 computer 
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with a television (black and white or color) and either a datasette 
(the Commodore cassette recorder) or a disk drive. Th~ purpose of 
both the datasette and the disk is to save permanently programs and 
data which you may type into the computer. This is a very important 
asset because the computer irretrievably loses the complete contents 
of its memory every time it is switched off. (Imagine if you forgot 
everything you know each time you went to sleep and had to relearn 
everything in the morning.) Once a program has been saved onto 
either cassette or disk, it may be read into the computer as often as 
is necessary without any retyping whatever. We will describe later 
the commands needed to accomplish this task. 

As you work your way through this book you will come to realize 
that at your fingertips you have access to a computer far more pow­
erful than that had by almost any university or corporation a mere 
generation ago. Today, with the aid of the English-like language 
called BASIC, you will learn how to control the computer so that it 
can perform many useful and interesting chores, whether they be of 
business, education, or home economics. 

The BASIC language was developed in the mid-1960s at Dart­
mouth College, New Hampshire, under the direction of Professors 
John Kemeny and Thomas Kurtz. It was intended to be simple to 
learn and use and also inexpensive to implement. In these respects 
it has achieved its aims magnificently. It was designed to be an 
interactive language-providing the programmer with an easy 
means of feeding information into the machine while it is in the 
process 'of solving a problem. Thus the user is able to obtain imme­
diate responses to what is typed in at the keyboard. 

BASIC was developed for the beginner who perhaps would be 
expected to convert to other, more specialized languages as his or 
her skills developed. Since its inception, however, BASIC has 
undergone considerable evolution, to the extent that it has become 
the standard language for microcomputers such as the Commodore 
64. In its extended form (which is the dialect available on the Com­
modore 64) it has turned out to be of importance not only for hobby 
and educational purposes but also for business and many industrial 
applications. 

In the following chapters, all the commands found in Commodore 
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64 BASIC are discussed in detail and are explained with the aid of a 
large variety of programs designed to teach you as effectively as 
possible to write error-free, well-designed programs. In today's 
world, handling information has become one of the most critical of 
skills. Perhaps it is true to say that the power of a modern nation 
can be measured better in terms of the sum total of its computer 
expertise than by the size of its armies. Whether you are a profes­
sional, a factory worker, or a student, you will learn not only the 
complete repertoire of the BASIC language but also, by example 
and description, how to program this and any other machine in 
clear, organized BASIC, written in a consistent, structured style. If 
this is your first exposure to computers we take this opportunity to 
welcome you to the wonderful world of programming. 

You are about to set out on a journey that may prove to change 
some aspect of your life. The road ahead is both interesting and 
challenging and, you are cautioned, may even prove to be addictive. 
But what a delightful and acceptable addiction it is. In the words of 
the sixth-century B.C. Chinese philosopher Lao-Tzu, the reputed 
founder of Taoism, "The journey of a thousand miles begins with 
the first step." 

You have just made thilt first step. Good luck. 





CHAPTER 

n 
Immediat, or Direct 
Mode 

In this chapter you will be introduced to some fundamental con­
cepts of computer programming. Among them are 

. I 

• direct versus indirect mode 
• the meaning of a "literal" I 

• the use of the double quotation symbol 
• the PRINT instruction and its abbreviated form 
• the arithmetic operators 
• the result of dividing by zero 
.. the SQR function 
• the print zones 
• the effect of the semicolon in a PRINT statement 
• the Commodore 64 as a calculator 

. • what is meant by "scientific notation" 
• the so-called hierarchy of the ma~ematical operators 
• the use of parentheses -

Although the Commodore 64 isa computer, it can be instructed 
to perform arithmetic operations as if it were a calculator. It can 
print messages or evaluate mathematical expressions with uncanny 
speed and accuracy. Calculations may be performed in what is called 
immediate or direct mode, as opposed to storing the instructions for 
later use, a mode often called deferred or indirect or sometimes pro-
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gram mode. For now, you will explore some options in direct mode 
and thereby become acquainted with some useful features that you 
will be using later on when you learn the fundamentals of program-
ming. 

Defining and Printing a Literal 

A literal is a sequence of characters enclosed within double quo­
tation marks. However, for a literal to be meaningful to the com­
puter, it must be associated with a command. The most common 
type of command is the PRINT instruction, by which" messages may 
be displayed on the screen. Here are some typical examples of 
PRINT statements incorporating literals: 

PRINT "THE COMMODORE 64 IS A PERSONAL 
COMPUTER" 

PRINT "WITH MORE BYTES fOR THE BUCK." 
PRINT "WE SHALL SHORTLY LEARN HOW TO 

PROGRAM IT." 

Since anything at all may be included in a literal, it does not follow 
that every statement displayed on the screen is necessarily true. For 
example, 

PRINT "2 + 2 = 94.234" 

cheerfully prints the message that 2 and 2 is equal to 94.234. 
When program instructions are performed by the computer (exe­

cuted) the characters between the quotation marks are printed ver­
batim. When a PRINT statement is issued, the message is 
immediately displayed on the screen. Should the message be longer 
than the width of the screen, it is continued to the beginning of the 
next line without causing any errors. In this way, PRINT statements 
up to 80 characters (two lines) long may be used. 

Since the double quotation sign is the symbol used to "delimit" a 
literal-that is, it defines the literal's beginning and end-the sign 
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itself cannot be used as one of the characters within the literal. For 
the time being, the apostrophe may be used as a substitute symbol 
for the double quotation mark. Later, you will learn other methods 
of circumventing this restriction. 

The computer is extremely literal in its interpretation of com­
mands. Should, by mistake, the instruction 

PRIMT "HELLO TO ALL YOU COMMODORE 64 
PROGRAMMERS" 

be typed in, the computer will respond with ?SYNT AX ERROR 
because it does not recognize the command PRIMT. 

Since the PRINT instruction is used so much in BASIC, the 
Commodore 64 has a special feature to expedite its use. A question 
mark (the single character) may be substituted for the entire word 
PRINT. That is, the instruction 

? "WHAT A WEIRD COMMAND THIS APPEARS TO 
BEl" 

prints the literal enclosed in the quotation marks, just as if the 
question mark were replaced by the command PRINT. 

The Arithmetic Operators 

In additipn to printing out messages, the Commodore 64 has the 
capability to act as a supercalculator. For example, the instruction 

PRINT 2 + 3 

followed by RETURN (as usual) prints the result of 5, in much the 
same way as would a calculator. By the same token, the instruction 

PRINT If - 5 

where the minus sign is the symbol for subtraction, produces the 
value -1. When used in this context it is called a binary operator 
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because it operates on two values. The minus sign is also used for 
what is known as negation. Any number preceded by a minus sign 
is a negative number. If the number is already negative, it becomes 
positive. When the negative sign is used in this fashion, it is called 
a unary operator because it operates on one value. An example of the . 
minus sign in its unary form is 

PRINT -5 

Similarly, the statement 

PRINT --5 

displays the negative of negative 5 (which is 5). 
Multiplication uses the asterisk symbol 

This instruction prints 42 immediately after the RETURN key is 
pressed. In the same way division is effected by using the slash 
symbol, /, as shown in the next example: 

? 15 / 5 

This yields the result of 3. There is a special case of division that is 
illegal-division by zero. Any attempt to do so generates the mes­
sage 

?DIVISION BY ZERO ERROR 

and execution of the program is terminated. The error message is 
printed because, according to the rules of mathematics, no number 
can be divided by zero. Try this yourself. In fact, try it twice-first 
with the question mark and then by typing PRINT .. 

The 64 also has the capability to handle fractional values (often 
called real numbers). For example, 
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PRINT 10.4 -I 2 

produces the result of5.2. 
There is one more arithmetic operator. It is the exponentiation 

symbol, which raises a number to a power. This function is repre­
sented on the Commodore by the symbol i. An example of its use 
is 

PRINT 2 f 4 

which displays the number 16 (or 2 x 2 x 2 x 2). 

The Square Root Function 

Although not, strictly speaking, a true operator, the square root 
function is so frequently used in conjunction with the mathematical 
operators that it must be mentioned with them. In BASIC, the 
square root of a number is usually found by typing SQR followed 
by the number, which must be enclosed within parentheses. For 
example, in order to display the square root of 5, the following 
command is used: 

PRINT SQR(S) 

Those who are mathematically inclined may know that the square 
root is the inverse of the square of a number. In other words, the 
statements 

PRINT SQR(4 f 2) 
PRINT SQR ( 4) f 2 

both return 4 because the two operations, t and SQR, cancel each 
other out, in much the same way as in the statement 

PRINT 4 / 2 * 2 
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Here the division by 2 is canceled by the subsequent multiplication 
by 2, demonstrating that multiplication and division are inverse 
operations. 

Print Zones 

The instruction 

PRINT 5,-17 

where Ii comma separates'the two constants,S and -17, prints the 
constants in a special way .. The screen is automatically divided into 
four zones, each of which occupies ten sp~ces. The number 5 is 
printed in the first of these zones, and the number - 17 is printed 
in the second. Both appear at the left of the zones as shown (the 5 is 
printed in the second column because the computer reserves the first 
column for a possible negative sign): 

5 - 1 7 
column numbers 1 2 3 4 5 6 7 8 91011121314151617181920 

Using the Semicolon 

Whenever a positive number is printed, it is always preceded by 
a blank space. Thus the constant 5 is printed in column 2. Negative 
numbers, on the other hand, are preceded by a minus sign-instead 
of a space. All numbers when printed, whether positive or negative, 
are followed by a space. In the previous example, the space falls 
within the zones of ten columns each. In the following example, the 
semicolon is used instead of the comma. Since the zones are ignored 
when the semicolon is used, the format of printed numbers becomes 
visible. Therefore, the statement 

PRINT 4;15;-22 
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appears as 

4 15 -22 ----------
column numbers 1 2 3 4 5 6 ,7 8 9 10 

where the number 4 is printed in position 2 (being preceded by a 
space because it is positive) and followed by a space (as are all 
numbers). The next number, IS, is also preceded and followed by a 
sp~ce for the same reasons. The last number on the line, - 22, is 
not preceded by a space because it has a minus sign. It is also 
followed by a space although this is not visible because it is the last 
number of the list to be printed. 

On the other hand, a comma between literals in a PRINT state­
ment forces the printed items into their corresponding zones with 
no added spaces, and a semicolon joins them, as illustrated in the 
following examples: * 

PRINT "ABRA"~"CADABRA" 
ABRA CADABRA 

READY. 

PRINT "ABRA"i"CADABRA" 
ABRACADABRA 

READY. 

The word "READY." is automatically displayed by the system at 
the end of the output (usually after one blank line) to inform you, 
the programmer, that. the computer has completed its task and is 
ready to accept further instructions. 

In program mode, as you will soon learn, one sometimes places a 

* Throughout this book, OUTPUT (characters generated by the computer) appears 
in dot-matrix type. INPUT (characters that the reader must type in) appears in 
normal, fully formed type. 
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semicolon or comma at the end of a PRINT statement in order to 
force the next PRINT instruction to display its output adjacent to 
the previous printout. The semicolon simply "splices" the two 
fields, placing them close together, whereas a trailing comma has 
the effect of forcing subsequent ouwut to appear in the next zone 
over. 

Scientific Notation 

On occasion it is necessary to work with numbers so small or so 
large that the Commodore 64 cannot represent them in the standard 
decimal notation-even within its maximum capacity, which is nine 
digits. In such cases, the computer resorts to so-called "scientific 
notation." On the Commodore 64, scientific notation uses the letter 
E (for exponent) in the following manner. The number (written in 
scientific notation) 

2.98 X lOll 

appears on the screen as 2.98E+ 11, where the letter E stands for 
"times 10 to the power." This simply means that the number is 
such that the decimal point is located 11 places to the right of its 
shown position. In the case of a negative value following the E, such 
as 5.7216E-I0, the decimal place is actually located 10 places to 
the left of the position displayed. The number 5.7216E-I0 would 
therefore be equivalent to .00000000057216, which is too long a 
number to be displayed by the Commodore. 

The Hierarchy of the Mathematical Operators 

Examine the following instruction and try to guess what answer 
the computer would yield: 

PRINT 2 + 3 * 4 
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Perhaps you would like to confirm your answer with a pocket cal­
culator first. It might be of interest to you to know that it is possible 
for two working calculators (depending on the particular type used) 
to give totally different answers to this question. In Commodore 64 
BASIC (and indeed, any other dialect of the language) the answer 
given will always be 14 because it evaluates arithmetic expressions 
according to the algebraic rules of precedence. This means that in 
any given arithmetic expression, exponentiation takes place first, 
followed by negation (the unary minus), followed by multiplication 
and division (in left-to-right order), and finally addition and subtrac­
tion (again in left-to-right order). This may be summarized in the 
following way: 

Precedence level (highest to lowest) 

t 

* and I 
+ and-

exponentiation 
negation (unary minus) 
multiplication and division (same level) 
addition and subtraction (same level) 

The following expression and subsequent stages of solution, illus­
trate the order of operations the Commodore obeys: 

9 + 2 t 3 /2* 4 - 1 

First, the exponentiation takes place. The term 2 t 3 is reduced to 
the number 8. The expression is now treated as shown: 

9 + 8 / 2 * 4 - 1 

Next, all multiplications and divisions are executed. Since both are 
on the same "level" in the hierarchy, they are executed in a left-to­
right order. That is to say, 8 is first divided by 2, giving 4, and then 
multiplied by 4, giving 16. The resulting expression then becomes 
the following: 

9 + lb - 1 
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At this stage, addition and subtraction, also being on the same level 
as each other, are executed in a left-to-right sequence. The expres­
sion finally becomes the single value 24. 

Sometimes, it is desirable to group together terms of an expres­
sion. This may be done by placing parentheses around the desired 
ter:ms. Whatever is enclosed within parentheses is acted on first, 
however, in the same order of precedence just discussed. S~ that in 
the example 

(4 + 12) / 2 

the addition is performed first since it is enclosed within parenthe­
ses. Therefore, the answer is 16 / 2, which is 8, rather than 4 + 6, 
which would yield the false result of 10. 

If an expression contains parentheses within parentheses, the 
terms in the innermost parentheses are evaluated first. This is illus­
trated in the next example: 

«3 + 7) * 2) - 5 

in which the innermost parentheses containing 3 + 7 is evaluated 
first, yielding 10. This is then multiplied by 2, giving 20, and finally 
5 is subtracted, giving the result of 15. As long as the parentheses 
are balanced, no harm is done by enclosing the whole expression in 
yet another set of parentheses. The expression 

4 + 5 

and 

««4 + 5»» 
are equivalent to all intents and purposes. The redundant parenthe­
ses in the second version never create errors even though they are 
more time-consuming to type. However, should the inclusion of 
redundant parentheses enhance the clarity of an expression, you 
should feel free to use them. 
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Review Questions 

1 • What is a literal? 

A literal is a group of characters enclosed by double quotation 
marks. The quotation signs are not part of the literal; they 
merely indicate where the literal begins and ends (delimiters). 
A literal is often included in a PRINT statement. When the 
literal is printed the quotation signs do not appear, only what­
ever is enclosed between the double quotation signs. 

2 • What role does the PRINT instruction play? 

It causes the computer to display the specified information on 
the screen. 

3 • What symbol is used for 
(a) addition? 
(b) subtraction? 
(c) division? 
(d) multiplication? 
(e) expon~ntiation? 

(a) + (b) - (c)/ (d) * (e) t 

4 • What is special about division by zero? 

Division by zero is illegal and causes the message 

?DIVISION BY ZERO ERROR 

to be displayed. 

5 • How would you represent the number 42400000 in scientific 
and exponential (E) notation? 

Scientific notation: 4.24 x 107 

Exponential form: 4.24E + 7 
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6 • Which of the five arithmetic operators has the highest prece­
dence? 

Exponentiation (represented by the symbol i). 

7 • Name two operations which have the same precedence level? 

Addition and subtraction; multiplication and division. 

8 • Which has the higher precedence-addition or subtraction? 

Neither. Since they are on the same level, whichever comes 
first in a left-to-right scan of the expression is performed first. 
The same rule applies to multiplication and division. 

9 • Of what use are parentheses? 

Parentheses are used to group together terms of an expression 
that are to be evaluated first. For example, to find the average 
of 5 and 6 in one instruction, parentheses would have to be 
used as shown: 

PRINT (5 + b) I 2 

yielding the answer 5.5. If the parentheses were omitted, the 
answer would be 5 + 3, which is 8 and is not the average. 

10 • Is it legal, that is, permissible, to enclose an expression with 
redundant parentheses? 

Yes. This is particularly desirable if the 'added parentheses add 
clarity to the expression. 

11 • What is the effect of separating items of a PRINT statement 
by a comma? 

The items are printed in separate zones. 

12 • What is the effect of separating the items of a PRINT state-
ment with a semicolon? . 
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The items are printed close together, the zones being totally 
ignored. 

13 • What is the effect of a semicolon at the end of a PRINT state­
ment? 

A semicolon inhibits the automatic advance of the line feed, 
thereby causing the items in a subsequent PRINT list to be 
printed adjacent to the current one. This effect is possible, 
however, only in program mode. 

HANDs-ON PRACTICE 

1. Print out your full name in immediate mode. 
2. Print the name of your favorite television personality. 
3. Have the computer calculate and display the result of multiplying 

17 by 34. 
4. Find out exactly what happens if the word "PRINT" is mis­

spelled. 
S. Instead of typing the letters of the word "PRINT", use its alter­

nate form, the question mark, to print out the current day of the 
week. Use this method from now on to save time. 

6. Print out your age divided by zero. Observe the message and the 
number that is generated. If you are lucky, this is the last time 
you will see it. 

7. Using a PRINT statement, display the numbers 1,2,3, and 4 in 
separate zones of the screen. 

8. Use semicolons instead of the commas,in question 7 and compare 
the spacing. 

9. Calculate the square root of 123 by using the square-root function 
and by raising the number to the power Y2. Do both answers 
agree? 

TRY YOUR HAND AT THESE 

What is displayed by the following statements: 
1. PRINT 
2. PRINT 5 + 4 * 3 
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3; PRINT 3 + (2 * 3) 
4. PRINT 2 t (1 + 4 / 2) 
5. PRINT 4 t 1 /2 
6. PRINT «(5 * (4 * (3 + 7) / 2) - 3))) 
7. ?3 + 4 * 5 
8. ?(S + 2) / 0 
9. ?O / (2 + 10) 



CHAPTER 

~ 
Programming 

What is Programming? 

In this chapter you will learn the fundamentals of programming 
in BASIC, the primary focus of this book. Among the many topics 
to be covered are 

• the definition of a program 
• line numbers and their significance 
• direct and indirect modes 
• executing programs by using the RUN command 
• the role played by the END statement 
• sequential processing of the program instructions 
• examining programs by using the LIST command 
• inserting statements into a program 
• editing and modifying a program 
• cursor control keys 
• INSTIDEL keys 
• CLRlHOME key 
• erasing the program 

Now that you have had some experience in using the computer in 
immediate mode, the time has come to learn how to exploit it in 
indirect, or deferred, mode. This is by far the most usual mode in 
which the computer is used. The advantages of program mode are· 
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considerable. You can construct a long list of instructions which 
may be deferred until some later time before they are acted on, 
thereby enabling you to construct a very complex sequence of in­
structions which can be run as often as you like without having to 
type them in again. In immediate mode they would have to be 

. retyped each time they are required. 
A program is nothing more than a specific set of computer instruc­

tions (such as those we have already seen) designed to solve a partic­
ular problem. The programmer assumes the responsibility of 
specifying each of the program instructions. The instructions are 
stored in memory until a command is issued to execute them. It is 
for this reason that a program is executed in what is known as 
deferred or indirect mode. To execute a program the RUN command 
is used. It executes whatever program resides in memory at the time. 
Before typing in a program, it is recommended that you type the 
command NEW, which clears the memory in preparation for a new 
program. 

In deferred mode, each program instruction must be preceded by 
a line number, which may be any whole number from zero to 
63,999. (Incidentally, commas are never included in a number when 
it is part of a computer program; the previous number would be 
written as 63999, without the comma.) The presence of a line num­
ber is what differentiates an indirect command from a direct one. 
As seen in the last chapter, as soon as a command without a line 
number is typed (followed by RETURN) it is executed and the 
results are displayed on the screen. The instruction is not stored 
anywhere and therefore cannot be recalled later except by retyping 
it. This is what is known as a direct command. After the direct 
command 

PRINT 5 + 2 

is executed, the result of 7 is displayed on the screen, followed by 
the reassuring "READY." ,to advise the User that the computer is 

,ready to accept further instructions. When the same command is 
given in indirect form, 
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1111 PRINT 5 + 2 

the computer does not display anything; it merely stores the instrUc­
tion and waits for further commands. If the programmer were to 
type in a second indirect instruction, 

2111 PRINT "THE COMMODORE IS STORING THIS 
LINE" 

it too is tacitly accepted and stqred into memory. In order to execute 
these two commands, the RUN command is issued. This command 
does not take a line number, as the programmer wishes to execute 
the program, not add another line to it. As soon as the RETURN 
key is pressed, the computer responds by executing all the com­
mands placed in program memory-in order of line number. 

In some versions of BASIC found on other computers it is neces­
sary for the last line of every BASIC program to be an END state­
ment. Although this is not required on the Commodore, it can, 
nevertheless, be included without any detriment to the program. If 
it is included, it does not have to be the last instruction in the 
program, as is the case in most other versions of BASIC. In fact, 
several separate END statements may appear in a single Commo­
dore 64 program. Whenever the END statement is executed, the 
program is terminated immediately. 

Line numbers may be entered in any order at all; the computer 
will automatically sort the individual instructions into ascending 
order of line number, so that when the program is run, each instruc­
tion is executed in the order of ascending line number. Each line-is 
executed completely before the next one is even looked at-like 
reading a book; as soon as one line is completely read, the reader 
automatically goes to the next line, and so on. 

To verify that this operation does indeed occur, you may type in 
another line with a line number lower than either of the other two: 

5 PRINT "THIS IS NOW THE FIRST LINE" 

When the amended program is again executed (by means of the 
RUN command) the output appears as 
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THIS IS NOW THE FIRST LINE 
7 
THE COMMODORE IS STORING THIS LINE 

READY •. 

showing clearly that the three-lined program was executed in order 
of ascending line number. This feature is particularly useful when 
you want to modify programs, either because they contain errors or 
because you want to improve them. 

To view the complete program you use the LIST command. Once 
a~n, this command does not take a line number, for you wish to 
view the program, not place the command within the program. The 
LIST command may be obtained by typing either the word "LIST" 
(followed by the RETURN key) or its permissible abbreviation, 
which is the letter "L" followed by a shifted "I" (and then RE­
TURN). Whichever method is used, the following listing should 
now appear on the screen: 

LIST 

5 PRINT "THIS IS NOW THE FIRST LINE" 
10 PRINT 5 + 2 
20 PRINT "THE COMMODORE IS STORING THIS 

LINE" 

READY. 

This program prints each line of output on consecutive lines. If 
you wanted to separate them with blank lines, "null" PRINT state­
ments may be included. For example, you can type 

7 PRINT 
15 PRINT 

which are automatically inserted in their correct positions in the 
program and have the effect of printing blank lines between each of 
the three printed lines. 

When executing a program, it is not always desirable to start from 
the beginning. Perhaps the programmer is interested in checking 
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out just a small section of code, which may reside somewhere in the 
middle of the program. The command 

RUN 157121 

. executes the program beginning with line 1570 and extending to the 
end of the program. Similarly, not all the program need be listed. A 
single line of a program may be listed by typing the line number 
after the command LIST. So that 

LIST 234121 

lists line 2340 only. (Notice the difference between the action of 
RUN and LIST when followed by a single line number.) In order 
to list a program from a given line to the end of the program, the 
line number in question and a dash must follow the LIST command, 
as shown in the following example, where lines 190 to the end of the 
program are listed: 

LIST 19121 -

To list the segment of code between two given lines, the instruc­
tion LIST is followed by the first line number, a dash,. and the 
second line number. In other words, the instruction 

LIST 492 - 875 

lists the program from lines 492 to 875 inclusive. The screen can 
contain a maximum of 25 lines, each consisting of 40 columns. If a 
large program is to be listed, the screen is not able to contain it all 
at one time. When the program is listed, it will fill the screen and 
then the top line will continually disappear from the top of the 
screen to make room for each new line at the bottom. This process 
is known as scrolling. The difficulty is that the computer scrolls so 
fast that people have trouble keeping up with it. For the viewer to 
examine each line of the program, a special "slow-motion" feature 
is included. 

When anything is being printed on the screen, simply hold down 
the CTRL key. As long as it is held down, output to the screen is 
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slowed down .. 1f you need to take a longer look at a section of a 
program than the slow-motion feature permits, you have a choice of 
options. First, you can list the specific lines that you are interested 
in. They will then appear stationary on the screen. The second 
alternative is to list the program until you reach the part you wish 
to examine and then press the RUN/STOP key quickly-before the 
screen scrolls too far. Unfortunately, this command halts the listing 
and it is impossible to resume displaying the steps of the program 
without issuing another LIST command. 

Numbering the Lines of a Program 

One of the glaring realities of computer programming is that pro­
grams are invariably changed after they are written, for one of many 
different reasons. An error might be found in the program or the 
demands made of the program might have altered or, in the case of 
an income-tax program, for example, the government may have 
issued new guidelines which make obsolete the old version of the 
program. Whatever the reason, it is strongly suggested that assigned 
line numbers not be in consecutive order. In other words, it is not a 
good idea to assign the line numbers 

12121 1211 1212 1213 

to four successive lines of a program because it is impossible to insert 
lines between these numbers should the occasion demand. It is gen­
erally advisable to begin at line 100 and skip line numbers in steps 
of ten. The following program illustrates the typical manner in 
which line numbers should be selected: 

PROGRAM 2-1 

12121 PRINT " THE COMMODORE" 
1121 PRINT "HAS A MEMORY CAPACITY OF" 
1221 PRINT " b4K" 



RUN 
THE COMMODORE 

HAS A MEMORY. CAPACITY OF 
64K 

READY. 

Editing and Modifying a Program. 
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You will find that when you write computer programs, they will 
probably not work·the first time-perhaps the first few times. Ex­
perience has shown that very few programs work at the first try the 
way they were designed to, no matter how skillful or intelligent the 
programmer may be. The computer is totally objective when exe­
cuting programs. It does not care who you are, what your position 
is, what rank you hold, or what your salary bracket is. A program­
ming error is still a programming error-even if it is only a matter . 
of a missing comma. Indeed, you may rest assured. that few of the 
programs illustrated in this book worked the first time. 

In light of this.fact, it is essential for any computer to allow for 
fast, simple modification of programs, since changes will always 
have to be made. Commodore BASIC provides a built-in, advanced 
screen editor which makes this task rather easy. 

Replacing a Line 

In order to correct a line, you may simply retype it with the same 
line number. When the RETURN key is. pressed at the end of the 
line, the new line replaces the previous version. This operation may 
be seen in the following illustration: . 

LIST 
100 PRINT "THERE IS A MISTEAK IN THIS LINE" 
110 PRINT "BUT THIS LINE IS FINE~ 

READY. 
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The following line is now typed: 

lBB PRINT "NOT ANYMORE THERE ISN'T" 

yielding when relisted 

LIST 
100 PRINT "NOT ANYMORE THERE ISN'T" 
110 PRINT "BUT THIS LINE IS FINE" 

READY. 
To erase a line from a program completely, simply type in the line 
number and press the RETURN key. This move replaces the old 
line with anew, blank line. For example, 

LIST 
100 PRINT "THIS IS A LINE TO BE DELETED" 

RI£:AOY. 
The follpwing two lines are typed: 

lBB 
LIST 

READY. 

Using the Cursor Control Keys 

The most frequent error when typing a program into the com­
puter is mistyping a character. If it were done on a regular type­
writer, you could either start again on a fresh page or use white-out. 
However, neither step is necessary on the Commodore. Assuming 
that the mistake was noticed immediately after it was typed, a simple 
touch of the INSTIDEL (insert/delete) key will delete it. The char­
acter immediately to the left of the flashing cursor then disappears, 
and you can type the correct character in its place. 

Often, however, the mistake is not found until you have typed 
further in the line, as in the following example: 
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17B PRIMT 5 + ~ * 3_ 

Deleting each preceding character until the cursor is in the position 

17B PRI 

is both unnecessary and wastes time because correctly type charac­
ters will be unnecessarily erased. The best way to make the change 
is to use the cursor control keys. On the bottom right of the main 
keyboard, there are two special cursor control keys that, when used 
in conjunction with the SHIFT key, enable you to move the cursor 
left, right, up, or down. These cursor control keys do not destroy 
characters over which the cursor passes. All you need do is move 
the cursor left twelve spaces until it is in the position shown: 

17B PRIMT 5 +. 2 * 3 

At this point, merely type in the correct character (N). The line 
then appears as 

17B PRINT 5 + 2 * 3 

If at this point the line is finished, simply press RETURN. If not, 
move the cursor to the end of the line by hitting the right cursor 
control key (---..) eleven times. From this point on, the line may be 
typed to its completion and the RETURN key pressed. 

There is a common situation in which the cursor keys do not work 
the way you might expect. If you are in the middle of typing a 
literal-that is to say, the opening quote sign has been typed-the 
cursor control keys produce unexpected graphics symbols, rather 
than simply moving the cursor as they ordinarily do. The reason for 
this is that once the opening quotation mark has been typed, the 
computer is in "quote" mode. We take advantage of this mode in 
Chapter 10, where we discuss the embedding of special characters 
within a literal. For the present, we recommend that if a character 
within or before a literal is to be corrected, complete the literal with 
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the closing quotation mark (which negates quote mode). All correc­
tions can then be made in the normal way. 

Suppose now that you have just typed a line and pressed the 
RETURN key. 

13B PRINT "THE OCMMODORE 64 IS THE 
GREATEST" 

The cursor is now located at the next line, but the letters "CO" of 
the name "COMMODORE" have been transposed. In order to 
correct the error, use the upward cursor control key to place the 
cursor on the appropriate line. Once there, the procedure to use is 
identical to that described above (since the closing quotation mark 
has been typed, quote mode will not be entered), After the correc­
tions "have been made, be sure to press the RETURN key again, or 
the computer will not register the change. 

Using the INST/QEL Key to Insert a Character 

Suppose you mistyped the word "COMMITTEE" in a literal, 

lBB PRINT "THE COMMITEE MEMBERS WERE 
ELECTED" 

and the cursor is located at the end of the line prior to the line being 
entered. What you wish to do is to insert another "T" in the mis­
spelled word. Rather than moving the cursor to the location of the 
error and retyping the whole line from that point on, you should use 
the INST (insert) function (obtained by holding down SHIFT and 
pressing the INSTIDEL key simultaneously), which makes it pos­
sible to insert a character in the required position. The first step, of 
course, is to move the cursor to the position where the letter must 
be inserted-that is, to the immediate right of the letter "I." 

lBB PRINT "THE COMMITEE MEMBERS WERE 
ELECTED" 
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At this point, press the INST/DEL key while holding down 
SHIFT, ·thereby generating a space to the immediate right of the 
cursor and pushing the rest of the line of text one space to the right, 
If more than one character must be inserted, the process may be 
repeated as often as is necessary by simply holding down the keys; 
they are repeated automatically. The desired character (or charac­
ters) may now be inserted, and the line entered by pressing RE­
TURN. 

In the same way information can be inserted in the middle of a 
line, so characters may be deleted, by using the INST/DEL key. As 
the following example shows, the INST/DEL key erases the char­
acter immediately to the left of the cursor. 

46~ PRINT "WATCH THII~ CAREFULLY!" 

If this operation is performed in the middle of a line, the following 
occurs: 

46~ PRINT "WATCH THIS CAREFULLYI" 

where not only has the character to the left of the cursor been deleted 
but the line has "closed up" to account for it. In other words, the 
INST/DEL key deletes not only the character but the room that was 
provided for it as well. 

The CLRlHOME Key 

Wherever the cursor might be on the screen, hitting the HOME 
key has the effect of relocating it to its "home" position, which is 
the top lefthand comer of the screen. This is useful when there is a 
need to edit a line located near the top of the screen, since it brings 
the cursor to the vicinity of the line instantly. Holding down SHIFT 
at'the same time as pressing the HOME key has the additional effect 
of clearing the screen. This operation is useful when the display is 
cluttered, making it difficult to concentrate on the line at hand. 
Clearing the screen before editing a line is always a good idea (the 
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program still resides in memory and is not affected). All you need 
do then is to list the program in question. In this way, the line to be 
modified appears alone on the screen, making the job of correcting 
it that much easier. 

Erasing the Program in Memory 

When you are finished with an old program and wish to write 
another, you should first clear program memory. If it is not done, 
the statements from the new program will be merged into the old 
one because the computer has no way of knowing that you want the 
two programs kept separate. For example, if the two lines 

1B PRINT "THIS IS THE" 
2B PRINT "FIRST PROGRAM" 

. are in memory, and two lines from a new program are typed in, 

1B PRINT "THIS IS" 
15 PRINT "THE SECOND PROGRAM" 

the lines are merely added to the already existing program, resulting 
in the following amended single program: 

1B PRINT "THIS IS" 
15 PRINT "THE SECOND PROGRAM" 
28 PRINT "FIRST PROGRAM" 

This consists of bits and pieces of both programs, effectively non­
sense. The way to avoid this problem is to erase the first program 
entirely by means of the NEW command. The proper sequence of 

, commands is, therefore, 

'LIST 

10 PRINT "THIS IS THE" 
20 PRINT "FIRST PROGRAM" 
READY. 
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NEW 

LIS T (This step is not necessary. It is only used to 
show that there is no program in memory. The 
second program can now be entered.) 

READY. 

1B PRINT "THIS IS" 
15 PRINT "THE SECOND PROGRAM" 
LIST 

10 PRINT "THIS IS" 
15 PRINT "THE SECOND PROGRAM" 
READY. 

Review Questions 

1 • What is a program? 

A program is a specific set of computer instructions designed 
to solve a particular problem. 

2· Is the line number 123.45 valid in Commodore BASIC? 

No. Only integers (whole numbers) between 0 and 63999 are 
permitted as line numbers. 

3 • What differentiates a direct instruction from an indirect one? 

An indirect instruction has a line number whereas a direct 
instruction does not. 

4 • What is the function of the RETURN key? 

It transmits the line just typed into the computer. 

5 • What command causes execution of a program to commence? 

The RUN command. 
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6 • What is the effect of running the following program? 

1121121 PRINT "3 + 4 * 5 = 2" 
11121 PRINT 3 + 4 * 5 
12121 PRINT 1121121 - 25 I 5 
13121 PRINT 25 - 1121121 I 5 

3 + a * 5 = 2 
23 
85 
5 

READY. 

7 • Does the last statement have to be the END statement in 
Commodore BASIC? 

No, but the END statement may be used anywhere, if desired. 

8 • Must program lines be entered in ascending numerical order? 

No. The computer automatically inserts each new line at its 
correct position (according to line number) each time one is 
entered. 

9 • What is the meaning of the instruction 

RUN· 2121121121 

It has the effect of executing the program in memory, begin­
ning from line 2000. 

10 • What is the effect of the statement 

LIST 2121121121 

The instruction at line 2000 only is displayed (listed). 

11 • What is the meaning of the instruction 
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LIST 4111111 -

All lines beginning with 40p and extending to the end of the 
program are listed. 

12 • How may lines 500 to 620 of a program be listed? 

By typing 

LIST 5111111 :.. 62111 

13 • How many lines of text may be displayed on the screen? 

Up to 25. 

14 • How many columns may be displayed on me screen? 

Up to 40. 

15 • What is meant by scrolling? 

The top line of the screen is replaced by the line immediately 
below it, whlc1i in turn is replaced by the line below it. The 
contents of the screen thus Shift upward to make room for a 
new line at the bottom. 

16 • How can a scrolling screen tie slowed down? 

By pressing the CTRL key. 

17 • How is it possible to resume scrolling a screen at normal speed 
once it has been slowed down? 

By releasing the CTRL key. 

18 • Why isn't it a good idea to give consecutive line numbers to a 
segment of code? . 

Because it prevents the possibility of inserting lines later on 
should the need arise. 

B.P.c64·-S 
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19 " Which of the following commands is invalid? 
a. 100 PRINT . 
b. 110 Print 'Hr 
c. 120 PRINT 'WE GOT YER~UMBA' 
d. 130pRiNt 
e. 140 PRint 

a. Valid. 
b. Invalid (lower case not permitted in a BASIC instruction). 
c. Valid. 
d. Invalid (same as above) . 
. e. Invalid (same as above). 

20 " What is the effect of pressing the CLRlHOME key? 

It moves .the cursor to the "home" position at the top left of 
the screen. . 

21 • What is the effect of pressing CLRlHOME while holding 
downSHIFT? 

The screen is cleared and the cursor moved to the "home" 
.. p,osition. 

22 • What role is played by the INST function? 

It allows for insertion of a character (or characters) in a BASIC . 
line. 

23 " What is the effect of the DEL function? 

The character at the cursor location is deleted and all charac­
ters to the right of the cursor move left to "close up" the line. 

24 • How are the functions mST and .DEL obtained? 

DEL is obtained by simply pressing the INST/DEL key. 
INST is obtained by pressing the same key while holding down 
SHIFT. 
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25 • If a program contains a line whose number is 125, and the 
programmer types the number 125 followed by RETURN, 
what happens? 

Line 125 is erased. All other lines remain intact. 

26 • If a program contains a line 400, and another line.is subse­
quently given the number 400, how does this affect the pro­
gram? 

The first line 400 is erased and is replaced by the second one. 

27 • What is the effect of the NEW command? 

The NEW command clears any program in memory to allow 
for a new program to be typed. 

HANDS-ON PRACTICE 

1. What difference is there in the output produced by the following 
two programs? Type them in and see for yourself. 

VERSION 1 

lBB PRINT "HOW ARE YOU?" 
lB5 PRINT "FINE THANK YOU" 
llB END 

VERSION 2 

lB5 PRINT "FINE THANK YOU" 
lBB PRINT "HOW ARE YOU?" 

2. LIST version 2, using two methods. 
3. Type in the following line and do not hit RETURN: 

lB PRINT "THIS IS A BERRY PORLY SPELT 
LITTERAL" 
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Modify the line so that the very poorly spelled literal is correctly 
typed. 

4. Having pressed RETURN in question 3, assume that line 10 
must now be erased. Type in the number 10 and hit the RE­
TURN key. Now list the program. What has happened? 

TRY YOUR HAND AT THESE 

1. Write a program to print your name, address, and social security 
number. 

2. Write a program to display the following output: 

FORTRAN IS SIMPLE; 
COBOL IS FUN. 
PASCAL IS USEFUL 
BUT BASIC'S THE ONE.-



CHAPTER 

35----
The Power of BASIC 

In this chapter you will get down to the fundamentals of computer 
progr~g. Now that you have learned some of the commands 
available in BASIC you will incorporate them into viable computer 
programs that can perform useful functions. In particular, you will 
become familiar with the following: 

• the concept of the loop 
• the GOTO instruction 
• scrolling information across the screen 
• the CTRL slow-scroll feature 
• the infinite loop . 
• halting a program (RUN/STOP) 
• semicolons within PRINT statements 
• defining variables 
• the assignment statement 
• rules for constructing variable names 
• common pitfalls in constructing variable names 
• counting 
.. initializing variables 
• an introduction to decision making in Commodore BASIC (IF ... 

THEN) 
• the relational operators 
• interacting with the computer by using the INPUT statement 
• the READ, DATA, and RESTORE statements 
• the trailer technique 
• storing programs on cassette and disk 

45 
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The Concept of the Loop 

Consider, for the moment, the following program, which consists 
of two l~es, each of which prints a literal. 

PROGRAM 3-1 

1BB PRINT "***************************" 
11B PRINT "========================c==" 
RUN 
*************************** 
==========================~ 

READY. 

This program, as you may well have guessed, prints one line of 
asterisks followed by another line of equal signs. If, for some reason, 
you now wanted to amend the program so that it would fill the 
screen with alternating lines of asterisks and equal signs, you could 
merely add additional lines identical to lines 100 and 110. They 
might be numbered 120, 130, 140, 150, and so .on. However, this 
program would be very ' inefficient and particularly tedious to type. 
Since any new lines will only be repetitions of the first two, BASIC 
provides several ways to repeat the two desired instructions as many . , 
times as necessary. The simplest of these is the GOTO instruction, 
which unconditionally "goes to" the line number specified in the 
GOTO statement. In Program 3-2, the GOTO statement tells the 
computer to go to the line specified': The effect is that the instruc­
tions are repeated until the GOTO is executed again, endlessly. In 
other words, a "loop" is creatJd. The loop is the single most vital 
concept that separates the computer from other machines for the 
simple reason that the computer caD be instructed. to repeat boring 

. tasks endlessly; without human intervention. Without this looping 
capability it would hardly be worthwhile resorting to a computer for 
many of the problems for which it is used. Program 3-2, which 
follows, is an example of one containing an endless or infinite loop. 



The Power of BASIC • 47 

PRoGRAM 3-2 

100 PRINT "********************" 
110 PRINT "====================" 
120 GOTO 100, 

RUN 
******************** . 
==================== 

******************** 
==================== 
[and so on] 

In a short while the screen is filled, but the program keeps printing 
the two lines of output without end. As a result, the top line keeps 
moving off the top of the screen, and every line moves up, to be 
filled immediately by the succeeding line. This occurs so fast that 
the text seems to remain stationary, although you may notice that it 
does seem to blink. 

By now, you may be wondering how to stop the demon program 
that you have set in motion! Have no fear, there is always a way to 
stop a program. At the very worst, you can always pull the plug. 
There is, however, a more elegant way to accomplish the same 
purpose and retain the contents of memory intact as well. In order 
to terminate a program that is in an infinite loop, you may press 
RUN/STOP. This is sometimes referred to as "breaking" the pro­
gram. Although it, too, is not the most elegant way to terminate a 
program, it usually does the trick. If the RUN/STOP key doesn't 
work, try holding it down and pressing RESTORE (located above 
the RETURN key). This move has the additional benefit of resetting 
the screen color to normal and clearing the screen at the same time .. 
. Now study the following two-line program. You will notice that 

line 100 is the familiar-looking PRINT statement containing a li~ral 
-but this time the literal is terminated by a semicolon. In BASIC a 
trailing semicolon at the end of a PRINT statement suppresses the 
normal carriage return, which ordinarily causes the subsequent 
PRINT statement to start at the beginning of a new line. As a result, 
the next line of text is displayed immediately to the right of the 
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literal contained by the PRINT statement with the semicolon. When 
Program 3~3 is run, the whole screen is filled with the literal, which 
is repeatedend-to-end. 

PROGRAM 3-3, VERSION 1 

1mm PRINT "MAY THE FORCE BE WITH YOU"; 
11m.GOTO 1mB 

RUN 
MAY THE FORCE BE WITH YOUMAY THE FORCE B 
E WITH YOUMAY THE FORCE BE WITH YOUMAY T 
HE 

[and so on] 

If you want to improve the appearance of the printout by separat­
ing the displayed phrase by a blank, you must insert a space at the 
end of the literal but before the closing quote. In the next version of 
the program, a blank space has been included after the word "YOU" 
in line 100: 

PROGRAM 3-3, VERSION 2 

1mm PRINT "MAY THE FORCE BE WITH YOU "; 
11m GOT,O 1mm 

RUN 
MAY THE FORCE BE WITH YOU MAY THE FORCE 
BE WITH YOU MAY THE FORCE BE WITH YOU MA 
V THE 
[and so on] 

Variables and Assignment 

The programs illustrated so far have not done anything very ex­
citing. In fact, all they have done is to print out some literals. It is 
time now to learn how to instruct the machine to compute, which . 
is, after all, the major purpose of a computer. 
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First, consider a program that computes numerical results. Sup­
pose you are interested in finding the average of 5 and 6. One way 
to approach this problem is to print the result directly, as follows: 

PRINT (5 + b) 1 2 

An alternate method is to assign the constants 5 and 6 to specific 
locations in the computer's memory and then apply the required 
operations to the contents of those memory locations. This concept 
is used in algebta, where terms like x and y are used to denote 
unknown quantities, which in BASIC are known as variables. These 
are in contrast to constants (such as 5, 3.14159, 2.71828, and 
"BINGO"), whose values always remain the same. The program 
that follows assigns the value 5 to the variable X and 6 to the vari-

. able Y. Once these values have been assigned, the program averages 
the two values, producing the desired result . 

. In BASIC, assigning'values is accomplished by the assignment, 
or LET, statement. In most versions of BASIC available today (and 
certainly including Commodore BASIC), the word "LET" may al­
ways be omitted without any loss of meaning; nor does its omission 
generate an error of any kind. In the next program two of the 
assignment statements have the word "LET", whereas the third 
does not. 

PROGRAM 3-4, VERSION 1 

lItJI1I LET X = 5 
11111 LET V = b 
120 Z = (X + V) 1.2 
130 PRINT Z 

RUN 
5·.5 

READY. 

It is important to note that even if line 130 were omitted, the 
Value of Z· would still be calculated-even though it would not be 
apparent to the programmer. The only way the computed value of 
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Z can be displayed is to explicitly instruct the computer to print it 
by using the PRINT instruction. If the valu~ of Z is not going to be 
referred to again subsequently, it is possible to bypass the assign­
ment in line 120 and evaluate the result within the PRINT instruc­
tion itself, as is shown in the next version of the program. 

PROGRAM 3-4, VERSION 2 

1BB LET X = 5 
11B LET V = b 
12B PRINT (X + V) / 2 

RUN 
5.5 

READY. 

Lines 100 and 110 are examples of assignment statements, by 
which values are stored in variables. It is probably true to say that 
the assignment statement is the most commonly used statement not 
just in BASIC but also in most other programming languages. By 
means of these assignment statements a complex series of computa­
tions can be designed, making the program extremely versatile. The 
program could then be u&ed to solve a host of problems, ranging 
from a spreadsheet program to an exciting game. In fact, assignment 
statements are the building blocks from which sophisticated pro­
grams are made. 

The Structure of an Assignment Statement 

The general format of the assignment statement is 

J I 
line-number LET 'Variable-name = expression 

The value of the expression on the right of the equals sign is 
evaluated. The expression on the right of the equals sign in an 
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assignment statement may consist of a single constant or a series of 
arithmetic operations. Some examples are 

52 
5 + b 
A + 8 - C + 21 3 
( (2 + 3) t 2) 
A * (8 + C 1 9111) 
SQR (8 t 2 - 4 * A * C) 

After the expression is evaluated and reduced to a single number it 
is then stored in the computer's memory, in the location specified 
by the variable on the left of the equals sign. Thus, although the 
assignment statement looks like a static instruction, it is in fact 
dynamic. 

As we have said, the line number in a program must always be an 
integer between zero and 63,999. Since the word "LET" is optional, 
but when used involves a certain amount of additional work on the 
part of the programmer, we shall n~t include it in future programs. 
However, if you think that its inclusion adds greater clarity to your 
programs, you should feel free to use it as often as you like. 

Variable names must conform to certain rules in order to be ac­
ceptable to Commodore BASIC. The first requirement is that they . 
always start with a letter of the alphabet. After tlie firs~ character, 
any letter or digit may follow, in ariy combination, up to a maximum 
length, which is limited only by the maximum size permitted for 
program instructions. (On the Commodore 64, it is two lines on the 
screen, or 80 characters.) Although a variable name may be com­
posed of many characters, only the first two are recognized by Com­
modore BASIC. That is, the variables RICHARD and RICK are 
treated as one by the computer since they·both start with the letters 
"RI". 

Naming variables is an important element of good programming 
technique. Of course, most programmers select short names because 
long names are not only too time-consuming to type but also take 
up valuable room in memory. There is a certain benefit to be derived 
from long variable names though, because they help in the docu-
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mentation of a program (making it understandable to another pro­
grammer). The following are typical valid variable names: 

DUMMY X SUMl984 SALE~ QP984Z 

Here are some' examples of some invalid variable names, together 
with the reasons why they are unacceptable to the computer: 

Invalid Variable 
Name 

1984CBM 
A?B.C 

Reason for Rejection 

Name must begin with an alphabetic. 
No special characters are permitted. 

A variable is also invalid if it is a BASIC command. Therefore, 
the assignment statements 

425 LET RUN = 12 
43B PRINT = 1 

are invalid since both the words "RUN" and "PRINT" are key­
words. Similarly, any variable name that contains a keyword, for 
example, "REPRINTED", is also illegal and generates an error 
message. A complete list of Commodore BASIC keywords may be 
found in Appendix A. 

In an assignment statement, the variable name must always be 
followed by an equals sign. It bears repeating that the assignment 
statement instructs the computer to evaluate the expression that 
appears to the right of the equals sign, reduces it to a single number 
(if it is not already a single number), ,and stores this single value into 
the computer's memory in the location specified by the variable 
name to the left of the equals sign. 

Counting 

In the neXt. program there are two assignment statements. The 
first of them sets the value of COUNT to zero. The second adds 1 
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to the current value of COUNT each time the loop is executed. 
Within the loop the current value of COUNT is printed out. This 
program is intended to illustrate an important concept in BASIC 
p~gramming~that of countm8. It is useful when a process must 
be repeated a given number of times. Study Program 3-5 for a few 
moments and try to understand what it accomplishes. Pay special 
attention to line 110, where the variable COUNT appears on both 
sides of the equals sign. 

PROGRAM 3-5 

11liliJ COUNT=11I 
11111 COUNT=COUNT+1 
12111 PRINT COUNT 
13111 GOTO 11111 

RUN 
1 
2 
3 
4 
5 
6 
7 

[and so on] 

The variable name selected in this program to store the value of 
the count is appropriately called "COUNT". It is set to zero in line. 
100 because in the next line (line 110) 1 is added to it. It is clear that 
in order for 1 to be added to any variable, it must have a value. The 
process of setting the starting or initial value for a variable is called 
initializing. Actually, on the Commodore 64 there is no need to 
initialize variables to zero because they are automatically set to zero 
when the RUN command is executed. Nevertheless, experience will 
show that it isa good programming habit to initialize all variables, 
and. we enthusiastically encourage it. Indeed, we shall take this ad­
vice. ourselves in all the programs illustrated in this book. 

The statement in line 110 of Program 3-5, on close scrutiny, looks 
somewhat ridiculous, particularly when looked at from an algebraic 
point of view: 
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118 COUNT = COUNT + 1 

Mter all, how can COUNT ever be equal to COUNT + I? The 
answer is that the statement is an assignment rather than an alge­
braic equation. As already emphasized, the expression on the right 
of the equals sign is first evaluated and the result stored in the 
variable· speCified on the left of the equals sign. Once COUNT is 
initialized to zero, 1 is then added to its value, and the result, 1, is 
stored in the variable on the left. In this case the variable name on 
the left is also COUNT. What this means then is that the value of 
COUNT on the right represents its "old"· value, whereas that on 
the left reflects the "current" or updated vaJue. Therefore, it can be 
said that statement 110 simply means this: add 1 to the current value 
of COUNT. Whenever a variable is upgraded in this way it must 
always appear on both sides of the equals sign. 

The IF .•• THEN Statement 

The previous counting program is, of course, an infinite loop that 
prints out the numbers 1, 2, 3, 4 ... ad infinitum. As you will 
remember, in order to terminate an infinite loop you have to press 
the RUN/STOP key. But suppose you want the program to termi­
nate automatically as soon as the number 5 has been printed. To 
accomplish this, the computer's decision-making capabilities have 
to be exploited. The BASIC command that enables decisions to be 
made is called the IF statement, which comes in various formats: 

line number IF condition lis true THEN GOTO line number 

\ 

which may be shortened to 

line number IF condition is true THEN line number 

or may be expressed in an alternate form as 

line number IF condition is true GOTO line number 
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For example, the statement 

laB IF A = B THEN GOTO 5HB 

tests the current values of A and B.lfthey are equal, control is sent 
directly to line 500. If they are not equal, the THEN clause is 
completely ignored and, instead, control drops (falls through) to the 
next statement. As was just shown, the following three segments of 
code have the same effect: 

lBB IF A = B THEN 5BB 
lBa IF A = B GOTO 5BB 
18B IF A = B THEN GOTO 5BB 

Relational Operators 

As used in the previous IF statements, the equals sign behaves as 
a relational operator, comparing the two values A and B, rather than 
setting the variables equal to each other. There are, of course, other 
ways to test the relationship between two values. In BASIC they are 

Symbol 

= 
<>or>< 

> 
=>or>= 

< 
=< or <= 

Meaning 
equal to 
not equal to 
greater than 
greater than or equal to 
less than 
less than or equal to 

Here now is the program that prints out the first five numbers, 
one number per line: 

PROGRAM 3-6 

lBB COUNT = B 
l1B COUNT = COUNT + 1 

( 
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12111 PRINT COUNT 
13111 IF COUNT < 5 THEN 1LI1I 

RUN 
1 
2 
3 
LI 
5 

READY. 

In line 130, a test is made to determine whether th~ current value 
of COUNT is less than 5. If it is (meaning that five lines of output 
have not yet been printed), control is sent to line 110, where the 
value of COUNT is incremented by 1 and the current value of 
COUNT is printed out. This process is repeated by the loop. The 
moment the value of COUNT becomes equal to 5, the test "is 
COUNT < 5" fails and control drops to the next line. Since there 
is no next line, BASIC automatically terminates execution of the 
: program. 

It is worth pondering for a moment what the effect would be if, 
in line 130, control were sent to the first statement of the program, 
line 100, where COUNT is initialized to zero. If this were done, the 
current value of COUNT would be reinitialized to zero every time 
around the loop. For this reason, the value of COUNT would always 
be less than S. It is therefore an example of an infinite loop, so called 
because it would continue forever. 

The INPUT Statement 

One of the great advantages of microcomputers, such as the Com­
modore 64, is that they can be used interactively. That is, during 
actual execution of the program, information can be fed to the com­
puter. You might want to run a program several times, each time 
having it work with different data, without modifying the program. 
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You might want intermediate results printed ou~ to help you trace 

the course of the program. 
You have already seen how values can be assigned to variables by 

means of the assignment statement. Another method is the INPUT 
statement,· which promotes interactive communication with the 
computer during the execution of the program. For example, the 
instruction 

UJB INPUT X 

prints out a question mark (called the prompt character in this con­
text) during execution of the program and waits for the user to type 
in a value for the variable X. Once this has been done and the 
RETURN key has been pressed, exec~tion oCthe program resumes, 
with X having assumed the value typed in by the user. Until the 
RETURN key is pressed, no further action is taken by the com­
puter. It will simply wait there doing nothing-forever, if neces­
sary. It is therefore considered a wise practice to precede every 
INPUT statement with a PRINT statement advising the user (even 
if that user is you) what kind of information to type in when the 
prompt appears. For example, if a program computes the area of a 
.rectangle, given its length and width, the PRINT statement request­
ing this information should contain instructions such as those in 
lines 100 and 110 in the following program. 

PRooRAM3-7 

lBB PRINT "ENTER LENGTH OF RECTANGLE: "; 
llB INPUT L 
12B PRINT "ENTER WIDTH OF RECTANGLE: "; 
13B INPUT W 
14B AREA = L * W 
15121 PRINT 
lbB PRINT "THE AREA OF THE RECTANGLE IS:";AREA 

.. 

RUN 
ENTER LENGTH OF RECTANGLE: 11B 
ENTER WIDTH OF RECTANGL~: 13 
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THE AREA OF THE RECTANGLE IS: 30 

READY. 

We emphasize that it is considered a sound practice to precede all 
INPUT statements with clear instructions to the user; the author of 
the program may not be (and often is not) the only person to use the 
program. Thus familiarity with the program can never be assumed 
by its author. Even the original authors tend to forget details of their 
own programs after a while. Moreover, in more complicated pro­
grams, several INPUT statements might be necessary, each of 
which may require completely different information. The careful 
selection of suitable PRINT statements can make the difference 
between a successfully run program-and a useless one. 

The combination of INPUT and PRINT is so common that Com­
modore BASIC provides a convenient way to merge the two state­
ments into one. For example, the two lines 100 and 110 in Program 
3-7 may be combined into the single statement 

1BB INPUT "ENTER LENGTH OF RECTANGLE: ";L 

The limitation is that the literal may not be longer than 38 charac­
ters. When this instruction is encountered during execution of the 
program, the literal is printed first and then immediately the prompt 
character (the question mark), inviting the user to type in the re-. . , 
quired iriformation-followed, of course, by the use of the RE-
TURN key. No computation is performed; the computer waits 
indefinitely until the RETURN key is pressed. 

You are not confined to a single variable with an INPUT state­
ment. In fact, you may have as many as can fit in a program state­
ment. The only restriction is that each variable name must be 
separ~ted from the next by a comma. Of course, there must be at 
least one variable name at all times. Whether one variable name or 
more are listed, however, only one prompt is displayed for any given 
INPUT statement when the instruction is executed. In the following 
program, three values representing the three sides of a triangle are 
typed in-in resPonse to a single INPUT statement. The area of the 
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triangle is then computed according to Heron's formula, which is 
based on the semiperimeter, represented by the variable s: 

a + b + c s=----
2 

According to Heron's formula, the area of a triangle with sides a, b, 
and c is 

Area = Vs(s-a)(s-b)(s-c) 

PROGRAM 3-8 

188 INPUT "ENTER THE 3 SIDES: ";A,B,C 
118 SEMIPER = (A + B + C) I 2 
128 TEMP = SEMIPER * (SEMIPER - A) * 

(SEMIPER - B) * (SEMIPER - C) 
138 IF TEMP <= 8 THEN GOTO 178 
148 AREA = SQR(TEMP) 
158 PRINT "THE AREA OF THE TRIANGLE IS "; 

AREA 
168 END 
178 PRINT "THIS IS NOT A VALID TRIANGLE" 

Although we stated in Chapter 2 that the END statement is ordi­
narily superfluous, one is included in Program 3-8 to prevent the 
printing of the error message in line 170. This line is necessary in 
the event that the values of A, B, and C selected for the triangle are 
invalid. 

The READ, DATA, and RESTORE Statements 

On occasion it is necessary to provide a program with data which 
do not change between different runs of the program. Such data 
may be stored in a DATA statement and read by a READ statement. 
In fact, the READ statement must always be used in conjunction 
with a DATA statement. As with the INPUT, the READ statement 
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may 'access more than one item. If more than one variable is listed 
in the READ statement or more than one item is· specified in a 
DATA statement, they must be separated by commas. 

A DATA statement may be placed anywhere at all within a pro­
gram. It is a special kind of statement in that it is never executed 
but is merely referred to by the READ statement. A DATA state­
ment may hold as many values as can be placed within the 80-
character limit of the line. Moreover, as many DATA statements as 
are necessary may be included in any given program. If more than 
one DATA statement is present they may be conceptualized as one 
continuous list of data items. The DATA statements are accessed 
by the READ command in the order of their line numbers. 

Program 3-9 demonstrates the manner in which data are accessed 
by a READ intruction: 

PROGRAM 3-9 

188 READ A 
118 PRINT A 
128 \READ 8,( 
138 PRINT 8,( 
148 DATA 2,3,4 

RUN 
2 
3 

READY. 

The following two programs also demonstrate different ways to 
structure READ and DATA statements: 

PROGRAM 3-10, VERSION 1 

188 READ A,8,(,D 
118 PRINT A,8,C,D 
128 DATA 2 
138 DATA 6,1,8 



RUN 
2 

READY. 

s 

PROGRAM 3-10, VERSION 2 

lBB READ A,B,C,D 
llB PRINT A,B,C,D 
12B DATA 2,6,1,8 

RUN 
2 

READY. 

s 
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1 B 

1 B 

When writing long programs containing DATA statements it is 
generally a good programming practice to place them at the end of 
the program so that they lI,18y be easily and quickly found by a 
programmer. Examples of ~e properties of READ and'DATA 
statements are illustrated further in the following program. ,We shall 
discuss them in detail after you have had a chance to study the 
program. 

PROGRAM 3-11 

lBB READ A,B,C 
11111 READ D,E,F 
12B PRINT F,E,D 
13111 PRINT B,C,A 
14111 DATA 1111,],5 
15111 DATA ].,2,3,4 

RUN 
La 
15 

READY. 

3 
1 

2 
10 
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When a READ command is encountered, it accesses the first item 
of data in the first DATA statement of the program. In line 100 of 
this example, therefore, the variables A, B, and C take on the values 
10, 15, and 1, respectively, since these are the first three values 
specified in the DATA statements. In line 110, the values 2,3, and 
4 are assigned to the variables D, E, and F, respectively. The READ 
statement behaves, therefore, in a manner very similar to the assign­
ment statement; in fact, it is simply another option which may be 
used for assigning values to variables. 

As we have said, there is a one-to-one correspondence between 
the list of variables in the READ statement and the items listed in 
the DATA statement. This fact implies that for every variable spec­
ified by the READ statement there is a value specified.in the DATA 
statement. In Program 3-12, in which the variables A, B, and C are 
read, only two data items are specified-which leads to the error 
message 

?OUT OF DATA. 

PROGRAM 3-12 

llZ1lZ1 READ A,B,C 
l11Z1 PRINT A,B,C 
121Z1 DATA llZ1~2121 

RUN 
?OUT OF DATA ERROR IN 100 

READY. 

In this case, the data supplied are insufficient to satisfy the READ 
instruction in line 100. The program therefore terminates at that 
point, indicating at which line the READ statement was unsatisfied. 
·In Program 3-13, the opposite case occurs-that is, more data exist 
than are necessary. As is shown, ,the excess data are merely ignored 
and no error message is generated. 



PROGRAM 3-13 

1I11B READ A,B,C 
llB PRINT A,B,C 
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12B DATA 1.45,2,5,8,999,627,-5,32.345 

RUN 
1.lI5 

READY. 

2 

The Trailer Technique 

5 

Suppose a DATA statement contains an unknown niunber of 
positive values and you want to find out exactly how many there are. 
It is possible to have the computer count the number of items pres­
ent in the DATA statement by terminating the items with a number 
easily distinguishable from all the other numbers. For example, any _ 
negative number could be used. In the next program, the items 
stored in the DATA statements are counted and subsequently dis­
played on the screen. The value - 1 serves as a signal that all the 
data items have been read. Since this technique involves a special 
dwnmy value, - 1, that "trails" all the way at the end of the data 
items, it is known as the trailer technique. The dummy value is 
sometimes called an end-of-data tag. 

PROGRAM 3-14 

lBB COUNT = B 
],lB READ A 
12B IF A = -1 THEN GOTO 16B 
13B PRINT A 
14B COUNT = COUNT + 1 
15B GOTO llB 
16B PRINT 
17B PRINT "THERE ARE";COUNT;"DATA ITEMS 

PRESENT." 
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18B DATA 2,55,82,lBB.2,b7.999~89B 
19B ,DATA -1 

RUN 
z 
55 
82 
100.2 
87.999 
890 

THERE ARE 8 DATA ITEMS PRESENT. 

READY. 

In line 100 the variable COUNT is set to zero, representing the 
number of items found thus far in the DATA statement. As you will 
recall, this is known as initializing the variable to zero. Then the 
first vEnue of A is read. By examining the DATA statement, it will 
be seen that $e first value of A is 2. This value is immediately tested 
against- 1. Since they are not equal, the value 2 must be one of the 
data items, and control drops down to line 130, where the current 
value of A, which is equal to 2, is printed out. The value of COUNT 
is then incremented by 1, and line 150 instructs the computer to go 
back to line 110, where the next value of A is read. This process 
repeats itself until the trailing item is r~ad. The test in line 120 then 
succeeds, and control is sent to line 160, where a blank line is 
printed, followed by the final line of output, wpich displays the 
number of items stored in the DATA statements. Notice that the 
value - 1 is not included in this count because when the trailing 
iteIll is encountered, control is immediately sent to line 160, which 
skips over both the PRINT and incrementing instructions. 

The DATA statement may be viewed as if there is an invisible 
pointer pointing to the first available item in the first (possibly the 
only) DATA statement. As soon as that item has been read, it moves 
over to the next item in preparation for the next READ instruction. 
It is often. extremely useful to be able to reset the pointer to the 
beginning of the DATA items. For example, if you were interested 
in calculating the average of the numbers in the DATA statements 
(using the trailer technique), one method would be to count first 
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how many items there 'were (as was done in Program 3",14). The 
sum of all the items could then be calculated and the result divided 
by the previously determined number of items present (stored in 
COUNT). This method requires some way of resetting (restoring) 
the pointer to its initial position. In BASIC this is accomplished by 
means of the RESTORE statement. It is used in ·the next program, 
where the average of a list of items stored in a DATA statement is 
calculated. 

PROGRAM 3-15 

11lHll ,COUNT = III 
111ll READ X 
128 IFX = ~9999 THEN GOTO 1b8 
138 PRINT X; 
149 COUNT= COUNT + 1 
151ll GOTO 111ll 
lb8 RESTORE . 
178 SUM·= 8 
:L88 READ X 
198 IF X = -9999 THEN GOTO 22B 
281ll SUM = SUM + X 
21111 GOTO 18111 
228 AVERAGE = SUM I COUNT 
238 PRINT 
24111 'PRINT "THE NUMBER OF ITEMS =";COUNT 
258 PRINT "THE AVERAGE =";AVERAGE 
2b8'DATA S,b,7~8 
278 DATA 9,18 
288 DATA -9999 

RUN 
5 B 7 8 8 10 

THE NUMBER OF ITEMS = 6 
THE AVERAGE = 7.5 

READY. 

In this program, the variable being read is called X, and the trailer 
item has been arbitrarily defined as - 9999.Mter COUNT has been 
initialized to zero and the first value of X read, X is· tested against 
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- 9999. If they are not equal, control drops to line 130, where the 
current value of X is printed. You will notice, however, that the 

,PRINT instruction is terminated with a semicolon. This has the 
effect of printing the value of X in. packed format;. that is, the 
numbers are printed on the same line, separated by one space, rather 
than printed in the four zones produced bY,the comma. The value 
of COUNT is then incremented by 1, as one more data item has 
been read. The process is repeated within the loop until the trailer 
item ( - 9999) is encountered. At that point, control is sent to line 
160, where the RESTORE instruction is located. The effect of this 
instruction is to restore the pointer back to the beginning of the 
DATA statements (line 260) and the variable SUM is then initialized 
to zero. Each data item is then reread and-as long as it is not equal 
to - 9999-each one in turn is added to the total (stored in the 
variable SUM). Once the trailing item is encountered for the second . 
time, the average is calculated by dividing the sum of all the items 

I (excluding the trailer) by the number of data items present (again 
excluding the trailer). The number of items and their average is then 
printed out and the program is terminated. 

Program Storage 

When a BASIC program is typed into the Commodore 64, it is 
stored in its internal memory. However, this is only temporary 
memory, for if you were to switch the machine off, or if a power 
failure were suddenly to occur, the complete contents of memory 
would be lost. This, of course, could be a disastrous situation. In 
order to store information permanently, some other device must be 
used. The most common device today is the Datasette (the Com­
modore digital cassette recorder). In order to store a BASIC pro­
gram to a cassette, it is necessary to position the tape to a vacant 
area that is available for storage. This step is followed by the com­
mand 

SAVE "program name" 
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in which the word "SAVE" is followed by a user-defined program 
name enclosed in double quotation marks. Any character may be 
used in the program name, which may be from 1 to 16 characters in 
~ength~in contrast to variable names in which the characters are 
restricted to the letters of the alphabet and the digits 0 through 9. 
When saving to tape, the program name may be omitted, but this is 
not a good idea as it makes it impossible to retrieve the program by 
name. 

Once the program has been saved to tape, the· computer may be 
switched off without any fear of losing information. For all intents 
and purposes, the program is saved-forever. Anytime subse­
quently, the saved information may be ~etrieved from the cassette 
and loaded into memory. In Commodore BASIC the command to 
load a previously saved program is 

LOAD "program name" 

where "program name" is the name under which the program was 
saved. 

Saving Programs to Disk 

For those users fortunate enough to own a disk drive, saving 
programs is even easier than to tape. The identical commands are 
used, LOAD and SAVE, with the exception that they must be 
followed by a deVice specification. Since the disk drive has been 
assigned the device number 8,.the commands appear as 

SA VB "program name",8 

and 

LOAD "program name" ,8 

There are additional commands that are required for a disk drive, 
however. First, to save any information, the disk on w~ch it is to 
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be stored must be initialized. This is accomplished by the somewhat 
cryptic command 

OPEN 15,8,15,"N0:disk name,ID" 

where "disk name" is the name you wish to call the disk and "ID" 
is an arbitrary number. An example of this statement is 

OPEN lS,8,lS,"NB:BINGO,1" 

which initializes the disk, preparing it to store programs and other. 
data. This process takes some time, so a little patience is required. 

Another additional and extremely useful command is 

LOAD "$",8 
.. 

which loads in the names of all the programs residing on the disk 
and, when listed, identifies them and the amount of space each 
occupies. 

Review Questions 

1 " What is a loop? 

A loop is a segment of code that is executed repeatedly. 

2 • Which instruction sends control unconditionally to another 
statement? . 

The GOTO statement. 

3 • Can a GOTO statement branch to a line number greater than 
or less than the current one? 

Certainly. 

4 • What is the name given to the constant upward move of infor­
mation off the screen? 

Scrolling. 
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5 • What is an infinite loop? 

An infinite loop is aloop that never ends. 

6 • How mayan infinite loop be terminated? 

By hitting the RUN/STOP key. 

7 • What is the effect of terminating a PRINT statement with a 
semicolon? 

It suppresses the carriage return, allowing the next PRINT 
statement to continue at the current print position. 

8 • What is a variable? 

A variable is a symbolic name for a location in memory which 
holds a value. The value may be changed at any time. 

9 • What is a constant? 

A value that always remains the same-such as 5, 7.29, 
-2.9901,3.14159, and "HELLO" 

10 • What statement assigns the variable A to 10 in Commodore 
BASIC? 

LET A = 1121 

11 .' Is the word "LET" required by Commodore BASIC? j 

No, it is optional. 

12 • In order for the computer to display a value, what instruction 
must be present? 

The PRINT instruction. 

13 • Maya BASIC instruction have a line number of O? 

Yes. The valid range is 0 through 63999. 
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14 • Which of the following variable names are valid? 

a. BINGO b. 1984SALES c. PROFITILOSS 
d. X229FFCX e. SOCIAL.SECURlTY.NUMBER 
f. AAABBBCCCDDDEEEFFFGGGHHHIllJJJ1234567890 

a. Invalid (contains the keyword GO of GOTO). 
b. Invalid (must not begin with a digit). 
c. Invalid (no special characters allowed). 
d. Valid. 
e. Invalid (no special characters allowed). 
f. Valid (although only the first two letters are significant). 

IS • What is the maximum length of a variable name? 

A variable name has no maximum length. It must, however, 
fit on a line consisting of no more than 80 characters. 

16 • What symbol is always present in an assignment statement? 

The equals sign. 

17 • What is the meaning of the instruction 

TOTAL = TOTAL + 1 

Add 1 to the variable TOTAL. 

·18 • Whatis meant by the term initializing? 

When a variable is initially set to some value before it is used 
in a computation, it is said to be initialized. 

19 • H a variable is not initialized, how does the Commodore 64 
treat it? 

As though it were initialized to zero. 

20 • What is the name of the instruction that permits a decision to 
be made in BASIC? 

The IF .•• THEN statement. 
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21 " Write an equivalent statement to the following: 

IF A = B THEN GOTO 177 

Either 

IF A = B THEN 177 

or 

IF A = B GOTO 177 

22 " What is the purpose of the END stat~ment in a program? 

To force the termination of the run at the point where it is 
placed, thereby avoiding executing sections of the program 

. that should not be processed. 

23 • What is printed by the following program: 
I 

UJB READ X 
11m IF X > 15 THEN 14m 
12m IF x > 5m THEN 15m 
13m IF X> 75 THEN 16m 
l~m PRINT "BINGO" 
15m PRINT "SHMINGO" 

.16B PRINT "ZINGO" 
17m DATA 45 

BINGO 
SHMINGO 
ZINGO 

READY. 

When X is tested against 15 in line 110, control is sent directly 
to line 140. Mter executing the PRINT instruction in line 140, 
control continues to the following statements in the ordinary 
way. 
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24 • What are the symbols for 
a. greater than? b. less than? c. not equal to? 

a. > b. < c. <> or >< 

2S • What is printed by the following program: 

1~0 READ X, X, X, X 
110 PRINT X, X, X, X 
12~ DATA 1, 2, 3, 5 

5 5 5 

READY. 

5 

Each of the four values, 1, 2, 3, and S, are successively read 
into the variable X; Each time a new X is read, the previous 
one is replaced. Therefore, when X is printed out it is only the 
last value which is displayed four times. 

26 • Where may DATA statements be placed in a program? 

Anywhere. They do not affect the way a program is executed. 

27 • If a program contains a READ statement, what else must it 
contain? 

A DATA statement. 

28 • If a READ statement contains a list of five variables, how 
many data items should there be? 

At least five. 

29 • If a READ statement contains a list of ten variables, how 
many DATA statements must be present? 

At least one. However, it must contain l:it least ten data items. 
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30 • What do the READ, INPUT, and assignment statements 
have in common? 

They each assign values to variables. 

31 • What is the effect of having an insufficient number of data 
items for a READ instruction? 

An ?OUT OF DATA ERROR message is displayed and exe­
cution of the program is terminated. 

32 • What is the effect of the RESTORE statement? 

The RESTORE statement returns the data pointer to the first 
item of the first DATA statement in a program. 

33 • How would you save a program called "PAYROLL" to ta~? 

By using the command 

SAVE "PAYROLL" 

34 • How would you retrieve the same program from tape? 

By using the command: 

LOAD "PAYROLL" 

HANDS-ON PRACTICE 

1. Type in the following program. Before running·it, come to your 
own conclusion as to what the output should be. 

lBB PRINT "BASIC MEANS POWER TO THE 
PEOPLE"; 

llB GOTO 1121121 

2. Determine what the following program prints and why. How 
does it' end? 
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1111111 X = 1 
11111 X = X + 1 
12111 GOTO 11111 

, 3. Try setting some variables in immediate mode. For example, 
type 

X = 5 
PRINT X 

Reassign a new value to' X and print it out again. 
What do you notice? 

4. Type in and run the following program: 

1111111 X = 1 
11121 PRINT X 
12111 X = X + 1 
13111 If X < 1111111 THEN GO TO 11111 

Determine ahead of time what the output should be. 

TRY YOUR HAND AT THESE 

. 1. Write a program that prints out the value of X, X2, and X3, 
where X is a user-typed value (use the INPUT statement). 

2. Write a program to print the square root of the numbers from 1 
through 100 (use a loop and make sure it terminates correctly). 

3. Write a program that computes the Celsius temperature, given 
the Fahrenheit equivalent: C = 5/9(F - 32). 

4. Write a program that reverses the temperatures in question 3: 
F = 9/5C + 32. 

5. Write a program to compute the simple interest accrued by in­
vesting $4,000 for 6 years at the rate of 71/4 percent per annum. 

fV = PV * (1 + RATE/1I11B) i NUMYEARS 



CHAPTER 

~.~----
Structured 
Programming 

In this chapter, you will learn some of the critical tools of modern 
computer programming, including 

• the principles of structured programming 
• the need to eliminate GOTO statements 
• the FOR .•• NEXT loop 
• the empty FOR .•. NEXT loop 
• trapping invalid data 
• multiple-line statements 
• determining the sum of the integers from 1 to N 
• the STEP clause 
• internal documentation 
• the Newton-Raphson iteration scheme 
• introduction to subroutines 

Programming has been inexistence for a little less than 40 years. 
Before 1947 no modern electronic computer had yet been invented. 
Even in the early 1950s programming was an arcane art practiced 
by only a handful of PhD's in the most prestigious universities in 
the country. It is from those years that the myths of the evil, all­
encompassing computer spring. 

The explosive growth of computers caused by vastly improved, 
ever more complex, and cheaper electronic parts took . the world by 
surprise. There developed a crucial shortage of computer program-

75 
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mers, a shortage which continues to the present day. It was in the 
first of the boom days that the programmers' credo, under pressure 
from their managers, began as "get it done-no matter what the 

. cost." 
Since those crude beginnings, a whole new science has sprung up 

around computers. With the evolution of computers and the passing 
of time, the philosophies of progran1ming have made radical shifts. 

The first of these changes is the attitude toward "getting it done." 
No longer is emphasis placed on getting the program to work im­
mediately but rather on setting it up in an orderly fashion. The 
reason for this change is that the program should be easily amended 
if necessary and, equally important, be readily understood and mod­
ified by another programmer. The techniques used in modem-day 
programming are incorporated into a style called structured program­
ming. In essence, it is a collection of suggestions and guidelines 
regarding programming practices. 

There are several major principles of structured Pl'ogramming. 
One of the most important is that large problems should be broken 
up into a series of smaller problems, each of which is more easily 
manageable (a sort of "divide and conquer" approach). Each sub­
problem is codea separately into a so-called "module," which is then 
integrated into the program as a whole. 

Another important principle, called top-down programming, is to 
make each individual module as simple as is feasible. This require­
ment involves a flow of control, starting from the "top" of the pro­
gram and descending "down" to the bottom as directly as possible. 

Although BASIC generally is not the most suitable language for 
structured programming, some special. enhancements have been 
added to the Commodore dialect that promote this favored style. All 
these enhancements, together with the standard structured BASIC 
features, are covered in great detail in this chapter. 

Looping 

The GOTO statement has come under considerable criticism by 
professional programmers because, in the short history of computer 
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programming, it has been abused more than any other instrUction. 
Trying to follow the logic of a program that incorporates a long 
sequence of GOTOs is both complex and exasperating. H you read 
the following program, which includes no more than five GOTO 
statements, you will get an idea of what· confusion can result from 
the abuse of this instrUction. The program certainly works, but that 
is hardly any justification for its complexity. 

PROGRAM 4-1 

],111111 GOTO ],5111 
. ],],111 GOTO ],3111 

],2111 GOTO ],],111 
],3111 PftINT "THIS IS NOT A STftUCTUftED PftOGftAM" 
14111 GOTO·16111 
],5111 GOTO ],2111 
],6111 END 

Although this is an exaggerated example, the fact is that most 
programs contain loops. In fact, it is felt by many programmers that 
a program that does not contain a loop is not worth writing in the 
first place. However, a leading authority on Computet ptogramming 
and one of the main proponents of structured programming, Edsger 
Dijkstra, is of the opinion that the quality of a program is inversely 
proportional to the number of GOTOs pre$eDt in it. How are we to 
reconcile his stand on the GOTO statement with the necessity for 
loops in every program? 

As one answer to this question, Commodore BASIC provides 
special constrUcts that preclude the use of the GOTO statement in 
some cases. The first of these is the FOR ..• NEXT loop. 

However, before getting involved with this loop, study the fol­
lowing program carefully and try to determine for yourself what it 
does. 

PROGRAM 4-2, VERSION 1 

],111111 I = ], 
],1111 PftINT "HI THEftE" 
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12111 I = I + 1 
13111 IF I > 3111111111 THEN ~5111 
14121 GOTO 11121 
15121 END \ 

It is clear that the literal "HI THERE", is printed many times. 
The question is, how many times? Is the answer 2,999, 3,000, 3,001 
-or perhaps some other number? The exact number can be de­
duced by replacing the number 3000 by a smaller and more manage­
able number such as 3. The program can then be traced by "playing 
computer," and whatever applies to 3 will apply equally to 3000. 
Since it will become clear that when line 130 compares I against 3 

. (rather than 3000) a total of 3 lines are printed, it therefore m~s 
that when 3000 is placed in line 130, exactly 3,000 lines are printed. 

The FOR ••• NEXT loop 

In computer programming it is often necessary for a sequence of 
instructions to be executed a specific number of times. The method 
just employed above does not make this number of repetitions im­
mediately apparent to the average reader. BASIC does provide, 
however, a streamlined equivalent to this segment of code. Instead 
of the six lines of code required by using an IF ... THEN state­
ment and worse-the dreaded GOTO statement-the following 
program accomplishes exactly the same purpose; but it is clearer, 
leaves no room for ambiguity, and moreover requires fewer lines, 
and therefore means less work. In short, it is a far more elegant 
solution to the problem. 

PROGRAM 4-2, VERSION 2 

1111121 FOR I = 1 TO 3121121111 
11111 PRINT "HI THERE" 
12111 NEXT I 
13111 END 



Structured Programming .• 79 

The END statment has been included only for the sake of consis­
tency wi.th version I-where; it was necessary to have a line for the 
GOTO to send control. In version 2, the END statement is superflu­
ous but not incorrect. 

The format for the FOR .•. NEXT loop is . 

line number FOR index variable .= starting value TO final value 

[body of loop] 

line number NEXT index variable 

The index variable name used with the FOR statement must be 
the same as that used in the NEXT statement, although in Com­
modore BASIC the variable name in the ~EXT statement is op­
tional. All the instructions beginning with the FOR statement and 
ending with the NEXT statement are regarded as the body of the 
loop. 

When a FOR • . . NEXT loop is encountered in a program, the 
starting and ending values are immediately computed and are st{)red 
for the duration of the loop. The starting value is then placed in the 
index variable. A test is then made to determine whether the index 
variable is greater than the ending value. If it is, the body of the 
loop is skipped over, and control is sent to the statement immedi­
ately following the NEXT statement. If the starting value is less 
than or equal to the ending value, the body of the loop is executed. 
On reaching the NEXT statement, the index variable (called I in 
Program 4-2, version 2) is automatically incremented by 1, and the 
process is repeated until the index variable is, indeed, greater than 
the ending value. As soon as this occurs, the loop is terminated and 
control is sent to the statement following the NEXT statement. In 
this way, controlled looping may occur without resort to the GOTO 
statement. 

Here are some of the rules governing the FOR ... NEXT loop. 

1. The index variable (sometimes called the control varia­
ble) is just another variable in the program. Within the 
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lccp its value may be used in the same manner as any 
cther variable; it may be printed and used in a. calcula­
ticn. As a rule, ho.wever, its value should no.t be 
changed-this sho.uld be left to. the auto.matic o.peratio.n 
o.f the FOR ..• NEXT lccp itself. By changing the 
value o.f the index (as in the fo.llo.wing example) 

1BB FOR I = 1 TO 1mm 
11m PRINT Ii 
12m I = 2mb 
13B NEXT I 

the value of the variable I suddenly beco.mes 206 
after executing line 120. When 206 is co.mpared to. 
the final value in the FOR statement (which is 100), 
the lco.p is terminated immediately, since 206 is greater 
than 100. This ccnfusing situatio.n sho.uld always be 
avo.ided. 

2. On exiting frcm a FOR ... NEXT loop the value o.f 
the index variable is no.t the final value but the final 
value plus the increment. This is true fo.r mo.st versio.ns 
o.fBASIC. 

3. Entry to., a FOR ... NEXT loop sho.uld always be 
made thro.ugh the FOR statement. The body cf the 
lccp shculd nct be entered from o.utside the lco.p, as 
illustrated in the fo.llo.wing example: 

1mm FOR I = 1 ·TO 3 
11m PRINT Ii 
12B NEXT I 
130 GOTO 11m 

RUN 
2 3 LI 

?NEXT WITHOUT FOR ERROR IN 120 , 

READY. 
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4. There is a nesting limit of nine levels. That is, nine 
FOR ... NEXT loops may be encased within another. 
However, care should be taken that all the index vari­

. abIes used have different names.\ (Nested loops will be 
discussed in detail shortly.) 

5. If nested loops are used their ranges should not overlap. 

The following program illustrates a simple application of a FOR 
... NEXT loop. It prints out the value of the index I, 12, and the 
square root of I, for all values of I ranging from 1 to 10. This 
program shows that the index of a loop may be used in a computa­
tion, as may any other ordinary variable. 

PROGRAM 4-3 

12H!! FOR I = 1 TO 121 
11111 PRINT 1,1 * I,SQR(I) 
12121 NEXT I 

RUN 
1 1 1 
2 4 1.41421358 
3 9 1.73205081 
4 18 2 
5 25 2.23808798 
8 38 2.lIlI948974 
7 49 2.64575131 
8 '84 2.82842713 
9 81 3 
10 100 3.18227788 

READY. 

If the starting value of the index is greater than the ending value, 
the loop is executed once-with the starting vaIue. This 'operation 
may be seen 'in the following program, where the literal "WHAT'S 
GOING ON?" is printed, once. 
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PROGRAM 4-4 

1BB FOR I = 1B TO 1 
11B PRINT "WHAT'S GOING ON?" 
12B NEXT I 

RUN 
WHAT'S GOING ON? 

READY. 

In the next program, there are no statements forming the body of 
the loop. Despite the fact that this omission may seem to be an 
error, such loops are commonly used to create delays; For example, 
a delay might be necessary in a program in which the user has to 
view the contents of ' the screen before pro ceding to the next step. 
For the message to remain on the screen long enough to be read and 
understood, a delay loop could be inserted in the program. As fast 
as the computer is, it still takes some finite time to execute a FOR 
.. _. NEXT loop-so programmers frequently include an "empty 
loop" to slow the computer down when it threatens to exceed the 
capacity of the human eye to keep track of what's being displayed. 
On the Commodore 64, a: loop ranging from 1 to 10,000 takes ap­
proximately 15 seconds to execute. (Don't forget, when writing a 
program never use commas to separate the thousands from the rest 
of the number, as in, for example, lO,OOO. Its inClusion will always 
result in an error message.) 

PROGRAM 4-5 

1BB FOR I = 1 TO 1BBBB 
11B NEXT I 

In the following program, the user is asked to type in a positive 
integer, N. The program then proceeds to calculate the sum of the 
integers from 1 to N, using a FOR .•. NEXT loop. 
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11121 INPUT' "ENTER YOUR VALUE fORN: ";N 
12121 fOR I = 1 TO N 
13121 SUM = SUM + I 
14121 NEXT I 
lSB PRINT "THE SUM OF THE INTEGERS FROM 1 

TO";N;"IS:";SUM 

RUN 
ENTER YOUR VALUE FOR N: 6 
THE SUM OF THE INTEGERS FROM 1 TO B IS: 21 

READY. 

This program may be criticized because it allows a user to type in 
a nonpositive value for N. For example, values such as -7 and - 2 
are not acceptable for this problem; It does not require much inge­
nuity, however, to include a "trap" in the program to "catch" any 
such user errors. An appropriate message could be prulted, stating 
the nature of the error, should it be made. This step has, in fact, 
been taken in the next version of the program, where in line 120 the 
value of N is tested to be sure that it is greater than zero. If it is, 
control passes to line ISO. If it's not, a warning message is printed 
(line 130), and the INPUT statement is repeated. 

PROGRAM'4-6, VERSION 2 

1121121 SUM = 121 
11121 INPUT "ENTER YOUR VALUE FOR N: ";N 
12121 IF N>B THEN GOTO lSH 
13121 PRINT "SORRY, N MUST BE POSITIVE" 
14121 GOTO 11121 
lSB FOR I = 1 TO N 
16121 SUM = SUM + I 
17121 NEXT I 
18121 PRINT "THE SUM OF THE INTEGER.S FROM 1 

TO" ;'N; "IS:"; SUM 
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. RUN 
ENfER YOUR VALUE FOR N: -3 
SORRY. N MUST BE POSITIVE 
E.NTER YOUR VALUE FOR N: 1111 
THE SUM OF THE INTEGERS FROM 1 TO 10 IS: 55 

READY. 

Once again, the program deserves some criticism. The astute 
reader will notice that although you have just learned how to avoid 
the GOTO in looping, the last program contains not one but two 
GOTOs. You shall now learn a new construct which eliminates one 
of the GOTOs. The other one cannot easily be eliminated. In gen­
eral, BASIC programmers cannQt totally escape the use of the 
GOTO statement, however much they may want to; it simply must 
be used sparingly and judiciously. 

PROGRAM +'6, VERSION 3 

1111111 SUM = 111 
11111 INPUT "ENTER YOUR VALUE FOR N: ";N 
12111 IF N <= 111 THEN PRINT "SORRY, N MUST BE 

POSITIVE":GOTO 11111 
13111 FOR I = 1 TO N 
14111 SUM = SUM + I 
15111 NEXT I 
1bl1l PRINT "THE SUM OF THE INTEGERS FROM 1 

TO";N;"IS:";SUM 

Multiple-Line Statements 

In version 3 of the program, which functions identically to version 
2, the THEN clause in line 120 contains two BASIC statements on 
the same line. The word "THEN" may be followed by any number 
of valid statements, provided they are separated by colons and do 
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not exceed the maximum permissible line length of 80 characters. 
This multiple statement is executed only if the test proves to be· 
true. If the test proves false, all the statements following the word 
THEN are skipped over. This type of multiple-line statement (more 
than one command on a given line number) is legal, not only in an 
IF ... THEN statement, but also in any other normal program 
line. For example, the statements 

lBB PRINT "DO YOU KNOW" 
llB PRINT "WHERE YOUR CHILDREN ARE?" 

.which print the two literals on separate lines, may be condensed into 
the single instruction 

lBB PRINT "DO YOU KNOW":PRINT "WHERE YOUR 
CHILDREN ARE?" 

whicbalso prints the literals on two separate lines. 
You have already seen how the sum of the integers from 1 to N 

may be computed with a FOR ... NEXT loop. Although the prob­
lem is useful as a demonstration of the manner in which the FOR 
•.. NEXT loop works, it is not the most efficient way to calculate 
the sum. A far better method is one attributed to the famous German 
mathematician and astronomer Karl Friedrich Gauss (1777 - 1855), 
who discovered it at the tender age of seven. He proved that the 
sum of the integers from 1 to N may be computed direcdy by the 
formula . 

S _NCN + 1) 
~- 2 . 

The following and final version of the program which utilizes. this 
formula is by far the most efficient. Not only is it shorter to Write 
but also it uses less computer time because, regardless of the value 
of N, only one addition, one multiplication, and one division are 
required. For large values of N ,the saving in time over the FOR 
• 1 • NEXT method is considerable. 
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PROGRAM 4-6, VERSION 4 

lmm INPUT "ENTER YOUR VALUE fOR N: ";N 
11m ~f N <= m THEN PRINT "SORRY~ N MUST BE 

POSITIVE":GOTO lmm 
12m SUM = N * (N + 1) I 2 
13m PRINT "THE SUM Of THE INTEGtRS fROM 1 

TO";N;"IS:";SUM 

Again, the values produced are identical to those shown for ver­
sion 2. The difference between the two versions li~ in the manner 
(and corresponding efficiency) with which the result is calculated. 

We would now like to return to the FOR .•• NEXT loop and 
consider several features not yet discussed. We have already ex­
plained that when the NEXT instruction is executed, the value of 
the index is incremented by 1. This does not always have to be the 
case, however. The full FOR statement contains a STEP clause 
following the ending value, specifying the increment that is added 
to the index each time around the loop. If the STEP clause is omit­
ted, the increment is assumed to be 1. This option was deliberately 
provided by the designers of the language, since 99 percent of FOR 
... NEXT loops do indeed use an increment of 1. 

If a FOR .. ~ NEXT loop uses a step other than 1, the number 
of times the loop is executed may be calculated exactly .. Assuming 
the general form 

FORI = JTOKSTEPL 

the number of times the loop is executed is give~ by the formula: 
I 

INT (K ~ J) + 1 

In the following program, the sum of the integers from 1 to N is 
first calculated by using the Gauss formula. Then by means of two 
separate FOR ... NEXT loops, the sum of the odd integers from 
1 to N and the sum of the even integers from 2 to N are computed. 
These two sums are then added together and compared to the result 
produced by the Gauss formula. 
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PROGRAM 4-7 

lmm INPUT "ENTER YOUR VALUE fOR N: ";N 
11m If N <= m THEN PRINT "SORRY, N MUST BE 

POSITIVE":GOTO lmm 
12m SUM =N * (N + 1) / 2 
13m ODDSUM = m 
14m fOR I =,1 TO N STEP 2 
15B ODDSUM = ODDSUM + I 
lbB NEXT I 
17B EVENSUM=B 
18B fOR 1=2 TO N STEP 2 
l'B EVENSUM = EVENSUM + I 
2mB NEXT I 
21m If SUM <>EVENSUM + ODD SUM THEN PRINT 

"THE~E'S AN ERROR 'SOMEWHERE ••• ":~ND 
22B PRINT "THE SUM Of THE EVEN NUMBERS ="; 

EVENSUM 
23B PRINT "THE SUM Of THE ODD NUMBERS ="; 

ODDSUM 
24B PRINT "THE GAUSSIAN TOTAL =";SUM 

RUN 
£NTER THE VALuE FOR N~ -7 
SORRY, N MUST BE POSITIVE· 
ENTER THE VALUE FOR Nt 8 
THE SUM OF THE EVEN NUMBERS = 20 
THE SUM OF THE ODD NUMBERS • 18 
THE GAUSSIAN TOTAL = 38 

READY. 

The STEP value need not be confined to a positive, or whole 
number. In the following program, a step value of .25 is used. The 
program prints out all the values between 1 and 3 in steps of .25. 

PROGRAM 4-8 

lBB fOR K= 1 TO 3 STEP .25 
11m PRINT K; 
12B NEXT K 

" 
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RUN 
1 1.25 1.5 1.75 2 2.25 2~5 2.75 3 

READY. 

The values are printed in packed format because of the semicolon . 
placed at the end of the PRINT statement in line 110. 

The next example demonstrates the capability of the FOR ... 
NEXT loop to count backwards. It merely prints out (in packed 
format) the values of the index as it proceeds from 5 to ,-4 in steps 
of -1. 

PROGRAM 4-9 

lmm FOR Q = 5 T~ -4 STEP -1 
11m PRINT Qi 
12m NEXT Q 

RUN 
5 4 3 2 1 0 -1 -2 -3 -4 

READY. 

Although the examples shown thus far have all cOntained specific 
constants for the starting, ending, and step values of the index, these 
values need not be specified explicitly. Ea~ one of these three values 
may be replaced. by an expression. For example, the statement 

lmm FOR K = A + 2 * B TO Q f 2 I (4 * X 
+ L) STEP ~4 I 7 *J 

is perfectly valid, as indeed is the simpler statement 

·lmm FOR I = X TO Y STEP Z' 

Intemal Documentation of Programs 

. Although the programs illustrated so far are sufficiently straight­
forward so as not to require any special explanation, industry-level 
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programs can be very long and complex. In such programs, it is the 
responsibility of the author to include adequate documentation of 
the program to enable any other programmer to modify it if neces­
sary. We have already shown by example how to create variable 
names that are self-descriptive (ODDSUM rather than X22FFS12 
or some such nonsense). Commodore BASIC permits the inclusion 
of explanatory remarks anywhere at all in the program. These re­
marks. may be inserted by means of the REM statement, which 
REMinds you of the logic of the program so that you_will REMem­
ber the important features. Whatever follows the REM statement is 
regarded as a REMark and is ignored by the computer, except that 
it is printed out in a listing of the program. Nothing in a REM 
statement affects the execution of a program in any way. 
, In addition to internal documentation (which does not appear 
during execution of the program), another commendable practice is 
to print a descriptive heading before any other output is produced 
by the program. At the option of the author, the author's name, 
address, and telephone number, as weU as the date the program was 
written, may also be included. Both internal and external documen­
tation are considered to be primary attributes of structured pro­
gramming. The following program, which performs several 
calculations and prints the result, contains samples of such internal 
documeIitation-several REM statements. 

PROGRAM 4-10 

1 III III 
11111 
12111 
13 III 
14111 

1 Sill 

lblll 
17111 
18 III 
19111 

~E~:lDEMONSTRATION OF THE REM STATEMENT 

B = 2 
C = 1 
Xl = (-B + SQR(B t 2 - 4 * A * C» / 
(2 * A) 
X2 = (-B - SQR(B t 2 - 4 * A * C» / 
(2 * A) 
REM BOTH ROOTS HAVE NOW BEEN COMPUTED 
REM NOW THEY ARE PRINTED . 
PRINT "THE ROOTS ARE:",Xl,X2 
REM: THE END 
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RUN 
THE ROOTS ARE: -1 -1 

READY. 

In the following program a simple and quite interesting conjecture 
is examined. Given any positive integer, the conjecture states that if 
it is even, it should be divided by 2. However~ if it is odd, it should 
be multiplied by 3 and 1 added to the result. Wltichever the case 
may be, th~ procedure is repeated in this way until 1 is reached. 
According to the conjecture, all positive integers converge to 1 when 
treated in this manner. The truth is, it has'never been proven to be 
true or false. Perhaps you can find a value for which it will not work. 
Should you try, good luck! In any case, it provides an excellent 
showcase for illustratiI:lg the use of structured logic. 

PROGRAM 4-11. 

lm~ PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
11~ PRINT "* *~ 
12~ PRINT"* CONVERGENCE-TO-l CONJECTURE *" 
13~ PRINT "* *~ 
14~ PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
15~ PRINT 
lb~ INPUT "PLEASE TYPE IN A POSITIVE,INTEGER: ";~ 
l7~ IF N <= ~ THEN PRINT "SORRY, N MUST BE 

POSITIVE":GOTO l6B 
l8B PRINT N; 
19B IF N=l THEN PRINT:PRINT "THE CONJECTURE 

HOLDS":END 
2~B IF N I 2 = INT(N I 2) THEN N = N I 2: 

GO TO l8B \ 
21B N = 3 * N + 1 
22B GOTO l8B 

RUN 
*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=* 
* 
* 
* 

CONVERGENCE-TO-l CONJECTURE 
* 
* 
* 
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PLEASE TYPE IN 
14 7 22 11 

5 16 8 4 2 
THE CONJECTURE 

READY. 

A POSITIVE INTEGER: 14 
34 17 52 26 13 40 
1 

HOLDS 

The Newton-Raphson Iteration Scheme 

20 10 

The next program illustrates further some of the features of struc­
tured programming. As you are aware, we have often resorted to 
the SQR function. to calculate the square root of an expression. 
Whenever a square root is required, the computer has to follow 
systematically a sequence of instructions expressly designed to cal­
culate the square root of any given value. Such a sequence of instruc­
tions is, in fact, stored in the computer. In the next program, a 
nearly identical method is used to calculate the square root of any 
'inputted number. The result is-then checked against the built-in 
SQR function to convince the programmer that the method really 
does work. 

The method used is attributed to Sir Isaac Newton and a contem­
porary of his named Raphson. According to the Newton-Raphson 
technique, a guess is made at the square root of the number. The 
closer the guess is to the actual square root, the quicker the square 
root is found. The process involves continually calculating new ap.d 
more accurate guesses by an "iteration" process, that is, one involv­
ing a loop. The loop is terminated when the latest guess is accurate 
to within some predetermined accuracy, say four decimal places. If 
the number whose· square root you wish to find is X, and you make 
an initial guess, GUESS, at its square root, the new guess is given 
by the formula 

GUESS = (GUESS + X I GUESS) I 2 

To find out if the newly generated value of GUESS is, in fact, the 
required square root, you have to test whether the absolute value 
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(given by the function ABS) of the guess squared divided by 'X 
minus 1 is less than some small value (usually called epsilon): 

ABS(GUESS f 2 I X - 1) < .BBBBBl 

The reason for this is that if GUESS is truly close to the square root, 
when it is squared it should be extremely close to the original value 
stored in X. This being the case, when 1 is subtracted from it, the 
result must be ~ery close to zero. If it is so close that it is less than 
.000001, you accept that value of GUESS as a very good approxi-' 
mation of the square root-at least, to the sixth decimal place. 

PROGRAM 4-12 -

lBB PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
llB PRINT "* *" 
12B PRINT"* NEWTON-RAPHSON ITERATION SCHEME *" 
13B PRINT "* *~ 
l4B PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
15B PRINT 
lbB INPUT "PLEASE ENTER YOUR VALUE FOR X: ";X 
l7B INPUT "AND NOW YOUR INITIAL GUESS: ";GUESS 
18B IF ABS(GUESS f 2 I X - 1) <.BBBB~l THEN 21B 
19B GUESS = (GUESS + X I GUESS) / 2 
2BB GOTO l8B 
21B PRINT "THE SQUARE ROOT OF";X;"IS:";GUESS 
22B PRINT "USING THE SQR FUNCTION, THE RESULT 

IS:";SQR(X) 

RUN 
*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=* 
* * 
* NEWTON-RAPHSoN ITERATION SCHEME * 
* * 

PLEASE ENTER YOUR VALUE FOR X: 123 
AND NOW YOUR INITIAL GUESS: 43 
THE SQUARE ROOT OF 123 IS: 11.090537~ 
USING ~HE SQR FUNCTION, THE RESULT IS: 11.0905365 

READY. 
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Ali Elementary Introduction to Subroutines 

When programs are written in structured style they are divided 
into separate modules, each of which has its own clearly defined role 
to play. Generally, the first or "main" routine triggers the secondary 
routines. Each of these may in turn call on other routines, which 
may be used to subdivide further a complex problem. According to 
structured-programming ad~ocates, programs written in this highly 
disciplined approach are error-resistant; accurate; faster to write, 
execute, and understand; and, therefore, easier to maintain. 

In BASIC, program segments designed to be modules may be 
called into action in what are known as subroutines. A subroutine is 
"called" or invoked by the GOSUB statement. Following the key­
word GOSUB is a line number indicating where in the program the 
subroutine is located. If it is at line 1000, the calling ins~ction 
would read 

line number GOSUB 1000 

The last executable statement in the subroutine must be a RETURN 
statement, which returns control to the "calling" routine, in partic­
ular to the statement immediately following the GOSUB instruction. 
If the same subroutine is called from different points in the program 
(as is often done to great advantage) the RETURN statement always 
returns control to the statement immediately following the GOSUB 
that invoked it, a feat that GOTO statements are utterly unable to 
emulate. The fundamental difference between the GOTO and the 
GOSUB statements is that the former sends control unconditionally 
to a given location in the program, as specified by the line number. 
On the other hand, when a GOSUB statement is used, the computer 

. "remembers" the location containing the GOSUB with the under­
standing that it will return there (or, at least, to the statement fol­
lowing it) when the RETURN statement is encoimtered. 

Subroutines are particularly useful when a segment of code is used 
at many different places within the program. In suc'h situations, the 
subroutine need appear only once in the program, regardless of how 
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often it is called. This element not only lends itself to shorter pro­
grams but also speeds up the process of writing them. However, as 
was previously mentioned, subroutines are useful as modules, even 
if they are not repeatedly executed. The following program is a 
simple illustration of subroutines. 

PROGRAM 4-13 

lBB PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
llB PRINT ~* *" 
12B PRINT."* FIRST ILLUSTRATION OF SUBROUTINES *" 
13B PRINT "* *" 
14B PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
15121 PRINT 
lbB PRINT "A"; 
17B GOSUB lBBB 
18B PRINT "B"; 
19B GOSUB lfZ1BB 
2BB PRINT "en; 
21B GOSUB lfZ1l21B 
22B END 
lBBB REM 
lB1B REM: SUBROUTINE PRINTS A LINE OF ASTERISKS 
lB2B' REM 
lB3B PRINT " ********************" 
lB4fZ1 RETURN 

RUN 
*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=* 
* * * FIRST ILLUSTRATION OF SUBROUTINES * 
* 

A ******************** 
B ******************** 
C ******************** 

READY.. 

* 
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Mter printing out the heading in lines 100 through 150, this 
program proceeds to print the literal "A" in line. 160. At that point, 
the subroutine that begins in line 1000 is invoked by the statement 
"GOSUB 1000." Control is immediately sent to line 1000, and the 
subroutine priilts the line of asterisks. Upon encountering the RE­
TURN statement in line 1040, control is returned to the statement 
following 170, which is 180. Line 180 prints the literal "B" and is . 
followed by line 190, which again invokes the subroutine in line 
1000. The asterisks are printed out once again and control returns 
to the line after the calling of GOSUB-this time, line 200. The 
same process is repeated after pnntingthe literal "C." Admittedly, 
this is a rather contrived example, but later on, when you have 
covered more material, subroutines will be exploited to great advan­
tage. 

Review Questions 

1 • AccordiIig to the proponents of structured programming, what 
is the most important aspect in the creation of a program? 

A program must be easy to understand and modify. Even if it 
takes much longer to create a program in structured style, it 
saves time in the long run. 

2 • What is the output of the following program: 

100 FOR W = 1 TO 3 
110 PRINT W;W * 2 
120 .NEXT W 

RUN 
2 

2 1I 
3 6 

READY. 
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3 • In the following FOR ... NEXT loop~, how many times will 
the body of the loops be executed? 

a. lBB FOR ZERO = 1 TO 5 
.11B N.EXT· ZERO 

b. lBB FOR DEG = -3 TO 3 
lUI NEXT DEG 

c. lBB FOR J = 5 TO 1 STEP .1 
lUI NEXT J 

d. lBB FOR CYNDY = 3 TO 6· STEP .25 
llB NEXT CYNDY 

e. lBB FOR SIT .= 1 TO 5 STEP .5 
llB NEXT SIT 

f. lBB FOR NYU = 3 TO 1 STEP -.75 
llB NEXT NYU 

a. 5 times. 
b. 7 times (the variable degree takes on the values - 3, - 2, 

-1, 0, 1, 2, and 3). . . 
c. 1 time (the starting value of the index variable J is already 

greater than the ending value, and the step value is posi­
tive). 

d. 13 times. 
e. 9 times. 
f. 3 times. The index takes on the values 3, 2.25, and 1.5. 

When it becomes .75 (which is less than 1), the loop ter­
minates. 

4 • Assuming that A, B, C, and D have the values 2, 3, 6, and .5, 
respectively, what output would you expect to the following 
program segment? 

lBB IF A < 8 THEN PRINT "A IS LESS THAN 
8" 

llB IF 8 + C < D THEN PRINT A;8;C;D 
12B IF A t 2 < 8 .t 2 THEN PRINT "IS THAT 

SO?" 



A IS .LESS THAN 6 
.IS THAT SO? 

READY. 
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5 • How many lines of output are printed by the following pro­
gram segment? . 

una PRINT "TWAS BRILLIG": PRINT "AND THE 
SLITHV TOGES" 

116 PRINT "DID GVRE AND GIMBOL":PRINT 
"IN THE WABE" 

Four lines (note the number of print statements). 

6 • Write an equivalent but shotter version of the statement 

fOR I = 1 TO 16 STEP 1 

fOR I = 1 TO lIZl 

7 • What is the purpose of the REM statement? 

The REM statement is used for internally documenting a pro­
gram .. It is displayed in the listing of a program but in no way 
affects its execution. 

8 • How is a subroutine invoked? 

By ~eans of the GOSUBstatement. 

9 • What is the essential difference between the GOTO and 
GOSUB statements? 

The GOTO is an unconditional transfer of control to a given 
line number. From that point, execution of the program con­
tinues in its normal, sequential fashion (unless redirected by 
another GOTO). With the GoSUB instruction, however, a 
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boomerang effect takes place. Mter co~trol is sent to the spec­
ified subroutine, the subroutine's instructions are executed se­
quentially until the RETURN statement is encountered. Then 
controtis returned to the calling routine-in particular, to the 
line following the GOSUB instruction. 

10 • How many times maya subroutine be called? 

There is no limit to the number of times a subroutine may be 
called. 

11 • What must be the last executable statement in a subroutine? 

The RETURN statement. 

12 • What is the maximum number of subroutines that may appear 
in a program? 

The number of subroutines is restricted only by the available 
memory. 

HANDS-ON PRACTICE 

1. Type.in and run the following program: 

lBB FOR I = lB TO 1 
llB PRINT I 
12B NEXT I 
13B PRINT "HOW ABOUT THAT?" 

Why does it execute the body of the loop only once? 

2. Examine the following program and determine the differennral­
ues that the index assumes. Confirm your conclusion by running 
the program. 

lBB FOR I = 44 TO llB STEP 5 
llB PRINT I 
12B NEXT I 
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TRy YOUR HAND AT THEsE 

1. Determine what the following progriml does and rewrite it in a 
simpler form. Run both programs to confirm your conclusions. 
(Hint: One statement is never executed.) 

Utili GOTO 15fl1 
110 GOTO 130 
120 PRINT "RIDICULOUS":END 
130 GOTO 120 
140 PRINT "EQUALLY RIDICULOUS" 
150 GQTO 110 

2. Rewrite the following programs in a more structlu:ed form using 
the FOR ..• NEXT loop. 

a. 100 I = 1 
110 I = I + 2.5 
120 PRINT I 
13B IF I <= lfl1 THEN llB' 

b. 10B R = 2.5 
110 PRINT R 
12111 R ='R+.5 
13B IF R > 5.5 THEN 15B 
140 GO.TO 110 
150 END 

3. Write a program that asks the user to type in a number repre­
senting a height measured in inches. The program should print 
that number and its equivalent in feet, yards, and miles. 
(Note: There are 12 inches to the foot, 3 feet to the yard, and 
1,760 yards to the mile.) 

4. Assuming there are 2.54 centimeters to the inch, convert an 
inputted value of centimeters to its equivalent in yards, feet, 
and inches. . 

5. Write a program that accepts as input two values: th~ price and 
the amount of tax on a purchase. Calculate the total cost for 
each sale and print out.the relevant details. 
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6. The sum of $2,000 is invested for a period of five years in a 
savings account which pays annual interest of 6 percent. Write 
a program to calculate the interest accrued and the final value. 
(Hint: Use a FOR .•• NEXT loop). 

7. Modify program 5 ~o that the user is free to type the principal, 
time period, and interest rate of one's choice. 

8. Write a program to sum the squares of the integers from M to 
N, where M and N are both user-inputted values. 

9. Write a program to calclllate the first N'terms of the Fibonacci 
sequence, where each number (not including the first two seed 
numbers) is the sum of the two preceding ones, as follows: 1, 
1,2, 3, 5, 8, 13,21,34, 55, 89, and so on. 

10. Modify the program specified in question 8 to print out all the 
numbers in the sequence that are less than N. 

11. Write It BASIC program that evaluates the algebraic equation 

3x2 + 5(x + 4)3 + 3 
Y = 3x + 19 

for values of x ranging from 1 to 10 in steps of 0.25. Print out 
the values of x and the corresponding values of y in a table 
containing suitable headings. Once the table is printed, print a 
message saying "this is the end of the table." 

12. Write a program that "sings" the famous drinking song "bottles 
of beer." A sample stanza is given: 

3 bottles of beer on the wall, 
3 bottles of beer; ,. 
if one of those bottles should happen to fall-
2 bottles of beer on the wall. 

The program should count down from 10 to 1. 
13. Write a program that computes the sum of the senes 

1 1 1 1 1 
4 + "1 + 10 + 13 + ... 301 
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14. Write a program to compute the sum of the series 

(The exclamation mark denotes factorial. Factorial 3 for exam­
ple, written as 3!, is 3 x 2 x 1. Similarly, 6! is 6 x 5 x 4 x 
3 x 2 x 1. Factorial O! is defined as 1.) 

This series is equivalent to 

1 1 1 1 1 1 
1 + 1 + 2 + 6 + 24 + . . . + 39916800 

(If you are mathematically inclined, you may find that the value 
"' obtained is of special interest. It is, in fact, the universal con-

stant e, which has a value of 2.718281828 .... ) 
15. Write a program to determine if a number is even or odd. 
16. Write a program to determine if an inputted number is prime 

or not. (A number is considered to be prime if it is not eveJily 
divisible by any whole number except itself and 1. So that 17, 
11, and 7 are all prime numbers, whereas 28 is not, being 
divisible by 14, among others.) 

17. Write a program to compute the average weekly wage earned 
by five employees. The number of hours worked and rate per 
hour are given and should be stored in DATA statements within 
the program. 

Number ofBours Worked 

10 
42 
57 
28 
3 

Rate of Pay 

5.50 
3.35 

10.92 
8.85 

50.65 

18. Modify the program you wrote for question 17 so that any 
employee who worked more than 40 hours is paid at time-and-
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a-half. (Round off the pay to the nearest dollar before printing 
it.) At the end, deterinine the total pay earned by all the em­
ployees and display it at the end of the program after skipping 
four lines. . 

( 



CHAPTER 

.~ 
Numeric Functions and 
Logical Operators 

In this chapter, you will become familiar with many of the math­
ematical tools which. make Commodore BASIC a powerful program­
ming language. Even if you are not particularly math-oriented, it is 
a good idea to farhiliarize yourself with all the math tools tha~ ~ 
Commodore 64 provides. Many programming techniques are po~ 
sible only by using these mathematical tools. If you do not, as yet, 
know trigonometry, some of the functions in this chapter may seem 
meaningless to you. However, they are included here for the sake of 
completeness, and if necessary, you may always refer to this chapter 
as the occasion demands. In particular, you will learn about 

II the SQR function 
• the INT function 
• the ABS function 
II the SGN function 
• the trigonometric functions (SIN, COS, TAN, ATN) 
• the logarithmic functions (EXP, LOG) 
• the RND function 
.11 the logical operators (AND, OR, NOT) 
• Boolean values 

. . II the complete hierarchy of the operators 
• swapping two values 
• user-defined functions 

103 
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In general, certain procedures are performed so frequendy that 
BASIC provides the programmer with built-in functions (also called 
library functions) that enable quick computation with a minimum 
of effort. You have already encountered the SQR function, which 
yields the square root of an expression-without a written program. 
All that is necessary is the library function, SQR, followed by a pair 
of parentheses in which is enclosed the nonnegative expression 
whose square root is required. For example, to store the square root 
of 169 into the variable X, all you need write is 

x = SQR(1b9) 

Printing X displays the square root of 169, which is 13. Fortunately 
for us, the Commodore ~4 prov~des many other useful 'functiQns 
which can be accessed just as easily. Every function follows the same 
design. They all consist of three letters followed by parentheses, 
into which the "argument" (the value to be operated on by the 
function) is included. The argument can be an expression, 

PRINT SQR(5B + 25 + 12 + b + 3 + 1 + 3) 
10 , 

READY. 

or it may involve variables: 

x = 2 

READY. 

Y = 3 

READY. 

PRINT SQR(X t 4'+ V t 2) 
5 

READY. 
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There are a total of 11 numeric functions built into the Commo­
dore 64. One particularly useful routine (as you will discover when 
your knowledge of programming expands) is the INT function. This 
is known mathematically as the "greatest integer" function (in some 
other computer languages, as the "FLOOR command") and is de­
fined as returning the highest integer value that is less than the 
argument. For example, 

PRINT INT(2.3) 

displays the truncated value 2, because 2 is the largest integer that 
is less than 2.3. Similarly, 

Q = -4.2 
PRINT INT(Q), INT(-2.9), INT(2.9) 

displays the values - S, - 3, and 2 in the first three print zones. 
The reason for this may be seen by examining the following number 
line: 

( I II II I I I 
-S -4 -~-2 -1 0 

Q -2.9 
1 2 I! 

2.9 

) 

4 S 6 7 

The values returned by the INT function can be visualized as the 
first integer immediately to the left of the value in question on the 
number line. 

An example of a problem that uses the INT function is in deter­
mining how many quarters are contained in a given sum of money. 
You know, for examp'e, without having to resort to a computer that 
$4.50 is equivalent to 18 quarters. However, if you have an amount 
such as $3.20, its equivalent value in quarters is 12, with a remain­
der of 20 cents. The number of quarters' that can "fit" into a given 
sum of money is given by the general formula 

INT (amount / .25) 
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so that the number of quarters in $3.20 is 

3.20/.25 = 12.8 

Since you cannot have .8 of a quarter, the answer is arrived at by 
taking the greatest integer less than 12.8, which is 12. Indeed, 12 is 
the integer portion of 12.8. 

The ASS Function 

Another commonly used routine (one you already have come 
across but only. in passing) is the ABS (absolute) function .. The 
absolute value of a number is always positive. In fact, it represents 
its distance away from zero on the number line, as illustrated in the 
following number line where the absolute values of - 5.2 and 3 are 
shown: 

-4 '-3 -2 -1 

3 is 3 units to 
the right of zero 

I 1 2 i 
I I I 

o 
- 5.2 ~< ____ -'--_--ll 

~ 5.2 is 5.2 units 
to the left of zero 

4 

I 
5 

I ) 

For example, if a' tourist visiting New York City's famous Fifth 
Avenue walks from Seventeenth to Thirtieth Street, you would say 
that the distance covered is 30 - 17 (which is 13) blocks. On the 
other hand, if the visitor were to walk back from Thirtieth to Sev­
enteenth Street, by that argument the distance covered would be 17 
- 30 (which is -13) blocks. Obviously, the distance is the same in 
both directions; what we are interested in is the absolute value of 
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me difference-namely, 13 blocks. You may notice that an interest­
ing property of absolute values is that the distance may be expressed 
in two different ways that yield the identical results: 

ABS(start - finish) 

and 

ABS(jinish - start) 

The SGN Function 

On occasion it is useful to determine the sign of an expression. 
This is the purpose of the SGN (signum) function, which returns 
the value -1 for any negative number, 0 for a value of zero, and 
+ 1 for any positive value. It is illustrated in the following program. 

PROGRAM 5-1 

lmm PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
11m PRINT "* *" 
12m PRINT"* ILLUSTRATION OF THE SGN FUNCTION *" 
13m PRINT "* *" 
14m PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
15m PRINT 
16m SUM = m 
17m READ A 
18m IF A = -9~99 THEN 21m 
19m SUM = SUM + SGN(A) 

. 2mm GOTO 17m 
21m IF SGN(SUM)=1 THEN PRINT "THERE ARE"~SUM~ 

"MORE POSe THAN NEG. NUMBERS":END 
22m IF SGN(SUM) = -1 THEN PRINT "THERE ARE"~ 

-SUM;"MORE NEG THAN POS NUMBERS":END 
238 PRINT "SAME NUMBER OF POSe AND NEG. NUMBERS" 
24m DATA 5,4,3,-2,-1,8,-3,-4,~5,-9999 
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RUN 
*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=* 
* * * ILLUSTRATION OF THE SGN FUNCTION * 
* * *=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=* 

THERE ARE Z MORE NEGATIVE THAN POSITIVE NUMBERS 

READY. 

In this program the first value of A is S. Since 5 is positive, 
SGN(A) yields the value 1. This value is added to the value of SUM, 
which was initialized to zero. Each time a negative number is read, 
SGN(A) yields the result of -1, which is also added to SUM. If 
more negative than positive numbers are included in the DATA 
statement '(as is the case in this example) the final value of SUM is 
less than zero. To make this value more meaningful, its absolute 
value is taken by the ABS function, thus converting it to a positive 
number. 

The Trigonometric Functions 

The commonly used trigonometric functions sine, cosine, and 
tangent are also available by using the library functions SIN, COS, 
and TAN. In each case,the argument specifies the angle in radian 
measure. The only inverse function ordinarily available is the ATN, 
or arctangent function, which returns the arctangent (in radians) of 
the argument. In the following table, some typical trigonometric 

. expressions are evaluated: . 

Expression 

SIN(O) 
SIN(3.1415926535) 
COS(O) 
COS(3.1415926535) 
TAN(O) 
TAN(ATN(2)) 

Value Returned 

o 
o 
1 

-1 
o 
2 
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In the last example shown, since TAN and A TN are inverse 
functions, they cancel each other out and return the original argu­
ment. Other less commonly used trigonometric functions have not 
been implemented into Commodore BASIC. 

Logarithmic FUnctions 

The natural logarithm of a number is found by the LOG function. 
Mathematically, it returns the power to which the universal constant 
e is raised to equal the argument. This may be written as 

ex = argument 

or as it is often expressed 

x = In (argument) 

where x is the value returned and e is approximately equal to 
2.71828183. Examples of the LOG function in BASIC follow: 

PRINT LOG(1) 
o 

READY. 
PRINT LOG(2.71828183) 

1 

READY. 

It is often desirable to take a logarithm to some base other than e. 
The so-called common logarithm, for example, has a base of 10. To 
convert from the natural logarithm to any other base, the following 
formula may be used: 

LOG(y) 
x = LOG(b) 

where x is the logarithm of y to the base b. Written in BASIC, 
therefore, the common logarithm of 100 can be computed by 
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PRINT LOG(leS) I LOG(le) 
2 

READY. 

The inverse function of LOG is EXP, which raises e to the power 
specified by the argument, as shown in the following examples: 

PRINT EXP(IZI) 
1 

READY. 
PRINT EXP(l) 

2.71828183 

READY. 

The Random Function (RND) 

For many types of numerical computation and for many computer 
games as well, the computer's ability to generate random numbers 
-numbers chosen from the computer's "hat" -can be very useful. 
The function RND generates a random number between 0 and 1 
(not including 1) to provide this important feature". With the RND 
function, the value of the argument is unimportant; only its sign is 
examined. The first and simplest form of the random function is the 
instruction 

PRINT RND(X) 

(where X is any positive number), which displays a random value 
such as 

.328780872 

The fact of the matter is, however, that these random numbers 
are not truly random; they are "pseudo-random." Each time the 
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computer is turned on and a random number is generated by the 
RND function, the same number will always result. This is equiva­
lent to knowing in advance who will win a horse race or how a 
thrown die will roll. In 'fact, the series of random values is predict-

. able not only for the first number but also for any sequence of 
numbers since these numbers are generated by a standard formula 
stored· within the computer. For most purposes, the sequence of 
numbers generated by this method is random enough and quite 
satisfactory. If it is necessary to start the sequence from a different 
number each time the program is run, the sequence can be made to 
start from a different point. This is known as "reseeding" the ran­
dom number generator and is accomplished by the RND function 
with an argument of 0: 

PRINT RND (121) 

This statement uses the RND(O) function to restart the random 
number sequence from an unknown point, making it more random 
since we can no longer predict where in the sequence it is. The value 
returned by RND(O) is also between 0 and 1 (not including 1), but 
its value depends on how long the computer has been switched on. 
This value is measured in such -fine units that it is impossible for a 
human to predict what the number will be. 

The RND function provides one other option. If the argument of 
the function is made negative, a certain value will be returned. The 
returned value differs for each argument used, but it will always be 
the same for the same negative argument. For example, the state­
ment 

PRINT RND(-1) 

displays the value 

Z.991961172E-08 

and will do so every time the statement is executed, whereas the 
statement 
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PRINTRND(-4) 

always returns the value 

2.882111BB2E-08. 

The capability of the computer to produce random numbers is 
indeed one of its most fascinating features. In the following pro­
gram, a series of coin flips is simulated by using the random function 
generator. Any number between 0 and .5 (notinc1uding .5) is re­
garded as "heads" and all other numbers as "tails." The user enters 
a value for N which specifies the number of flips to be simulated. 

PROGRAM 5-2 

lBB PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
llB PRINT "* *" 
12B PRINT "* COIN FLIPPING *" 
13B PRINT "* *" 
14B PRINT "*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*" 
15B PRINT 
lbB INPUT "HOW MANY FLIPS";N 
17B HEADS = B:TAILS = B 
18B FOR I = 1 TON 
19B IF RND(l) < .5 THEN HEADS = HEADS + 1: 

GOTO 21B I 

2BB TAILS = TAILS + 1 
21B NEXT I 
22B PRINT "THERE WERE";HEADS;"HEADS AND"; 

TAILS;"TAILS." 
23B PH = HEADS / (HEADS + TAILS) * lBB 
24B PT = TAILS / (HEADS + TAILS) * lBB 
25B PRINT "THE PERCENTAGE OF HEADS =";PH 
2bB PRINT "THE PERCENTAGE OF TAILS =";PT 

RUN 
*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=* 
* * 
* 
* 

COIN FLI PPING * 
* 








































































































































































































































































































































