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CHAPTER 1.
INTRODUCTION TO THE
COMMODORE 64 & ITS PERIPHERALS

INTRODUCTION

In this book, we will describe the Commodore 64 personal
computer as well as many of the peripherals available for use
with the 64, such as the Commodore 1541 disk drive,
Datassette cassette recorder, and Commodore 1525 printer.

In chapter 1, we will discuss the features of the 64 and its
peripherals. In Chapter 2, we will discuss the installation and
operation of the 64 and its peripherals. A section on
troubleshooting the 64 is included.

In Chapter 3, we will discuss programming the 64 in the
BASIC language. Chapter 4 consists of a reference guide to
the various BASIC commands and statements available for
use with the 64.

Chapters 5, 6, and 7 describe the installation, operation, and
programming of the Datassette cassette recorder, the 1541

disk drive, and the 1525 printer, respectively.

Finally, Chapter 8 deals with the creation of graphics and
sound on the Commodore 64.

COMMODORE 64 OVERVIEW

The Commodore 64 is pictured in lllustrations 1-1, 1-2, and
1-3. Notice the following features in these lllustrations.
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llustration 1-1. Commodore 64 (Top View)

1. Power Light

Keyboard--Used for inputting instructions and information
into the 64.

Power Light--Indicates whether the 64 is powered on.

Power Cord Socket--Used to connect the power supply to
the 64.

On/Off Switch--Used to power on/power off the 64.

Game Ports--Used to connect joysticks or other game
controller devices.

Cartridge Slot--Used to accept program or game cartridges.

Channel Selector--Used to select the TV channel on which
the computer’s video output will be displayed.

TV Connector--Used to supply both sound and video to a
television set connected to the 64.

Audio & Video Output--Used to supply separate audio and
video signals. The audio signal can be output through a high
quality sound system. The video signal can be sent to a
monitor.
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lllustration 1-2. Commodore 64 (Side View)

1 & 2. Control Ports 3. On/Off Switch 4. Power Cord Socket

Serial Port--Used to connect either a single disk drive or a
printer.

Cassette Interface--Used to connect the Datassette cassette
recorder.

User Port--Used to attach various interface cartridges such as
the RS232 communication cartridge or the VIC-MODEM.

Commodore 64 Specifications

The 64 comes with the following components and
accessories:

® Commodore 64 Computer Console

® AC Power Adapter (see lllustration 1-4)
® Video Cable (see Illustration 1-4)

® TV Switch Box (see lllustration 1-4)

The AC Power Adapter converts regular AC current to alow
voltage that can be used by your 64. The AC Power Adapter
can be plugged into any normal household outlet. The AC
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Illustration 1-3. Commodore 64 (Rear View)

I—— S . A . . o
1. Game Port 2. Channel Selector 3. RF Modulator Output

4. Audio/Video Output 5. Serial Port 6. Cassette Interface
7. User Port

Power Adapter’s small plug should be connected to the
Power Cord Socket (see Illustration 1-2).

Thevideo cableisused to connectthe64toa TV set. When a
TV set is used for video display, the video cable must be
connected toa TV Switch Box, whichisin turn connected to
the television set. The 64 has a built-in RF modulator. An RF
Modulator converts the 64’s video signal so that it is
compatible with a TV set.

Computer Memory

Computer memory is measured in units known as bytes. A
byte is used to store a single character in the computer’s
memory. Bytes are represented in units of measurement
known as kilobytes or K. 1K is the equivalent of 1024 bytes.
Your 64 is supplied with 64K of RAM.
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lllustration 1-4. AC Power Adapter, Video Cable,
TV Switch Box

Computer memory can be one of two types; ROM or RAM.
ROM stands for read-only memory. ROM will hold the data
stored in it permanently. If the power to the 64 is shut off, the
information stored in ROM will remain there. ROM
contains the programs which are used to operate the 64 and
allow it to interact with the user.

RAM stands for random-access memory.* The data stored in
RAM can be changed. Applications programs are often
transferred from diskettes or cassette to RAM. Any data
stored in RAM is lost when the 64’s power is turned off.

* Random access memory is a somewhat misleading term to describe RAM,
as most memory (including ROM) is randomly accessed.
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Commodore 64 Peripherals & Accessories
A complete Commodore 64 system is depicted in Illustration
1-5. Notice the available peripherals. These will be explained

in the following sections.

Ilustration 1-5. Commodore 64 System

1. Monitor 2. 1525 Printer 3. 1541 Disk Drive 4. Datassette
Cassette Recorder 5. Console

Datassette Cassette Unit

Cassette tape can be used to store programs held in RAM.
These programs can then later be transferred back into RAM
from cassette tape. The Commodore Datassette, as pictured
in Hlustration 1-6, is designed for use with the 64. Several
thousand characters can be stored on a standard cassette
tape by using the Datassette.

Commodore 1541 Disk Drive

A disk drive is a much more efficient device for storing data
than a cassette recorder. A disk drive allows greater storage
capacity, quicker access to data, as well as fewer errors in
data transfers.
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The 1541 disk drive is designed for use with the Commodore
64. The 1541 disk drive is virtually identical to the 1540 disk
drive. Both can be used with the Commodore VIC-20
computer. However, the 1540 disk drive must be modified
by a Commodore dealer for use with the Commodore 64.

Ilustration 1-6. Datassette Cassette Recorder

—

Hlustration 1-7. Commodore 1541 Disk Drive
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Commodore 1525 Printer

The Commodore 1525 printer can be used with the
Commodore 64. The 1525 printer is virtually identical to the
1515, except for the fact that the 1515 can only be used with
the VIC-20. The 1525 can be used with either the 64 or the
VIC-20. The 1525 printer is pictured in lllustration 1-8.

Hlustration 1-8. Commodore 1525 Printer

VIC Modem

The VIC Modem is a communications device which allows
the Commodore 64 to communicate with other computers
over telephone lines. The VIC Modem allows Commodore
64 owners to access large data bases such as the Source,
Dow Jones News Retrieval Service, and Compuserve.

Interface Cartridges

Various interface cartridges are available for the
Commodore 64 which allow a number of peripheral devices
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such as printers, controllers, modems, and instruments to be
connected to the 64.

An IEEE-488 Cartridge is available which allows the
Commodore 64 to use a number of Commodore CBM
peripherals such as CBM printers and disk drive units.

It is anticipated that Commodore will announce a 780
cartridge shortly for use with the 64. This cartridge will allow
the 64 to run CP/M. CP/M is perhaps the most widely used
personal computer operating system. A great number of
applications programs are available which run under CP/M.

SOFTWARE

Software can be described as the instructions or programs
that cause the computer to operate. Several different class-
ifications of software exist for the performance of different
functions. These can be classified as operating systems,
languages, and applications programs.

Operating Systems

An operating system can be defined as a group of programs
which manage the overall operation of the computer. The
operating system performs system operations such as
controlling data input/output, memory assignments, etc.
The 64 operating system is stored permanently in ROM.

Languages

Applications programs are generally written in a high-level
language thatis different from the instructions the computer
uses. A program known as an interpreter must be used to
translate the high-level language into a form that the
computer can comprehend.



18 Commodore 64 User’s Handbook

BASIC is the high-level language generally used with the 64.
The 64’s BASIC interpreter is contained in ROM.

Applications Programs

Applications programs are those written to accomplish a
specific task. Examples of applications programs are games,
word processing programs, financial forecasting programs,
and accounting programs. Generally, applications programs
are stored on cassette or diskette and are transferred into
RAM, where the program is available to the computer.

Applications programs for the 64 can also be stored in a
permanent form on a ROM cartridge. This ROM cartridge
can be plugged into the Cartridge Slot.



CHAPTER 2.
INSTALLATION and OPERATION
OF THE COMMODORE 64

INSTALLATION

First of all, when you unpack your Commodore 64, save the
carton and packing material. These should be used if the 64 is
to be moved or stored.

The 64 is easy to install. First of all, position your 64, TV set or
monitor, and any peripherals so that they are easily accessed.
You will need two AC electrical outlets -- one for the 64, and
the second for your TV set or video monitor.

Locate the 64’s On/Off switch on the right hand side of the
console and be certain that it is positioned to Off. Next, plug
the power supply unit’s cord into an AC electrical outlet.
Plug the other end into the 64’s Power Cord Socket.

Connecting the Commodore 64 to a TV Set

Your nextstep is to connect the 64 to either a television set or
a monitor. To connect the 64 to a TV set, first connect the
video cable to the TV Connector on the rear of the 64. Since
both ends of the video cable are identical, either can be
connected to the TV Connector.

Your next step is to install the TV Switch Box to your TV set
(see lllustration 2-1). The TV Switch Box has been designed
so that it can be permanently installed on your TV set, as it
allows regular TV reception as well as video output for the
64. The Switch Box has an adhesive backing that can be used
to attach it to the back of your television.
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lustration 2-1. TV Set/Commodore 64 Installation

1. Switch Box 2. Computer/TV Switch 3. VHF Hookup
4. Antenna Hookup

The Switch Box contains a switch marked Computer/TV.
When this switch is at the Computer position, the TV set
receives its signals from the 64. When the switch is set to the
TV position, the TV set receives its signals from your
television antenna.

To install the TV Switch Box, first disconnect your television
antenna from the VHF terminals at the back of your
television. Then, connect the two wires leading from the
Switch Box to the twin VHF terminals and tighten the screws.

Next, connect the video cable to the Switch Box. Be certain
that the switch in the center of the Switch Box is set to
"Computer” and turn on your TV set and 64.

Your TV setshould be tuned into VHF channel 3 or 4--which-
ever corresponds to the setting of the 64’s Channel Selector.
If you wish channel 3, move the Channel Selector to the left.
Channel 4 can be selected by moving the Channel Selector
to the right. Select whichever channel has the weakest
reception in your area.
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When the 64 has been properly installed and powered on,
the following screen display will appear.

***¥*COMMODORE 64 BASIC V2**** x

64K RAM SYSTEM 38911 BASIC BYTES FREE
READY
L]

\ /

If you wish to have the option of viewing either your
television set or displaying the 64’s output without having to
disconnect the Switch Box, you can do so by connecting
your VHF antenna leads to the terminals with the label
“connect to antenna”.

If your antenna is the round 75 ohm coax variety, you will
need a 75 ohm to 300 ohm converter to connect your
antenna cable to the RF modulator. See Illustration 2-2 for an
example of a 75 ohm to 300 ohm converter.

Once the VHF antenna leads have been connected to the RF
modulator, your TV set can be viewed when the switch on
the Switch Box is set to the TV setting.

Connecting the Commodore 64 to a Monitor and/or
Audio System

The Commodore 64 can also be connected to a monitor for
visual output and/or to a stereo system for audio output.

This connection is accomplished through the Audio and
Video Output jack on the rear panel »f the 64. A standard
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lllustration 2-2. 75 Ohm to 300 Ohm Adapter

5-pin DIN audio cable can be used to make the physical
connection. This cable is not supplied with the 64, but can be
obtained from most electronics or audio stores.

The DIN cable connects directly to the Audio & Video
Output jack. Two of the four pins on the opposite end of the
cable carry the audio and video signals. The black connector
carries the audio signal. This should be connected to either
the Audio In jack of the monitor, the Audio In jack of avideo
cassette recorder, or the Auxiliary input of astereo amplifier
or receiver.

The white or red connector carries the video signal. This
should be connected to the Video In jack of a monitor ora
video cassette recorder.

Your 64 is now ready for operation. Should you have
additional peripherals such as a Datassette recorder, 1541
Disk Drive, or 1525 printer, consult Chapters 5, 6, and 7
respectively for installation instructions.
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TROUBLESHOOTING THE COMMODORE 64

If you do encounter a problem with your 64, chances are that
you may be able to solve the problem yourself. Use Table 2-1
as an aid in finding the cause of the problem and its solution.

Table 2-1. Commodore 64 Troubleshooting Guide

Problem

Problem Origin

Problem Solution

No video display
with power light
off.

AC Power Adapter
unplugged from AC
outlet

Commodore 64 not
connected to AC
Power Adapter

Commodore 64 Pow-
er Switch is off.

Bad fuse

Check connection be-
tween wall outlet and AC
Power Adapter.

Check connection be-
tween Power Socket and
AC Power Adapter.

Turn Power Switch to On
position.

Take the 64 to an author-
ized Commodore Service
Center for replacement of
fuse.

No video display
with power light
on.

TV tuned to thewrong
channel

Video Cable not con-
nected

Switch Box not
properly connected

Switch Box Switch
set incorrectly

Tune your TV to Channel 3
or 4--whichever corre-
sponds to the setting on the
Channel Selector.

Check connection between
the 64 and the Video Cable.
Also, check the connection
between the Video Cable
and the Switch Box.

Be certain that the Switch
Box is properly connected.
Check to be certain that the
twin wires are connected to
the VHF terminals--not the
UHF.

Be certain that the switch in
the center of the Switch

Box is set to "Computer”
when the 64 is in use.

Poor quality color
or no color on TV
set.

TV is improperly
tuned or color is ad-
justed incorrectly.

Tune TV and/or adjust
color.
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Adjusting the Color on the Video Display

You may find it necessary to adjust your TV set so that it
outputs the colors specified by the 64. By following a simple
procedure, this adjustment can be made.

First of all, press the L key on your 64 several times. Then,
locate the Control key on the upper left-hand side of the
keyboard. Press the Control and 9 keys simultaneously, and
then release them both.

After pressing Ctrl-9*, you might notice that no output
appeared on the video screen. However, that does not mean
that the video screen was not affected by Ctrl-9. Again, press
the L key several times. Notice that L is displayed in reverse.
Pressing Ctrl-9 causes subsequent screen characters to be
displayed in reverse.

Next, press the space bar and hold it down. A light blue line
will begin filling the currentrow on the screen, moving from
left to right.

Release the space bar and press Ctrl-1. Again, press the space
bar and hold it down. The line will again fill the screen row,
however it will be black in color instead of light blue.

Try pressing Ctrl-2 and then hold down the space bar. The
line will now be white.

Notice that the number keys (1-9) each have a color
indicated on the front of the key. By pressing the Control key
and the corresponding number key, the desired color will
be output when the space bar is pressed.

*Ctrl-9 denotes pressing the 9 key while holding down the Control key.
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If the colors displayed on your screen are incorrect, adjust
the color and tint controls on your TV set so that they match
the colors noted on the number keys.

To return to the normal screen display, hold down the Run/
Stop key and press Restore. The screen will return to its
normal display.

COMMODORE 64 KEYBOARD

The 64 keyboard (see Illustration 2-3) contains many of the
same keys arranged in the same order as a regular
typewriter. The 64 also contains several additional keys not
found on a regular typewriter keyboard. These will be
explained in detail later in this section.

Also, as you have probably already noted, many of the keys
on the 64 keyboard contain one or two identification
symbols on the front side of the key as well as on top of the
key. We will explain the procedures for generating the
characters displayed on the front side of these keys later in
this section.

In the next sections, we will discuss the usage of all of the
keys on the 64 keyboard. We recommend that you
experiment with these keys as you read these sections. Do
not worry about damaging the computer. Any error
situation caused by keyboard entries can be corrected by
merely turning the 64 off and then on again.
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Illustration 2-3. Commodore 64 Keyboard

Restore Key

The Restore key function is used to reset the 64. When the 64
is reset, the computer reacts much as it does when it is first
turned on. The screen is cleared when the 64 is reset.
However, any programs stored in RAM are kept there, and
can be listed or run.

To reset the 64, hold down the Run/Stop key and press the
Restore key.

Return Key

As characters are entered via the keyboard, these characters
are displayed on the video screen and also saved in memory.
However, these characters are not actually interpreted by
the computer until the Return key has been pressed. The
Return key tells the 64 that the line into which characters are
being typed has been finished.

When Return is pressed, the 64 will review the line just
entered for errors. If any errors are found, an error message
will be displayed.



Installation & Operation of the Commodore 64 27

Shift Keys & Shift Lock Key

Like a typewriter, the 64 has two Shift keys as well as a Shift
Lock key. However, unlike a typewriter, the keys for the
letters (A-Z) generally produce upper-case letters on the 64
upon start-up when the Shift key is released.

If the Shift key is depressed with the key for a letter (A-Z) or
one of the following symbols,

t-f@*1
the graphics symbol on the right hand side of the front of the

key will be generated. For example, if Shift-M was pressed
five times, the following output would result.

4 p

READY
ANANNY

o /

When the Shift key is pressed with one of the function keys
(f1 - 8), the function noted on the front of the key (f2, f4, 6,
f8) will be generated.

Commodore Key

The Commodore key is located on the lower left hand side
of the 64 keyboard and has the following symbol printed on
its top.

&
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As we mentioned in the last section, the Shift key is used to
generate the graphics symbol on the right hand side of the
front of the various graphics keys. The Commodore key is
used to generate the graphics symbol on the left hand side of
the front of these graphics keys.

Lower Case Characters

If both the Shift and Commodore keys are pressed
simultaneously, the 64 is placed in the text mode. The text
mode allows the user to generate lower case as well asupper
case characters. However, only those graphics characters on
the left hand side of the front of the graphics keys are
available.

Lower case characters are generated by pressing keys in the
Unshift mode. Upper case characters are generated by
pressing keys in the Shift mode.

The graphics characters on the left hand side of the front of
the graphics key are generated by pressing the Commodore
key and the graphics key desired.

Cursor Up/Down Key

The Cursor Up/Down key is located to the immediate right
of the shift key on the right hand side of the 64 keyboard. In
the Unshift mode, the Cursor Up/Down key moves the
cursor down one row every time it is pressed. In the Shift
mode, the cursor is moved up one row every time Cursor
Up/Down is pressed.

Notice that the Cursor Up/Down key has a repeat feature.
That is, when the Cursor Up/Down key is pressed, the cursor
movement function will be repeated until the key is re-
leased. This is also the case with the Cursor Right/Left key.

Cursor Right/Left Key

The Cursor Right/Left key moves the cursor to the left (in the
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shift mode). Notice that both the Cursor Right/Left and
Cursor Up/Down keys do not affect any characters over
which they pass.

Clear/Home Key (CLR/HOME)

In the Unshift mode, the Clear/Home key moves the cursor
to the screen’s home position (the upper left hand corner).
In the the Shift mode, pressing the Clear/Home key clears
the screen as well as moves the cursor to the home position.

Insert/Delete Key (INST/DEL)

In the Unshift mode, pressing the Insert/Delete key causes
the character to the immediate left of the cursor to be
deleted. If the cursor is positioned in the middle of a line of
characters when Insert/Delete is pressed, the character to
the immediate left of the cursor will be deleted. All
characters to the right of the cursor will move one position
to the left to fill the space vacated by the character being
deleted.

In the Shift mode, pressing the Insert/Delete key results in a
space being inserted to the immediate right of the cursor. If
the cursor is positioned within a line of characters, pressing
Insert/Delete in the Shift mode will open up a space in the
line into which a new character can be inserted.

The primary usage of the Insert/Delete key is in correcting
keyboard entry errors.

Control Key (CTRL)

The Control Key can be used in conjunction with other keys
to perform special functions. These functions can be defined
within an applications program.

The Control key can also be used in combination with the
Color keys to select Color keys to be output on the video
display. The Control key must be depressed concurrently
with the desired Color key.



30 Commodore 64 User’s Handbook

Color Keys

The eight Color keys are located at the top of the keyboard.
By pressing the Control or Commodore key simultaneously
with a Color key, any subsequent character will be displayed
in the color selected.

Reverse On/Reverse Off Keys (RVS ON, RVS OFF)

By pressing the Control and Reverse On keys simultan-
eously, all characters input via the keyboard will be
displayed in reverse. For example, if the L key was depressed
with Reverse On, the L would be displayed in dark blue
against a light blue background. This is exactly the opposite
of the normal display.

If the Control and Reverse Off keys are pressed simultan-
eously, normal output will resume.

Run/Stop Key

In the Unshift mode, Run/Stop instructs the 64 to stop
whatever operation it is performing and to return control
back to the operating system. Run/Stop in the Unshift mode
generally is used to halt a program.

In the Shift mode, pressing Run/Stop instructs the 64 to
begin loading a program from the Datassette tape cassette
unit.

Function Keys (f)

The four function keys on the right hand side of the 64
keyboard can be programmed so that they execute a
predefined operation or function.

These function keys can be programmed by the user to
execute a great number of different tasks. By doing so,
operations which are to be repeated can be undertaken
merely by pressing the desired function key.
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Commodore 64 Screen Display

The Commodore 64 screen display consists of 25 rows of 40
columns each. Therefore, a total of 1000 screen locations are
available.

Correcting Keyboard Entry Errors

Keyboard entry errors can easily be corrected as long as
Return has not been pressed to end the line. The following
keys and key combinations can be used to position the
cursor and make any necessary corrections.

Cursor Up/Down Key
Cursor Right/Left Key
Clear/Home Key
Insert/Delete Key
Return Key

Space Key

Error Messages

When an incorrect entry is made, the Commodore 64 will
respond with an error message. The error message will
provide some explanation of the error encountered. A list of
the error messages and a description of each is provided in
Appendix A.

Error messages inherent to an applications program being
run on the computer may also be displayed. Consult the
program’s documentation for an explanation of these error
messages.

DATASSETTE CASSETTE RECORDER

The Commodore Datassette Cassette Recorder allows the
user to store programs on cassette tape for later use. The
Datassette uses regular audio cassette tapes. As most
programs use very little tape for storage, it is generally a
good idea to use shorter rather than longer tapes.
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Avoid using bargain brand cassettes, as these tend to jam in
the machine. This, of course, could cause you to lose your
programs.

When using cassette tapes to store programs, be sure to label
the cassette with the names of the programs stored on it as
well as any necessary data pertaining to the program.

Generally, cassettes have two write protect notches along
their top edge, one for each side of the tape. These are
shown in lllustration 2-4. Blank cassettes generally have tabs
which cover the write protect notch. By removing these tabs
and exposing the hole underneath, programs cannot be
written onto the cassette tape. If you later wish to write to a
cassette tape after the tabs have been removed, you can do
so by covering the write protect notches with tape.

Illustration 2-4. Cassette Tape Write Protect Notches

1. Write Protect Notches
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As mentioned in the preceding paragraph, one of the write
protect notches is used to protect one side of the tape, while
the other notch protects the second side. You can determine
which write protect notch protects which side of the tape by
holding the cassette so that the exposed tape is facing
towards you, and the side that is to be protected is facing up.
By removing the tab on the left side of the cassette, the side
of the tape facing up will be protected. By removing the tab
on the right side, the side of the cassette facing down will be
protected.

The operation and usage of the Datassette cassette recorder
will be explained in more detail in Chapter 5.

1541 DISK DRIVE

By including one or more 1541 Disk Drives in your computer
system, you can save programs on diskette rather than on
cassette. The 1541 uses standard 5% inch floppy diskettes.
The storage capacity of these diskettes is 170K and they are
compatible with other Commodore PET and CBM computer
systems.

Diskette Handling Procedures

Rule 1. The first rule to remember when handling diskettes
is to keep them away from any magnetic object -- or any
metallic objects that could have become magnetized. Exam-
ples include magnets, telephones, and magnetized screw-
drivers.

Rule 2. Always store diskettes in their dust covers.

Rule 3. Keep your diskette free from smoke or dust
contamination. Dust accumulates a static charge which
allows it to stick to the surface of the diskette. This is
especially important to remember when storing diskettes in
industrial areas, schools (chalk dust), warehouses, stock
rooms, and dental offices (grinding of plaster). Keep your
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computer work area relatively dust free. If possible, install an
electrostatic air cleaner for the room.

Rule 4. Never touch, scratch, or attemptto clean a diskette’s
surface.

Rule 5. Always properly lable your diskettes. The label
should include the data and contents at the least. A good
procedure is to generate a directory for each diskette, then
list that directly on the printer, cut out that listing, and paste
or tape it to the diskette cover. This gives acomplete guide to
a diskette’s contents.

Rule 6. Keep separate backup copies of your important
diskettes in several different locations. In the event of a
disaster (fire, theft, accidental erasure), you can copy your
backup diskettes, and avoid losing data files.

Rule 7. Do not expose diskettes to excessive heat or direct
sunlight.

Rule 8. Never fold, bend, or mutilate a diskette.

Rule 9. Never write on a diskette with a ball point pen.
Always use a felt tip pen. A ball point pen can damage the
diskette inside the cover.

Rule 10. Whenever the disk drive’s power is turned on or
off, be certain that the diskette is not completely inserted in
the drive.

Rule 11. Try to keep the buildup of static electricity to a
minimum in your computer room. Anti-static sprays are
available for use on carpeting.
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Write Protecting a Diskette

Most diskettes will have a small square notch cut out from
the side of their protective envelope. If this notch is not
covered, the computer will be able to write on the diskette.
Covering the diskette write enable notch will prevent the
computer from writing on the diskette.

Inserting a Diskette

Once the drive door has been opened, a diskette can be
inserted into the drive. The diskette should be inserted with
the label side facing up. The edge of the diskette opposite
from the label should be placed into the diskette. This is the
edge with the two small notches and the read/write
opening.

Once the diskette has been inserted into the drive, close the
drive door. Do not force the door shut. If the door does not
close easily, remove the diskette and reinsert it. Never force
the disk drive door shut as this may ruin the diskette.

DOS

In order for a disk drive to be used, a program known as the
Disk Operating System or DOS must be present in memory.
DOS controls all disk related activities. DOS will be discussed
in more detail in Chapter 6.

DOS Commands

DOS includes a number of different commands which are
useful in disk operations. These DOS commands will be
discussed in detail in Chapter 6.
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Formatting Blank Diskettes

Before a blank diskette can be used, it must first be
formatted. Formatting can be defined as the preparation of a
diskette so that it can accept data. Generally, this
preparation involves initializing track, sector, and directory
information for the disk controller.

The applications program that you are using may have a
special routine for formatting blank diskettes. If this is the
case, use that routine. If not,the DOSNEW command can be
used to format blank diskettes. The usage of the DOS NEW
command to format blank diskettes is covered in more detail
in Chapter 6.

1515 & 1525 PRINTERS*

The Printer can be connected directly to the Commodore 64
console via the Serial Port. The Printer can print all of the
characters and graphics symbols available on the computer
keyboard.

The Printer is a dot matrix, tractor feed printer. The Printer
uses sprocket feed paper up to 10 inches in width. The
Printer outputs data in columns of 80 characters at 30
characters per second.

Operation, installation, and programming of the Printer will
be discussed in detail in Chapter 7.

Loading and Executing Programs
The RUN command is used to execute a program stored in

RAM. The use of RUN to execute programs will be discussed
in Chapter 3.

* From here on, we will refer to the 1515 and 1525
collectively as the printer.



Installation & Operation of the Commodore 64 37

Programs can also be saved on diskette or cassette tape from
RAM and later loaded from storage back into RAM for
execution. The SAVE and LOAD commands are used to
transfer BASIC programs between RAM and cassette or
diskette. The usage of SAVE and LOAD is discussed in detail
in Chapters 4, 5, and 6.

Loading Packaged Programs

Packaged programs may be available as plug-in cartridges,
cassettes, or diskettes.

When loading a program contained on a plug-in cartridge,
first of all turn off your computer and your TV set. Then,
insert the cartridge. Turn your computer and TV set back on.

Be certain to turn off the Commodore 64 and TV set before
inserting the cartridge. Otherwise, you might damage the
computer.

The documentation provided with the program should
name a key which when pressed will begin program execu-
tion. Press that key to start the program.

If your packaged program is on cassette, first of all, be certain
that side 1 of the cassette has been completely rewound.
Then, enter LOAD on the keyboard. The following message
will be displayed:

PRESS PLAY ON TAPE
Press the play button the Datassette recorder. The screen
will be blank as it searches the tape for the program. Once
the program has been found, the following message will be
displayed:

FOUND program name

Now, press the key specified in the documentation, and the
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program will be run. By pressing the Run/Stop key, you can
stop program execution.

If your packaged program is on diskette, insert the diskette
containing that program so that its label is facing up and the
side with the label is closest to you. When the disk is being
properly inserted, the small notch on its edge will be on the
left of the diskette.

When the diskette has been inserted into the drive, close the
drive door by pressing down the lever on the front of the
door.

Next, enter the following command,
LOAD “program name”,8
and press Return on the keyboard. The disk drive will begin

to emit noises and the following message will be displayed
on the screen.

~ ™

SEARCHING FOR PROGRAM NAME
LOADING

READY

[ ]

\_ Y,

Once the Ready prompt appears, enter the RUN command
on the keyboard, and the program will run.

A more extensive discussion of loading and saving programs
on tape and diskette is included in Chapters 5 and 6.



CHAPTER 3.
BASIC PROGRAMMING FOR THE
COMMODORE 64

INTRODUCTION

BASIC is probably the most widely used language with
personal computers, with the Commodore 64 being no
exception. The version of BASIC used with the Commodore
64 is the same version which is used with the VIC-20 and
other PET/CBM models by Commodore.

Compiled vs. Interpreted Language

Computer languages are often distinguished as being either
compiled or interpreted languages.

A compiled language program consists of the source code
and the compiled code. The source code consists of the
program statements in their original form. For example, the
following is a line of source code from a program written in
the CBASIC compiled language.

100 INPUT "ENTER TODAY’S DATE:”;DATE.1

The source code is processed by a program known as a
compiler into the compiled code. The compiled code is very
similar to the machine language used by the micro-
processor. The compiled code is the code actually used
when a compiled programis run. A program known as a run-
time monitor is used to run the compiled program.

An interpreted language consists of only the source code.
The source code is translated line-by-line directly into
machine language instructions. The BASIC language which
is standard on the Commodore 64 is an interpreted
language.
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One advantage of interpreted languages over compiled
language is that interpreted language programs are more
easily developed. When working with interpreted lan-
guages, a programmer need only write a program, enter, it,
run it, and alter it at his leisure. When working with a
compiled language, the source code must be recompiled
every time it is edited. This can be frustrating during the
program debugging process.

One advantage of compiled languages over interpreted
languages is that execution time is much faster. The
compiled code is much closer to the machine language than
the source code. Since interpretation is not necessary,
execution of compiled code is much faster.

Immediate & Program Modes

The immediate mode is also known as the direct or the
calculator mode. In the immediate mode, most BASIC
command entries result in the instructions being executed
without delay. For example, if the following immediate
mode line was entered,

PRINT ”JIM SMITH”
the following would be displayed on the video screen:
JIM SMITH
In the program or indirect mode, the computer accepts
program lines into memory, where they are stored for later
execution. This stored program is executed when the

appropriate command (generally RUN) is entered.

Illustration 3-1 contains an example of the entry of a
program in the program mode and its execution.
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Illustration 3-1. Program Mode Entry and Execution

\

READY
NEW

READY

10 PRINT "JIM SMITH”

20 PRINT "1220 EUCLID AVE”

30 PRINT "CLEVELAND, OH 44122"
40 END

RUN

JIM SMITH

1220 EUCLID AVE

CLEVELAND, OH 44122

\_ J

Line Numbers

In the program mode, program lines must begin with a line
number. A line number is a one through five digit number
entered at the beginning of a program line. The only
difference between an immediate mode statement and a
program statement is the line number.

No two line numbers can be the same. If the same line
number is used more than once in a program, the line most
recently entered will replace the original.

The execution sequence of a BASIC program is determined
by the value of its line number. The lowest line numbers will
be executed first, followed by program lines with higher line
numbers. Even if program lines are not arranged in sequen-
tial order, the BASIC interpreter will place the lines in the
correct order.
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Adding program lines to a program stored in RAM is very
easy. Just type in the line number followed by the program
line. The line will be inserted in the program in the position
indicated by its line number. For example, by adding the
following line to the program in Illustration 3-1,

35 PRINT "216-777-5579"

the phone number for Jim Smith will be displayed on the line
following his city, state, and zip code.

Program lines can be deleted by typing the line number to
be deleted followed by Return. For example, the following
entry,

30
would result in line 30 being deleted.

Program lines can be changed by merely retyping the new
line. The existing line in the computer’s memory will be
replaced with the new line. For example, the following
entry,

10 PRINT "THOMAS HILL”

would result in "“THOMAS HILL” being output rather than
"JIM SMITH” in the program in lllustration 3-1.

NEW Command

You may have noticed the execution of the NEW command
in lllustration 3-1. The NEW command is used to erase an old
program from memory before a new one is typed in.

The Commodore 64 can only store one program in RAM at
any one time. If you attempt to enter a new program while
another program is already stored in RAM, the new program
will be merged with the existing program.



BASIC Programming for the Commodore 64 43

END Statement

Notice the last line in the program in Illlustration 3-1. That
line consists only of the line number plus the BASIC reserved
word END.

The END statement identifies the end of a program, and
instructs the computer to return to the immediate mode.
Obviously, the END statement should be the lastline in your
program.

Actually, Commodore BASIC does not require an END
statement. When the program’s final statement is executed,
it will end. However, itis good programming practice to end
a BASIC program with the END statement.

Executing a Program

A program is executed in the program mode by entering the
RUN command. This is shown in Illustration 3-1. Every time
RUN is executed, the program is re-executed. As previously
discussed, in the immediate mode each program line is
executed when the Return key is pressed.

Program Lines & Display Lines

A display line can be defined as one row on the video
display. A program line is regarded by the BASIC interpreter
as one line, regardless of the number of display lines whichi it
occupies on the screen. The end of a program line is
signalled when the Return key is pressed. Program lines are
generally limited to 80 characters or 2 screen lines.

Multiple Statement Program Lines

A statement can be defined as an instruction to the
computer. The terms statement and command are often
used interchangeably. Most programs consist of a large
number of statements. The following are examples of
statements.
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PRINT "TIM GREGORY”
070 DIM A(15)
100 C=2*8B

Every statement in Commodore BASIC must contain at least
one key or reserved word. A keyword identifies the
calculation, decision, input, or output function to be
performed. The keywords are described individually in
Chapter 4 and are listed in alphabetical orderin Appendix D.

In addition to keywords, numeric constants, string con-
stants, variables, and special symbols may appear in a BASIC
statement. These are known as the statement parameters.

Commodore BASIC allows the user to place more than one
statement on a single program line. Multiple statements
must be separated with a colon (:). The following is an
example of a multiple statement program line.

10 A =B * 7:PRINT A:PRINT B
Abbreviating Keywords

Many of the BASIC keywords can be abbreviated. For
example, the keyword PRINT can be abbreviated with the
symbol "?”. Generally, however, keywords are abbreviated
with a combination of a letter, the Shift key, and a second
letter. For example, the keyword GOTO can be abbreviated
as follows:

G Shift-O*

The various abbreviations for the keywords are contained in
Appendix D.

* Press the G key, followed by pressing the O key while
holding down one of the shift keys.
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Listing a Program

As mentioned earlier, the LIST command can be used to
display program lines currently stored in RAM. Remember,
if the NEW command is issued or if the computer is turned

off, the program in RAM will have been erased, and can no
longer be displayed by LIST.

LIST is used in the following configuration:
LIST [line 1 - line 2]*

where line 1 is the line number of the first line to be listed,
and line 2 is the line number of the last line to be listed.

LIST can be used without any parameters to list the entire
program. LIST can also be used with a single line number to
list just that program line. If LIST is used with the following
format,

LIST line 1-
line 1 and all subsequent lines will be listed.
If LIST is used as follows,

LIST - line 2

line 2 and all lines preceding it will be listed.

* In this book, a standard format will be used to describe
BASIC keyword configurations. The keyword will be
displayed in our regular type style in upper case. Parameters
will be displayed in our italic type style in lower case.
Optional parameters will be enclosed in brackets.
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Error Messages

When the Commodore 64 encounters a statement with an
error, an error message will be displayed. The error message
consists of the following:

? error message ERROR IN line number

The Commodore BASIC error messages are listed in
Appendix A. The line number is only described when
statements are entered in the program mode.

BASIC Data Types

Data can be classified under two major categories: textand
numeric. Text data consists of characters. These characters
are generally used within strings.

Examples of numeric data include:

Integers
Floating Point Numbers
Scientific Notation

Each of these data types will be discussed in the following
sections.

Strings

A string consists of one or more characters enclosed within
quotation marks. The following are examples of strings:

"F. SCOTT FITZGERALD”

"149 LEXINGTON AVE”

"NEW YORK, NY 10017”
"212-349-9879"

Notice that a string can contain letters, numbers, symbols,
and spaces. Any string containing numbers cannot be used
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in a mathematical operation, unless it is first converted into
numeric data. String to numeric data conversion is covered
later in this chapter.

NUMERIC DATA
Floating Decimal Point

Floating decimal point is the standard method of
representing numeric data in the computer. With floating
decimal point numbers, a decimal point is always assumed.
Any number of digits can be placed on either side of this
decimal point. Even with numbers with no decimal position,
a decimal point always is assumed following the number’s
last digit.

Floating point numbers of up to 10 digits can be stored
internally. However, only nine digits will actually be
displayed. For example, the following entry of a nine digit
floating point number,

PRINT .566666666

would generate a nine digit display. If a 10 digit floating point
number was entered,

PRINT .5666666666

the last digit would not be displayed and the number would
be rounded as follows:

.566666667

Commas may not be included within numeric data. For
example, 109000 would be a valid number, while 109,000
would be invalid.
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Floating point numbers include integers, as well as decimal
functions and numbers with decimal positions. The
following are examples of floating point numbers:

-.0789

5

77.39

0
+.000001
67.98

Negative floating point numbers should be preceded with
the minus sign (-). Positive floating point numbers can
optionally be preceded with the plus sign (+). However a
floating point number is assumed positive if it doesn’t have a
sign.

Integers

An integer is a number without a decimal position. Integers
can either be positive or negative. The following are
examples of integers:

-1134
0

1

-1
17945
+32

Integers can range from -32768 to +32767. Negative integers
are preceded with the (=) sign. Positive integers can be
preceded with the (+) sign, although integers without a sign
are assumed to be positive.

Commodore BASIC will convert integers into floating point
notation before performing arithmetic operations. The most
important difference between integers and floating point
numbers is that an integer requires less memory storage area
than a floating point value.
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Scientific Notation

BASIC uses scientific notation to express either extremely
large or extremely small numbers. A number in scientific
notation takes the following format:

tx Etyy
where;
+ is an optional plus or minus sign.

x can either be an integer or floating point number. This
position of the number is known as the coefficient or
mantissa.

E stands for exponent.

yy isaone ortwo digit exponent. The exponent gives the
number of places that the decimal point must be
moved to give its true location. The decimal point is
moved to the right with the positive exponents. The
decimal point is moved to the left with negative
exponents.

The following examples specify a number in both standard
floating point and scientific notation.

1000000—1 E6
.000001T—1 E-6
57500000—-5.75 E+07
.00000479—-4.79 E-06

Any integers containing 10 or more digits will be expressed
in scientific notation as shown in the following example.

PRINT 121212121212
1.21212121 E+11
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Notice that the decimal portion of the preceding example
contains 8 digits of precision. The computer will round any
additional digits.

Commodore BASIC cannot handle very large positive or
negative numbers, or numbers very close to zero. Only
numbers within the following limits are acceptable.

outer limits —=11.70141183 E+38
inner limits —=+2.93873588 E-39

If a larger number is encountered, the following error
message will be displayed:

OVERFLOW ERROR

Any numbers smaller than that allowed will be assigned a
value of 0.

VARIABLES

So far, we have only discussed data constants. A constant can
be defined as a fixed value. The following are examples of
string and numeric constants.

"JACK NOVET"
//375’/

27.59

0

100000

A name can be used to express data as well as a constant.
Variables are used to express data as a name.

BASIC Variables
A variable can be defined as a quantity that can assume any

one of a group of values. Variables are represented by
variable names. These consist of a letter followed optionally
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by additional letters and/or numbers. The value assumed by
avariable is subjectto change, depending upon the program
statement being executed. For example, in the following,

100 LET A=5.0
200 LETB=7.0
300 LETA=A+B

the variable A is initially assigned a value of 5.0 and B is
assigned a value of 7.0. In line 300, the variable A is assigned a
new value equal to the sum of variables A and B, which is
12.0. The previous value of A is erased.

Note the use of the LET statementin the preceding example.
The LET statement is used to assign a value to a variable.
Whenever a LET statement is used in a program, the value of
the variable on the left side of the equation is to be replaced
with the value appearing on the right.

The reserved word, LET need not actually be included in a
LET statement. Both of the following statements have the
same meaning.

100 LET A=5
200 A=5

BASIC Variable Names

Commodore BASIC allows a group of characters to be used
as a variable name--as long as the first character of the group
is a capital letter of the alphabet, and as long as the variable

name does not duplicate a reserved word (see Appendix D).
Examples of reserved words are:

LET, GOTO, IF, READ, DATA

The following are examples of valid BASIC variable names:
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A JOHN
B23456 N4N
TOT B%
A2 N

While the following are invalid variable names:

2BB7 END
1A FOR
PRINT COS

All of the preceding examples of valid variable names can be
used to represent numeric data. Variable names can also be
used to represent string data. These are known as string
variables. String variable names consist of a valid variable
name followed by the dollar sign ($). The following are
examples of valid string variable names:

A$ NED$
ZIP$ MON$
A7$ N222%

A distinction can also be made among numeric variable
names between floating point variable names and integer
variable names. In the following example, A1 is used to
represent a floating point number, while A1% represents an
integer.

100 A1 =1.75:A1% = A1* 2
200 PRINT A1, A1%
RUN

1.75 3

Notice that only the integer value of A1% is output. The
decimal portion is dropped or truncated as A1% can only
accept integer values.

Keep in mind that although BASIC allows variable names
with many characters, only the first 2 alphanumeric
characters are recognized by the computer. In other words,
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the variable names TENNIS and TENNESSEE cannot be
distinguished by the Commodore 64.

However, the special symbols which identify the variable
type (ie $,%) differentiate among variables with identical 2
character names. The following variable names would all be
identified as unique by the computer:

TE% TE TE$

Tables and Arrays

Earlier in this chapter, we introduced the concept of
variables. A variable is designed to hold a single data item --
either string or numeric. However, some programs require
that hundreds or even thousands of variable names be used.

Obviously, the use of thousands of individual variable names
could prove extremely cumbersome. To overcome this
problem, BASIC allows the use of subscripted variables.
Subscripted variables are identified with a subscript, a
number appearing within parentheses immediately after the
variable name. An example of a group of subscripted var-
iables is given below:

A(0), A(1), A(2), A(3), A(4),..., A(100)

Note that each subscripted variable is a unique variable. In
other words, A(0) differs from A(1), A(2), A(3), A(4), etc.

Subscripted variables should be visualized as an array (or
table). In our previous example, the data contained in the
array defined by A would consist of one row with 101
columns in it. Such an array is a single-dimension array.
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In Commodore BASIC, arrays of up to eleven* elements can
be used as needed in a program. Arrays which contain more
than eleven elements must first be identified via the
Dimension (DIM) statement. When an array isdimensioned,
BASIC will reserve an area in memory for that array’s
elements. The following DIM statement will dimension a
numeric array of 16 elements.

100 DIM B(15)

More than one array can be defined with a single DIM
statement. This is shown in the example below:

100 DIM Z(5,2), B(100), C(2,3)

A DIM statement should appear in a program before the
array variable it is dimensioning appears. If an array variable
is used in a program before it is dimensioned, the Bad
Subscript error may occur.

An array can also consist of two dimensions. Such an array is
known as a two-dimensional array (or table). An example of
an array of 4 rows and 3 columns is shown in Illustration 3-2.

A two-dimensional array contains two subscripts. The first
subscript contains the row location, while the second
subscript contains the column location. The subscripted
variable A(1,0) identifies the darkened area in the array
shown in Illustration 3-2.

* An array of eleven elements would contain the subscripts
0 through 10inclusive. For example,an array dimensioned as
A(10) would have eleven elements A(0) through A(10)
inclusive.



BASIC Programming for the Commodore 64 55

lllustration 3-2. Two-Dimensional Array

Columns

Expressions and Operators

The values of variables and constants are combined to form a
new value through the use of expressions. The following are
examples of expressions.

4+7

A% + B$
3>2
14<21

X AND Y

BASIC includes several types of expressions including
arithmetic, relational, and Boolean. In our previous exam-
ples, the first three examples are arithmetic expressions,
while the fourth and fifth are examples of relational and
Boolean expressions respectively. Each of these types of
expressions will be discussed in detail in the following
sections.

The sign or phrase describing the operation to be
undertaken is known as the operator. The operators in our
previous examples were as follows:
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Av++

AND

The constants or variables which are affected by the
operator are known as operands.

Compound Expressions and Order of Evaluation

All of our preceding examples were simple expressions. A
simple expression is one which contains just one operator
and one or two operands. Simple expressions can be
combined to form compound expressions. The following
are examples of compound expressions:

(A+B)*7-4
(A + B) AND (C + D)
IFA=1ANDB=1THEN C=1

With compound expressions, it is necessary that the
computer knows which operation should be undertaken
first. Commodore BASIC follows a standard order of
evaluation within compound expressions. This order is
outlined in Table 3-1.

Note that parentheses have the highest precedence level. In
other words, any expressions enclosed within parentheses
will be evaluated first. If more than one set of parentheses
appears in an expression, these will be evaluated from left to
right.

One pair of parentheses can be used to enclose an operator
enclosed within another set. In such an instance
Commodore BASIC will evaluate the expression within the
innermost set of parentheses first, followed by the next
innermost set, etc.
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Addition and subtraction have the same precedence level.
Multiplication and division also have the same priority.
Although relational expression are evaluated before
Boolean expression, all of the relational operators have the
same precedence level. The Boolean operators also share
the same precedence level.

When expressions have the same order of evaluation, they
will be evaluated in order from left to right within a

compound expression.

Table 3-1. Order of Evaluation

Operator| Description

Parentheses () Used to alter order of
evaluation.

1 Exponentiation

Unary Minus

Arithmetic * Multiplication
Operators / Division

+ Addition

- Subtraction

= Equal To
<> Not Equal To
Relational < Less Than
Operators > Greater Than
<= Less Than or Equal To
>= Greater Than or Equal To

Boolean NOT | Logical Complement
Operators AND | Logical AND
OR Logical OR
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Arithmetic Operations

The symbols used for addition, subtraction, multiplication,
division, and exponentiation are known as arithmetic
operators in BASIC. The symbols + and - are used for
addition and subtraction respectively. The asterisk (*) is used
to indicate multiplication, while the slash (/) is used to
indicate division.

When a +or - sign precedes a number, the symbolis used to
specify that number’s sign. When a minus sign is used to
change a number’s sign, that usage is known as a unary
operation. Unary minus can be used to change the sign of a
numeric constant or variable as shown below:

100 LET A=-A

When unary minus is used in the manner shown above, the
unary operation is regarded as an arithmetic operation.

The term arithmetic expression is used to describe the use of

an arithmetic operator with numeric constants and/or var-

iables. The following are examples of arithmetic expressions.
X+Y+70

100/A + B
3000 * 10 + 1

Exponentiation is the process of raising a number to a
specified power. For example, in the following,

AS
the numeric variable A would be evaluated as:
A*¥A*XA*XA*XA

In Commodore BASIC, exponentiation is indicated with the
up arrow symbol, 1 .
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Exponentiation can be used in an arithmetic expression as
shown below:

8*3+712
The preceding expression would evaluate to 73.
Relational Operators
The relational operators are defined as follows:

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

A relational operation evaluates to either true or false. For
example, if the constant 1.0 was compared to the constant
2.0 to see whether they were equal, the expression would
evaluate to false. In Commodore BASIC, a non-zero value
represents a condition of true, while a value of 0 represents
false.

The only values returned by a comparison in BASIC are -1
(true) or 0 (false). These values can be used as any other
integer would be used. The following results are generated
by the following relational expression.

5>7 —0 (false)

3=3— -1 (true)

2<>2—0 (false)
(2=2)*4— -4
(1>7) +7—=7

The first three examples are easy enough to understand. In
the fourth example, the relational expression (2 = 2) is
evaluated first as true of -1. This resultis then multiplied by 4
with a product of -4 as the result. In the fifth example, the
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relational expression (1>7) evaluates as false or 0. This result
is added to 7, with the result being 7.

Relational operations using numeric operations are fairly
straightforward. However, relational operations using string
values may prove confusing to the first-time computer user.

Stings are compared by taking the ASCII value for each
character in the string one at a time and comparing the
codes.

When comparing strings, the string containing the first
character with a lower code number is the lesser. Blank
spaces are counted in string comparisons and have the ASCII
value of 32.

The following comparisons between strings would all
evaluate as true.

"ABC” = "ABC”

"ABC ">"ABC”

"BAA” >"AAA"

"ALFRED”"<”ALFREDO”

A$<Z$% where A$ = "ALFRED” and Z$ = "ALFREDO”

Note that all string constants must be enclosed in quotation
marks when used as constants.

Logical Operators

Logical or Boolean operations are generally used in
Commodore BASIC to combine the outcomes of two
relational operations. Logical operations themselves return
a true or false value which will be used to determine
program flow.

The logical operators are NOT (logical complement), AND
(conjunction), and OR (disjunction). These are best
explained with a simple analogy. Suppose that Steve and
Sherry were shopping in the produce department of their
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grocery store. If they decided to collectively purchase an
item if either of them individually wanted that item, they
would be acting under the OR logical operator.

Now, suppose that Steve and Sherry decided that they would
only purchase an item if they both wanted that item. They
would then be acting under the AND logical operation.

Now, suppose that Sherry was angry with Steve. If Sherry
decided not to purchase the items that Steve wanted, she
would be acting under the NOT logical operation. the NOT,
AND and OR logical operators are summarized in
Hlustration 3-3.

A logical operator evaluates an input of one or more
operands with true or false values. The logical operator
evaluates these true or false values and returns a value of
true of false itself. An operand of a logical operator is
evaluated as true if it has a non-zero value. (Remember,
relational operators return a value of -1 for a true value.) An
operand of a logical operator is evaluated as false if it is equal
to zero.

The result of a logical operation is also a number, which if
non-zero is considered true, and false if it is zero.

The following are examples of the use of logical operatorsin
combination with relational operators in decision making.

IF X>10 OR Y<<0 THEN 999
IF A>0 AND B>0 THEN 200
B = -1:PRINT NOT B

In the firstexample, the result of the logical operation will be
true if variable X has a value greater than 10 or if variable Y
has a value less than 0. Otherwise, it will be false. If the result
of the logical operation is true, the program will branch to
line 999. Otherwise, it will continue to the next statement.

In the second example, the result of the logical operation
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will be true only if the value of both variables A and B are
greater than zero. If the result of the logical operationiis true,
program control will branch to line 200. Otherwise, program
control will branch to the next line.

In the third example, B is set to a value of -1 (true). The value
of NOT B is then printed. This will be 0 or false.

Illustration 3-3 contains tables that may prove of help when
evaluating program statements using logical operators in

combination with relational operators.

llustration 3-3. Logical Operators

NOT Operation

T F A Operand

F T NOT A

AND Operation

T T F F A Operand
T F T F B Operand
T F F F A AND B

OR Operation

T T F F A Operand

T F T F B Operand

T T T F A ORB
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BASIC Statements

In the next several sections, we will discuss many more
commonly used statements. These include the following:

Remark Statements
Assignment Statements
Output Statements
Input Statements
Loops

Conditional Statements
Branching Statements
Subroutines

STOP, END Statements
BASIC Functions

Remark Statements

Remark statements are used to include a programmer’s
comments within a program. It is good programming
practice to include numerous Remark statements in your
programs. Not only do Remark statements make your
programs easier for others to understand, they also help you
remember your program’s logic.

Remark statements consist of a line number, the reserved
word REM, and the programmer’s comment. An example of
a Remark statement is given below:

100 REM INITIALIZE MATRIX

Remark statements are ignored by the BASIC interpreter,
but are included in program listings.

In multiple line statement, the REM statement must be the
final statement. The BASIC interpreter ignores all text
following the keyword REM.
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Assignment Statements

Assignment statements were discussed briefly earlier in this
chapter. Assignment statements are used to assign values to
variables. The following are examples of assignment
statements:

100 LET A=7

200 B =42

300 NAME$ = "PHIL”
400 X=1:Y=2:1Z=3

Notice that the keyword LET is optional. Generally, LET is
assumed. Both string and numeric variables can be assigned
values with an assignment statement. Also, multiple
assignment statements can be included in a single line, as
long as each of the individual statements is separated with a
colon.

DATA, READ Assignment Statements

Assigning values to a large number of variables with
individual assignment statements could prove very
cumbersome. The DATA, READ statement can be used to
assign values to a large number of variables. The following is
an example of a DATA, READ statement:

100 DATA 100, 500, 1000, “"JACK"
200 READ A, B, C, D%

The DATA statement creates a list of constant values known
as a DATA list. The items in the DATA list are assigned
sequentially to the variables in the READ statement. ADATA
list is depicted in lllustration 3-4.

DATA statements may contain numeric or string values.
These values must be separated or delimited with commas.
DATA statements may appear at any point in the program.
No other statements can appear in the same program line
with a DATA statement.
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The DATA list uses a pointer to indicate which value within

the list is to be assigned to the next variable in a READ
statement. Before the first READ statement is encountered,

the DATA list pointer will point at the first value in the DATA
list. As values from the DATA list are assigned to variables in
the READ statement, the pointer will move sequentially to

each successive item in the DATA list.

The values from the DATA list must match the type of
variable to which they are assigned in the READ statement.
In other words, a string value cannot be assigned to a

numeric variable, or vice versa.

Hlustration 3-4. DATA List

100 DATA 100, 200, 300, 400, 500

400 DATA MONDAY, TUESDAY, WEDNESDAY,

THURSDAY, FRIDAY

500 READ A, B, C, D, E—___
600 RESTORE 40(/’(600—;
700 READ F, G, H, I, | —— D

B G
C H
D |
900 READ A$, BS$, C$, D$, E§ L. !
r ’ ’ 500,700
A$
400, 600 —~DATA list pointer posi-
tion after the execution of lines 400 B$
and 600.
C$
500, 700—DATA list pointer posi-
tion after the execution of lines 500 D$
and 700.
900—DATA list pointer position E$

after execution of line 900. 900 —

DATA List

100

200

300

400

500

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY
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The RESTORE statement is used to reset the DATA list. In
lllustration 3-4, note the use of the RESTORE statement.
After DATA list values have been read into A,B,C,D, and Ein
line 500, a RESTORE statement is executed. This causes the
DATA list pointer to be reset to the beginning of the DATA
list.

Outputting Data

In some of our preceding examples, we touched upon the
use of the PRINT statement to display data. The PRINT
statement can be used to display both numeric and string
data.

The following program statement,
100 PRINT "VENDOR LIST”
would display the following at the current cursor position:
VENDOR LIST

The firstitemin a PRINT statement is displayed at the cursor’s
current location.

Two strings can be displayed on the same line with a single
PRINT statement by separating the string constants or
variables in the PRINT statement with commas. The
following statements,

100 LET A$ = "JOHN"
200 PRINT A$, "BILL”, “PETER”

would result in the display shown below:
JOHN BILL PETER
The display screen is divided into four separate zones when

data is being output to the screen via the PRINT statement.
The first zone begins at the far left side of the screen in the
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first column (column 0). The zones begin in columns 0, 10,
20, and 30.

When a comma appears in a PRINT statement, the computer
is instructed to begin printing the next parameter in the
PRINT statement at the beginning of the next print zone. In
our example above, "JOHN" is printed in print zone 1. The
third parameter, "PETER” is displayed in the third zone of the
same display line.

If a PRINT statement parameter consists of 10 or more
characters, the next item will be printed in the next available
zone. The following illustrates this principle.

100 LET A$ = "COMMODORE 64"

200 PRINT A$, "BILL", "PETER”

RUN

COMMODORE 64 BILL PETER

A semicolon can also be used to separate the items in a
PRINT statement. A semicolon causes the next item in the
PRINT statement to be displayed immediately after the
preceding item. Unlike the use of the comma in a PRINT
statement, when semicolons are used to separate items, no
blank spaces appear between string values. Numeric values
are separated from string values by one space. Numeric
values are separated from each other by 2 spaces.

When a PRINT statement has finished execution, the cursor
moves to the left margin of the following line. This is known
as a carriage return/line feed.

If a comma or semicolon occurs at the end of a PRINT
statement, the carriage return/line feed will be suppressed.
If a comma is placed at the end of the PRINT statement, the
next PRINT statement will begin output at the next print
zone after the last item is displayed. If a semicolon is placed
at the end of the PRINT statement, the next PRINT statement
will begin output immediately following the last item
displayed.
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In this section, we have only discussed sending output to the
video display. Output can also be sent to the printer. This is
accomplished by using the PRINT# statement in place of
PRINT.

The usage of PRINT# to output data to the printer is
discussed in Chapter 7.

INPUT Statements

Data can be input into the computer while a program is
being executed. This is accomplished with the INPUT
statement. For example, when the following statement is
executed,

100 INPUT A

the computer will display a question mark and wait for the
operator to enter a response. That entry will be assigned to
the variable A. The entry must be ended by pressing the
Return key. Program execution will then resume.

The values of several numeric variables can be input with a
single INPUT statement as shown in the example below:

200 INPUT X, Y, Z

When the preceding INPUT statement is executed, the
INPUT prompt (?) will be displayed. The operator should
then enter the data items for X, Y, and Z. Each input should
be separated by a comma. The Return key should be pressed
after all input entries have been made. An example of a valid
entry for the preceding INPUT statement is given below.

100, 200, 300

Caution should be used when inputting string data. Be
certain that your string entries do not contain a comma
unless enclosed in quotation marks. A comma will be inter-
preted by the computer as a delimiter. Any data appearing
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after the comma will be treated as a separate INPUT
statement data item.

For example, in the following program,

100 INPUT A$, B$

200 PRINT A$, B$

RUN

? SMITH, JOHN, JONES, TED
{EXTRA IGNORED

SMITH JOHN

A$ would be assigned "SMITH”, and B$ would be assigned
"JOHN". ”JONES” and "TED” would be ignored as the error
message (ZEXTRA IGNORED) illustrates.

Therefore, when inputting a string item, be certain that a
comma does not appear within that string.

The variable type used with INPUT should be of the same
type as the data input. String data cannot be input into
numeric variables. If this does occur, the error message ?
REDO FROM START will appear, and the operator will be
prompted for a new entry. If a real number is input for an
integer variable, the decimal portion of the real number will
be truncated. If numeric data is input for a string variable,
that data will be interpreted as a string and cannot be used in
calculations.

It is good programming practice to include a prompt
message in conjunction with the INPUT statement to remind
the operator what data the computer is expecting. The
prompt should be enclosed within quotation marks after
INPUT. The prompt should be followed by a semicolon and
the variable or variables into which data is to be input. The
prompt message will be displayed on the screen followed by
the ? prompt. An example of an INPUT statement with a
prompt is given as follows.

100 INPUT "CUSTOMER NAME";A$
200 PRINT A$
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Loops

Suppose that you needed to compute the square of the
integers from 1 to 20. One way of doing this is by calculating
the square for each individual integer as shown below:

100 A=112
200 PRINT A
300 B=212
400 PRINT B
500 C=312
600 PRINT C

However, this method is very cumbersome. This problem
could be solved much more efficiently through the use of a
FOR, NEXT loop as shown below:

100 FOR A=1TO 20
200 X=A12

300 PRINT X

400 NEXT A

500 END

The sequence of statements from 100 to 400 is known as a
loop. When the computer encounters the FOR statement in
line 100, the variable A is set to 1. X is then calculated and
displayed in lines 200 and 300.

The NEXT statement in line 400 will request the next value for
A. Execution returns to line 100 where the value of A is
incremented by A (to 2) and then compared to the value
appearing after TO. Since the value of A is less than that
value, the loop will be executed again with the value of Aset
equal to 2.

The loop will continue to be executed until A attains a value
greater than 20. When this occurs, the statement following
the NEXT statement will be executed.
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In our preceding example, A isknown as an index variable. If
the optional keyword STEP is not included with the FOR
statement, the index variable will be incremented by 1every
time the NEXT statement is executed.

STEP can be included at the end of a FOR statement to
change the value by which the index variable is
incremented. The value appearing after STEP is the new
increment. For example, if our preceding example were
changed as follows,

100 FOR A =1 TO 20 STEP 2
200 X=A12

300 PRINT X

400 NEXT A

500 END

the index variable A would be incremented by 2 every time
the NEXT statement was executed.

Nested Loops

One loop can be placed inside another loop. The innermost
loop is known as a nested loop. The following program
contains a nested loop.

050 DIM R(2,3)
100 DATA 10, 20, 30, 40, 50, 60
200 FOR 1=1TO 2

300 FOR J=1TO 3

400 READ R(l,))

500 NEXT |

600 NEXT |

Our preceding example is used to read data into the
numeric array R.

One error that you should take care to avoid when using
nested loops is to end an outer loop before an inner loop is
ended. Also, be certain that every NEXT statement has a
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matching FOR statment. If the BASIC interpreter cannot
match every NEXT statement with a preceding FOR
statement, an error will result.

Conditional Statements

One of the most important features of a computer is its
ability to make a decision. BASIC uses the IF, THEN state-
ment to take advantage of the computer’s decision making
ability. The IF, THEN statement takes the following form:

IF expression THEN statement or line number

The IF statement sets up a question or a condition. If the
answer to that question is true, the statement or line number
following THEN is executed. If the answer is false, all
instructions following THEN are ignored, and program exe-
cution will resume with the next line number in the
program.

In the following example, if X is equal to 0, then Y will be set
equal to 1. If X is not equal to 0, Y will be set equal to 0.

050 Y=0
100 IF X=0THENY =1

Branching Statements

Branching statements change the execution pattern of
programs from their usual line by line execution in
ascending line number order. A branching statementallows
program control to be altered to any line number desired.
The most commonly used branching statements in BASIC
are GOTO and GOSUB.

GOTO takes the following format:

GOTO line number
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For example, the following program statement,
500 GOTO 999
9§:)9 END
would branch program control at line 500 to line 999.

Branching statements are often used in conjunction with a
conditional statement. In such a situation, the normal
execution of the program is altered depending upon the
outcome of the condition set up in the IF statement. This is
shown in the following example.

100 INPUT "ENTER THE AMOUNT"; A
200 IF A =0 THEN GOTO 900

300 PRINT A

400 GOTO 100

900 INPUT "FINISHED”;B%

910 IF B$ = "N” THEN 100

999 END

In the preceding example, if the value for A has a zero value,
then the program will branch to line 900 where the operator
will be prompted whether he has finished entering data. In
line 910, the program will set up a condition where if the
input was ‘N’, the program will branch to line 100. If the entry
was not equal to ‘N’, the program will continue to line 999
where it will end.

Note in line 910 that a GOTO statement is not used to
precede the line number being branched to. When a line
number is indicated following a THEN statement, the
computer does not require the presence of GOTO, which is
assumed.
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ON, GOTO Statement

The ON, GOTO statement is a combination of a conditional
statement and a branching statement. The use of the ON,
GOTO statement is illustrated in the following program.

10 INPUT A

20 ON A GOTO 40, 50

30 GOTO 99

40 PRINT "A =1":GOTO 99
50 PRINT "A =2"

99 END

If the variable or expression following ON evaluates to 1,
program control branches to the first line number specified
after GOTO; if 2, to the second; if 3, to the third, etc.

If the variable or expression evaluates to a number greater
than the number of line numbers following GOTO, program
control will branch to the statement immediately following
the ON, GOTO statement. This is also the case if the variable
or expression following ON evaluates to zero.

Subroutines & GOSUB Statements

Many times you will find that the same set of program
instructions are used more than once in a program. Re-
entering these instructions throughout the program can be
very time consuming. By using subroutines, these additional
entries will be unnecessary.

A subroutine can be defined as a program which appears
within another larger program. The subroutine may be
executed as many times as desired.

The execution of subroutines is controlled by the GOSUB
and RETURN statements. The format for the GOSUB
statement is as follows:

GOSUB line number
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The computer will begin execution of the subroutine
beginning at the line number indicated. Statements will
continue to be executed in order, untila RETURN statement
is encountered. Upon execution of the RETURN statement,
the computer will branch out of the subroutine back to the
first line following the original GOSUB statement. This is
illustrated in the following example.

lllustration 3-5. BASIC Program with a Subroutine

10 INPUT "PAY TO THE ORDER OF”;A$
20 INPUT "CHECK AMOUNT"; X
30 IF X =0 THEN 200
40 IF X<0 THEN GOSUB 100
50 IF X>1000 THEN GOSUB 100
60 PRINT A$,X
70 GOTO 200

100 PRINT "NOT VALID AMOUNT”

Subroutine 110 INPUT "TRY AGAIN";X
120 RETURN
200 END

Subroutines can help the programmer organize his program
more efficiently. Subroutines also can make writing a
program easier. By dividing a lengthy program into a
number of smaller subroutines, the complexity of the
program will be reduced. Individual subroutines are smaller
and therefore more easily written. Subroutines are also
more easily debugged than a longer program.

ON, GOSUB Statement
The ON, GOSUB statement is very similar in nature to the
ON, GOTO statement. The following statement is an
example of an ON, GOSUB statement.

100 ON X GOSUB 1000, 2000, 3000

If the value of Xis 1, the subroutine atline 1000 is executed. If
X is 2, the subroutine at line 2000 is executed. If X is 3, the
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subroutine at line 3000 is executed. If X evaluatesto0 orto a
number greater than 3, the statementimmediately following
the ON, GOSUB statement will be executed.

If ON, GOSUB causes a branch to a subroutine, program
control will revert to the line immediately following the ON,
GOSUB statement, once the subroutine has been executed.

Commodore BASIC Functions

Functions are used to perform predefined calculations or
operations on their arguments. All functions use the
following format:

function (argument)

function is the keyword for the function. argument is a
variable, constant, or expression which is to be used in the
operation defined by the function.

The following statement is an example of the use of the SQR
function:

100 A = SQR(49)

In this example, A would evaluate to 7. SQR is the keyword
which describes the square root function. The square root of
49 is, of course, equal to 7.

Functions can be used with arithmetic, relational, and
Boolean expressions, as shown in the following statement:

100 X =100 - 7 * SQR(49)

In an expression containing functions as well as arithmetic,
relational, and/or Boolean operators, the function’s value is
calculated first. In our preceding example, the square root of
49 would be calculated, that value would be multiplied by 7,
and the product subtracted from 100.
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Commodore BASIC also includes a number of functions for
performing operations on strings. These include:

LEFT$
MID$
RIGHT$

These functions can be used to extract one or more
characters from a string.

The various BASIC functions are described in Chapter 4.
String Concatenation

The addition operator (+) can be used to join together or
concatenate two strings. When concatenating strings,
remember that the maximum length of a string in
Commodore BASIC is 255 characters.

The following program illustrates string concatenation:

100 A$ = "JOHN"
200 B$ = "BILL”
300 C$ = A$ + B
400 PRINT C$
500 END
RUN

JOHNBILL

The subtraction operator (-) cannot be used to separate a
portion of a string.

ASCII

The computer cannot store characters; it can only store
numbers. Before characters can be stored, they must be
converted to numbers. Computers use special numeric
codes to store characters. Most microcomputers use a code
known as ASCIl (American Standard Code for Information
Interchange).
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The Commodore 64 uses codes somewhat different from the
standard ASCII code set. The codes are listed in Appendix B.

Notice from Appendix B that not only do the keyboard
characters and graphics symbols have corresponding ASCII
codes, but that the various control and color keys have also
been assigned ASCII codes.

These codes can be activated by including them with the
CHRS$ function with a PRINT statement. For example, the
following,

PRINT CHR$(28)

would cause subsequent video characters to be output in
red.

CHRS$ and ASC Functions

As mentioned earlier, characters are represented on the
computer as Commodore ASCII codes. The CHR$ function
can be used to translate a character code to its equivalent
character. The following short program illustrates the use of
the CHRS$ function.

100 PRINT CHR$(54)
200 PRINT CHR$(55)
300 END

RUN

6

7

The CHRS$ function is often used to represent charactersina
statement, when that character cannot be represented in its
text form. For example, in the following program,

100 PRINT CHR$(34);"JOHN JOHNSON"; CHR$(34)
200 END

RUN

"JOHN JOHNSON"
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quotation marks are specified in the PRINT statement using
their ASCII code and the CHR$ function.

The ASC function returns the ASCII code equivalent for its
string argument. If this string is longer than one character,
the ASCII function returns the ASCII code for just the first
character in the string.

The following program illustrates the use of the ASC
function:

100 A$ = "JOHN JOHNSON"
200 PRINT ASC(A$)

300 END

RUN

74

PEEK & POKE

The PEEK and POKE statements allow direct access to the
computer’s memory. The argument of PEEK and POKE
indicates the address in memory to be accessed. Every
memory location can store a number in the range 0 through
255.

The PEEK function allows the user to examine the value
stored in the memory location named as its argument. For
example, in the following statement,

100 N = PEEK(1000)

the value stored at memory location 1000 will be assigned to
the variable N.

The POKE statement is used to place a value in a specified
memory location. POKE uses the following configuration,

POKE address, value

where the value specified is placed in the location given in
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address. value and address can either be constants or
variables. For example, in the following statement,

100 POKE 2000, X

the value stored in variable X will be assigned to memory
location 2000.

Advanced Input and Output Statements

To this point, we have discussed inputand output only in the
context of the INPUT and PRINT statements. Both of these
automatically dictate the input and output device respec-
tively. The INPUT statement expects an entry at the
keyboard, and the PRINT statement outputs data to the
screen.

Commodore BASIC allows input and output in forms other
than that allowed for by the INPUT and PRINT statement.
These include the following:

PRINT#
INPUT#
GET#

We will discuss these statements and how they relate to
input and output in general in this chapter. In subsequent
chapters, we will discuss how these statements can be used
for specific input and/or output on the Datassette program
recorder, VIC-1525 printer, and VIC-1541 disk drive.

Before we can completely understand these advanced
input/output statements, we must first understand the
concept of device numbers and input/output channels.

Device Numbers

Each input and output device has been assigned a number
known as a device number. These device numbers are listed
on page 119.



BASIC Programming for the Commodore 64 81

Input/Output Channels

Before communication can be undertaken between an
input or output device, an input/output channel must first
be associated with the device in question. The channel
serves as a link between the BASIC program and the device
in question. For example, when data is to be output by the
program, it is output to the channel, which in turn was
previously associated with a device.

OPEN

Before a channel can be used with a program, it must first be
opened. When a channel is opened to an external device
such as the Datassette recorder, disk drive, or printer, the
computer reserves a memory area known as a buffer from
which data will be sent to or received from the device
specified.

OPEN is used with the following configuration:
OPEN channel#, device# [,command][,string]

The channel# specifies the channel number being opened.
this channel# can range from 1 to 255, and will be used by
subsequent INPUT# GET#, and PRINT# statements to access
the device opened.

The device# specifies one of the devices listed on page 119.
The command# indicates the operation for which the device
is being opened. These are listed on page 120.

The string is generally a filename when the device specified
is the cassette or diskette. The string can also contain
information being sent to the printer or screen.

PRINT#, GET#, INPUT#
PRINT#, GET#, and INPUT# are all used to send data to or

receive data from the device and channel specified in the
OPEN statement.
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Bits and Bytes

As mentioned earlier, the computer can only store numbers
in its memory. An understanding of how these numbers are
stored is helpful in using Commodore 64 sound and
graphics.

The basic unit of information in the computer is called a bit.
A bit can only have the value 0 or 1. This binary (2 state)
system is particularly convenient for electronic equipment.
Since it is easier to specify if a bit is "high” or “low” rather
than its exact value, a binary system allows efficient transfer
of data with virtually no errors. A bit can be thought of as a
light switch that is either on or off.

Each memory location contains a set of 8 bits, or one byte.
One byte can be represented by 8 switches. A set of 8
switches can have 256 different configurations, so one byte
can be used to store 256 values.

Since each bit can have only 2 values, each bit represents a
successive power of 2 (i.e. 1,2,4,8,16,32,64, and 128). Each
switch is assigned one of these values. The value of the byte is
the sum of the values of the switches that are on. The
computer does not actually contain switches in the memory,
but electronic components perform the same function.

If the value 1represents a switch thatison,and O representsa
switch which is off, the binary values of numbers are easily
calculated, as demonstrated in Illustration 3-6.
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lllustration 3-6. Binary Values

Bit Values
128164 | 32 |16 8 4 2 1
0] 0 {1 1 1 0| 0 | =28
1 1 1 1 0 0 0 =120
0 1 0 0 1 0 1 1 =75

The value of one byte is the sum of the bit values which
contain the value 1.






CHAPTER 4.
COMMODORE 64
BASIC REFERENCE GUIDE

This chapter provides descriptions and examples of the
correct syntax for Commodore 64 BASIC. Each of the
reserved words are listed in alphabetical order.
The following notation will be used to describe the
configuration of each of the commands, statements, or
functions.

1. Capitalized words are keywords.

2. Italicized items are parameters.

3. Items enclosed in brackets|[ ]are optional.

S

. Ellipsis (...) represents repetition.

5. Punctuation (except brackets) must be included as
shown.

(=)}

. Braces{ }are used to enclose a choice of items.

7. The following symbols will be used:

expression Algebraic or logical expression
(i.e. X>5,3+X,X=7)
XY Z Numeric variable name
X%, Y$, 7% String variable name
a, b, c Any number or numeric expression
string String value (constant or variable)
data... String or numeric value (constant or

variable)
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ABS

The ABS function returns the absolute value of its
argument.

Configuration
X = ABS(a)
Example

PRINT ABS(-81)
81

AND

AND is used between two expressions, and returns a non-
zero value if they are both true, and 0 if one is false.

Configuration
expression AND expression

The conditions of true and false are represented in the
computer by the logical values -1 and 0. As a result, the
logical operators (AND, OR, and NOT) generally operate
with the values -1 and 0. The AND operation can be
explained by the following truth table.

EX1 EX2 RESULT
-1 -1 -1
-1 0 0
0 -1 0
0 0 0

AND is generally used in an IF/THEN statement with
relational expressions. For example:
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10 X=10

20Y=30

30 IF X=10 AND Y>100 THEN GOTO 999
40 PRINT “CONDITIONS WERE NOT MET”
999 END

RUN

CONDITIONS WERE NOT MET

In thisexample, ANDisused in an IF/THEN statement which
ends the program if both conditions are true. The first
expression of the AND statement is X = 10. This is true
because X is assigned the value 10 in line 10. The second
expression, Y >100, is false because Y is assigned the value 30
in line 20. As a result, EXT is true and EX2 is false. This
corresponds to the truth table where EX7=7 and EX2=0. The
result from the table is 0 (false), so the condition of the
IF/THEN statement is false, and the next line is executed.

When the AND operation is executed with numeric expres-
sions, the arguments are truncated and converted to their
binary equivalents. The value of the AND statement is the
result of the AND operation on each bit of the values. For
example:

6 (binary 0110)
AND 10 (binary 1010)
2 (binary 0010)

Since the binary equivalent of 6 is 110, and the binary
equivalent of 10 is 1010, the AND operation for each bit has
the result0010. The numeric value of 0010 is 2. Any non-zero
value is considered true.

ASC

The ASC function returns the ASCIl code for the first
character of a string. The argument of ASC can be a string
variable or constant.
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Configuration
X = ASC (string)
Example

100 B$ = “BANANA”
200 PRINT ASC(B$)
RUN

66

ATN

The ATN function returns the arctangent of the argument.
The result will be in radians.

Configuration
X = ATN(a)
Example

PRINT ATN(.576)
522585482

CHR$

The CHR$ function returns the character with the ASCII
code specified by the argument. The value of the argument
must be between 0 and 255. If the argument is notan integer,
it is truncated.

Configuration
X$ = CHR$%(a)
Example

PRINT CHR$(65)
A
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CLOSE

The CLOSE statement closes a channel that has been opened
for input, output, or both.

The argument of a CLOSE statement must be the same as in
the corresponding OPEN statement.

Configuration
CLOSE a
Example

CLOSE 3

CLR

The CLR command clears the values of the variables in the
memory. The CLR statement also clears the arrays and
matrices. User defined functions and file buffers are
eliminated. The return locations for subroutines and
FOR/NEXT loops are also cleared. However, the program in
RAM is not affected.

Configuration
CLR
Example

100 A=2:B=3
200 PRINT A, B

300 CLR

400 PRINT A, B
RUN

2 3

0 0
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CMD

The CMD statement sends output to an output device
(usually the printer) instead of to the display.

Configuration
CMD a |, string]

The argument a of a CMD statement designates a file
previously opened for an 1/0 device. When a CMD
statement is executed, the output device that is specified
becomes the general output device. Any PRINT or LIST
statements that follow a CMD statement cause the output to
be sent to the particular output device. The argument of a
CMD statement must match the file number of a previous
OPEN statement for an appropriate output device.

The optional string argument is generally used to print the
title of a listing on the printer.

To return to the standard output mode, execute a PRINT #
statement for the specified file number and then close that
file. Once a PRINT# and CLOSE have been executed to the
file specified by CMD, output will again be directed to the
display rather than to the printer.

Example

10 OPEN 1, 4
20 CMD 1
30 LIST

40 PRINT#1
50 CLOSE 1

In the preceding example, the OPEN statement at line 10
opens an I/0 channel for output to the printer. At line 20,
the CMD statement designates file number 1 for general
output. At line 30, the LIST statement causes the program in
memory to be output.
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Because of the CMD statement, the program is not displayed
on the screen, but sent to the printer instead. The PRINT #
statement at line 40 makes the display the general output
device.

CONT

The CONT command allows a program which had been
stopped to be restarted. The program could have been
stopped either via the STOP key, the STOP statement, or the
END statement. When CONT is executed, the program will
resume execution at the exact point where it was stopped.

CONT cannot be used in instances where an error was
encountered or where program lines were added or edited.
If an attempt is made to use CONT in such a circumstance,
the following error message will be displayed.

CAN’T CONTINUE ERROR

CONT can be a very useful tool in debugging programs. By
inserting STOP statements at given locations within a
program, execution will stop, and variable values can be
checked for validity. CONT allows execution of a program
which had been stopped to resume.

Configuration
CONT

COS

The COS function returns the cosine of its argument in
radians.

Configuration

X = COS(a)
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Example

20 X = COS(-6)
30 PRINT X
RUN
960170287

DATA

The DATA statement supplies a list of information that is
used in a program through READ statements. A DATA
statement can include numeric values, string values, or both.

Data items are separated by commas. Therefore, string
values that contain commas will be read as separate data
items. For example, DATA DOE, JOHN is a DATA statement
with two data items. However, DATA DOE.JOHN has only
one item.

Commas, colons, graphics characters and cursor controls
canbeincludedin adataitemif the entire string is enclosed
in quotation marks.

Configuration
DATA data [, data]...

Data must be read into the correct type of variable. A string
variable can accept data in any form.

Example

20FOR1=1TO5

30 READ A$:? A%

40 NEXT |

50 DATATOM C,, 25,3 +4 * %,247
RUN

TOM C.

25

3+4*%
247
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The preceding example shows correct data for a string
variable. Notice the blank line in the output that corresponds
to the two commas in a row. This is read as a string value with
no characters and length equal to zero.

If only 4 dataitems had been supplied with this program, the
OUT OF DATA error message would have been displayed to
notify the user that not enough data was supplied. The DATA
statement must supply at least as many DATA items as there
are corresponding READ statement variables.

DEF FN

The DEF FN statement is used to define a function that is used
repeatedly in a program.

Configuration
DEF FNY(X) = function definition

The name of the function (represented by Y) can be any
variable name. The argument (represented by X) is a numeric
variable name. The function definition is a set of operations
that use the argument (X).

Example

10 M = 3.1415927
20 DEF FNS(X) = COS(X) + SIN(X)
30 PRINT FNS(M)

RUN

-1.00000003

The previous example contains a program that has a DEF FN
statementat line 20. The function is assigned the name S, and
the variable X is used in the function. The operations in the
function (COS(X) + SIN(X)) can be as complicated as
necessary. At line 30, the S function is called to evaluate the
function for the value of the variable M. The function
returns a numeric value that is displayed by the PRINT
statement.
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DIM

The DIM statement is used to set aside memory space for 1,
2, or 3 dimensional string or numeric variables. If an array
variable is used in a program without having been dimen-
sioned, that variable will automatically be dimensioned to 11
elements.

Configuration

X(a(,b)(,c) [,Y(d(,e)(,f) ] - }
X$(a(,b)(,c) L,Y$(d(,e)(.f

DIM {

The lowest element number in an array is always 0. The
highest element number is specified in the DIM statement.
For example, DIM X(100) would dimension a numeric array
of 101 elements. The first element would be identified as X(0)
and the last as X(100).

Numeric variables can also be used with two or three
subscripts. This resultsin a two or three dimensional array, or
matrix. For example, if X is dimensioned in the statement
DIM X(2,3) the following table would result.

The values in this table can be named by X with two
subscripts (in parentheses). The first subscript is the row
number, and the second is the column number. For example,
the value of the shaded block would be X(2,1) because it is
row 2, column 1.
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Example

20FOR1=0TO 3
30FORJ=0TO?2
40 READ X(1, J)
50 PRINT X(1, J),
60 NEXT |

70 PRINT

80 NEXT |
100 DATA 1,2, 3
110 DATA 4,5, 6
120 DATA 7,8, 9
130 DATA 1,2, 3

This example shows a technique for assigning a table of
values, and printing the table. Executing this program would
have the following result.

RUN
1

[NSINe IS, By ]
w o o w

4
7
1

END

An END statement ends the execution of the program. An
END is not necessary at the end of a program because
execution stops automatically after the last line of code.
However, it is good programming technique to end BASIC
programs with an END statement.

When a program has been halted by an END statement, a
CONT statement will cause the program to resume at the
statement following the END statement.

Configuration

END
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Example

10 INPUT X

20 IF X<<=10 THEN END

30 PRINT “X IS LARGER THAN 10”
40 GOTO 10

The previous example will end only if a value of X is entered
which is less than or equal to 10.

EXP

The EXP function returns the exponential of the argument.
The exponential is the value of e (2.71828183...) raised to the
power of the argument.

Configuration
X = EXP(a)
Example

PRINT EXP(5)
148.413159

EN

The FN statement is used to evaluate an argument according
to the operation specified in a DEF FN statement.

Configuration
X = FNY(a)
The FN statement must include a function name (represented
by Y), and an argument (represented by (a)). Any variable

name can be used to name the function, but the name must
correspond to a DEF FN statement.
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The value of the argument is plugged into the equation of
the DEF FN statement and evaluated. The function returns a
numeric value.

Example

10 M = 3.1415927

20 DEF FNS(X) = COS(X) + SIN(X)
30 PRINT FNS(M)

RUN

-1.00000003

The previous example contains a program that has a FN
statementat line 30. The function isnamed S and defined for
X (COS(X) + SIN(X)) at line 20. At line 30, the FN statement
evaluates the function S for the value of M. The function
returns a numeric value that is displayed by the PRINT
statement.

FOR

A FOR statement is used with a NEXT statement to form a
repetitive loop within a program.

Configuration
FOR A=aTO b (STEP x)

Every FOR statement must have a corresponding NEXT
statement.

Example

T0FORJ=1TO5
20 PRINT J;
30 NEXT )
RUN
12345
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In the previous example, the FOR/NEXT loop is repeated
five times. Line 20 is the only statement inside the loop,
however, any number of program lines can be placed within
a loop.

In line 10, ) is assigned the value 1. ) is referred to as a
counter. The value of J is printed. Then, the NEXT | statement
is executed. Here, the program returns to the FOR
statement, where J is incremented by one. This loop is
repeated until J is set equal to 5. When the counter (J) has
been set equal to the value (5), the loop has been executed,
and the program will proceed with the statement following
NEXT J.

A FOR/NEXT loop can use a STEP statement to increment the
counter by a value other than 1.

Example

T0FOR J=1TO 2STEP .5
20 PRINT J;
30 NEXT ]
RUN
1152

The preceding example contains a FOR/NEXT loop which
increments the value of | by .5 each time the loop is
executed.

A FOR/NEXT loop can also be used to decrease the value of
the counter. This can be accomplished by using the optional
STEP statement within the FOR statement. If the STEP
statement has a negative argument, the counter is decreased
each time the loop is executed. The following example
illustrates a FOR/NEXT loop where the counter is decre-
mented rather than incremented.
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Example

10 FORK=10TO 5 STEP -2
20 PRINT K;
30 NEXT K
RUN
10 8 6

This loop begins at line 10 by assigning the counter (K) the
value 10. At line 20 the value of K is printed. When line 30 is
encountered, execution continues at line 10, because the
NEXT statement returns the program to the preceding FOR
statement. The value of the counter is changed by the
argument of STEP. Since the STEP value is -2, the counter is
decreased by 2. The value of the counter is changed to 8. At
line 20, the new value of K is printed. Line 30 is executed
again, so the program returns to the FOR statement at line
10. The counteris again decremented by 2. The new value of
K is 6. At line 20, this K value is printed.

When line 30 is executed again, the program does not return
to line 10. The current value of the counter is 6, and if the
counter was to be decremented again, the counter would be
4. However, 4 is less than the final value which is specified in
the FOR statement (the argument of TO). As a result, the
loop does not continue after K = 6 because another
decrementwould make the counter less than the final value

(5).

If the counter of a loop is being incremented, the loop will
be executed until the counter would exceed the final value if
itwere incremented again. For example: FORJ=1TO 4 STEP 2
would be executed with ] equal to 1 and 3. The counter (J)
would exceed the final value (4) if it were incremented again.

A FOR/NEXT loop should be executed as if it were a single
statement. An attempt to branch into a FOR/NEXT loop will
cause an error.
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Example
10 GOTO 30
20 FORI1=1TO 10
30 PRINT I
40 NEXT I
RUN
0

? NEXT WITHOUT FOR ERROR IN 40
In general, branching out of a FOR/NEXT loop will not cause
an error. However, exiting a loop before it has completed

should be avoided.

FRE

The FRE function returns the number of bytes of memory
available. The FRE function requires an argument, but that
argument has no effect on the value returned.

Configuration
X = FRE (a)
If more than 32,000 bytes are available, the value returned
will be negative. The following example contains an
expression that always returns the correct amount of
available memory.
Example

X = FRE(1) - (FRE(1)<0) * 65536

GET

A GET statement is used to assign a value to a variable. The
input is accepted one character at a time from any input
device.
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Configuration

GET [# a,]{;(($}

The first argument of a GET statement is the optional file
number. The file number must be an integer between 1 and
255 inclusive, and corresponds to an appropriate OPEN
statement,

If a file number is not specified, the input is taken from the
keyboard.

The GET statement must include a variable name. The value
of the input is assigned to the variable in the GET statement.
A string variable name can be assigned any character, or
none at all. A numeric variable, however, can accept only
the characters 0-9 inclusive. If a GET statement with a
numeric variable receives a non-numeric character, an error
results.

If a GET statement is executed with a string variable, and no
data is available, the variable is assigned the null string (a
string with no character). If a GET statement is executed with
a numeric variable, and no data is available, the variable is
assigned the value 0. Unlike an INPUT statement, the
program does not wait for a response to a GET statement.

When a GET statement includes the optional 1/0 channel
number, the input is taken one character at a time from the
device specified in the corresponding OPEN statement. The
OPEN statement must include an input device as well as an
input operation.

Example
TOGETZ:IFZ=0THEN10

20 PRINT Z
30 END
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The previous example contains a program that uses a GET
statement to receive input from the keyboard. When the
program is executed, the variable Z is set equal to 0 until a
numeric character is entered at the keyboard. The IF/THEN
statement at line 10 causes the GET statement to be repeated
until a numeric value (other than zero) is entered.

When the GET statement receives acceptable input, the
value of Z is displayed and the program ends.

GOSsSuUB

The GOSUB branches program control to the subroutine
beginning at the line number specified as its argument.

Configuration
GOSUB line number

Subroutines can be called from any part of a program. A
RETURN statement, at the end of a subroutine, causes the
program to resume execution with the statement directly
after the GOSUB statement.

Subroutines are convenient to use when the same set of
operations need to be repeated at different parts of a
program.

Example

T0FORJ=0TO 2
20 GOSUB 100
30 NEXT )

40)=5

50 GOSUB 100
60 END

100 PRINT J;

110 RETURN

RUN

0125
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The previous example illustrates a subroutine that is called 4
times, from 2 different parts of the program. In this example,
only one statement is included in the subroutine. However,
many statements can be included in a subroutine.

Line 10 begins a FOR/NEXT loop. The counter (}) is set equal
to 0 the first time through the loop. Line 20 calls the
subroutine at line 100. As a result, line 100 is executed next.
The subroutine prints the value of ] and proceeds to line 110.
At line 110, the program is returned to the point where the
subroutine was called (line 20).

The statement at line 30 is then executed. The NEXT
statement causes the loop to be incremented and repeated.
The counter ()) is set equal to 1, and the subroutine is called
again from line 20. At line 100, the value of ] is printed. Line
110 returns the program to line 20.

These steps are also repeated for | =2. When the loop has
been executed 3 times, the program will proceed to the line
40. ) isassigned the value 5,and the subroutine is called again
at line 50. The subroutine prints the value of ). The program
then returns to line 60 where it ends.

GOSUB can also be used with ON to branch a program to
one of several subroutines.

Configuration
ON expression GOSUB linenumber|,linenumber]...

The expression after the ON statement indicates which line
number the program proceeds to. This is called the control
expression. The control is evaluated and truncated. If the
value is negative or greater than 255, an error occurs. If the
value of the control is 1, the program continues at the first
line number after GOSUB. If the control is equal to 2, the
program continues at the second line number after GOSUB,
etc.
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If the value of the control is 0 or greater than the number of
line numbersin the statement, the line after the ON/GOSUB
statement is executed.

Example
ON X GOSUB 100, 200, 300, 400

This statement executes the subroutine atline 100 if X=1, If X
= 2, the subroutine at line 200 is executed. If X = 3, the
subroutine at line 300 is executed. If X =4, the subroutine at
line 400 is executed. If X=0 or X is greater than 4, the next line
is executed.

GOTO

The GOTO statement causes the program to proceed at the
indicated line number.

Configuration
GOTO linenumber
Example

10X=X+1

20 IF X t 2> 50 THEN END
30 PRINT X;

40 GOTO 10

RUN

1234567

The previous example demonstrates the use of GOTO. Line
10 increases the value of X by 1. Line 20 ends the program
when X squared is greater than 50. When line 40 is executed,
the program returnsto line 10. This program repeats lines 10
through 40 until the program is ended or branched out of
the loop. The program ends when X =8 because 8 squared is
greater than 50.
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GOTO is also used with an ON statement to branch a
program to one of several lines.

Configuration
ON expression GOTO linenumber [,linenumber]...

The expression after the ON statement indicates which line
number the program proceeds to. This is called the control
expression. The control is evaluated and truncated. If the
value is negative or greater than 255, an error occurs. If the
value of the control is 1, the program continues at the first
line number after GOTO. If the value is 2, the program
continues at the second line number after GOTO, etc.

Example

T FORJ=1TO 3

20 ON J GOTO 40, 50, 60
40 PRINT “)=1":GOTO 70
50 PRINT “)=2”:GOTO 70
60 PRINT “) = 3”

70 NEXT J

The previous example is a program that uses an ON/GOTO
branch. Line 10 begins a FOR/NEXT loop that is repeated 3
times. The first time through the loop, the counter (J) is set
equal to1. Atline 20, the programis branched to the first line
number after GOTO because the control (J) is equal to 1. At
line 40, the message ] =1 is printed. The program is sent to
line 70, where the NEXT | is chosen. Since the loop
increments the counter by 1, the counter is set equal to 2
during the second execution of the loop. At line 20, the
program s branched to line 50, the second line number after
GOTO. At line 50, the message ) = 2 is printed. The loop is
repeated again with | set equal to 3. At line 20, the program
branches to line 60, the third choice. At line 60, the message )
=3 is printed. The loop is complete so the program ends.
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If the control (argument of ON) equals zero or a number
greater than the number of choices, the statement that
follows the ON/GOTO statement is executed.

IF

The IF statement is used with a THEN statement to branch a
program if a particular condition is true.

Configuration

) statement [:statement]...
IF expression THEN { |
linenumber

The expression that follows IF can be logical or algebraic.
Any algebraic expression that does not equal zero is
considered true. The logical operators (AND, NOT and OR)
can be used in the IF expression.

Example

10 X=15

20Y=30

30 IF X>10 AND Y>20 THEN 50

40 PRINT “CONDITIONS NOT MET”:END
50 PRINT “CONDITIONS HAVE BEEN MET”
RUN

CONDITIONS HAVE BEEN MET

The previous example shows two logical expressions and a
logical operatorinthe IF/THEN statement (line 30). The AND
will only be true when both conditions have been met. Since
X =15 (line 10) and Y = 30 (line 20), both of the conditions of
line 30 are true. As a result, the program branches to line 50.
At line 50, the message CONDITIONS HAVE BEEN MET is
printed.

An END statement is used in line 40 to prevent both
messages from being printed when the IF statement is false.
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An IF/THEN statement can also be followed by statements
instead of a line number.

Example

10Y=5

20X=10

30 IF X =10 THEN PRINT X:PRINT Y
RUN

10

5

The previous example shows that statements can follow a
THEN statement, separated by colons. If the condition is
true, the statements are executed. If the condition is false,
the program will continue at the next line, and the statements
after the THEN statement are ignored. Since X = 10 (line 20),
the conditions at line 30 (X=10) is true. As a result, the
statements after THEN are executed and the values of X and
Y are printed.

INPUT

An INPUT statement is used to assign values to variables.

Configuration
#a X 1Y
T ’ !
INPU [”prompt";]{ X$[,Y$] }

An INPUT statement can be used to accept values for the
variables from any input device. If the optional file number
(#a) is not specified, the data is taken from the keyboard.

When an INPUT statement is encountered (for the keyboard),
a question mark appears on the display as a signal for the
operator to enter data. A prompt message can also be
included to print a message when an INPUT statement is
executed.



108 Commodore 64 User’s Handbook

An INPUT statement can include a combination of numeric
and string variables. Values can be assigned to each variable
with one response. The values of a multiple response must
be separated by commas. If the response to an INPUT
statement does not include enough values, two question
marks appear on the display as a signal that more data is
necessary. If too may values are included in a response, the
message:

?EXTRA IGNORED

is displayed to notify the operator that at least one of the data
items was not assigned to a variable.

If astring value is entered where a numeric value is expected,
the message:

IREDO FROM START

is displayed to notify the operator that an incorrect type of
value has been entered.

Numeric data can be entered in standard or scientific
notation.

String values that include a comma, semicolon, colon or the
EOL character (CHR$(13)) must be enclosed in quotation
marks. String values that do not have any of these characters
do not need quotation marks.

Example

10 INPUT “ITEM, QTY.”; ITEM$, QTY

20 PRINT ITEM$,QTY

RUN

ITEM, QTY.? PENS, 1200 <—— user’s response
PENS 1200
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The previous example contains a program that accepts a
user’sresponse through the keyboard. The INPUT statement
at line 10 includes a prompt message that is displayed when
the INPUT statement is executed. The INPUT statement
requiresastring value for the variable ITEM$, and a numeric
value for the variable QTY. The example also includes a
correct response as entered by the operator.

If the optional file number is used in an INPUT statement,
the variables are assigned the data taken from the specified
inputdevice. An appropriate OPEN statement must precede
the INPUT statement if a file number is used.

INT

The INT function returns the largest integer that is less than
or equal to the argument.

Configuration
X = INT (a)
Examples
PRINT INT (13.9)
13
PRINT INT (-4.7)
-5

LEFT$

The LEFT$ statement is used to designate the leftmost
characters of a string.

Configuration
Y$ = LEFT$ (string, a)

The LEFT$ function returns a string value. The firstargument
isastring constant or astring variable. The second argument
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is a numeric value. The string returned consists of the
number of characters specified by the numeric argument.
These characters are the first characters in the string
argument.

Example

10 A$ = “WILLIAM JONES”
20 PRINT A%

30 PRINT LEFT$(A$,7)

RUN

WILLIAM JONES
WILLIAM

The preceding example contains a program that uses a LEFT$
statement. At line 10, the string variable A$ is assigned the
value “WILLIAM JONES.” At line 20, the value of A$ is
printed. At line 30, the first 7 characters of A$ are displayed.

If the value of the numeric argument exceeds the length of
the string argument, the entire string value is returned. If the
value of the numeric argumentis0, a string with no characters
is returned.

LEN

The LEN function is used to return the number of characters
and spaces in a string value.

Configuration
X = LEN (string)
Example

10 X$ = “WILLIAM JONES”
20 X = LEN (X$)
30 PRINT X
RUN
13
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LET

The LET statement is optional. It is used to assign a value to a
variable.

Configuration

X=a
[LET] ‘X$ = string}

Examples

LET X = 250
X=Y+25

LIST

The LIST statement is used to display the program that is
currently in the computer’s memory.

Configuration
LIST [linenumber] — [linenumber]

The arguments of a LIST statement are optional. If the LIST
statement is executed without any arguments, the entire
program that is currently in memory is displayed on the
screen. Holding down the Control key on the keyboard
makes the listing proceed slowly.

The arguments of a LIST statement are used to specify a
particular section of the program. If only one number
appearsin aLIST statement, the specified line of the program
is displayed. If there is no corresponding line number in the
program, the statement has no results.

If a LIST statement has one argument, followed by a dash,
every line of the program with a line number greater than or
equal to the argument is displayed.
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If a LIST statement has one argument preceded by a dash,
every line of the program with a line number less than or
equal to the argument is displayed.

Examples

LIST 100
LIST 10-100
LIST 10-
LIST -100

The first statement in the preceding example displays line
100 if the program in memory contains a statement with line
number 100. The second example displays all the lines in the
program numbered from 10 to 100 inclusive. The third
example displays line number 10 along with all the
subsequent lines of the program. The fourth example
displays all the lines of the program in memory up to and
including line number 100.

LOAD

The LOAD statement is used to enter a program into the
computer’s memory.

Configuration
LOAD [“program name”][,a]

Programs are generally stored on a cassette tape or disk. The
second argument of the LOAD statement specifies the
device that is used to load the program. If the LOAD
statement does not include a device number, the cassette
recorder is assumed (device number 1). If a program is to be
loaded from a disk, the second argument of the LOAD
statement must specify device number 8.
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The first argument of the LOAD statement is a program
name. The program name is optional with the cassette
recorder. If no program name is specified, the next program
on the cassette tape is loaded into the computer’s memory.

A program name is always necessary with the disk drive.
However, if an asterisk (*) is used as a program name, the first
program on the disk is loaded into the computer’s memory.

The program name and device number can be represented
by variables in a LOAD statement.

Examples

LOAD

LOAD “EXPENSES”
LOAD “*”, 8

LOAD “EXPENSES”,8

In the previous example, the first statement loads the next
program that is recorded on the cassette tape. The second
example statement also uses the cassette tape, but the
program with the name “EXPENSES” is loaded into memory.

The third statement of the preceding example loads the first
program thatis stored on the disk. The fourth statement also
uses the disk, but the program with the name “EXPENSES” is
loaded into memory.

When a LOAD statement is executed for the cassette
recorder, the prompt:

PRESS PLAY ON TAPE

is displayed. When the lever is pressed, the recorder begins
to operate and the display is cleared. If the program name is
not specified, the program name does not appear in the
following messages.
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When the program recorder finds a program on the tape,
the message,

SEARCHING FOR program name
is displayed, followed by:
FOUND program name.

If the program names are the same in the two preceding
messages, the computer loads the program when the
Commodore key is pressed. If the program recorder did not
find the program it was searching for, the Commodore key
causes the recorder to proceed to the next program on the
tape. Each program that is encountered causes an additional
FOUND message to appear on the display.

When the program is being loaded into the computer’s
memory, the message,

LOADING
is displayed, followed by:

OK
READY

when the LOAD procedure is complete.

LOG

The LOG function returns the natural logarithm of the
argument. The natural log function is undefined for zero
and negative arguments. As a result, an illegal quantity error
occurs when the argument is not positive.

Configuration

X = LOG (a)
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Example

PRINT LOG (2.71828183)
1

MID$

The MID$ statement is used to designate characters in the
middle of a string.

Configuration
Y$ = MIDS$ (string, a,b)

The MIDS$ function returns astring value. The first argument
is a string constant or a string variable. The second and third
arguments are numeric values. The first numeric argument
determines the first character from the string argument that
is returned. The second numeric argument determines the
total number of characters that are returned.

Example

10 A$ = “JOHN PETER JONES”
20 PRINT MID$ (A$%,6,5)

30 END

RUN

PETER

The previous example contains a program that uses the
MIDS$ function. Atline 10, the variable A$ is assigned a string
value. At line 20, the PRINT statement includes a MID$
statement. The MID$ statement specifies the string value of
A$. The second argument (6) specifies the sixth character in
the string. The third argument (5) specifies the number of
characters returned. As a result, the string value “PETER” is
printed because “P” is the sixth character of the string
(including spaces).
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NEW

The NEW command eliminates the current program in the
computer’s memory.

Configuration
NEW
Example
NEW

NEXT

The NEXT statement is used with a FOR statement to form a
repetitive section of a program.

Configuration
NEXT [X] [,Y]...

A FOR statement begins a loop, and a NEXT statement ends
it. The FOR statement sets an initial value and a final value for
the counter. The optional STEP statement specifies the
amount that the counter isincreased or decreased each time
the loop is executed.

If a NEXT statement does not include a variable name, the
most recent FOR/NEXT loop is incremented.

If a NEXT statement specifies a variable from a preceding
FOR/NEXT loop, the loops that were skipped are auto-
matically terminated.

If a NEXT statement contains more than one variable, the
loop for the first variable must have been completed before
the second loop is incremented.
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Example

10 FOR J=1TO 10 STEP 2
20 PRINT )
30 NEXT

In the previous example, the variable J is the counter. The
initial value of the counter is 1, and the final value is 10. The
value of the counter is incremented by 2 each time the loop
is executed.

The section of the program between the FOR and NEXT
statements is repeated for each different value of the
counter. Each time the NEXT statement is executed, the
value of the counter is changed by the STEP argument value.
The loop is repeated for each value of the counter. In the
previous example, the loop is repeated 5 times, with the
counter equal to 1, 3, 5, 7, and 9. The initial value of the
counter (J) is 1, and it is increased by 2 each time the loop is
executed because of the STEP 2 statement.

If no STEP statement is used, the counter value increases by 1
each time a NEXT statement is executed.

A FOR/NEXT loop can also have a decreasing counter. If the
STEP argument is negative, the value of the counter decreases
each time the loop is executed.

An increasing counter will repeat the loop until one more
increase would make the counter greater than the final
value. A decreasing counter will repeat the loop until one
more decrease would make the counter less than the final
value.

When a loop has been completed, the statement after the
NEXT statement is executed.

NOT

The NOT statement is used as logical negation.
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Configuration
NOT expression

The NOT operation is executed according to the following
truth table.

A NOT A
0 -1
-1 0

The conditions of true and false are represented by the values
-1 and 0.

NOT statements are generally used in IF/THEN statements.

Example

10Y=5

20 IF NOT Y =4 THEN 999

30 PRINT “Y IS EQUAL TO 4”
999 END

The program in the preceding example contains a NOT
statement as part of an IF/THEN statement. At line 10, the
variable Y is assigned the value 5. At line 20, the statement
NOT Y =4 is the condition of the IF/THEN statement. Since
thevalue of Yis5, the statement 5=4is false. Asaresult, NOT
Y=4istrue,and program control branches to line 999. When
Y has any value other than 4, the program has no output.

A NOT statement can also have a numeric argument. The
NOT operation returns a numeric value according to the
formula NOT A = (-A) - 1. A numeric argument for a NOT
statement is always truncated, so a NOT statement is always
evaluated to an integer. The NOT operation of integers can
be represented by the following illustration.
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.,-3,-2,-1 0,1,2, ...

OPEN

An OPEN statement is used to open an I/0 channel for an
input or output device.

Configuration

OPEN a, b, [c][,”string”]

The first argument of an OPEN statement specifies a file
number. The file number can be any value from 1t0 255. The
file number thatis used in an OPEN statementisalso usedin
any subsequent INPUT#, GET# or PRINT# statements for that
device.

The second argument of an OPEN statement indicates the
type of 1/0 device that is used. Each device has a device
code, as listed in the following table.

device device code
keyboard 0
cassette 1
RS-232 2
Display 3
Printer 4
Printer 5
Disk 8

The third argument of an OPEN statement indicates the 1/0
operation thatis to be performed. The third argument is not
necessary when the keyboard or display is used as an 170
device. The following table lists appropriate 1/0 operation
codes for each device.
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operation

device code operation
Cassette 0 read

1 write

2 write*
Disk 1-14 data channel

15 command channel
Printer 0 upper case/

graphics
7 upper/lower case

*Put END OF TAPE marker at end.

The fourth argument has different functions for each device.
With the cassette, the fourth argument designates the name
of the file. In disk operation modes 1-14, the fourth
argument designates the name of the file. In disk operation
mode 15, the fourth argument designates the command.
With the printer, the fourth argument is displayed as though
it were in a PRINT statement.

Examples

OPEN 2,0
OPEN 1,1, 2, “RECORDS”

In the previous example, the first statement opens the
keyboard for input. The second statement opens the cassette
for storing the file “RECORDS”. The End of Tape marker is
recorded at the end of the file.

OR

The OR operator is generally used in IF/THEN statements to
combine two or more conditions.

Configuration

expression OR expression
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The OR operation is executed according to the following
truth table.

A B A OR B
0 -1 -1
-1 -1 1
-1 0 -1
0 0 0

The conditions of true and false are represented by the
values -1 and 0.

Example
10X=5
20Y=10
30IFY>50R X< 0THEN 50
40 END

50 PRINT “Y IS GREATER THAN 5”
60 PRINT “OR X IS NEGATIVE”

70 END

RUN

Y IS GREATER THAN 5

OR X IS NEGATIVE

Inthe preceding example, the variables X and Y are assigned
values at lines 10 and 20. At line 30, an IF/THEN statement
includes an OR operator. The two expressionsare Y > 5and
X<<0. Since Y >5 is true, and X< 0 is false, the OR
operation is evaluated as true.

Since the condition of the IF/THEN statement is true, the
program control branches to line 50. At lines 50 and 60 the
output message is printed. When the condition of the
IF/THEN statementt s false, the program is ended at line 40.

When the OR operation is executed with numeric expres-
sions, the arguments are truncated and converted to their
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binary equivalents. The value of the OR statement is the
result of the OR operation on each bit of the values. For
example:

5 (binary 0101)
OR 11  (binary 1011)

15 (binary 1111)

Since the binary equivalent of 5 is 101, and the binary
equivalent of 11is1011, the OR operation for each bit has the
result 1111. The numeric value of 1111 is 15. Any non-zero
value is considered true.

PEEK

The PEEK function is used to recover the value in a memory
location.

Configuration
X = PEEK (a)
A memory location contains an integer value between 0 and
255. The argument of a PEEK statement refers to the memory
location. An illegal quantity error occurs if the argument is
negative or greater than 65535. If the argument (a) is not an
integer, it is truncated.

Example

PRINT PEEK (83)

POKE

The POKE statement is used to store one byte of information
in a particular memory location.
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Configuration
POKE a, b

The first argument of a POKE statement is the memory
location. If a POKE statement specifies a memory location
that does not exist, the POKE statement has no effect. Also, if
a POKE statement specifies a memory location that is part of
the ROM, the POKE statement has no effect.

The second argument of a POKE statement is the value that is
to be stored at the specified memory location. The value of
the second argument represents one byte. As a result, the
value must be an integer between 0 and 255.

If either of the arguments of a POKE statement is not an
integer, itis truncated. An illegal quantity error occurs if the
memory location specified is greater than 65535 or the value
of the second argument exceeds 255. An illegal quantity
error also results if either of these arguments are negative.

If the POKE statement is not used carefully, it can seriously
disrupt the operation of the computer.

Appendix G contains information regarding commonly
used memory locations.

POS

The POS function is used to return the position of the cursor.
Configuration
X = POS(a)
The value of the argument has no effect on the results. The
value returned is the column number where the next output

is to occur on the display. The value is always an integer from
0 through 39.
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Example

10 PRINT TAB(10);
20 PRINT POS(0)
RUN

10

PRINT

The PRINT statement is used to output characters to the
display or an output device.

Configuration

PRINT [#a][data{’,} data...]
b
The first argument of a PRINT statement is the optional file
number. The file number must be used only when an output
device other than the display is used.

In general, a PRINT statement includes string and numeric
variables, as well as string and numeric constants. Each
variable name or constant must be separated by either a
comma or semicolon. When a comma separates the itemsin
a PRINT statement, the display is divided into four columns.
When a semicolon is used between items in a PRINT
statement, the values are displayed adjacent to each other,
with one space preceding and following numeric values.

A PRINT statement can end with acomma, semicolon, or no
punctuation at all. A PRINT statement that ends with a
semicolon allows the cursor to wait at the next position until
another PRINT statement is executed. The cursor waits at the
next available column when a PRINT statement ends with a
comma. When a PRINT statement has no punctuation at the
end, the next line of output automatically
occurs on the next line.
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Example

10X=5

20Y=25

30 PRINT “PRICE $”; X,

40 PRINT “UNITS:”;Y
RUN

PRICES$ 5 UNITS: 25

In the previous example, the program contains two PRINT
statements for one line of output. At lines 10 and 20, the
variables are assigned values. At line 30, the string constant
“PRICE$” is printed, followed by the value of the variable X.
Since a semicolon separates the values, they are printed
adjacent to each other, separated by one space. The PRINT
statement at line 30 ends with a comma, so the next output
occurs on the same line, in the second column. The string
constant “UNITS: " is followed by the value of the variable Y.
These values are also separated by one space.

When a PRINT statement includes the optional file number,
the output is sent to another device, instead of the display.
The file number specified in a PRINT statement must
correspond to a previously executed OPEN statement for an
appropriate device and operation.

An INPUT statement is generally used to recover data that
was stored on cassette or disk with a PRINT statement. In
order for numeric values to be read with an INPUT
statement, each numeric value must be followed by an EOL
character. This can be accomplished by including a single
numeric value with each PRINT statement.

Example

10 OPEN 1,1,1, “EXAMPLE”
20 FOR J =1TO 100

30 X = RND (9)

40 PRINT#1,X

50 NEXT |

60 CLOSE 1
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The program in the previous example uses a PRINT statement
to record 100 random numbers on cassette tape. At line 10,
an 170 channel is opened for output to the cassette
recorder. The file on the tape is called “EXAMPLE". Line 20
initiates a FOR/NEXT loop that is repeated 100 times. At line
30, a random value is assigned to the variable X. At line 40,
the value at X is printed on the output device opened as file
#1. When 100 values are recorded, this file is closed.

In addition to the general use of the PRINT statement, a
PRINT statement can also be used for special output to the
display.

In a PRINT statement, the movement of the cursor is
represented by characters. When quotation marks are used
in a PRINT statement, the cursor control keys do not move
the cursor, but display a character instead. When the cursor
control characters are encountered in an execution of a
PRINT statement, the cursor moves appropriately. The
cursor control characters have the following results.

CURSOR UP B
CURSOR DOWN “[&}”
CURSOR LEFT  “W’
CURSOR RIGHT “HN’

Example
10 A% = “VIC-20"
20 PRINT “[STHHI) ";A$
30 END
RUN VIC-20
READY

In the preceding example, the variable A$ is assigned the
value “VIC-20"" at line 10. At line 20, a PRINT statement
includes the cursor control characters. The first character in
quotation marks causes the cursor to move up one line. The
next six characters each cause the cursor to move one space
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to the right. After the cursor is moved, the value of A$ is
displayed.

When the previous example program is executed, the
outputisdisplayed on the same line as the READY statement.
This occurs because the cursor is moved up oneline, and six
spaces to the left before the value of A$ is displayed.

The CLR and HOME display command keys can also be
represented with special characters in a PRINT statement. In
a PRINT statement, in quotation marks, the character ”E" is
generated when the HOME key is pressed. Also, the
character "E2” is displayed when the CLR key is pressed.
These characters cause the screen to be cleared, or the
cursor to be moved to the home position when they appear
in a PRINT statement.

A PRINT statement can also determine the color of the
output. Within a PRINT statement, in quotation marks, the
numbered keys (1-8) control the color of the output. When
each of these keys are pressed along with the Control key, or
the Commodore key, they display special characters. When
these characters are encountered in a PRINT statement, the
color of the output changes.

The charactersin a PRINT statement can also be displayed in
a reverse mode. In a PRINT statement, the keystroke
“Control-9” (when enclosed within quotation marks) causes
the subsequent characters in that PRINT statement to be
displayed in the color of the background (like a photographic
negative).

When the “Control-9” combination of keys is entered, the
character “ [f] 7 is displayed. Any subsequent values are
printed in the reverse mode until a “™ "’ character
(“Control-0”) is encountered, or the end of the line of
output. The line of output is ended if the PRINT statement
does not end with a comma or semicolon. Also, the line of
output ends when a CHR$ (13) character is printed.
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For example, the statement
PRINT “ [§] viC ™ 20”

would cause the output JJ[§20. The first character in
quotation marks is the “Control-9” combination. The subse-
quent characters are printed in reverse until the “Control-0"
character is encountered.

READ

A READ statement is used to assign values to variables. The
values are taken individually from DATA statements in the
order they appear in the program.

Configuration

READ‘X Y }
X$\|,v$1]...

Data items are assigned to variables in the order in which
they appear in the program unless a RESTORE statement has
been executed.

The type of variable in the READ statement must correspond
to the type of data in the corresponding DATA statement. A
numeric variable can only be assigned a numeric value.
However, a string variable can accept any type of character
or none at all.

A program must include a least as many data items as the
number of variables in its READ statements unless aRESTORE
statement is executed.

Example

20 READ X, X$
30 PRINT X$,X
40 END

(continued on next page)
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50 DATA 12, JONES
RUN
JONES 12

The preceding example contains a program that has a READ
statement. Atline 20, the variables X and X$ are assigned the
values from the DATA statement at line 50. At line 30, the
values of the two variables are displayed.

A READ statement can accept data from a DATA statement
that appears anywhere in a program. A DATA statement
does not have to precede the READ statement in order to be
effective.

REM

A REM statement is used to insert comments in a program.
The REM statement is ignored by the BASIC interpreter.

Configuration
REM remarks
Example
REM INPUT ROUTINE
Any statements that follow a REM statement, on the same
line, are also ignored by the computer. As a result, a REM

statement is generally used on its own line or at the end of a
multiple statement line.

RESTORE

A RESTORE statement is used to move the DATA statement
pointer.

Configuration

RESTORE
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The data in a program is read in order, starting with the first
DATA statement item. In order to reread the data, a
RESTORE statement is necessary.

When a RESTORE statement is executed, the next READ
statement will assign to its first variable the first data value
that appears in the program.

Example

RESTORE

RETURN

A RETURN statement is used to branch a program back to
the line where the last subroutine was called.

Configuration
RETURN

A subroutine is called with a GOSUB or ON/GOSUB
statement. When the subroutine has been completed, a
RETURN statement causes the program control to return to
the statement following the most recently executed GOSUB
or ON/GOSUB statement.

Example
RETURN

RIGHT$

The RIGHT$ statement is used to return the rightmost
characters of a string.

Configuration

Y$ = RIGHTS$ (string, a)
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The RIGHT$ function returns a string value. The first
argumentis astring constant or a string variable. The second
argument is a numeric value. The string returned consists of
the number of characters specified by the numeric argument.
These characters are the rightmost characters in the string
argument.

Example

10 A$ = “WILLIAM JONES”
20 PRINT A$

30 PRINT RIGHT$(A$,5)
RUN

WILLIAM JONES

JONES

The preceding example contains a program that uses a
RIGHT$ statement. At line 10, the string variable A$ is
assigned the value “WILLIAM JONES”. At line 20, the value
of A$ is printed. At line 30, the rightmost 5 characters of the
value of A$ are displayed.

If the value of the numeric argument exceeds the length of

the string argument, the entire string value is returned. If the
value of the numeric argument is 0, a null string is returned.

RND

The RND function is used to generate “random” numbers.
Configuration
X = RND (a)
The computer uses a mathematical process to generate
pseudo-random numbers greater than or equal to 0 but less

than 1. The argument of the RND statement has an effect on
the number that is returned. If the argument of a RND



132 Commodore 64 User’s Handbook

statementis non-negative, the “random” number is derived
from the previous “random” number. As a result, if a
program has RND statements with constant arguments, the
sequence of “random” numbers will be the same each time
the computer is turned on.

An RND statement with a negative argument chooses a value
independent of the last “random” number. However, for a
fixed negative argument, the RND function returns the same
value.

The most effective way to generate “random” numbers is to
execute an RND (-TI) first, followed by RND statements with
positive arguments. Tl is the name of a variable that keeps
changing while the computer is operating. As a result, the
value of RND(-TI) is very rarely repeated.

Example
X = INT(RND(9)*100)

The previous example contains a statement that generates
random integers from 0 to 99.

RUN

The RUN statement is used to execute the program that is
currently in the computer’s memory.

Configuration
RUN [linenumber]

The RUN statement can include a line number as an
argument. If the specified line number appears in the
program, execution begins with that line. If the specified
line number does not appear in the program, the following
message is displayed:

?UNDEF'D STATEMENT ERROR
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If the RUN statement does not include an argument,
execution begins at the first line of the program.

Example

RUN
RUN 100

SAVE

The SAVE statement is used to record a file on cassette or
disk.

Configuration
SAVE [“filename”] [,a] [,b]

If a SAVE statement is executed with no parameters, the
program thatis currentlyin RAMisrecorded on the cassette
tape. If the optional filename is included in the SAVE
statement (in quotation marks), the file is recorded under
the specified filename. The filename must be included if the
file is to be recorded on disk.

The second argument indicates the device. If the second
argumentis the number 8, the file will be recorded on disk. If
the second argument is not used, or is the value 1, the file is
recorded on the cassette.

If the second argument is 1 (cassette), the optional third
argument can also be included. If the third argument is the
value 1, an End of Tape marker is recorded after the file.

A SAVE statement records a file on tape at whatever position
the tape is at. Be careful to position the tape at a place where
no other files are present, or the previously recorded files
will be erased.

A LOAD statement is used to recover files that were
recorded with a SAVE statement.
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Examples

SAVE “EXAMPLE”
SAVE "RESULTS”,8
SAVE‘“‘RECORDS” 1,1

The first example saves a file on cassette named EXAMPLE.
The second example saves a file on disk named RESULTS.
The third example saves a file named RECORDS on cassette,
followed by an End of Tape marker.

SGN

The SGN function returnsa+1if its argument is positive, a -1
if negative, and a 0 if zero.

Configuration
X =SGN (a)
Example

100 A =100
200 X = SGN (A)
300 PRINT X

RUN
1

SIN

The SIN function returns the sine of the angle specified asiits
argument. The argument will be assumed in radians.

Configuration
X = SIN (a)
Example

PRINT SIN (3.1415927/2)
999999992
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SPC

The SPC statement is used to insert spaces in a PRINT
statement.

Configuration
SPC (a)

The argument of the SPC statement specifies the number of
blank spaces that will occur.

Example

10 X = 4
20Y=6

30 PRINT X;SPC(5);Y
RUN

4 6

In the previous example, the values of the variables X and Y
are printed at line 30. The SPC statement within the PRINT
statement causes the output to be separated by 5 extra
spaces.

SQR

SQR returns the square root of its argument.
Configuration
X=SQR (a)
Example
10 X =49
20 PRINT SQR (X)

RUN
7
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STOP

The STOP statement causes a haltin the execution of aBASIC
program.

Configuration
STOP

If STOP is executed in the program mode, the following
screen message will be displayed:

BREAK IN XXX
where XXX is line number where STOP was executed.

CONT can be used to rescue program execution after it was
halted by the execution of a STOP statement.

Example

10 INPUT X

20 IF X =10 THEN STOP
30 PRINT X

40 END

In the preceding example, if avalue of 10 is input for X in line
10, the program execution will stop and the following
message will be displayed:

BREAK IN 20

By entering CONT, program execution will resume with line
30.

STR$

STR$ returns the string representation of its argument.
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Configuration
X$ = STR$(a)
Example

10 A$ = STR$(40)
20 PRINT A$
RUN

40

In the preceding example, the string variable A$ is assigned
the string value “40”. The STR$ function converts the
numeric value 40, to the string value “40”.

SYS

The SYS statement is used to begin execution of a machine
language program.

Configuration
SYS location
The argument of a SYS statement is the memory location
where the machine language program begins. The argument
must have a value between 1 and 65535 inclusive. When the
machine language programis complete, the program control
returns to the statement following the SYS statement.
Example

SYS 4450

TAB

The TAB statement is used to specify the column where the
next item in a PRINT statement will be output.
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Configuration
TAB (a)

The output that follows a TAB statement begins at the
column specified by the argument.

Example
PRINT X$;TAB(8);Y$
In the previous example, the value of the variable X$ is

displayed, starting in the first column. The value of the
variable Y$ is displayed, starting in column number 8.

If the next available column is greater than the argument of a
TAB statement, the TAB statement has no effect. The next
output occurs at the next available column.

USR

The USR function is used to call an assembly language
subroutine.

Configuration
X = USR(a)

When a USR statement is executed, the value of the
argument is stored in the floating point accumulator. The
value of the starting address of the machine language sub-
routine is determined by the values of memory locations 1
and 2.

The machine language subroutine operates on the value
specified in the USR statement. When the subroutine is
complete, the USR statement is assigned the value calculated
in the subroutine (the final value of the floating point
accumulator).
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Example
X = USR(Y)

In the preceding example, the variable X is assigned the
result of a machine language subroutine. The USR function
will result in an error unless a machine language program
actually exists.

VAL

The VAL function converts its string argument to a numeric
value. The numeric charactersin the string argument will be
converted to their numeric equivalents untila non-numeric
string character is encountered. If the first character of a
string is not a numeric value, the VAL function returns the
value 0.

Configuration
X = VAL (string)
Example

100 A$ = “57A72B”
200 PRINT VAL(A$)
300 PRINT VAL(A$) + 2
RUN

57

59

VERIFY

The VERIFY statement s generally used to check if a program
was recorded accurately.

Configuration

VERIFY [program name, device]
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When a VERIFY statementis executed, the specified program
(or the next program on cassette) is compared with the
program in the computer’s memory. If the two programs are
exactly alike, the message,

OK
READY

is displayed on the screen. If the two programs are not
exactly alike, the following message is displayed:

?VERIFY ERROR
READY

The VERIFY statement can be used with the cassette recorder
to VERIFY a specific file, or the next program on the tape.
The VERIFY procedure is very similar to the LOAD
procedure. The display is cleared while the cassette recorder
operates. Also, the recorder stops each time a program is
encountered, and waits for the Commodore key to be
pressed. In order to verify a program on the disk, the
program name must be specified as well as the device code

(8).

Generally, the VERIFY statement is executed after a program
was saved. The results of the VERIFY procedure indicate if
the program was saved without any errors.

The VERIFY procedure can also be used to locate free space
on a cassette tape. If a VERIFY statement includes the name
of the last file on the cassette tape, the computer will search
for the specified file, and compare it with the current
program in RAM. When the VERIFY procedure is complete,
the tape will be located at the end of the last file on the tape.

Examples

VERIFY "PROGRAM3" 8
VERIFY "BUDGET”



Commodore 64 BASIC Reference Guide 141

WAIT

In general, the WAIT statement is only used in unusual /0
operations. The WAIT statement halts the execution of the
program until the value of a memory location satisfies the
specified conditions.

Configuration
WAIT X,Y[,Z]

The first argument of the WAIT statement specifies a
memory location. The second and third arguments are used
to check the value of the memory location.

All of the operations of the WAIT statement are logical.
Therefore, the numeric arguments are converted to their
binary values. First, the binary value of the memory’svalueis
compared to the second argument (bit by bit) with the AND
operator. As a result, only those bits that equal 1 in both
values remain. In effect, the AND operation is used to select
only the relevant bits. If the third argument is not present,
the program continues when the result of the AND operation
is non-zero.

If the third argument is present, another operation is
performed. The third argument is also converted to binary,
and compared to the result of the AND operation. However,
these values are compared using the exclusive-OR operation.
The value of the result is zero unless the two values are not
equal. The program will continue if the result is non-zero.

Example

10 POKE 4444,16
20 WAIT 4444,16,16

In the previous example, the value 16 is assigned to the
memory location 4444. At line 20, the WAIT statement is
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executed for the value of memory location 4444. Since the
value of the specified location is 16, the operation 16 AND 16
is executed. Since 16=00010000 in binary, 16 AND 16 equals
16. The value of the AND operation is then compared to the
third argument. Since 16=16, every bit of the two values are
alike. As a result, the exclusive-OR operation returns all
zeros. When this occurs, the program cannot continue.



CHAPTER 5.
COMMODORE 64 DATASSETTE
CASSETTE RECORDER

INTRODUCTION

The Commodore 64 Datassette is used for storing BASIC
programs or data on cassette tape. The process of
transferring a program from RAM onto cassette tape (or any
other storage device) is known as saving that program. Once
a program has been saved, it can later be transferred back
from the storage device into RAM. This process is known as
loading.

Data can also be transferred back and forth between RAM
and cassette tape. The process of sending data to cassette
tape is known as writing the data. The retrieval of that data
from cassette tape back into RAM is known as reading the
data.

In this chapter, we will discuss the BASIC statements used to
read and write data and to save and load programs.
However, first we will discuss the concepts of data and
program storage.

INSTALLING THE DATASSETTE

The Datassette has only one cord, which is connected to the
Commodore 64 console. The computer console has six
recepticles on the back for peripheral devices. Three of the
recepticles are round, and the other three are rectangular.
The smallest rectangular recepticle is used with the Data-
ssette,
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The plug of the Datassette has along, narrow opening which
accomodates the long, flat connector in the recepticle
opening.

The connector on the computer console has a notch cutinto
it. The plug from the Datassette has a post which
corresponds to this notch. When the plug is aligned cor-
rectly, it presses onto the connector easily, butfirmly. When
the plug is upside-down, the post and notch do not line up,
and a good connection is impossible.

Refer to lllustration 5-1 as a guide to the installation of the
Datassette to the Commodore 64.

Hllustration 5-1. Installing the Datassette

1. Recepticle 2. Datassette Plug
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DATA FILES -- FILES, RECORDS, & FIELDS

Data files can be visualized as being organized as files,
records, or fields.

If we visualized the Datassette as a filing cabinet, a data file
would be analogous to one file within that filing cabinet. For
instance, if you kept afile filled with slips of paper containing
the names and addresses of all of your cousins, that physical
file would be analogous to a computer’s data file.

Your data file could contain any number of slips of paper --
depending upon how many cousins you had. Each slip of
paper containing the name and address of one of your
cousins would be analogous to a record within a data file.

Each individual data item within a record is known as a field.
In our example, the name of each cousin might be
considered a field as well as the street address, city, state, zip
code, and telephone number.

PROGRAM FILES

Programs are also stored as files. However, unlike data files,
program files are not divided into records and fields.

We will discuss loading and saving program and data files in
the following several sections.

Prompts

If none of the levers on the Datassette are engaged, the
computer will display the correct instructions. However, if
any of the levers on the Datassette are depressed, the
prompts do not appear on the screen. If the wrong lever is
pressed when the computer attempts to use the Datassette,
the computer proceeds as if the correct levers were pressed.
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If an incorrect lever is pressed, the programs and data on the
tape may be destroyed. Always check the Datassette before
executing an input or output command to be certain that the
correct levers are depressed.

Saving a Program File

The SAVE command is used to send a program to the cassette
unit. SAVE does not affect the program in RAM. When a
program is saved on tape, it is automatically recorded twice,
50 as to allow the Commodore 64 to check for errors when
the program is loaded back into RAM.

The following procedures should be followed to save a
program on tape.

1. Enter SAVE followed by pressing Return. If you wish to
include a name with the program on tape, you can do
so by specifying the name after SAVE enclosed in
quotes or by specifying the filename as a string
variable. The program name can consist of up to 16
characters.

2. Once SAVE has been entered, the following message
will appear on the screen:

PRESS RECORD & PLAY ON TAPE

Be certain that the recorder contains a blank cassette,
then press the Play and Record buttons.

The screen is cleared while the programis being saved.
When the SAVE operation is complete, the cassette
recorder stops, and the display resumes. The following
messages appear on the screen after the program is
recorded:

SAVING program name
READY.
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Verifying a Program File

The VERIFY command is generally used after the SAVE
command to check the program in the Commodore 64’s
RAM. This task is undertaken to be sure that the program
was properly recorded.

The following procedures should be followed to verify a
program stored on cassette tape.

1.

2,

Rewind the tape to an appropriate position.

Enter the VERIFY command. If a program name is
included in the command, the computer will search for
that program. If no program name is included, the next
program on the tape will be verified.

The following message will then be displayed on the
screen:

PRESS PLAY ON TAPE

Once the Play button has been pressed, the recorder
begins to operate, and the screen is cleared.

The cassette recorder stops when the first file is en-
countered. The display resumes, and the following
message appears:

SEARCHING FOR program name
FOUND program name

The Commodore logo key, on the lower left side of the
keyboard, is used to continue the VERIFY sequence.

If the VERIFY statement did not include a filename, the
file on the tape is checked against the program in

memory when the Commodore key is pressed.

If the VERIFY statement included a filename, the
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computer will continue searching until the specified
file is found. Each time a file is encountered, the
recorder stops, and the message FOUND is displayed,
followed by the filename (if the file has a name). Each
time the recorder stops, the Commodore key can be
used to continue.

5. When the appropriate file is located, the program
stored on tape is checked against the program in
memory. If the two copies match, the following
message will appear:

VERIFYING
OK

READY.

If the two copies do not match, the following message
will appear:

VERIFYING
?VERIFY ERROR
READY

If the copies do not match, try saving the program
again.

The VERIFY command can also be used to position the tape
past the end of the last program saved on it, so that any
subsequent programs will not overwrite existing programs.

By executing VERIFY, the Commodore 64 will check the
program on tape against the new programto be saved. Since
these programs won’t match, a Verify Error will appear. The
new program in RAM will remain unchanged and the tape
will be positioned past the end of the program just verified.

Be sure to change the Datassette from the playback to the
record mode before attempting to save the new program
onto tape.
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Loading a Program File

The LOAD command is used to load a program from tape or
disk in the Commodore 64’s RAM. The following
procedures should be followed to load a program from tape.

1.

Enter the LOAD command and press the Return key. If
the program name is included in the LOAD command,
the computer will search for the specified program.

Once the LOAD command has been entered, the
following message will be displayed:

PRESS PLAY ON TAPE

The display is cleared when the cassette recorder
begins to operate.

If the LOAD statement did not specify a filename, the
next program on the tape is loaded into memory.
When the beginning of thefirstfile is encountered, the
following messages are displayed:

SEARCHING
FOUND

The computer waits for the Commodore key to be
pressed before the program is loaded.

When the Commodore key is pressed, the display is
cleared and the cassette recorder is activated. When
the program is loaded, the recorder stops, the display
resumes, and the following messages are displayed:

LOADING
READY.

If the LOAD statement specified a filename, the
computer searches for the appropriate file. When the
first file is encountered, the following messages are
displayed:
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SEARCHING FOR program name
FOUND program name

The computer waits for the Commodore key to be
pressed before the process is continued. If the
specified file is found, the program is loaded. If the
specified file is not found, the recorder proceeds to the
next file.

When the specified file is located, and the program has
been located, the following messages are displayed:

LOADING
READY.

The RUN key on the keyboard can also be used to load
and execute the next program on the tape. The RUN
key is equivalent to the LOAD and RUN statements, but
it is faster and easier.

READING AND WRITING DATA TO THE DATASSETTE

Commodore BASIC uses the PRINT# statement to write data
to the Datassette. The INPUT# and GET# statements are used
to recover data stored on cassette.

Opening Data Files

Before information can be read from or written to a datafile,
that file must first be opened. This is accomplished with the
OPEN statement.

The data file can be read from or written to as long as it is
open for the appropriate operation. To prevent access to the
file, it must be closed. This is accomplished with the CLOSE
statement.
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The OPEN statement opens a channel for input or output to
a device. That device can be an integral part of the
Commodore 64 such as the screen or keyboard, or a
completely external device such as the cassette unit, printer,
or disk drive. When the OPEN statement is executed, a
buffer is also set up for transmitting and/or receiving data.

The OPEN statement uses the following configuration:
OPEN file#, device#, command#, string

The file# can range from 1 to 255. This will be the same
number specified with any GET#, PRINT#, and INPUT#
statements associated with the same device.

device# specifies the device being opened. Device numbers
are preassigned. These are listed on page 119. The device
number for the cassette unit is 1.

command# refers to the operation for which the device is
being opened. For the cassette unit, the command# is as
follows:

0 -- read the tape file.
1 -- write to the tape file.

2 -- write to the tape file and place an End of Tape
marker at the end of the file.

The string is used with the cassette unit to specify a filename.
For example, the following OPEN statement,
OPEN 1,1,1, "TEXT.DAT”

would open channel 1 for writing to the file named
TEXT.DAT.
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Closing Data Files

Once an open file has been accessed, it is important to close
that file so its channel can be assigned elsewhere. Also, if an
open file is not closed, the FILE OPEN ERROR will occur if
another OPEN statement is executed for that channel.

CLOSE is used with the following configuration:
CLOSE file#

For example, CLOSE 4 would close the channel opened
under file# 4.

The channels are closed automatically when a RUN or NEW
command is executed.

Writing to a Cassette Data File

As mentioned previously, the PRINT# statement can be used
to send data to the cassette unit. PRINT# is used with the
following configuration:

b
PRINT# file#, data [ data...]

b
file# refers to the file# with which a channel was opened.
data refers to the data to be output. This data can either be
string or numeric constants or variables.

Numeric values which are output to the tape must be
separated by the EOL character. Each numeric value must be
either the only item in a PRINT# statement, the lastitem in a
PRINT# statement, or must be followed by the EOL character
(CHR$(13)).

The EOL character is automatically generated after execu-
tion of PRINT# unless a comma or semicolon appears at the
end of the PRINT# statement. For this reason, a numeric
variable cannot be followed by a comma or semicolon at the
end of a PRINT# statement.
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The following example illustrates three correct methods for
using a PRINT# statement to output numeric values.

Example

100 OPEN 1, 1, 1
110 PRINT#1,A:PRINT#1,B:PRINT#1,C

120 PRINT#1,A;CHR$(13);B;CHR$(13);C

130 A$ = CHR$(13):PRINT#1,A;A$;B;A$;C

140 CMD 1:PRINT A:PRINT B:PRINT C:PRINT#1
150 CLOSE 1

The preceding example sends the values of the variables A,
B, and C to the cassette recorder. At line 100, an /0O channel
is opened for output to the Datassette.

At line 110, each PRINT# statement includes only one
variable name. At line 120, only one PRINT# statement is
used, but each variable is separated by the end-of-line
character CHR$(13). At line 130, the string variable A$ is
assigned the end-of-line character. In the PRINT# statement,
each numeric variable is separated by A$. At line 140, the
CMD command is used to make the device on 1/0 channel
#1 the general output device. As a result, PRINT statements
are used instead of PRINT# statements. The PRINT# state-
ment at the end of line 140 is required by the CMD statement.

String values can be separated by semicolons, commas, or
the EOL character. String output to the tape unit uses the
same format as output to the screen. A string value that is
followed by a comma in a PRINT# statement is recorded
along with enough blank spaces to fill the current column on
the screen. A string value that is followed by a semicolonina
PRINT# statement is recorded without any additional spaces.

String output to the Datassette is concatenated, and consi-
dered as one string value until the EOL character is
encountered. As a result, several string values that are
separated by semicolons (or commas) in a PRINT# statement
will be regarded as one string value when they are read back
into RAM with an INPUT# statement.
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If you wish to send several string values to the Datassette via
the PRINT# statement and read these back as individual
strings via the INPUT# statement, each string must be
separated with an EOL character. This is illustrated in the
following example.

Example
10 A$ = "SEE”
20 B$ = "SPOT”
30 C$ ="RUN"

40 OPEN 1, 1,1

50 PRINT#1,A$%;B$;C$

60 PRINT#1,A%,B$,C$

70 PRINT#1,A%:PRINT#1,B$:PRINT#1,C$
80 CLOSE 1

In the preceding example, the string variables A$, B$, and C$
are assigned values at lines 10 through 30. At line 40, 170
channel #1 is opened for output to the cassette recorder.

At line 50, the three string values are output to the
Datassette, separated by semicolons. The variables are
recorded as one string value, SEESPOTRUN. When an
INPUT# statement is used to recover the data, the three
values can no longer be distinguished from one another.

At line 60, the three string values are output, separated by
commas. Again, the values are recorded as one string value,
but blank spaces are inserted between the values. The length
of the string is 33 characters, including blank spaces. How-
ever, even though the data items are separated by blank
spaces, the three data items are now considered one string
value.

At line 70, each data item has a separate PRINT# statement. In
this case, the data are recorded on the tape as individual
string values. The values can be recovered individually with
INPUT# statements. In effect, each data item is separated by
the EOL character. As a result, separate string values are
recorded in the same way as numeric values.
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Reading Data From a Cassette Data File

INPUT# and GET# are used to read from a cassette data file.
INPUT# reads one or more bytes or data into one or more
variables, while GET# reads asingle character of datainto the
variable specified.

INPUT# is used with the following configuration:
INPUT# file#, variable,...

The file# specified must currently be open for a read
operation. Data will be read from the specified tape file into
the variable or variables specified. This data will consist of
ASCII characters. Data will be read into the variable until a
CR (ASCII 13) is encountered.

INPUT# will interpret the data being read as either numeric
or string, depending on the type of variables used as
parameters. When a numeric variable is specified, the data
being input will be interpreted as numeric data.

If no data is available to be read into the numericvariable, or
if the data is invalid, an error will result.

When a string variable is specified, the data being input will
be interpreted as string data. If no characters are read, the
string variable will be assigned the null value.

The GET# statement uses the following configuration:
GET# file#, variable

The file# specified must currently be open for a read
operation. A single byte can be read from the specified tape
file into the variable specified. If no data is available, the null
value will be supplied.

Unlike the INPUT# statement, the GET# statement can be
used to receive special characters such as CR or quotation
marks.






CHAPTER 6.
1541 DISK DRIVE

INTRODUCTION

The Commodore 1541 Disk Drive* is used for storing BASIC
programs or data files on floppy diskettes.

A disk stores data in a magnetic form, much like data is
stored on magnetic tape. The main difference between
storage on a magnetic tape and storage on a disk is that the
disk surface is round -- much like a record’s surface.

The disk drive contains a device known as a read/write head,
which is used to read and write information. The computer
can move the head to any position desired on the disk
surface. This is in contrast to magnetic tape, where data is
read from or written onto the tape in consecutive order.

This capacity to read or write data at a particular position is
known as random access. Disk drives are known as random
access storage devices. On the other hand, in cases where
data must be read or written in a consecutive order, the
accessing is known as sequential access. A cassette tape
recorder is known as a sequential access drive.

* The VIC 1540 Disk Drive can be modified by your
Commodore dealer to be used with the Commodore 64
computer. References to the 1541 Disk Drive in this chapter
apply to the 1540 as well.
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TYPES OF DISKS

There are three primary types of disks used by microcom-
puters; hard disks, Winchester disks, and floppy diskettes.
These will be described in the following sections.

Hard Disks

Microcomputer hard disk systems generally allow storage of
5 to 30 megabytes of data. One megabyte is the equivalent of
one million bytes. The hard disk itself is made of a rigid
material with a magnetic coating. The disk drive and the hard
disk are separate units. The operator can remove one hard
disk and replace it with another.

Winchester Disk Drives

Winchester disk drives are designed so that from 6 to 10
times more data can be stored on their surface than on a
standard floppy diskette. Winchester disks must be kept very
clean as they are extremely vulnerable to dust, dirt, and
smoke.

Since they must be kept so clean, Winchester disks must be
sealed inside of the disk drive. This means that Winchester
disks cannot be changed.

Since Winchester disks cannot be removed, floppy disk
systems often are used in conjunction with Winchester disks
to allow for back-up storage. Winchester disk systems are
generally used with microcomputers rather than hard disk
systems. A Winchester drive is shown in Illustration 6-1.

Floppy Diskettes

The most widely used type of disk storage with microcom-
puters is floppy disk storage. A floppy diskette consists of a
round vinyl disk which is enclosed within a plastic cover. The
diskette is generally stored in a diskette envelope.
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lllustration 6-1. Winchester Disk System

This cover protects the diskette from damage while it is
being handled by the operator. A 5% inch diskette with its
protective envelope is shown in Illustration 6-2.

The diskette is allowed to rotate within the protective
envelope. The round hole in the middle of the diskette
allows the disk drive to hold the diskette and spin it. The
oblong shaped opening on the protective envelope
provides an area where the head can read from or write to
the diskette surface.

Floppy diskettes come in two sizes: 8 inch and 5% inch. The
5% inch diskettes are also known as mini-floppy diskettes.
The 1541 Disk Drive uses mini-floppy diskettes.
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lustration 6-2. Mini-Floppy Diskette

Temporary Label

Write Protect Notch
(Some diskettes do
not have this notch)

Permanent
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) —~Index Hole
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Exposed Read/Write
Head Slot

Diskette
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Tracks and Sectors

To facilitate the process of searching for data on the diskette
surface, that surface is divided into tracks and sectors.

Tracks may be visualized as a series of concentric circles on
the diskette surface, as shown in lllustration 6-3. Commo-
dore’s DOS divides a diskette into 35 tracks.

To further reduce the time necessary to search for a
particular data item, DOS divides each track into 17 to 21
sectors, which are also shown in lllustration 6-3.

With 35 tracks available and 17 to 21 sectors per track, DOS
divides each diskette into 683 sectors. However, 19 of these
683 sectors are used by DOS, and cannot be used to store
programs or data.
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The tracks on the diskettes used by the 1541 are numbered
from track 1 at the outside of the diskette sequentially to
track 35 at the inside of the diskette.

DOS fills the diskette with data from track 1inward to track
35. Track 18 is reserved for the diskette directory.

As mentioned previously, each track is subdivided into
sectors. The number of sectors on a track can vary
depending upon the track number. Obviously, the outer
tracks (those with lower track numbers) have more room
and can store more data than the inner tracks (those with
higher track numbers).

The number of sectors that the different tracks contain are
listed in Table 6-1.

Table 6-1. Track and Sector Allotment

Track # | No. of Sectors | Sector No. Range

1-17 21 0-20
18-24 19 0-18
25-30 18 0-17
31-35 17 0-16

Each individual sector holds 256 bytes of data. When DOS
has access to the track and sector where a particular data
item is being stored, it will only have to search 256 bytes to
find that item. The result of dividing the diskette surface into
tracks and sectors is that access time is greatly decreased.
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lustration 6-3. Tracks and Sectors
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Hard and Soft Sectors

Locating a particular track on the disk surface is a relatively
uncomplicated matter. The drive merely moves the head to
the position on the diskette where the specified track is
located, much like the needle on a phonograph is posi-
tioned to the location of a specific song on a record album.

However, locating a particular sector is a more difficult
process. Two different methods are used to locate sectors on
a disk; hard sectoring and soft sectoring.

Both the hard and soft sector methods involve the use of an
index hole. The index hole is shown in Illustration 6-2. It is
located just to the right of the large hole in the middle of the
5V inch diskette.

The index hole, as shown in lllustration 6-2, is a hole only in
the diskette’s protective covering. Another index hole is
located on the actual diskette surface inside the envelope.
As the diskette spins, the index hole (or holes) on the disk-
ette surface passes underneath the hole in the protective
envelope.
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A light source inside of the disk drive shines light onto the
area of the diskette containing the index hole. When an
index hole on the disk surface is aligned with the index hole
on the protective envelope, the light will shine through to a
sensor. The sensor will relay information on the location of
the index holes, which can be used to calculate the various
sector locations.

Now that we have discussed the concepts of locating sectors,
we will discuss the difference between hard and soft
sectored diskettes. A hard sectored diskette contains a
number of holes, each of which indicates the location of a
sector. An extra hole is used to indicate the location of the
first sector. The location of the various sectors is determined
by counting the number of holes occuring after the first
sector. A hard sectored diskette is depicted in Illustration
6-4.

Soft sectored diskettes have only one index hole as shown in
[llustration 6-5. This solitary index hole marks the location of
the first sector. By timing the rotation speed of the floppy
diskette, the location of the other sectors can be deter-
mined. The 1541 uses soft sectored diskettes.

llustration 6-4. Hard Sectored Diskette
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lustration 6-5. Soft Sectored Diskette
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Single and Double Sided Diskettes

Some floppy diskettes are designed to be written on only
one side. These are known as single sided (SS) diskettes.

Diskettes which are designed to be written on both sides are
known as double sided (DS) diskettes.

The 1541 uses single sided diskettes with a total storage
capacity of 174,848 bytes. This figure is calculated by
multiplying the 683 sectors by 256 bytes per sector.

Diskette Write Protection

Diskettes have a notch on the side of their protective
envelope which determines whether or not data can be
written onto that diskette. On 8 inch diskettes, this notch is
known as a write protect notch. On 5% inch diskettes, it is
known as a write enable notch.

On an 8 inch diskette, information cannot be written onto
the diskette unless this notch has been covered. On 5% inch
diskettes, information cannot be written onto the diskette
unless the notch is left uncovered.
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Some 5% inch diskettes (especially system diskettes) may be
permanently write protected if their protective envelope
does not contain a notch. Any 5% inch diskette with a notch
can be write protected by merely covering the notch with a
piece of tape as shown in Illustration 6-6.

lllustration 6-6. Write Protecting a 5% Inch Diskette

Additional 1541 Features

The 1541 contains 16K of ROM and 2K of RAM which is a
sufficient amount of memory for both the disk controller
and disk operating system (DOS). This memory means that
the 1541 does not utilize any of the computer’s memory
during operation.

The 1541 uses a pipeline operating system. A pipeline
operating system enables the disk unit to undertake DOS
operations while the computer is performing some other
operation. This greatly improves the efficiency of the compu-
ter system.

The 1541 disk drive is both read and write compatible with
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the Commodore 2031 and 4040 drives. In other words, the
same diskettes can be used on the 1541, Commodore 2031,
and Commodore 4040 drives. The 1541 can also read infor-
mation from diskettes created with the Commodore 2040
drive.

The 1541 uses a dual serial bus interface. The serial bus
interface is similar to the IEEE-488 interface (used on
Commodore’s PET series of computers). However, the serial
bus uses only one wire to transmit data, while the IEEE-488
uses eight wires.

Notice that there are two serial bus ports on the rear of the
1541 drive (see lllustration 6-7). This allows additional
devices to be connected to the Commodore 64 by having
these devices share the same serial bus.

These devices are installed by connecting them to another
device’s free serial bus port. In other words, each device is
installed by connecting it to another device in a daisy chain
manner. As many as five disk drives and one printer can be
connected to the single serial bus in this fashion.

INSTALLING THE 1541

Upon unpacking the 1541 disk drive, you will find the disk
drive unit, a grey power cable, a black serial bus cable, a
manual, and a demonstration diskette.

One end of the grey power cable should be connected to
the AC input port on the rear of the 1541. The other end
should be connected to a household AC outlet.

The serial bus cable is identical at both ends. Each end
consists of a 6 pin DIN plug. Attach one end to the serial port
on the disk drive and other end to one of the serial bus ports
on the rear of the Commodore 64. However, be certain that
the computer and the disk drive power switches are off
before connecting the serial bus cable.



1541 Disk Drive 167

If you wish to install a second disk drive or a printer, you can
do so by connecting a serial bus cable between that device
and the second serial bus port on the rear of the 1541
connected to the Commodore 64. Refer to Illustration 6-8

for a typical installation.
Hlustration 6-7. 1541 Disk Drive
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lllustration 6-8. Typical Commodore 64 Installation
With More Than One Device
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Powering On

Once you have connected the disk drives and printer to your
Commodore 64, you can begin powering on these devices.
Be certain to power on these devices in the correct order.

The computer console should be the last device to be
powered on. It does not matter in what order the various
disk drives and printer are powered on as long as the
Commodore 64 is the last device powered on.

When the printer is powered on, the print head will move
across the print line to its midpoint and then back again.

Before powering on the 1541 disk drive, be certain that any
diskettes have been removed. When the 1541is powered on,
the red and green lights on the front of the unit will both
light. The red light indicates the drive is active when it is
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lighted. If the red light is flashing, an error is indicated.
When the green LED is lighted, the power to the 1541 is on.

The drive will spin for several seconds with both the red and
green lights on. The drive will then stop spinning, and the
red light will be turned off.

When the Commodore 64 is powered on (after the 1541 has
been powered on), both the red and green lights again will
be lighted for several seconds as the drive spins. The red light
will then be turned off, and the Ready prompt will appear on
the video display.

Once the red light has been turned off on the 1541 drive, you
may safely use the drive.

Inserting a Diskette into the 1541

First of all, never power the 1541 on or off without first
removing any diskette in the drive. Doing so may destroy
data on the diskette.

If the 1541’s disk drive door is closed, it can be opened by
gently pushing inward against the drive door latch. The drive
door will then open. If a diskette is presentin the drive when
the drive door is opened, it will be ejected slightly.

Diskettes should be inserted into the 1541 with their label
facing up. The write protect notch should be on the leftside
of the diskette as it is being inserted. The large oblong
opening in the diskette cover should be on the side of the
diskette facing the drive.

Gently slide the diskette into the drive. When the diskette is
in place, you will feel a slight click, and the diskette will not
be pushed back out of the drive. Once the diskette is in
place, close the drive door by pulling the drive door latch
down until it locks into place.
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Using the 1541 with the VIC-20 & Commodore 64

The 1541 disk drive can be used with either the VIC-20 or the
Commodore 64 computers. The 1540 disk drive can be
modified by your Commodore dealer for use with the
Commodore 64. The 1540 without modification will work
only with the VIC-20.

The VIC-20 and Commodore 64 require data to be input at
different speeds. The 1541 is set up to use a speed compatible
with the Commodore 64. However, a software switch is
available for selecting the speed to be used for data transfers.

To change to the speed used by the VIC-20, enter the
following command once the drive has been powered on:

OPEN 15,8,15 "UI-":CLOSE 15

The following command will return the speed thatis used by
the Commodore 64:

OPEN 15,8,15,”UI+":CLOSE 15

The preceding commands incorporate the User command.
These will be discussed in more detail later in this chapter.

DISK FILES

The Commodore 64 stores data in files. A disk file can
contain either a BASIC program, a machine language
program, or data. A 1541 diskette can contain as many as 144
files.

Files are assigned unique filenames of up to 16 characters.
Filenames are optional for cassette and printer files, but are
required for disk files.

Filenames must consist of a string of 1to 16 characters. String
variables can be used to represent filenames, as long as that
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variable has been previously defined in the program.

Filenames often contain a suffix of three or fewer characters
which designate the file type. The filename and filename
extension generally are separated with a period. Together,
the filename, filename extension, and the period separating
the two must consist of 16 or fewer characters. Some of the
more commonly used filename extensions and the type of
file they represent are summarized in Table 6-2.

Table 6-2. Commonly Used Filename Extensions

Filename
Extension File Type

ASM Assembly language source file.
BAK Backup File.

BAS File containing a BASIC program.
DAT Data File.

OBJ Assembly language program assembled
into machine language. Also known as an
object file.

TXT Text File.

Filename Match Characters

Commodore DOS allows the use of the filename match
characters, ? and *. These characters can be used to stand for
any single character (?) or group of characters (*). for
example, FILE?.DAT would match the following filenames:

FILE1.DAT
FILEZ.DAT

FILE2.DAT would not match the following filenames:

FILE.DAT
FILE1.BAS
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FILE.* would match all of the following filenames:

FILE.BAS
FILE.TXT
FILE.DAT

Sequential vs. Random Access

The Datassette tape unit as discussed in Chapter 5, is a
sequential device. In other words, it must read from the
beginning of the tape directly to the end. The Datassette
cannot jump around to different locations on the tape in
order to read or write data.

The 1541 disk drive is a random access device. The 1541’s
read/write head can skip around the disk and access any one
of the 683 blocks of data stored on the diskette.

Block Availability Map

Trying to keep track of which of the 683 available blockson a
diskette are free and which are in use would be a difficult
task. Fortunately, Commodore’s Disk Operating System
(DOS) keeps track of the blocks with the Block Availability
Map, or BAM.

The Block Availability Map is a list of the 683 blocks on the
diskette. Each block is identified as either being in use or not
being in use.

The BAM is stored in the middle of the diskette. The BAM is
constantly updated as program files are saved and data files
are closed. Note that the BAM is not updated until a file is
closed. If a file is not closed, the dat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>