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SECTION 1
INTRODUCTION

The TRS 80 Color Computer is one of the best small color graphics
computers available on the market today. One of the big drawbacks of
this computer for the end user, however, is the extreme lack of docu-
mentation which has been available for its use. There is virtually
nothing which explains in any great detail the inner workings of Color
BASIC or the computer's hardware which will allow the user to build
pPrograms in order to take full advantage of the capabilities of the

Color Computer.

THE FACTS is the first documient to provide such information so that
the user will be able to take advantage of all of the benefits of the
Color Computer. THE FACTS is aimed at machine language users as opposed
to the BASIC user. The internal workings of the Color Computer do not
easily lend themselves to being manipulated with BASIC programs as BASIC
is too slow and clumsy to fully utilize all of the features of the Color
Computer. Any fast action, quick game will have to use machine language
and will have to access the internal registers and functions of the

Color Computer using machine language.

To this end, THE FACTS will attempt to explain and describe in detail
how the user will avail himself of the internal features of the Color
Computer. It will be broken up into two general sections: hardware and
software; however, the primary emphasis will be upon the hardware capa-
bilities and circuits which are built into the Color Computer and which
have not been described in any detail. THE FACTS will provide full de-
tailed explanations of all of the internal large scale integrated circuits
which are the heart and soul of the Color Computer.

The reader should be aware that the Color Computer ROMs have gone
through several revisions since the Color Computer was released in 1980.
The current version number of the Color BASIC ROMs is 1.2, Extended BASIC
is version 1.1 and Disk BASIC is version 1l.1l. The new revisions to Color
Basic and Extended Basic corrected some minor bugs (including the famous
PCLEAR bug) and left most of the code in the same relative position that
it was located in the earlier ROMs Disk Basic 1.1, however, corrected
many bugs and no effort was made to keep the code in the same address
space as version 1.0. The primary reason for this, I am sure is because
version 1.0 only used 75% of the ROM space available.

The comments and listings in THE FACTS book will deal with Color

Basic 1.2, Extended Basic 1.1 and Disk Basic 1l.1l.



SECTION 2
EVOLUTION OF THE COLOR COMPUTER

The Color Computer has undergone several changes since it was fir§t
introduced in the Summer of 1980 when a 4K machine cost $400. As of.thls
date (July 1983) a 16K machine costs $200. (a $300. drop) and I seriously
doubt that the Color Computer in its present form (6809,74LS783, 6847)
will be sold by Tandy Corp. after the Summer of 1984. There are two
Printed Circuit Boards (PCBs) which have been used in the Color Computer.
The first PCB spawned a total of 5 revisions; the A and B revisions mnever
reached production (never sold) and only a few thousand of the C revision
(the earliest) PCBs were sold. The D board was the first widely
distributed board and could only handle 16K RAMs. The C & D boards could
be expanded to 32K by piggybacking 16K RAMs but required major surgery
to accept 64K RAMs. Piggybacking was cheaper but would not allow the

SAM chip to locate the video display above the 16K boundary which was
allowed by the 64K RAMs.

When Radio Shack became aware of the tremendous customer demand
for 32K (which a disk badly needs), the decision to go to 32K by way
of "half -good" 64K RAMs (instead of piggybacking) was made. Color
Basic Verion 1.1 which allowed the computer (SAM chip) to set itself
up for 64K RAMs was developed and the E board was born. 32K was here
but now everyone wanted 64K. But a design flaw in the computer caused

buss contention between the RAMs and ROMs if the 64K RAMs were switched
into the all RAM mode.

Yep, you guessed it, now comes the F board. But wait, while all
of this has been going on Commodore and Texas Instruments have been
having a price war and Tandy had to compete so the Color's PCB was
drastically redesigned and we start all over again with an A board
and tack the letter A after the model number of the computer. The F
board is a misnomer - it does not exist. It is understandable that
people think it does since it came out after the E board but when
Tandy put the A after the model number they also started the PCB
version number at A. This is the same board used in all of the TDP
computers and will allow the use of all good 64K RAMs.

BASIC was developed which has a DOS command that will allow you to boot
a completely new operating system if the first two bytes of the
bootstrap loader are the ASCII letters 'OS'. This will allow you to
easily boot the 0S-9 operating system by just typing DOS.



SECTION 3
GENERAL DESCRIPTION

The TRS 80 Color Computer is a Read Only Memory (ROM) based system.
The operating system software, which is Microsoft Color Basic, extended
BASIC and the disk operating system (DOS), is programmed into ROMs. The
fact that this software is programmed into ROMs makes the Color Computer
very portable and easy to use. You do not have to wait for the software
to be loaded into the system from a cassette or disk. However, this leads
to a certain number of problems, one of which is the fact that you cannot
change BASIC. If there is any feature or improvement which you would like
to add to BASIC, it cannot be done. This is because of the fact that Read
Only Memories can only be read. It is not possible to write new information
into the Read Only Memory. This presents no big problem for most users
of the Color Computer because of the fact that they wish to take advantage
of the features which BASIC presents to them - they do not want to change

BASIC.

These Read Only Memories do take up a significant amount of space in
the computer's memory and if you wish to write an extremely large program
which makes full use of the total capacity of the memory capability of the
computer, it is not possible to do so with these ROMS in place. It is the
presence of these ROMS in the Color Computer which limit the amount of
memory which Basic can access to 32K. The old style Printed Circuit
Boards (PCBS)-series C, D and E - were not designed to accept 64K RAMs.
The E series boards could be expanded to 32K with 64K RAMs which are only
"half-good". These "fallouts" from 64K RAM production runs were
relatively inexpensive at the time and filled a gap in the natural
evolution of the Color Computer. A design flaw in the computer prevented
the user from taking full advantage of the combination of the 6809,
74LS783 and all good 64K RAMs. This flaw was corrected in the new A
series PCBs in the TDP computers and Color Computers.

It is important for the user of the TRS 80 Color Computer to realize
a few basic limitations of the machine. One of the most powerful features
of the Color Computer is the high resolution color graphics capabilities
which it possesses. These capabilities are inherent to the 6847 Video
Display Generator (VDG), and it is the controlling limitation on all
graphics capabilities of the machine. The 6847 provides the signals which
are modulated and fed to the antenna of your television set. Bandwidth
limitations imposed by the circuits of your television set and the 6847
do not allow the Color Computer to normally display more than 32 characters
across its display. If you wish to use 64K of memory, you can get 51
characters across the face of the screen and have reasonable readability.
Some attempts have been made to put 64 columns on a high resolution (64K)
screen, but the results are about 90% illegible. Its very difficult to
try and get anything other than this without severe hardware modifications
to the internal circuits of the Color Computer for home use and playing
games. It is not designed nor intended to be used in a small business
application which would require 64 and 80 characters per display line.



SECTION 4
GENERAL COMPONENT DESCRIPTION

In this section we shall describe the general components of Fhe
Color Computer and how they work together. Figure 1 is a block diagram
of the Color Computer and shows all of the general components and how they
relate to one another. In order to fully understand the operation of the
Color Computer, it is necessary to understand in detail each one of these
components and their strengths and weaknesses.

A. 680%E Central Processing Unit (CPU) - The microprocessor used in
the Colpr Computer is the Motorola 6809E. The E suffix indicates that
this particular chip does not have its own internal clock. There must be
an external clock provided. This clock function is provided by the
Synchronous Address Multiplexer (SAM) chip. The 6809 is undoubtedly the
most powerful 8 bit microprocessor available on the market today. The
power of the 6809 stems from the fact that it has a very powerful and
highly organized addressing structure. This structure will be described
in further detail later on in this text. Motorola's data sheet for the
6809E is included with this text. The user is referred to it if any
detailed questions arise as to the operation of the 6809E CPU.

The CPU is the main controlling device for the entire computer. It
governs the flow of information to and from the various internal components
of the computer to the input/output devices, the keyboard, the cassette,
the joysticks and the RS 232 channel. The other major devices in the
Color Computer are the Video Display Generator (VDG), the Synchronous
Address Multiplexer (SAM), and the Peripheral Interface Adapters

(PIA's). These devices are all under the direct control of the CPU and
serve to simplify the tasks of the CPU.

Section 4 will provide a detailed description of the CPU and its
many operating features. 1In addition to the data sheet provided with

this package, it should give the user a full and complete knowledge of
the Color Computer CPU.

B. 74LS783 Synchronous Address Multiplexer (SAM) - The SAM chip
provides the control necessary for all of the various addressing modes
of the CPU. The addresses which the CPU would normally issue to its
peripheral support chips are intercepted by the SAM chip and rerouted
to provide different control functions. A detailed spec sheet on the SaM
chip is also provided with this data package. A more detailed explanation
of the SAM chip will be provided in section 5 of this manual. In general,
the SAM chip provides the following functions:

It governs the flow of data from the random access memory (RAM)
to the VDG chip. It does this in such a manner as to be trans-
parent to the operation of the microprocessor. This means that
when the VDG is getting the data which it requires from the
RAMs, it is not affecting the flow of data between the RAMs and
the CPU. This is the reason why the Color Computer does not
have the annoying video display flicker which is very common

to the TRS-80 Model III. The SAM chip also Provides refresh
signals to the dynamic RAMs of the system and it is capable of
allowing either 4, 16, or 64K RAMs to be used in the system.
The flow of all the data on the data bus and the peripheral
devices which are activated for various memory accesses is also
controlled by the SAM chip.
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not need to consider it when you are sending data to the D/A converter.
Bit 1, however, is the RS 232 output bit and you must always keep this bit
high when sending data to the PIA otherwise you will inadertently

toggle the RS 232 output and if you happen to have an RS 232 device
hooked up to the RS 232 output port, it will go crazy if you do not force
the data on bit 1 to be high. The best way to handle this situation is
to have one subroutine which sends data to the D/A converter and make
sure that the last statement before the data is stored at FF20 is an

ORA #2 statement. This will insure that bit 1 is always high when data
is stored in the D/A converter from ACCA.

Although the D/A converter is used to make complex sound under com-
puter control, it is not the only sound source which can be connected to
the TV speaker. The analog multiplexer, which is an MC14529, is used to
connect one of four sound sources to the speaker of the television set.
The first sound source is the D/A converter. The second sound source is
a signal identified as CSN which is the sound from the cassette input
and is used to monitor the loading of cassette tapes into the computer.
The third sound source is connected to the cartridge ROM pack port and
is blank under normal conditions. This allows any type of device which
is hooked up to the ROM pack port to send sound into the TV's sound
amplifier under computer control. The fourth sound input is a no sound
input. This input is hooked up to ground and whenever this sound source
is selected, there will be no sound whatsoever. A graphic display of
the various interconnections in the sound system of the Color Computer
is shown in Figure 2.

D/A
CONVERTER MC145288

———— 4 -x0
124X1 SOUND INPUT

ZF1
_ | r:j: % RF MODULATOR
SH1s
CARTRIDGE = 8 10K
PIN3S

R22

—o—{>

]
I
SELY  SEL2

PIA U4-19

CASSETTE

INPUT PIA U4-N

FIGURE 2, SOUND CIRCUITRY

The method of selecting which sound source you wish to have routed
" through to the speaker of the television set is determined by two con-
trol inputs to the analog multiplexer. These inputs are labeled SEL 1
and SEL 2 which is short for Select 1 and Select 2. Select 1 and 2 are
the binary input controls for the MC14529 and they are controlled by

the CA2 and CB2 outputs of PIA@. Care must be exercised when programming
the sound select inputs SEL 1 and SEL 2 because these select inputs are
also used to select which joystick is being read by the computer. This
is not normally a problem and you should not have to deal with this
under normal circumstances; however, you should be aware that the
MC1l4529 analog multiplexer is a dual multiplexer. That is, there are
two four-channel to one-channel multiplexers in the same package and






F. 8Single Bit Sound - Single Bit Sound is used to send square waves
to the sound system of the TV set independently of what the analog multi-
Plexer is doing. The sound produced in this manner will be very sim-
Plistic but, in many cases will be perfectly satisfactory for the use at
hand. You will not be able to produce the highly complex sound which
you can produce with the D/A converter but there are many instances when

you may wish to have a simple sound such as a beep or an alarm to let
you know that something is happening and you will not want to use the

D/A converter in order to do this.

This is especially important if you

are using the D/A converter to read joystick data since you cannot pro-
duce sound waveforms on the D/A converter while it is being used to
read the joysticks.

In oxder to use the single bit sound, several things must first be

set up.
analog multiplexer as described in the sound generator section above.

This must be done to prevent sound from the analog multiplexer causing

interference with the single bit sound.
bit 1 of PIA 1 Port B (FF22) to be an output.

The first thing that's necessary to do is to disable the sound

Then it is necessary to program
You then write the sound

data which you wish to hear to bit 1 of PIA 1 Port B (see Figure 4).

% THIS PROGRAM WILL DEMONSTRATE HOW YO USE THE SINGLE BIT SOUND

¥ FEATURE OF THE TRS-80 COLOR COMPUTER. )

AAIIR IR 2R R e 22 2R Re iRt Res Rl ipieaedRy et ti ey i Rer ety eeatssssit:
LTHIS ROUTINE WILL ENABLE PIAL, PORT B, BIT 1 AS AN OUTPUT

$AND WILL DISABLE THE SOUND ANALOG MULTIPLEXER,

(XTI ARR 2R RE e R RRteseeedettrR et e et teteeittaeeieseesssstitiziiLy

3100 OR6 $3100

3100 BE  FF22 START LDX #$FF22 POINT X TO PIAL, PORT B

3103 A4 01 LDA 1,X GET THE CONTROL REGISTER

3105 B4 FB ANDA  #$FB  MASK OFF BIT 2

3107 A7 01 5TA 1,X ENABLE DATA DIRECTION REGISTER

3109 Eb6 B4 LDB X BET DATA DIRECTION STATUS

3108 €A 02 ORB 2 FORCE BIT 1 HIGH

3100 E7 84 STB 1K STORE IT IN DATA DIRECTION REG - NOW BlTl IS AN DUTPUT

- 310F  8A 04 ORA ¥ FORCE BIT 2 HIGH -

St1t A7 ot STA 1X ENABLE PERIPHERAL REGISTER

113 BD  A974 JSR $A974 DISABLE THE SOUND ANALOG MULTIPLEXER - THIS IS
4 NEEDED TO PREVENT THE ANA NUX SOUND ROM
' INTERFERING WITH THE SINGLE BIT SOUND
addddida R ALttt R Rt gt R Rt e R e e F P R T et atIReatttesetls
§3 THIS ROUTINE WILL TAKE BIT 1 OF ACCA AND SEND IT TO SINGLE BIT SOUND
BETEER IR RT RO SRR RN AR RN RITSNRLONRRRINORBIIRIRISSLISIIN

3116 84 02 SNDOUT ANDA 42 KEEP ONLY BIT 1

3118 34 02 PSHS A SAVE IT ON THE STACK

S11A  Bs  FF22 LDA $FF22  GET PIAt. PORT B

311D 84 FD ANDA  #$FD  MASK OFF OLD SINGLE BIT DATA

SIIF AR EO ORA 5+ INSERT NEW DATA AND FIX THE STACK

312y BT FF22 57A $FF22  SAVE IT IN PIA1, PORT B

3124 39 RTS RETURN












SECTION 6
74LS783 SYNCHRONOUS ADDRESS MULTIPLEXER (SAM)

The true heart and soul of the Color Computer is the SAM chip.
It is a specially designed chip to mate the 6809E, 6847 Video Display
Generator (VDG) and Dynamic Ram. An excellent example of a computer
using these chips is shown in Figure 19 at the back of the SAM sheet
provided in this manual. Once again one will notice the striking re-
semblance to the Color Computer circuitry as many of the circuits and
interconnects described in Figure 19 are identical to those shown in the
Color Computer schematic. The SAM is undoubtedly the least understood
chip in the Color Computer. The SAM data sheet appended to this manual
is the best description available of this particular chip.

The SAM is programmed via the 16 bit SAM control register. Page 14
of the SAM sheet has an excellent description of the controls of this
register and how to program them. It is recommended that before continu-
ing with this description, the reader look through the entire SAM sheet
in order to get as familiar with the SAM as possible. Listed below will
be the various registers which are controlled via the SAM control regi-

ster and how to access them.

A. VDG Addressing Mode - These three bits are used to tell the SAM
the current mode of the VDG. This is necessary because the SAM chip is
used to control the flow of data from the dynamic RAMs to the VDG. If
the VDG and the SAM are not programmed in the same manner, you will not
necessarily get a valid display of data; however, it is not always the
case that you will get a garbage display. This will be demonstrated
very aptly in Appendix A of the SAM sheet by the presence of three addi-
tional semi-graphics programming modes which are caused by programming
the VDG to one mode and programming the SAM chip to a different mode.

B. VDG Address Offset - In order to completely understand this
particular control register, it is necessary to become acquainted with
the fact that the display of the Color Computer is memory mapped. This
is a special term which is used to indicate that the display is actually
stored in the working memory of the computer. That is, if you wish to
write a character onto the display, it is necessary only to store that
character into the memory of the computer. The normal BASIC display
starts at address $400. It is easy to see what happens by using the
basic poke command to put a character into the video display. Try, for
instance, the command POKE 1072,32. This will cause a blank to be dis-
played on the screen. The same thing can be done in machine language
routines by just writing information into the memory area where the dis-~
play is and the information will then show up on the TV screen.

Since the SAM is responsible for supplying all of the data to the
VDG which, in turn, displays the data on the screen of the TV set, it
makes sense that the SAM should be able to put the video display
wherever you wish in memory. This particular function is performed by
the VDG address offset. This register is a seven bit register and,
therefore, there may be 1 of 128 different addresses in it. The memory
display area of the Color Computer is divided into 128 one-half K pages
of memory display. To choose which memory display you wish to see on
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the screen, you program the seven bit VDG address offset register to

the appropriate code. If you wish the display to start at the very
bottom of the memory, 0000, then you clear all seven of the VDG address
offset bits. If you wish it to be at the normal basic address, $400, you
program bit one of the video display offset to be a one. This is done

by writing any data into address FFC9. In this manner, the video dis-
play may be moved to any location in memory. This is not exactly true
for the current configuration of the Color Computer. The Color Computer
limits the video display to only being in dynamic RAM. This is because
data is transferred from the system RAM to the VDG through a 74LS273,
which is used as a temporary storage buffer. The strobe pulse which
clocks data into the LS273 is the RAS@ timing pulse from the SAM. This
signal is only active when the system RAM is being used for the video
display. As such, the video display will not function if set to any area
of memory other than the internal dynamic RAM controlled by RAS@. A more
severe limitation is the fact that extended BASIC will only allow the
video display in the first 16K of RAM.

C. Page Switch - The page switch bit is used only when you have
64K RAMs in the system. When using 64K RAMs and you are in map type
zero, this particular bit will be used to switch between the two 32K
rages of RAM located in the bottom half of the 6809's addressing space.

D. MPU Rate - This is undoubtedly the most poorly understood fea-
ture of the Color Computer. There have been many articles published in
the trade journals which speak of the ability of the Color Computer to
run at double speed. This ability springs from the MPU rate control
which is built into the SAM chip. The normal clock frequency of the
Color Computer is .89 megahertz. If you use the MPU rate to boost the
speed of the clock by doubling it, the clock frequency will be 1.78
megahertz. There are three severe limitations to having the Color Com-
puter actually be able to run at 1.78 megahertz. If you look at the
6809 data sheet, you will notice that there are three versions of the
6809. They are the 6809E, the 68A09E and the 68B0O9E. The letter in the
middle of the number of the microprocessor refers to the rate of speed
at which it may be clocked. You will notice that it varies from one
megahertz to two megahertz. The speed ability of the microprocessor is
basically limited by the internal construction of the chip - it has to
be constructed in a slightly more precise and accurate manner in order
to run at a very high speed. The Color Computer comes with a 6809E in
it -~ not a 68BO9E. It often happens that 6809E will run at 1.78 mega-
hertz because manufacturers generally are very conservative in spec-ing
their devices. However, it does not guarantee that you will be able to
run your Color Computer at double speed if you only have a 6809E in it.
As it turns out, some will, some won't. In order to guarantee that you
can run your Color Computer at double speed, you have to have a 68B0O9E
inside the machine. You will also notice in the data sheet for the
6821 that there are three comparable 6821's which will run at three
different speeds. The Color Computer also does not come with the 68B21
which is necessary if you're going to run the machine at double speed.

One further drawback will be noticed by looking at the Color Computer
schematic. You will see the resistors R73 and R74 inserted in the line from
the SAM chip to the CPU chip. These resistors are present in C and D version
PCBs and are replaced by ferrite beads later and are
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inserted in the clock lines in order to prevent static discharge
damage. However, they also degrade the E and Q clock waveforms. The
waveforms as they currently exist in the Color Computer are beyond the
specs for the 6809 and when you insert a resistor in the path, they
get even worse and this contributes to the inability of many Color
Computers to operate at double speed.

A further consequence of attempting to use the Color Computer at
double speed is that you change the timing loops which are built into
many of the software routines. There are many routines in the Color
Computer such as printer output routines, cassette routines, RS 232
routines, et cetera, which depend upon very specific timing delays
between certain events. These timing delays are all based upon the
processor running at normal speed. Whenever you double the speed of
the processor, you are also going to cut in half the amount of time
required for these timing loops which will invariably throw a monkey

wrench into them, especially disk BASIC.

Very often people are tempted to increase the speed of the compute:sr
by changing the master crystal oscillator in the computer. Beware of
doing this in the Color Computer because the master oscillator is
divided by four by the SAM chip in order to produce the 3.58 megahertz
color subcarrier frequency which is required by the VDG. If you change
the master crystal oscillator, you will obviously change this 3.58
megahertz frequency and the VDG will no longer be able to function
properly. If you attempt to upgrade your computer to achieve double
speed or if you're lucky enough to have one which will work at double
speed normally, you must read page 11 of the SAM spec sheet
in order to determine the proper manner to change the MPU rate.
cannot just change the two MPU rate bits willy-nilly without paying very
close attention to the MPU rate information given on page 1l1.

You

E. Memory Size — The SAM chip is designed to support 4K, 16K or
64K RAM chips. Which of these chips you use must be determined and then
programmed into the SAM using the memory size bits. It is also possible
to use two banks of 4K or two banks of 16K RAMs. See the RAM address sec-
tion on page 4 and Figure 13 of the SAM spec sheet for more of the
description on how to add a second bank of 16K RAMs to increase the
memory of the Color Computer to 32K. This is the basis for the 32K
piggyback expansion method. This was the technique used by Spectral
Associates in its extremely popular RAMCHARGER board.

F. Map Type - A map type bit is used to switch between the two
memory map types available in the SAM chip. Figures 14 and 15 in the
SAM sheet give an excellent description of the two memory map types.
Map type does not have any affect on the operation of the system unless
you're using 64K RAMs. When using 64K RAMs, a map type will switch the
64K RABMs from either two banks of 32K in the lower memory of the computer
or one bank of 64K which extends across the entire memory space of the

computer.

The one problem with the 64K RAMs is that the BASIC, extended BASIC,
and DOS ROM all occupy the same space as the upper half of the 64K RAMs
when in map type one. The particular circuit layout used in the Color
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Computer does not disable these ROMs from the bus of the computer when
writing to them so that when you're in map type one and you attempt

to write information into the 64K RAMs, there is a bus conflict because
the ROMs will be enabled and the output of the CPU will also be enabled.
Therefore, the data bus will have data provided to it by both the CPU
and the ROMs and you will get a garbage result. Therefore, the only way
to solve this problem is to disable the ROMs when you go to 64K RAM

mode which requires a hardware modification if you do not have an “'A"
version PCB.

An additional benefit is gained by having 64K dynamic RAMs in the
system in that it allows you to put the video display page anywhere in
the 64K RAM memory of the computer which you wish. One thing needs to
be noted. When you switch from map type zero to map type one, the
second 32K RAM page which is located in the lower section of the mem-
ory is copied to the top half of the memory map in the map type one.
There is no change in the data - it remains intact during the transition.

Dynamic Ram Refresh is also one of the built-in features of the SAM
chip. Page 13 describes in detail how Dynamic Ram Refresh is accomplished
and the manner in which it is done so that it does not interfere whatso-
ever with either the video display operation or the normal memory acces—

ses performed by the CPU. This type of operation is referred to as
transparent refresh.

One of the main benefits of the combination of the SAM and the VDG
is the fact that new semi-graphics modes are created. Appendix A of
the SAM sheet describes these modes in detail. This feature is only

available because the SAM and the VDG are used together as explained
earlier in this document.
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SECTION 7
6847 VIDEO DISPLAY GENERATOR (VDG)

Once again a tremendous similarity between the Color Computer and
Figure 1 of the VDG data sheet is obvious. The differences between
Figure 1 and the Color Computer are caused because Figure 1 is a
description of a TV game whereas the Color Computer is a full bore
computer. As such, Figure 1 has no ROMs (BASIC, Extended BASIC, DOS)
and a 6846 replaces the Color Computer's two 6821 peripheral interface
adapters. The VDG is used to drive the video display of the Color
Computer and data is transferred to it by the SAM chip. The mode control
pins of the VDG are set by programming PIAl, port B (see Figure 5).
Table 3 of the VDG data sheet describes the various alpha/graphics modes
of the Color Computer. In order to develop high resolution fast action
games or any type of display using these, it is necessary to thoroughly
understand the various graphics modes available to the Color Computer.

As mentioned before, the display of the Color Computer is memory-
mapped. The characters displayed on the screen are in consecutive
memory locations and the amount of memory required to fill the entire
display varies with the different graphics modes used. It varies from
a minimum of 512 bytes for the alpha numeric displays to a full 6K bytes
for the highest resolution graphics modes. When using the VDG, it is
necessary to properly program its control pins to the correct graphics
mode which you wish to use. This is done through PIA 1 and several
examples of how to program the various modes are given below.

It is also necessary to properly program the SAM chip. Various
programming requirements are detailed in Figure 5. When programming
in the semi-graphic mode, each character position corresponds to one
byte of memory. By looking under the column TV screen detail on page
19 of the 6847 data sheet, you will be able to see how each character
position is divided into respective pixels (a pixel is a picture
element). The VDG data bus describes how the memory byte controls the
respective character position graphic display. For the semi-graphic
four mode, the value stored in bits C2, Cl, and CO define the color
for the entire graphic character block, and you may have one of eight
colors for each character block. There are four picture elements: LO,
L1, L2, and L3 in each character block. These picture elements may not
have separate distinct colors. They may only have the color for the
entire picture element as defined by C2, Cl and CO. In semi-graphic
six mode, only Cl and CO are available, therefore, you may only have
four colors for each character block. Each pixel may be either on or
off. This particular function is controlled by the state of the various
bits of the data word labeled LO-L7. If the particular bit is zero,
then that particular picture element is off and there is no color (black)
for that element. When in semi-graphics mode six, there are two sets of
four colors which are available. These colors are defined in Table 3
of the VDG data sheet under the column color for semi-graphic six mode.
You may switch back and forth between these two sets of colors by changing

the state of the CSS pin.

All of the alpha and semi-graphic modes require 512 bytes of memory
which is arranged in 32 bytes per row and 16 rows. The most useful
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graphics modes of the VDG are the high resolution graphics modes and

there are two types of these modes: the color graphics mode and the
resolution graphics mode. Each of these modes uses anywhere from one to
six K of RAM. The higher amount of memory that is used, the higher the
resolution available on the screen. Therefore, it is up to the programmer
to decide which memory mode to use. To get the highest resolution (the
best looking picture) requires that you use the higher resolution modes
which absorb large amounts of memory.

The resolution graphics modes use one bit in each byte to control
one picture element (pixel). The VDG data bus column of Table 3 of the
VDG data sheet defines how each bit controls its corresponding picture
element. In the graphics modes, the screen consists of consecutive
memory bytes and each bit in a byte controls one picture element. The
picture element is either on or off and may have only one color, green
or buff. You do have a choice of two sets of foreground/background colors
to use. These sets of color are described in resolution graphics one in
the color column of Table 3. You have your choice between black and green
or black and buff.

The color graphics mode requires two bits to define each pixel.
Each byte is egual to four pixels and two consecutive bits (Cl, CO)
specify the color of a pixel. Once again, you have your choice of two
sets of colors. These are described in the color graphics one section
on the color column, Table 3. The four colors available are green,
yellow, blue, and red or buff, cayenne, magenta and orange. The CSS
pin is used to switch back and forth between these two sets of colors.
The color graphics mode requires twice as much memory as the resolution
graphics mode. This is because you have your choice of four colors
instead of two colors for each memory location.

TV screen detail column of Table 3 gives the number of clock dots
(absolute smallest possible picture element) used in each display mode.
This table may be used to get an idea of the relative sizes of the
various graphics display elements. Note the tremendous difference in
detail which can be gotten by using the resolution graphics mode six
compared to color graphics mode one.

Most of the better games today such as Lancer, Qubix, and Miss Gobbler
use a high resolution (6K) mode which has a black background color and red
blue énd buff as foreground colors. You will notice that such a mode is ’
noF listed on page 19 of the VDG Data Sheet, which is because this mode
which is called 'artifacting', is not a real mode of the VDG. It is a ’
phenomena of the manner in which the. graphic color information is displayed
on the screen in North American television sets (NSTC). The black and buff
colors appear if blocks of 0000 & 1111 bit patterns are stored on the screen
The blue and red colors appear if blocks of 1010 or 0101 bit patterns are )
put on the screen. Which pattern corresponds to blue or red cannot be
controlled as it is determined by resetting the computer.

The blue and red colors will only appear if four or more bits contain
a 1010 or 010l pattern and these patterns cannot be closer than one bit
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SECTION 8
6821 PERIPHERAL INTERFACE ADAPTER (PIA)

The Coloxr Computer uses two peripheral interface adapters and has
the capability of one expansion peripheral interface adapter on the
ROM pack port. These devices provide a universal interface to the
6809 CPU and support all of the I/O functions in the Color Computer.
The functional configuration of the PIA is programmed by the CPU during
the reset routine. Each of the peripheral data lines may be programmed
to act as an input or an output, and each of four control/interrupt
lines may be programmed for one of several command modes. Figure 16 of
the PIA data sheet shows a block diagram of the PIA. As shown in the
block diagram, a PIA consists of two eight bit bi-directional data ports
and four control/interrupt lines. The two eight bit data ports are
controlled by two data direction registers. These direction control
registers are set up by the reset routine and normally will not be changed.
The four control/interrupt lines are controlled by the two control regis-
ters. Two of the four lines (CAl and CBl) function only as interrupt inputs
and the other two lines (CA2 and CB2) may be used as interrupt inputs or
outputs; however, the Color Computer uses them only as outputs.

PIA@ is used mainly for the keyboard. Port B is programmed as an
output and is used to strobe the keyboard columns. Port A is programmed
as an input and bits @-6 are used to read the keyboard rows. Bit 0 and
1l are also used as fire button inputs for the joysticks. The fire
buttons are in parallel with eight keys of the keyboard and this is the
reason why garbage key strokes show up on the screen when you push the
fire button in early versions of the Color Computer. The other pins of
PIAG serve various functions. Bit 7 of Port A is the input for the
joystick interface and CA2 and CB2 are used as outputs. These are the
two select lines which choose which joystick or sound input the analog
multiplexer passes through it. The last two pins of PIA@, CAl and CB1,
are used as interrupt inputs and they are both tied to the video clock
outputs from the VDG. If enabled, CAl provides an interrupt every 63.5
microseconds and CBl provides an interrupt 60 times per second.

PIA]l is used for several different functions. Bits 2 through 7 of
Port A are outputs used to drive the six bit D/A converter and bit 1 is
an output which provides the RS 232 transmit signal. This signal is
used to drive the printer and other RS 232 devices. Bit 0 is the input
line for data from the cassette. Bits 3 through 7 of Port B are outputs
used to control selection of the various alphanumeric and graphics
modes of the VDG. Bit 2 is an input for the memory size jumper which .
is used by the 6809 to determine what memory size is available in the
computer: 4K, 16K or 64K. Bit 1 is the single bit sound output and
is not normally programmed as an output. If you wish to use the single
bit sound, it is necessary to program it to be an output yourself
because BASIC initially programs it as an input. This is done so that
the single bit sound will not interfere with normal D/A generated
sound. Bit O is the RS 232 receive input signal.

The control and interrupt pins of PIAl also serve various func-

tions. CAl is the input for the signal CD (Carrier Detect, a status
pin for the RS 232 interface), and CA2 is an output used to control
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7 PIAO (U18)acoae PIAT (017)as0aro

BIT @ = CASSETTE DATA INPUT

BIT @ = KEYBOARD ROW 1 and right joystick switch
BIT 1 = RS-232 DATA OUTPUT

BIT 1 = KEYBOARD ROW 2 and left joystick switch

BIT 2 =KEYBOARD ROW 3 BIT2=6BIT D/A LSB
FFQQ BIT 3 = KEYBOARD ROW 4 FF20 BIT3=6BITD/A
BIT 4 = KEYBOARD ROW 5 BIT4=6BIT D/A
BIT 5= KEYBOARD ROW6 _ BIT5=6BIT D/A
BIT6=KEYBOARD ROW?7 BIT6=6BITD/A
BIT 7 = JOYSTICK COMPARISON INPUT " BIT7=6BITD/AMSB
BIT@ [Control of the Horizontal @=1RQ to CPU Disabled BIT® { Control of the CD @ = FIRQ to CPU Disabled
1=IRQ to CPU Enabled 1=FIRQto CPU .m:wc_mu
BIT1  Jsyncclock (63.5 microseconds) @=Flag set on the falling edge of HS BIT 1 | RS-232 status Input @ = set flag on *.m_.__:m edge CD
Interrupt Input 1=Flag set on the rising edge of HS 1=set .zmm on rising edge CD
BIT 2 = Normally 1: @=Changes FF@@ to the data direction register BIT 2 = Normally 1: @ = changes FF2@ to the data direction register
BIT3=SEL1: LSB of the two analog MUX select lines FF21 BIT 3 = Cassette Motor Control: @=0FF 1=ON
FF@1 BIT4=1 Always BIT4=1 Always
BIT5=1 Always : BIT6=1 Always
BITG = Not Used BIT6= Not Used
BIT7= Horizontal sync interrupt flag © BIT?7= CD Interrupt Flag <
. . ~
BIT 1= KEYBOARD COLUMN 2 BIT 1 = SINGLE BIT SOUND OUTPUT
BIT 2= KEYBOARD COLUMN 3 © BIT2=RAMSIZE INPUT  LOW = 4Kor 32K/64K HIGH = 16K
Frgz  BIT 3= KEYBOARD COLUMN 4 I FF22 BIT3=VDG CONTROL OUTPUT css
BIT 4= KEYBOARD COLUMN & : BIT 4= VDG CONTROL OUTPUT GMQ & INT/EXT
BIT 5= KEVEOARD COLUMN § . . BIT 6= VDG CONTROL OUTPUT Gm1
BIT 6= KEYBOARD COLUMN 7 . ' . BIT6=VDG CONTROL OUTPUT GM2
BIT@ | Control of the field sync clock @~ IRQ to CPU Disabled " BIT® ( Control of the cartridge - . ( @=FIRQ o CPU Disabled
1= 1RQ to CPU Enabled 1= FIRQ to CPU Enabled
BIT1 [ 16.667 Ms Interrupt Input 0= sets flag on falling edge FS BIT 1 ) Interrupt @ = sets flag on falling edge CART
1= sets flag on rising edge FS Input - = sets flag on rising edge CART
FF@3  BIT2=NORMALLY 1: @= changes FF02 to the data &Bnﬁ: register BIT2 = Normally 1: @ = changes FF22 to the data direction register
BIT3=SEL 2: MSB of the two analog MUX select lines FF23 BIT 3 = Six BIT Sound Enable
BIT4=1 Always . : BIT4 =1 Always
ez e ,
BIT?7= : Field sync interrupt flag ~ BITG = Not Used
BIT7 = Cartridge Interrupt Flag






In order to use the FIRQ and IRQ interrupts you must perform the
ollowing steps:

a. Enable the appropriate CAl (CBl) interrupt request in the
PIA control register.

b. Reset the PIA interrupt flag by reading data from the proper
PIA peripheral register, i.e., to reset the IRQAl flag, read
data from the Port A Peripheral Register. Remember, CA2 or CB2
is never used as an input so the IRQA(B)2 flag will never need
to be tested.

c. Enable the IRQ or FIRQ flag in the 6809 Condition Code
Register. ‘

Listed below is a sample program listing of a routine to enable both
FIRQ interrupts and a servicing routine to determine which interrupt occured

(AR Rea Rt Rt eeRtstataenttlteiensitiiteesitessteesittefseetteetss
YINTERRUPT ENABLING PROGRAM : BOTH FIR@ INTERRUPTS WILL BE ENABLED
$AND A SERVICING ROUTINE WHICH WILL DIFFERENTIATE BETNEEN THE TWO
IFIRQ INTERRUPTS - RS232 STATUS & CARTRIDSE.

LERRR2 R SAR 2R SRR Rt e Rt e R et R R edy ety ie Ry teeRestetteyst]et

¥$3 ENRBLE FIR® INTERRUPT
0000 8E  FF20 ENABLE LDX ¥$FF20 POINT X 70 PIAt

0003 A4 ot LDA 1,X GET CONTROL REGISTER OF PORT A
0005 8 0t ORA )] FOREE BIT 0 HIGH
0007 A7 Ot §TA 1,X ENABLE IRQA MPU INTERRUPT ON CAL (RS232 CD) TRANSITION
0009 A4 03 LDA 3,X GET CONTROL REGISTER OF PORT B
000B B8R 01 ORA 1 FORCE BIT 0 HIGH -
000D A7 03 STR 348 ENABLE IRQB MPU INTERRUPT ON CB!1 (CARTRIDGE) TRANSITION
000F 8E 0017 LDX #SERVIC GET ADDRESS OF FIRG INTERRUPT SERVICING ROUTINE
0012 BF 0110 STX $110  STORE IN FIRQ VECTOR ADDRESS - THERE MUST ALSO
L3 BE A $7E BYTE (JNP OP CODE) IN $10F BUT YOU WILL NOT NEED
t 70 PUT ONE THERE BECAUSE BASIC DOES THAT ON PONER UP
0015 1IC BF ANDCC  #$BF  ENABLE 4809E FIR@ INTERRUPT FLAG

1%¢ FIRQ INTERRUPT SERVICING ROUTINE
0017 B&  FF21 SERVIC LDA §$FF21  BET CONTROL REGISTER OF PIA1, PORT A

001A 2B 05 BNI RS232C BRANCH IF THE IRQA1 FLAG WAS SET - IF IT WAS SET
§ THE INTERRUPT WAS CAUSED BY RS232 CD
4 IF 1T WASN’T AN RS232CD INTERRUPT, THEN IT MuST
' HAVE BEEN A CARTRIDGE INTERRUPT,

001C B6  FF20 LDA $FF20  RESET THE IRQA2 FLAB
! BEIEENMIRRINRARUBIREBIRRTSLLSINLLLIRLINNLSSL
¥ PUT THE CARTRIDGE SERVICING ROUTINE HERE
| TRILRRRERTIANRARRRNLARRATRNALARRLLLL04S

001F 20 03 BRA EXIT

0021 Bt  FF22 RS232C LDA $FF22  RESET THE IROB!1 FLAG
L] FERLIIARRRASRE SRR RRRRRSREIEINRIRRANSLSILLS
§ PUT THE R5232 CD SERVICING ROUTINE HERE -
L LA iRe g R R e R R e Reeeeeseess

0024 3B EXIT  RVI
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SECTION 11
32K MODEL COMPUTER

Several months after the initial release of the Color Computer,
Tandy released a second version of the Color Computer which allows the
use of 32K of RAM. There are enough differences between these two ver-
sions to warrant a more detailed description of the 32K model.

The 32K Color Computer uses "half good" 64K RAMs to get its 32K of
memory. 64K RAMs are composed of two banks of 32K blocks of RAM in the
same package, and sometimes one of the 32K blocks is defective while
the other block is OK. These RAMs with one block of 32K RAM defective
are called "half good" 64K RAMs and they function perfectly in the 32K
Color Computer. Since there are two banks of 32K RAM (a high bank and
a low bank), the computer must be told which bank is good. For that
reason, there is a jumper in the 32K Color Computer labeled HIGH LOW
which is used to tell the computer which bank of the 64K RAMs is good.
A word of caution regarding "half good" 64K RAMs is in order at this
point. Not all of the possible defects in a 64K RAM will cause it to
malfunction at all times. Sometimes it will malfunction at high or low
temperatures or intermittently malfunction when presented with certain
data patterns. The "half good" 64K RAMs may appear to function properly
as "all good" 64K RAMs only to intermittently malfunction when least
expected. These types of malfunctions may appear to be software bugs
and would be very difficult to track down. As such, one should not try
to use "half good" 64K RAMs in RAM TYPE 1 mode or switch the HIGH/LOW
jumper. .

There are four other jumpers in the 32K model which do not appear
in the older 4K/16K models. Three of these jumpers are labeled "32K-
16K/4K" and are necessary because 64K RAMs require one power supply and
8 address lines while 16K/4K RAMs require 3 power supplies and 7 address
lines. Great care must be exercised when exchanging 64K RAMs and 16K/4K
RAMs in the Color Computer. If these jumpers are not properly set, the
RAMs may be destroyed. The final jumper is used to program the type of
RAM into the computer through the RAMSZ input of PIAl, port B.

Color BASIC also had to be modified in order to support the "half
good" 64K RAMs. Although there were substantial changes to the first 750
bytes of the BASIC ROM, the functional alterations were slight and all of
the major entry points were left unchanged. The functional changes to
Color BASIC are listed below:

1. The keyboard input routine was modified to prevent the garbage
keystroke input when the joystick buttons are depressed.

2. The power up initialization routine was modified to check for
the existence of 64K RAMs and program the SAM chip to accept them.

3. The RS 232 output driver was altered to transmit an eight bit

byte instead of a seven bit byte. This allows directly driving
an eight bit graphic printer.
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SECTION 13
DISK BASIC

Adding a disk to the Color Computer will also give you an additional
8K of BASIC in ROM. Disk BASIC is entirely dedicated to providing the
necessary routines to interface the disk to the computer and manage its
file structure. There are no enhancements to the graphics routines of
Extended BASIC nor are any new graphics routines added.

The heart of the Color Disk system is the Western Digital 1793 Floppy
Disk Controller. The computer communicates with the 1793 through the four
1793 internal registers which are located at $FF48-$FF4B, and one write
only latch located at $FF40. A description of these registers is given
below:

ADDRESS READ WRITE
SFF48 STATUS COMMAND
$FF49 TRACK REGISTER
SFF4A SECTOR REGISTER
SFF4B DATA DATA

FIGURE 7 - 1793 REGISTERS

CODE COMMAND
$03 RESTORE

$17 SEEK BIT FUNCTION

$33 STEP

$53 STEP IN 0] DRIVE SELECT O

$73 STEP OUT 1 DRIVE SELECT 1

$80 READ SECTOR 2 DRIVE SELECT 2

$A0 WRITE SECTOR 3 MOTOR ENABLE

sc4 READ ADDRESS 4 PRECOMPENSATION "ENABLE

SE4 READ TRACK 5 SINGLE/DOUBLE DENSITY

SF4 WRITE TRACK 6 DRIVE SELECT 3

$DO FORCE INTERRUPT 7 NMI INTERRUPT ENABLE

FIGURE 8 - 1793 COMMANDS FIGURE 9 -~ 1793 CONTROL REGISTER ($SFF40)

The Color Disk User's Manual has a good description of several
machine language routines in Disk BASIC and those routines will not be
repeated in this book. The appendices contain a listing of Disk BASIC's
tokens, jump tables and a commented listing of the DSKCON routine.
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HEX
ADDRESS
FFF2 FFFF
FFEO FFF1l
FFCO FFDF
FF60 FFBF
FF40 FF5F
FF48 FF4B
FFr40
FF20 FF3F
FFOO FF1F
kkddhkddkik
CO00 DFFF
AOOO BFFF
8000 OSFFF

dek ke k kg ok k

0600 0989
- 0400 OSFF
0100 O3FF:
0000 OOFF

kkkkhkkhkkhk

MEMORY MAP

Interrupt Vectors

Reserved for future MPU enhancements
SAM Control Register

Disk Boot ROM

I/0,

1793 Internal Registers

Disk Controller Board Control Register
I/Ol PIA]

I/0g PIAO

BASIC ROMS

Disk BASIC

Color BASIC

Extended BASIC

TOP OF RAM

User program reserved area

String space

Stack

FREE MEMORY

"'+ Array variable storage area

Simple variable storage area

BASIC program

Graphic pages reserved area - Extended only
File control blocks - Disk only

Direct access file reserved area - Disk only
Disk Variables

Video display 3
Color, Extended Variables
Direct page . .

BOTTOM OF RAM






000C

. 8000
£ooo

£000

0008
000D
90iB
000A
000C
0020

0034
045E
00FR
00FA

2600
0100
1200
0044
0023
0044
0119
0010
0020
0040

0021
008C
0086

FRO0
FF20
FF20
FFa0
FFi8
FFCO

APPENDTIX A
}t BASIC ASSEMBLY PROGRAM

BASVER EQU 12 BASIC 1.2

EXBAS EQU  $8000
DOSBAS EBU  sCone

1528 BASIC'S DIRECT PAGE AND YARIABLES

'
L
233
m

ROMPAK EBU  $C000
4

BS EQU 8

CR Eau  $b
ESC EQU  $1B
LF Eau  sA
FORMF EQU  $C
SPACE EQU 20

1

STKBUF EGU 5B
DEBDEL EGU  $4SE
LBUFMX EQU 230
MAXLIN EOU  $FA

s

DOSBUF EQU  $2600
SECLEN EOU 256
TRKLEN EBU  1BXSECLEN
FATLEN EQU 74
TRKMAX EQU 33
GRANMX EQU 68
FCBLEN EQU  SECLEN#2S
INPFIL EGU  $1C
OUTFIL EBU  $20
RANFIL EBU %40

'

¥ PSEUDD PSEUDO GPS
5kPY  EGU  s21
SkP2  EBU  ¢8C
SKPILD EQY 98BS

|

¢

H

¥ REGISTER ADDRESSES
PIAO  EQU  SFFOO
PIAt  EBU  SFF20
DA EQU  PIAt+0
DSKREG EQU  $FFA0
FOCREE EQY  $FF4B
SAMRES EQU  $FFCO
¥

BACKSPACE
ENTER.

ESCAPE COCE
LINE FEED
FORM FEEE
SPACE (BLANK)

STACK BUFFER ARER

DEBOUNCE DELAY

MAX NUMBER OF CHARS IM A& BASIC LINE
MAXIMUM MS BYTE OF LINE NUMBER

RAM LOAD LOCATION FOR THE DOS COMMAND
LENGTH OF SECTOR IN BYTES

LENGTH OF TRACK IN BYTES

FILE ALLOCATION TABLE LENGTH

MAX NUMBER OF TRACKS

HAXIMUM NUMBER OF GRANULES

FILE CONTROL BLOCK LENGTH

INPUT FILE TYPE

QUTPUT FiILE TYPE

RANDOM/DIRECT FILE TYPE

OP CODE OF BRN - SKIP QME BYTE

0P CODE JF CMPX # - SKIP TWO BYTES

OF CODE OF LDA & - SKIP THE NEXT INSTRUCTION

AND LCAD THE VALUE OF THAT INSTRUCTION INTO ACCA - THIS
IS USUALLY USED TO LOAD ACCA WITH A NON IERD VALUS

PERIPHERAL INPUT ADAPTER 40
PERIPHERAL INPUT ADAPTER #1
DIGITAL/ANALOE CONVERTEF
DISK CONTROL REGISYER

1795 CONTROL REGISTER

SAM CONTROL REGISTER



























A0bSs 27
AOLB &F
AO6A ES
A0&C 27
AOb

AC70 A7
A072 &E

A074 BE
A077 &F
A079 30
A07B 26
A07D BD
A0BO &F
A0B2 9F
A084 A4
A086 43
A0B? A7
A0B9 Al
AOBB 26
A08D 30
AOBF &3
A0%1 20
A093 9F
A095 9F
A097 9F
A099 30
AOSD 9F
AOSF iF
AOAL BE
AOA4 CE
AOA7 €&
AOA9 BD
AOAC CE
AOAF Ch
AOB1 BD
AOB4 AE
AOB6 AF
AOBB AF
AOBA BE
A0BD CC
A0CO A7
AOC2 SA
AOC3 26
AOCS B7

A0C8 BD
AOCB 8E
AoCE BC
RODL 1027
A0DS 1€
AOD7 BE
AODA BD
AODD BE
AOEO 9F
AOE2 85
AOE4 97
AOES 20
AOEB 12

0
{E
02
02
SE
3D
A4

0401
83
01
FA
A928
80
19
02

02
02
04
0t
01
Fi
74
27
3
89 FF38
21
14
A10D
008F
iC
A39A
010c
1E
AS9A
14
LXS
48
015E
394B
80

FB
0209

AD19
4558
8000
DF2D
AF
AL146
B99C
AOEB
72
59
71
0B

BEG
CLR
BITB
BEQ
LEAY
LAO70 STA
LAO72 WP

LAO72
-2.X
2%
LAOT0
=2,U
=3
lY

t COLD START ENTRY

CLRRAM  LDX
LAO77 CLR
LEAX
BNE
JSR
CLR
§TX
LA0OB4 LDA
COMA
§TA
CHPA
BNE
LEAX
coM
BRA
LA0O93 ST
5TX
8TX
LEAX
5TX
TFR
LDX
Lbu
LDB
JSR
Loy
LDB
JSR
LDX
LAOBS  STX
sTX
L
LDD
LAOCO STA
DECB
BNE
5TA

JSR
LDX
CHPX
LBEA
ANDCC
LDX
JSR
LDX
8TX
LDA
5TA
BRA
BAWMST  NOP

BVIDRAM+!

X
1.X
LAO??
LA928
'x*‘
TXTTAB
2%

2,X
2,X
LA093
1,X

1,4

LA0B4
TOPRAM
MEMSIZ
STRTAB
=200, X
FRETOP
1.8
§LA10D
#CMPHID
%28
LAZ9A
¥IRQVEC
130
LAS9A
-12.X
3.U
8.t
ERVECO
#$394B
Xt

LAOCO
LINHDR-1

LAD19
#$4558
EXBAS
EXBAS+2
$$AF
#LA147-1
LB99C
$BAWMST
RSTVEC
#$55
RSTFLG
LAOF3

A 10

BRANCH IF JUMPER SET FOR 4K RAMS

SET RAMSZ STROBE LOW

CHECK RAMSZ INPUT

BRANCH IF JUMPER SET FOR 64K RAMS
ADJUST POINTER TO SET SAM FOR 14K RAMS
PROGRAM SAM FOR 186K OR 64K RAME

G0 DD A WARM OR COLD START

POINT X TO CLEAR 15T {K OF RAM
HOVE FDINTER DOMN TWO-CLEAR BYTE
ADVANCE POINTER ONE

KEEP GOING IF NOT AT BOTTOM OF PAGE ©
CLEAR SCREEN

CLEAR 1ST BYTE OF BASIC PROGRAM
BEGINNING OF BASIC PROGRAM

LOOK FOR END OF MEMORY

¢ COMPLIMENT IT AND PUT IT BACK

t INTO SYSTEM MEMORY

15 IT RAM?

BRANCH IF NOT (ROM, BAD RAM OR RO RAM)
MOVE POINTER UP ONE

RE~COMPLEMENT TO RESTORE BYTE

KEEP LOOKING FOR END OF RAM

SAVE ABSOLUTE TOP OF RAK

SAVE TOP OF STRING SPACE

SAVE START OF STRING VARIABLES
CLEAR 200 - DEFAULT STRING SPACE TD 200 BYTES
SAVE START OF STRING SPACE

FUT STACK THERE

POINT X TO ROM SOURCE DATA

POINT U TO RAM DESTINATION

NOVE 28 BYTES

MOVE 28 BYTES FROM RCM TO RAM
FOINT U TO NEXT RAM DESTINATION
MDVE 30 MORE BYTES

MOVE 30 BYTES FROM ROM TO RAM
POINT % TD SYNTAX ERROR ADDRESS

$ SET EXBAS COMMAND INTERPRETATION
¥ HANDLERS TO SYNTAX ERROR

POINT X TO START OF RAM VECTORS
SET UP TO SAVE 75 RTS’

FILL THE RAM VECTORS WITH RTS’

3 DECREMENT COUNTER AND

§ BRANCH IF NOT DONE

PUT RTS IN LINHDR-1

60 DO A ’NEW’

ASCIT ?EX’ (FIRST TWO LETTERS OF ’EXTENDED’)
SEE IF EXTENDED ROM 1S THERE

IF IT 15, BRANCH TD IT

ENABLE IRQ, FIRG

POINT X TO COLOR BASIC COPYRIGHT MESSAGE
PRINT ’COLOR BASIC’

WARM START ADDRESS

SAVE IT

WARM START FLAG

SAVE IT

50 70 BASIC’S MAIN LOOP

NOP RE@’D FOR WARM START



AOE9 OF
AOEB BD
ROEE IC
AOFO BD
AOF3 7E

ROF4 7D
AOF9 28
AOFB 3B
AOFC BD
AOFF BD
A102 31
R105 7€
R108 OF
Al10A 7E

A10D 12
AI0E 18
A10F 0A

/110 0080

A112 0B

A113 0058
A115 0001

A117 10
A11B 70
AL19 84
At1h 00

ALLB B44A

ALID OC
ALLF 26
A121 OC
R123 BS
A126 TE

A129 7E
YA12C TE
R12F TE
A132 80

A133 4FC7
A133 5259

A137 FF

AL38 045E

AL3A 7E

AL3D 35

AL3E ARbLL
A180 ABG7

R142 14

A143 ABIA
Al45 ARZ?

ALSS 32
AlS4 0D

ALS7 28 43 29 20

ALSE 32

AISF 20 54 41 4E

6F
AD33
AF
A928
AC73

FF23
01

AT
A7DL
8c 03
7024
11
£000

/7
02
A
0000
RAIA

A9B3
ROF&
B44A

B277

CLR
J5R
ANDCC
JSR
LAOF3  JMP
¢

DEVNUM  SET DEVICE NUMBER 7O SCREEN
LAD33 DO PART OF A NEW

#$AF ENABLE IRA,FIRA

LA928 CLEAR SCREEM

LACT3 G0 TD MAIN LOOP OF BASIC

t  FIRG SERVICE ROUTINE

BFRASY TST
Bl
RTI
LAOFC  JSR
JSR
LA102  LEAY
Jnp
tA10B CLR
JHP
L

PIAt+3  CARTRIDGE INTERRUPT?
LAOFC YES

LA7D] DELAY FOR A WHILE

LATDL KEEP DELAYING

{LALOB.PCR ¥ = ROM-PAK START UP VECTOR
LAO2A 60 DO INITIALIZATION

RSTFLE  CLEAR WARM START FLAG
ROMPAK  JUMP TO EXTERNAL ROM PACK

¥ THESE BYTES ARE MOVED TO ADDRESSES $8F-$AA THE DIRECT PAGE

LA10D FCB
FCB
FCB
FDB
FCB
FDB
FDB
FCB
FCB
FCB
FCB
FDB

18 MID BAND PARTITION OF 1200/2400 HERTZ PERIOD
24 UPPER LIMIT DF 1200 HERTZ PERIOD

10 UPPER LIMIT OF 2400 HERTZ PERICGD
128 NUMBER OF 95°S TO CASSETTE LEADER
11 CURSOR BLINK DELAY

8 CONSTANT FOR 400 BAUD VER 1.2 & UP
! PRINTER CARRIAGE RETURN DELAY

16 TRB FIELD WIDTH

112 LAST TAB ZONE

132 PRINTER WIDTH

0 LINE PRINTER POSITION

LB44A ARGUMENT OF EXEC COMMAND - SET TO "FC’ ERROR

¥ LINE INPUT ROUTINE

INC

BNE

INC

LDA

JHP
4

CHARAD+1
3+
CHARAD
>0000
BROMHK

¥ THESE BYTES ARE MOVED TO ADDRESSES $10C-$129

JHP
Jup
JuP
FCB
FDB
FDB
FCB
FOB
JNP
1BASIC COMMAND
FCB
FDB
F0B
FCB
FOB
FDB

BIRGSY  IRA SERVICE

BFRASY  FIRD SERVICE

LB44A USR ADDRESS FOR BK BASIC (INITIALIZED TO *FC’ ERROR)
$80 SRANDON SEED

$4FC7 SRANDON SEED OF MANTISSA

$5259 811635157

$FF UPPER CASE/LOWER CASE FLAG (STARTS SET TO UPPER)
DEBDEL  KEYBOARD DEBOUNCE DELAY

LB277 DISPATCH FOR EXPONENTIATION (INITIALIZED TO SYNTAX ERROR)
INTERPRETATION TABLE ROM IMAGE

$35 53 BASIC COMMANDS

LARGS POINTS TO RESERVED WORDS

LABS7 POINTS TO JUMF TABLE FOR COMMANDS

$14 20 BASIC SECONDARY COMMANDS

LABIA POINTS TO INTRINSIC FUNCTION RESERVED WORDS

LAAZ9 FOINTS TO INTRINSIC FUNCTION JUMP TABLE

t COPYRIGHT MESSABES
Al47 43 &F AC 4F LAL47 FCC

FCB
FCB
FCC
FCB
FcC

*COLOR BASIC 1.7
BASVER-10+7¢

CR

() 1og

BYEAR

' TARDY?

A 1ll



Al63 00

A166 4D 49 43 52
AL&F 0D 00

A171 8D
A173 84
A17s 39

A17a BD
A179 OF
AL7B 0D
A17D 27
A17F 0D
R1B1 26
A183 03
A183 39

A1B6 34
A1B8 %E
AIBA Ab
ALBC 34
AISE 9F
A190 0A
A192 24
A194 BD
A197 33

A197 0A
A19B 26
A19D C6
AI9F D7
AfAl OE
A1A3 A6
A1A3 8B
AIA7 BA
AIAT A7
A1AB BE
AIAE 7E

AlBL 34
A1B3 8D
A1B5 8D
AlB7 27
A1B? Ch
A1BB E7
AIBF 35

AICL 7F
A1C4 Bé
RIC7 43
AlCE 48
A1CY 27
AI1CB 34
AICD CE
A1DO BE
AIDZ 4F

03
7F

016A
70
oF
32
79
03
70

74
7R
80
02
78
79
03
AG3S
Fé6

o4
0E
0B
94
BB
84
10
8F
84
045E
R7D3

14
E4
14
]
60
9F 0088
94

FF02
FF00

7?
94
FFO0
0152

LA1&4

LAIN1

FCB
FEC
FCB

BSR
ANDA
RTS

t CONSOLE IN

LA174

LA17B

LA18S

LAIBS

LA190

LA197

LA199

LAIAB
LALAE

LALB1

LA1B3

LAIBF
 §

JSR
CLR
18T
BEQ
TST
BNE
con
RTS

PSHS
LDX
LDA
PSHS
STX
DEC
BNE
JSR
PULS

DEC
BNE
LDB
STB
LDX
LDA
ADDA
ORA
STA
LDX
JHp

0
*HICROSOFT
CR.0

LA176 GET A CHARACTER FROM CONSOLE IN
#$7F MASK OFF BIT 7

RVEC4

HOOK INTO RAM

CINBFL  RESET CONSOLE IN BUFFER FLAG = FULL

DEVNUM
LA1B!
CINCTR
LA1Za
CINBFL

CHECK DEVICE NUMBER

60 DD CURSOR AND GET A KEY IF SCREEN NODE
TEST CHARACTER COUNTER

NOT EMPTY - READ IN SOME CASSETTE DATA
SET TO $FF: CONSOLE IN BUFFER EMPTY

B.X.Y.,U SAVE REGISTERS

CINPTR

FICK UP BUFFER PDINTER

JSE BET NEXT CHAR

A
CINPTR
CINCTR
LA197
LAB3S

AB KLY, U,

BLKCNT
LAlAB
301
BLKCNT
CURPOS
X
$510
#58F
B
¥DEBDEL
LA7D3

SAVE CHAR ON STACK

SAVE NEW BUFFER PDINTER
DECR CHAR COUNT

RETURN IF BUFFER NOT EMPTY
50 READ TAPE

PC RESTORE REGISTERS

CURSOR BLINK DELAY

NOT TIME FOR NEW COLOR

%

tRESET DELAY COUNTER

GET CURSOR POSITION

BET CURRENT CURSOR CHAR

BUMP TO NEXT COLOR

NAKE SURE IT’S A SOLID GRAPHICS BLOCK
STORE TD SCREEN

CURSOR BLINK DELAY

DELAY WHILE X DECREMENTS T0O ZERO

BLINK CURSOR WHILE WAITING FOR A KEYSTROKE

PSHS
BSR
BSR
BES
LDB
5TB
PULS

B.X
LAI99
KEYIN
LAIB3
¥340
[CURRPOS]
B.X,FC

SAVE REGISTERS

60 DO CURSOR

50 CHECK KEYBOARD

LODP IF NO KEY DGHN

BLANK

BLANK CURRENT CURSOR CHAR ON SCREEN

¥ THIS ROUTINE BETS A KEYSTROKE FROM THE KEYBDARD IF A KEY
§ 1S DOWN.

1
LAILY

KEYIN

CLR
LDA
ComA
ASLA
BEf
PSHE
Lbu
LDX
CLRA

P1A0+2
PIAO

LA243
u,x.B
§PIA0
$KEYBUF

A 12

IT RETURNS ZERD TRUE IF THERE WAS NO KEY DOWN.

CLEAR COLUMN STROBE

READ KEY ROWE

COMPLEMENT ROW DATA

SHIFT OFF JOYSTICK DATA

RETURN IF ND KEYS OR BUTTONS DOWN

SAVE REGISTERS

POINT U TD FIAQ

PGINT X TO KEYBOARD MEMORY BUFFER

1 CLEAR CARRY FLAG, SET COLUMN COUNTER (ACCA)






AZ38 E7 A2
RZIA AL L4

AZZT 34 80
A23E &2 42
A280 2B 02
ATE2 B8R CC

A28% 39

R245 C 33
AZ247 BE A2IB
AZ4ACL 21
A24C 28 1h
AZAE 3E  A21A
f231 C1 30
R253 24 (F
A255 8D D7
A257 €1 2B
A2 2 02
A25B 88 40

A25D 4D
A25E 26 AC
AZ60 CB 10
8282 20 AP
AZ64 OB

A265 8D C7
A267 27 Ot
A26% 3C

A26R E& B3
A26C 20 9E

A26E SE SF
A27Q 0A GB
A272 08 1S
AZ74 02 3D
AZ76 20 2C
A278 30 12

A274 €D 0D
A27C 0C SC
A27E 03 03
A2B0 10 (3

AZ82 BD 0157
A285 34 04
A287 D6 6F
7282 5C

A28A 35 04
A28C 28 3t
R28E 26 7A

A290 34 16
A292 D6 78

SAVE NEW COLUMN STROBE VALUE

READ PIA0, PORT A TO SEE IF KEY IS DOUWN

A BIT WILL BE ZERC IF ONE IS

MASK OFF THE JOYSTICK COMPARATOR INPUT

ARE WE STRORING COLUMN 77

NO

YES, FORCE ROW & TO BE HIGH - THIS RILL CAUSE
THE SHIFT KEY TO BE IGNORED

RETURN

CODE FOR 'AT SIGN’

#CONTAB-$36 POINT X TO CONTROL CODE TABLE

KEY NUMBER <337
YES (ARROW KEYS, SPACE BAR, IERD)

#CONTAB-$54 POINT X 7O MIDDLE OF CONTROL TABLE

LA237 OSTE 2.

LAZZ LDA .U

t
ORA 2P0
ST A
M LAZES
ORA  ¥SCO

1

LA243  RTS

LA244 LDB 5t

LA246  LDX
CNPB  #33
BLO  LAZ63
LDX
CNPR  #48
BHS  LA283
BSR  LAZ2E
CHPB  #43
BLS  LAZSC
EORA 540

t

LA2SC  TSTA
BNE  LA20B
ADDB  #$10
BRA  LA20B

LA263  ASLB

2
BSR  LAZZE
BER  LA249
INCB

LA269 LDB  B,X
BRA  LA20B

t

§51 CONTROL TABLE

CORTAE FCR  $5E,$5F
FCB  $A.$38
FCB $8,515
FCB 9,50
FCE  $20,%20
FCB 830,812
FLB ¢D.3D
FCB  $C.$5C
FCB  $2,83
FCB  $40,813

% CONSOLE oUT

PUTCHR ISR RVECI
PSHS B
DB DEVNUM
INCB
FULS B
BNI  LAZBF
BNE  LAZIO0A

§ SEND TD CASSETTE
PEHS  A.B,X
LDB  FILSTA

A 14

KEY NUMBER >487

YES (ENTER,CLEAR.BREAK. AT SI1G6N)

CHECK SHIFT KEY (ACCA WILL CONTAIN STATUS)

IS KEY A NUMBER, COLON OR SEMICOLON?

YES

TORGLE BIT & OF ACCA WHICH CONTAINS THE SHIFT DATA
ONLY FOR SLASH,HYPHEN,PERIGD,COMNA -

SHIFT KEY DOUWN?

YES

NO. ADD IN ASCII OFFSET CORRECTION

60 CHECK FOR DEBOUNCE

NULT ACCB BY 2 - THERE ARE 2 ENTRIES IN CONTROL
TABLE FOR EACH KEY - ONE SHIFTED, ONE NOY

CHECK SHIFT KEY

NOT DOWN

ADD ONE TO GET THE SHIFTED VALUE

6ET ASCII CODE FROM CONTROL TABLE

60 CHECK DEBDUNCE

UNSHIFTED, SHIFTED YALUES

UP ARROW
DOWN ARROW
RIGHT ARROW
LEFT ARROMW
SPACE BAR
IERD

ENTER
CLEAR
BREAK
AT SIGN

HODK INTO RAM

SAVE ACCE

GET DEVIEE NUMBER
SET FLAGS

RESTORE ACCB

SEND TO LINE PRINTER
SEND TO SCREEN

RESTORE REGISTERS
BET FILE STATUS






A2FB C4
A2FD F7
A300 8D
A302 %E
A304 8C
A305 9E
AS07 TE

A30A 34
A30C 9E
AS0E 81
R310 25
A312 8C
A315 27
A317 84
A3L9 A7
A31B 20
A31D 81
A3IF 26
A321 9E
A323 BS
A325 A7
A327 IF
A329 €5
A32B 26
A32D 20
AJ2F 81
A331 25
233 4D
A334 2B
A336 B1
A338 25
A33A 81
ASC 2
AJ3E B4
340 88
A342 A7
A44 9F
A344 8C
A349 23
A34B BE

A34E EC
A351 ED
A353 8C
A3S6 23
A28 Cé
I5A BD
A33D 33

35F BD
A362 34
A364 OF
R366 96
A258 27

02
FF20
00
93

16
88
08
0B
0400
44
60
82
27
0D
3
88
60
80
10
1F
Fé
13
20

n
&

oc
40
06
60
04
DF
40
80
88
05FF
12
0400

B8 20
81
05E0
F&

60
A92D
9%

0164
16
6E
6F
09

LAZFB
LAZFD

LA302

LA303

X PUT A
LA30A

LA31D

LAS2Z

LA32F

LA340
LA342
LA34A

LDB %2 SET RS232 OUTPUT HIGH (MARKING)

T8 DA STORE TO THE D/A CONVERTER REGISTER
BSR  LAS0Z 60 WAIT A WHILE

LDX  LPTBTD  GET BAUD RATE

FCB  SKP2 SKIP NEXT THO BYTES

LDX  LPTLND  PRINTER CARRIAGE RETURN DELAY

JMP LATD3 DELAY ON DECREMENTING X

CHARACTER ON THE SCREEN

PSHS  A,B.X SAVE REGISTERS

LDX  CURPOS  POINT X TD CURRENT CHRRACTER POSITION
CHPA  #BS IS IT BACKSPACE?

BNE  LASID ND

CMPX  #VIDRAM AT TOP OF SCREEN?

BER  LAXSD YES - DD NOT ALLOW BACKSPACE

LDA %60 BLANK

STh X PUT IN PREVIOUS POSITION
BRA  LA344 SAVE NEW CURFOS
CHMPA  #CR ENTER KEY?

BNE  LA32F  BRANCH IF NOT
LDX  CURPOS  GET CURRENT CHAR POSITION

LDA  #%60 BLANK

STA X+ PUT IT ON SCREEN

TR X,D 1

BITB  #$1F $TEST FOR BEGINNING OF NEW LINE

BNE  LA323  PUT OUT BLANKS TILL NEW LINE

BRA  LAZ84  CHECK FOR SCROLLING

CHPA  #SPACE 8

BLO LAZSD % BRANCH IF CONTROL CHARACTER

TSTA SET FLAGS

BMI  LAZ82 T IS GRAPHIC CHARACTER

CHPA  #$40 3

BLO  LA340  * BRANCH IF NUMBER OR SPECIAL CHARACTER

CNPA #5640 UPPER/LOWER CASE?

BLO LAT42  BRANCH IF UPFER CASE ALPHA

ANDA  #SDF CLEAR BIT 5. FORCE ASCII LOWER CASE TO BE UPPER CASE
EORA  #%40 INVERT BIT 6. CHANGE UPPER CASE TO LONER % VICE VERSA
STA ¢ STORE CHARACTER TO SCREEN

STX  CURPDS  SAVE CURRENT CHAR POSITION

CMPX  RVIDRAM+$1FF END OF SCREEN BUFFER?

BLS  LAISD  RETURN IF NO NEED TO SCROLL

LDX  AVIDRAM  TOP OF SCREEN

13%  SCROLL THE SCREEN

LA3AE

LAZSD
H

LD 32.X BET TWD BYTES

ST X++ HOVE THEM UP ONE ROW
CHMPX  RVIDRAM#$1EQ AT THE LAST LINE?
BLO  LA3AE ND

LDB  #$60 BLANK

ISR LA2D BLANK LAST LINE

PULS A,B,X,PC RESTORE REGISTERS

$ 5ET UP TAB FIELD WIDTH. TAB IONE, CURRENT POSITION
t AND LINE WIDTH ACCORDING TO THE DEVICE SELECTED

LASSF

J5R  RVEC2 HOOK INTO RAM

PSHS  A,B.X SAVE REGISTERS

fLR  PRTDEV  RESET PRINT DEVICE NUMBER
LDA  DEVNUM  GET DEVICE NUMBER

BER  LA37Z BRANCH IF SCREEN
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A3D2 &F
A3DA 8E
A3D7 33

A3D? B1
ASDB 25
A3DD 81
ASDF 24
A3EL Ci
A3ES 24
ASES A7
A3E7 SC
ASER BD
ASEB 20

A3ED BD
ASFO 956
ASF2 27
ASF4 4C
A3FS 26
A3F7 9%
A3F9 26
A3FB Cé
A3FD 7&
A%00 27
A401 27
AYO3 7E

A406 BD
A409 95
A40B 4C
A40C 26
A40E 96
A410 27
A412 4R
A&13 27
A415 39

Ad16 27
A418 BD
A41B 8D
A41D 9D
A4IF 27
A421 BD
A424 20

A426 BD
A429 Bb
A428 97

742D BD
A430 96
A432 OF
A434 4C
A425 26
RA3T7 96

a4
020C
81

20
BD
q

B9
FA
BS
80

A282
]

016D
6F
21

0C
78
0S
2C
AC4

12
Rb14

0170
&F

07
78
£?

EE

0E
ASAS
10
AS
2R
ASA2
FS

0173
FF
6F

0176
6F
6F

14
78

ClR X MAKE LAST BYTE IN INPUT BUFFER = 0
LDX  LINBUF  RESET INPUT BUFFER POINTER
FULS CC.PC RESTORE CARRY FLAG

t  INSERT A CHARACTER INTO THE BASIC LINE INPUT BUFFER
LASD? CHPA  #520 15 17 CONTROL CHAR?

BLO  LA39A BRANCH IF CONTROL CHARACTER

CHPR #7241 L

BHS  LA3%A YIGNORE IF > LONER CASE 1

CMPB  #LBUFMX  HAVE 250 OR MORE CHARACTERS BEEN ENTERED?

BRS  LA3I%A YES. IGNORE ANY MORE

§TA X+ PUT IT IN INFUT BUFFER

INCB INCREMENT CHARACTER COUNTER
LASEB JSR  PUTCHR  ECHO IT TO SCREEN

BRA  LAI9A 60 6ET SOME MORE

$  INPUT FILE HANDLER
LASED JSR  RVELS HOOK INTD RAM
LDA  DEVNUM  DEVICE NUMBER
BEG  LA4IS BRANCH IF SCREEN
INCA ]
BNE  LA403 $BRANCH IF NOT CASSETTE (BAD FILE MODE)
LDA  FILSTA  GET FILE STATUS
BNE  LA400 FILE IS OPEN
LAIFB  LDB #2282 FILE ROT OPEN® ERROR
JMP LAC46 JUMP T ERROR SERVICING ROUTINE
LA400  DECA ]
BEB  LA415 $FILE IS IN INPUT MODE, RETURN
LA40Z JIMP  LAGLS 'BAD FILE MODE® ERROR
t
3 PRINT # HANDLER
LA406 JSR  RVECA HOOK INTO RAM
LDA  DEVNUM  GET DEVICE NUMBER
INCA 1
BNE  LA4IS $BRANCH IF NOT TAPE
LDA  FILSTA  GET FILE STATUS
BER  LA3FB *FILE NOT OPEN’ ERROR

DECA L4

BEQ  LA403 $7BAD FILE MODE® - FILE IN INPUT MODE
LA413 RIS
L
H ELOSE

CLOSE BED  LA426 BRANCH IF NO NAME SPECIFIED
JSR  LAGAS CHECK DEVICE NUMBER

LA41B  BSR  LA42D 60 CLOSE A FILE
JSR  BETCCH  GET CURRENT BASIC CHARACTER
BEQ  LA44B RETURN IF NG MORE FILES
JSR  LASAZ CHECK SYNTAX AND DEVICE NUMBER
BRA  LA41iB KEEP CLOSING FILES

§  CLOSE ALL FILES HANDLER
LA426 JSR  RVECT HOOK INTO RAM
A #t CASSETTE DEVILE NUMBER
STA  DEVNUM  SET DEVICE NUMBER
$  CLOSE FILE HANDLER
LA42D JSR  RVECS HOOK INTG RAM
LDA  DEVNUM  GET DEVICE NUMBER
CLR  DEVNUM  SET TO SCREEN
INCA f
BNE  LA44B $BRANCH IF WAS NOT CASSETTE
LDA  FILSTA  GET FILE STATUS
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Ag3? 81 02 ChHPA %2 IS IT GUTPUT MODE

AS3B 26 OC BNE  LA%49 MO
M3 9% 79 LDA CINCTR  GET CHARACTER BUFFER TR
M3F 27 03 BED  LA344  WRITE END DF PROG BLOCK IF BUFFER EMPTY
A441 BD  AZA8 JSR  LA2AB  WRITE A BLOCK TO TAPE
A444 Cb  FF LA444 LDB  #SFF  END OF FILE TYPE BLOCK #
A%45 BD  AZAA JSR  LA20A  WRITE END OF FILE TYPE BLOCK
A449 OF 78 LA#49 CLR  FILSTA  CASSETTE FILE STATUS = CLOSED
A%4B 39 LA#4B  RTS
b ¢
3 CSAVE )
AM4C BD AS78  CSAVE JSR  LAS78 GO SCAN OFF NAME
AMF 9D AS JR  GETCCH  GET CURRENT CHARACTER IN THE BASIC LINE
St 27 16 BEQ  LA449  BRANCH IF NONE
A453 BD  B26D JSR  LB24D  SYNTAX ERROR IF NOT 7.’
A4SH C6 41 LB #4 1S THIS AN ASCII SAVE?
A58 BD  B24F JSR  LB26F  SYNTAX ERROR IF NOT °A’
A45B 26 EE BNE  LA44B  RETURN IF NOT END OF LINE
A45D 4F CLRA FILE TYPE = 0
A4SE BD  ALSC JSR  LAGSC  WRITE OUT HEADER BLOCK
AS61 B6  FF LA #-1 CASSETTE CODE
A3 97 4F STA  DEVNUM  SET DEVICE NUMBER TO CASSETTE
AKGS 4F CLRA CLEAR CARRY - FORCE LIST T0 BEGIN AT PROGRAM START
Atks TE BT44 J¥  LIST 60 00 A 'LIST’ TO CASSETTE
}
3 NON-ASCIT CSAVE
%9 4F . LA44Y CLRA FILE TYPE = 0
Ad6A 9E  BA LDX ZERQ  ZERO OUT ASCIT FLAG AND FILE MODE
AC BD  AGSF " JSR LAGSF  WRITE HEADER BLOSK
AGF OF 78 CLR  FILSTA  CLOSE FILES
A47: OC  7C INC  BLKTYP  INCREMENT BLOCK %
A3 BD  A7D8 JR  WRLDR  WRITE 55°S TO CASSETTE
A6 9E 19 LDX  TYTTAB  ADDRESS OF PROGRAM START
A8 9F  7E LA478 STX  CBUFAD  STORE CURRENT BLOCK START ADDR
AA7A 86 FF LDA  #255 255 BYTE BLOCKS
p47C 97 7D STA  BLKLEN  BLOCK SIZE
ATE IC 1B LDD  VARTAB  END OF PROGRAM
A48 93 TE SUBD CBUFAD  CURRENT BLOCK STARTING ADIR
Adg2 27 0D BEQ  LA491  BRANCH IF IT CAME OUT EXACT
A484 1083 00FF CHPD #255  MORE THAN 255 BYTES LEFT?
A488 24 02 BHS  LA48C  VES
A4BA D7 7D STB  BLKLEN  USE ACTUAL BLOCK SIZE IF LESS THAN 255
ASIC BD A7F4  LA4BC JSR  SNDBLK  WRITE BLOCK TO CASSETTE
pMEBF 20 €7 BRA  LA478 DO ANOTHER BLOCK
491 00 7C LA91 NEG  BLKTYP  MAKE BLOCK NUMBER NEGATIVE (EOF BLOCK)
p493 OF 7D CLR  BLKLEN  IERO BLOCK SIZE
A495 TE  ATET J4P  LATE7  WRITE A BLOCK, TURN OFF MOTOR
$
t  CLDAD
A48 OF 78 CLOAD CLR  FILSTA  CLOSE FILES
A49A 81 4D CHPA  #°N 1S IT CLOADN?
MIC 27 80 BED  LAGFE  BRANCY IF SO
A9E 32 42 LEAS 2.5 GET RID OF THE RETURN
A4A0 BD  ASCS JSR  LASCS GO GET FILE NAME
A4A3 BD  Ak4E JSR  LAG48  SEARCH FOR FILE
Ade 7D OLES ST CASBUF+10 GET FILE MODE (NOM-ZERG=DATA OR ASCIT)
AR9 27 1D BEG  LAACE  IERD = CRUNCHED BASIC OR NACHINE LAMG
A4AB B&  OLE3 LDA  CASBUF+9 GET ASCII FLAG
AGRE 27 1D BEG  LA4CD  'BAD FILE NODE® 0 = CRUNCHED OR MACH LANG
A4BO BD  ADL9 IR LADIY DO A TNEW
A4BI 86 FF LA #-1 TAPE DEVICE NUMBER
MBS 97 SF §TA  DEVNUM  SET DEVICE NUMBER TO TAPE
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AS37 27 €2 BED  LA4FB BRANCH IF 1/0 ERROR (HEADER BLOCK)
AS3? 28 F3 BPL  LAGZE 60 READ SOME MORE
AS3B 7E  ATEY LAS3B  JMP  LA7EY 60 TURM OFF TAPE DECK

g -

R EXEC
A33E 27 05 EXEC . BE@  LAS4S BRANCH IF NO ARGUMENT -
#3540 BD  B73D JSR LB73D EVALUATE ARGUMENT - ARGUMENT RETURNED IN X
ANAT 9F 9D STX  EXECIP  STORE X TO EXEC JUMP ADDRESS

ASAS 6E  9F 009D LAS4S JMP  [EXECJPI 60 DO IT

¥ BREAK CHECK
A34% BD O17F LAS49 JS5R  RVEC11  HOOK INTO RAM

AG4C 96  &F LDA  DEVNUM  BET DEVICE NUMBER
AS4E 4C INCA CHECK FOR TAPE

AS4F 27 30 BEQ  LASAL RETURN IF TAPE

AS51 7E ADEB JNF  LADEB 60 DD BREAK KEY CHECK

t
§ THIS ROUTINE EVALUATES AN ARGUMENT
t AND MAKES SURE IT IS WITHIN LIMITS OF VIDEC DISPLAY RAM
A554 BD B3E4 LAS34 JSR  LB3ES EVALUATE EXPRESSION AND RETURN VALUE IN ACCD

AS57 83 DIFF SUBD  BE1t ONLY 512 VIDED DISPLAY LOCATIONS
AS5A 1022 OEEC LBHI  LB44A BRANCH IF > 511 70 "ILLEGAL FUNCTION CALL’
ASSE C3 0400 ADDD  BVIDRAM  ADD BACK IN OFFSET + START OF VIDED RAM
AS4: DD BB STD  CURPOS  PUT THE CURSOR THERE
A363 39 RTS
¢
3 INKEY$
AS64 96 87 INKEY LDA  IKEYIM  WAS A KEY DOWN IN THE BREAK CHECK?
AS6h 26 03 BNE  LASB YES
AS68 BD  ALCB JSR  KEYIN 60 GET A KEY
ASGB OF 87 LAS6B CLR  IKEYIM  CLEAR INKEY RAM IMAGE
ASED 97 33 STA  FPRO+3  STORE THE KEY IN FPAQ
ASHF 1026 111C LBNE  LBS&EF CONVERT FPAO+3 TO A STRING
R373 97 56 STR  STRDES  SET LENGTH OF STRING = 0
AS75 7TE  B&9B JMP  LB&SB PUT A NULL STRING ONTO THE STRING STACK

t STRIP A FILENAME OFF OF THE BASIC INPUT LINE
AS78 BE O1DY LA37B  LDX  SCFNBUF  POINT TO FILE NAME BUFFER

AS7B &F 80 CLR X+ CLEAR THE FIRST BYTE - IT WILL CONTAIN THE COUNT
) OF THE NUMBER OF CHARACTERS IN THE NAME
AS70 86 20 LDA  #SPACE  SPACE
A37F A7 80 LAS7F  STA X+ BLANK FILL 8 CHARS
A3BI BC 0104 CNPX  $CASBUF  DONE?
ASB4 26 F9 BNE  LATY ND
ASB6 9D A5 JSR  BETCCH  GET.CURRENT INPUT CHAR
ASeEB 27 17 BEG  LASAL RETURN IF NO NAME
AZBA BD B1SE JSR LBIS6 GET THE FILE NAME - EVALUATE EXPRESSION
ASBD BD B4S4 ISR LB&SA POINT X TO START OF NAME (TOP STRING
¢ ON STRING STACK!
A390 CE 01Dt LDU  ¥CFNBUF  CASSETTE FILE NAME BUFFER
A3 E7 CO 8T8 LU+ STORE THE NUMBER OF BYTES IN THE NAME
AS9S 27 0A BER  LASA1 NULL NAME (BLANK NAME}
AS97 8C ' FCE  SKP2 SKIP THE NEXT THD BYTES
AS98 C&6 08 LAS98  LDB 8 HOVE 8 BYTES
!
t  MOVE B BYTES FROM (X) 10 (1)
AS?A A6 8O LAS9R LDA X+ BET BYTE FROM X
AS9C A7 L0 STA U+ STORE IT AT U
AS9E SA DECB MOVED ALL BYTES?
AS9F 26 F9 BNE  LAS9A NO
A3AL 39 LASAL  RTS
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ALOR OF
A6OC 35
ABOE C1
A610 27
A612 Tt
A614 27

A&l Ch
A618 8C
AL19 CE
fAs1B 8C
f6IC €&
fAGLE BC
RbIF Cb
f621 7

A&24 4C
R&25 2B
A627 26

629 8D
A6ZB Bb
Ab2E B4
A63Y 27
ABST OC
AL3S BD
Rb3B 26
AL3A 0D
AL3C 27
AL3E 2B
Ab40 96
Ab42 27
AsA4 97
Asds 20

A648 0D
R64A 26
A44C 8D
AGAE 26
ALS0 OF
AbS2 8E
ALSS 9F
ABS7 39

ARCE 4C
Ab39 26
638 4C

AGIC 3E

6F
04
49
12
4
42

28
28
24

2b
AC4b

EF
2E

1D
01E3
01E4
E3
78
A701
DF
7c
DB
17
70
Fi
79
0A

78
Do

T
o2V

L9
79
010A
78

FC

FFFF

3

f IFIT ISN'T

LAG1e
LA619
LAGIC
LAGIF

1
LA&24

CLR
PULS
CHPB
BEQ
CHPB
BEQ

LD8
FC3
LDB
FCB
LDB
FCB
LDB
IMP

INCA
BMI
BNE

DEVNUM  SET DEVICE NUMBER TO SCHEEM

P BET STATUS AGAIN
L IS IT INPUT MODE?
LAG24 YES

¥o 18 IT QUTPUT MODE?
LAGSE YES

INPUT OR QUTPUT, BAD FILE MODE

12112 ERROR & 21 ’BAD FILE MODE’

SKP2 SKIP TWO BYTES

#2032 ERROR & 20 'I/0 ERROR

5KP2 SKIP THO BYTES

§1812 ERROR & 18 °FILE ALREADY GPEN’
5KP2 SKIP TWO BYTES

#1912 ERROR % 19 *DEVICE NUMBER ERROR’
LACAE JUMP TO ERROR HANDLER

DEVICE NUMBER SET TO TAPE?
LAbLA BAD FILE MODE> IF DEVNUM = NEG BUT NOT CASSETTE
LAbS7 RETURN IF DEVNUM WAS SET TO SCREEN OR DISK

11t SET TO TAPE

BSR
LDA
ANDA
BEQ
INC

LAGIS ISR

BNE
TST
BEQ
BAHI
LDA
BER

LAG4Y 5TA

]
LA648

LA&S0
LAGS2

LASS7
]

BRA

LAK4B GET HEADER BLOCX

CASBUF+? GET ASCII FLAE

CASBUF+10 *AND* IT WITH FILE MODE

LAG16 "BAD FILE MODE’ - CRUNCHED FILE QR MACH LANE
FILSTA  OPEN FILE FOR INPUT

LA701 START TAPE. READ A BLOCK

LA&L9 *1/0 ERROR’

BLKTYP  CHECK BLOCK NiMBER

LAGLS *1/0 ERROR’ IF HEADER BLOCK
LA6S7 BRANCH IF THIS IS THE LAST BLOCK
BLKLEN  CHAR COUNT

LA63S READ ANDTHER BLOCK IF NULL BLOCK
CINCTR ~ STORE IN TEMP CHARACTER COUNTER
LA6S2 RESET BUFFER POINTER

SEARCH FOR FILE NAME IN CNMBUF

18T
BNE
BSR
BNE
CLR
LDX
STX
RTS

FILSTA IS THE FILE OPEN?

LABIC YES- ’FILE ALREADY OPEN’
LAéB1 SEARCH FOR CORRECT FILE NAME
LA619 *1/0 ERRCR’

CINCTR ~ CLEAR CHARACTER COUNTER
$CASBUF  CASSETTE INPUT BUFFER ADDRESS
CINPTR  RESET IT

$31 WRITE OUT THE HEADER BLACK

%

1% CASBUF

¥ CASBUF+8

¥% CASBUF+9

11 CASBUF+190
% CASBUF+11,12 TRANSFER ADDRESS
% CASBUF+13,14 START ADDRESS

FILE NAME
FILE TYPE
ASCII FLAG
FILE MODE

¥ ENTER HERE FOR DATA FILES W/DEVICE NUMBER IN ACCA

LA4SE

INCA
BNE
INCA

CHECK FOR CASSETTE DEVICE NUMBER

LAS7 RETURN IF DEVICE NUMBER WASN’T TAPE

MAKE FILE TYPE = ¢

§ ENTER HERE FOR ASCII FILES

LAGIC

LDX

RSFFFF  SET ASCIT FLAG AND MODE = $FF
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AGCS BD  0A BSR  LA&D1 LOBK FOR FILE

AEC7 26 07 BNE  LA&DO RETURN IF ERROR

A6C? 20 BB BRA  LAbBS 60 LOOK SOME MORE

ACB 86 46 LR6CB LDA  #°F t

AGCD BD 29 BSR  LA6&F8 $PUT ’F’ ON THE SCREEN IF DIRECT MODE

A4CF 4F CLRA SET ZERO FLAG TD INDICATE MC ERRORS

A&DC 39 LA6DO  RTE

AGDL 7D OIES LA6DI  TST  CASBUF+10 CHECK FILE MDDE

A&DA 26 09 BNE  LA&DF BRANCH IF ASCII OR DATA

AtDs BD A77C JSR  CASON TURN ON TAPE DECK

AGD7 8D 30 LA&DY? BSR  GETBLK  LOAD A BLOCK FROM TAPE

AGDB 8D 08 BSR  LAtES CHECK FOR EFRORK OR LAST BLOCK

AGDD 20 FA BRA  LA&D9 KEEP GOINS

AGDF 8D 20 LAGDF  BSR  LA701 READ ONE BLOCK FROM TAPE

AGEL BD 02 BSR  LA&ES CHECK FOR ERROR OR LAST BLOCK

AGE3 20 FA BRA  LALDF KEEP READING BLOCKS

RGES 26 06 LAGES BNE  LA4ED 60T AN ERROR OM READING IN BLOCK

ABE7 % 7C LDA  BLKTYP  GET BLOCK #

AGET 40 NEGA CHECK FOR LAST BLOCK

RGEA 7B 14 EMI  LA700 THIS WILL CAUSE THE UPPER LEFT CORMER
4 OF THE SCREEM TO BLINK WHEN SKIPPING OVER
L CASSETTE FILES WHILE SEARCHING FOR THE
1 CORRECT FILE NAME,

AGEC 4A DECA IF BLOCK NUMBER WAS $FF, ACCA IS NOW ZERC - THIS WILL

t CAUSE CLOAD TO IGNORE ERRORS IN THE
] BLOCKS WHICH IT IS SKIPPING WHILE
1 LOOKING FOR THE CORRECT FILE NAME,
RGED 97 81 LAGED STA  CSRERR  STORE ACCA TO ERROR FLAG
ABEF 32 62 LEAS 2.3 REMOVE RETURN FROM STACK
AGFL 20 12 BRR  LA705 TURN OFF MOTOR
A6FT B6 0400 LAGF3 LDA  VIDRAM  GET FIRST CHAR ON SCREEN
AGF6 B8 40 EORA 3340 REVERSE THE VIDED
AFB D6 48 LA6FE LDE  CURLIN 65T CURLIN MSP
A&FA SC INCB CHECK FOR DIRECT MDDE
R6FB 26 03 BNE  LATO BRANCH IF NOT DIRECT MCDE
AGFD B7 0400 STA  VIDRAM  PUT IT ON SCREEN
A700 39 LR700  RTS
$X138 READ A BLOCK FROM CASSETTE
A701 8D 79 LA701 BSR  CASON START TAPE. AND LOOK FOR A BUNCH OF S QR AR BYTES
A703 8D 06 BSR  EBETBLK  READ A BLOCK
A703 BD  A7E9 LR705 JSR  LaTE® URN OFF MCTOR
A70B D6 81 LD CERERR  GET ERROR STATUS
A70A 39 RTE
A70B 1A 50 GETBLK ORCC 359 DISABLE IRG,FIRG
A70D 82 E4 BSR  LA&FT REVERSE VIDEC UPPER LEFT CHAR IF DIRECT MoDE
ANOF 9 TE Lp CBUFAD  BET LOAD ADDRESS
A711 4F CLRA RESET ACTA
A712 8D 4t LA7iZ  BSR  LA75S READ A BIT FROM TAPE, RETURN IT IN CARRY FLAG
R714 44 RORA PUT BIT IN MSB OF ACCA
7S 8 3 CMPA  #$3C GET SYNC’SD ON $3C
717 28 F9 BNE  LA712 NOT SYNC’ED YET
A719 80 2t BSR  LA749 SET BLOCK NUMBER
A7(R 97 7€ STA  BLKTYP  SAVE IT
A7ID 80 2A BSR  LA749 BET CHAR COUNT
RIIF 97 7D §TA  BLKLEN  SAVE IT
A72198 7 ADDA  BLKTYP  ACCUMULATE CHECKSUM
A723 97 80 STA  CCKSUM  SAVE IT
AT23 %6 7 LDA  BLKLEN  BET BACK CHAR COUNT
A727 97 B¢ STA  CSRERR  TYEMP SAVE
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R729 27
R72E BD
AT2D A7
A7ZF Al
AT3L 2%
AT3Z R
A73S 97
£737 0R
A7 25
A73B 80
£73D 90
RT3F 27
A741 85
A74% B2
A744 86
AT44 97
R748 39

AT47 85
A742 97
A740 8D
A74F 44
A750 0A
A752 26
A754 39

#733 8D
A757 D6
A739 SA
A75A D1

A75C 37

A75D OF
A75F 0D
A7Bl 25

A7EZ 3D
R75% 25
A757 8D
A769 24
#768 39

A76C 0OC
ATLE F&
A771 36
A772 39

A772 8D
A773 24
#777 €D
A779 25
A77B 29

10
iz
24
80
i
8¢
80
8

Vv

Tad
-

80
0%
01

.;\

a2
06

82
F9

06

i

BF

07
"
L

03
FC

7
v

FF20

7
i

FC
F2
FC

SEd  LATIB
LA72B BSR  LA74°
T O
CHPA  ,X#
BNE  LA744
ADBA  CIKSUN
€Yy CCKSUM
DEC  CSRERR
BNE  LA72B
LAT3E BSE  LA749
SUBA  CCKSUM
BEG  LAT4S
LA #
FCR SKRP2
LtA744 DA &2
LA745 STA  CORERR
£1§

NULL SET OF CHARACTERS

GET BYTE FROM TAPE

FILL MEMORY WITH TAPE DATA

SEE IF WE READ BACK SAHE THING
BRANCH IF NOT PUTTING IT IN RAM
ACCUMULATE CHECKSUM

TEMP STORE CHECKSUM

DECR TEMF CHAR COUNT

BET ANOTHER CHARACTER

GET CHECKSUM FROM TAPE

COMPARE TO CALCULATED CHECKSUM
BRANCH IF OK

CHECKSUM ERROR FLAG

SKIP THO BYTES

NON-RAM ERROR FLAG

{ IF CHECKSUM ERROR. 2 IF LOADING INTQ NON-RAK

$tsit GET & BYTE FROM TAPE

LA743 LD  #8
§TA  CPULHD
LA74D BSP  LATSS
RORA
DEC  CPULWD
BNE  LA74D
RTS
t¥18 READ A BIT FROM THE
LA755 BSR  LATSD
LB CPERTM
DEZB
CMPB  CMPMID
t
'
!
RTS
t12 MAIN TIMING LOOP
LA7SD CLR  CFERTH
TET  CEBTPHA
BNE  LA77S

1ett L0 - HI TRANSITION

8 BITS/BYTE

TEMF COUNTER

READ A BIT FROM TAPE
PUT IT INTO ACCA

60T ALL 8 BITS

NO

TAPE
BET THE TIME BETWEEM TRANSITIONE

GET PERIOD TIHMER

CMPMID CONTAINS 18 INITIALLY, AND IS USED TO DETERMINE

WHETHER THE BIT READ IS A ONE Ok ZERO
IF THE FERIOD TIMER IS ¢ 18, THE BIT
IG CONSIDERED 7O BE A ONE, IF > 18, IT IS ZERD

RESET PERIOD TIMER

CHECK TO SEE IF SYNC’ED ON THE HI-LO TRANSITION OR LO-HI

BRANCH ON HI-LO TRANSITION

READ CASSETTE INPUT BIT
LOOP UNTIL IT IS LD

READ CASSETTE INPUT DATA
WAIT UNTIL IT GOES HI

¥148 FEAD THE CASSETTE INPUT BIT OF THE FIA

LA763 BEE  LA7EC
BCE  LA762

LA747 BER  LAT4C
BCC  LA787
RIS

LA76C INC  CPERTHM
LB FIal
RORB
RTS

INCREMENT PERIDD TIMER
GET CASSETTE INFUT BIT
PUT CASSETTE BIT INTO THE CARRY FLAB

tk3 WAIT FOR HI - LO TRANSITION

LA773 BSE  LA74C
BCC  LA7Y3

LA777 BSR  LA76C
BCS  LA7T7
RTS

READ CASSETTE INPUT DATA
LOOP UNTIL IT IS HI
READ CASSETTE INPUT
LOOP UNTIL IT IS LO
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A77C 1A
A77E 8D
R780 OF
A782 8D
A784 8D
A786 22
A788 8D
A78R 25
A78C 0A
A78E 98
A790 81
A792 25
A794 97
A796 39
A797 9D
A799 22
A79B 8D
A79D 25
A79F OC
A7A1 96
A7£3 80

R7AT 20
ATAT7 OF
A7A9 8D
A76B 20
A7RD OF
A7AF 8D
A7B! D&
A7E3 DI
A78S 22
A787 D1
A7B% 39
A7BA OF
A7BC 39

A7BD IF
A7BF 9D
A7Ct C1
A7CS 27
A7CS €1
A7C7 BD
A7CA B6
A7CD BA
A7CF 8D
A7D1 9E

A7D3 30
A7D3 25
A7D7 39

A7D8 1A
A7DA 8D
A7DC SE

30
4
82
DF
27
OF
1D
0F
82

v
2

RO
EE
84

0E
E?

1
E

£9

3
&~

60

EB
83
BC
04
83
Cé
82
20
03
o1

89
9F
AA

2
&

88
ASCY
FF2t
08
1F
BA

1F
FC

30
EE
92

113 LOOK FOR THE SYNC BYTES - RETURM WITH ACCA = 0 IF SYNC'ED
$818 ON HI - LO TRANSITION, ACCA = $A0 IF SYMC’ED ON THE
$131 LO - HI TRANSITION GF THE INFUT SISNAL FROM THE CASSETTE.

CASON ORCC  #%3¢ DISABLE IRG,FIRG
BSR  LAJCA TURN ON TAPE DECK MOTOR
CLR  CPULWD  RESET UP TD SPEED COUNTER
LA792 BSR  LA783 HAIT FOR LO-HI TRANSITICN
LA784 BSR  LA7AD WAIT FOR HI-LO TRANSITION
BHI  LA797 CASSETTE SPEED IN RANGE FOR 1200 H1
LA788 BSR  LA7A7 WAIT FOR LO-HI TRANSITION
BCS  LA79B CASSETTE SPEED IN RANGE FOR 2400 HI
DEC  CPULKD  DECREMENT UP TO SPEED COUNTER IF SYNC’ED ON LO-HI
LDA  CPULWD  GET IT
CHPA #-96 HAVE THERE BEEN 9& CONSECUTIVE 1-0-1~0 PATTERNS
LA79Z BNE  LA782 ND
TR CBTPHA  SAVE WHICH TRANSITION (HI-LO 9R LO-HI)
RTS
LA797 BSR  LA7A7 WAIT FOR LO-HI TRANSITION
BHI  LA784 BRANCH IF TWO CONSECUTIVE 1200 HZ PULSES
LA79B  BSR  LA7AD WAIT FOR HI-LO TRANSITIONM
BCS  LA78B BRANCH IF TWO CONSECUTIVE 2400 HI PULSES
INC  CPULWD  INCREMENT UP TO SPEED COUNTER IF SYMC’ED OM HI-LC
LDA  CPULWD  BET IT
SUBA  #96 GOT ENOUEH SYMC PULSES? - ACCA WILL BE ZERD IF
t THERE HAVE BEEM 96 CONSECUTIVE
3 0-1-0-1 PATTERNS
BRA  LA792 :
LA7A7 CLR  CPERTM  RESET PERIOD TIMER
BSR  LAT7&7 WAIT UNTIL CASSETTE INPUT GOES HI
BRA  LATBI
LA7AD CLR  CPERTM  RESET PERIOD TIMER
BSR  LA777 WAIT UNTIL CASSETTE S0ES LO
LA7BL LDB  CPERTM  GET PERIOD TIMER
CMPB  CHPO UPPER LIMIT OF 1200 HI PERIDD
BHI  LA7BA BRANCH IF CASSETTE SPEED IS TOO SLOW OR DROPOUT
CMPB  CMPi UPPER LIMIT OF 2300 HI PERIOD
RTS
LA7BA CLR  CPULWD  RESET UP TO SPEED COUNTER
RTS
)
L MOTOR
MOTOR TFR  A.B SAVE CURRENT TOKEN IN ACCE
JSR  BETNCH  EET NEXT INPUT CHARACTER FROM BASIC
CHPB  ¥$AA 'OFF* TOKEN
BEQ  LAT7E? YES
CNPB  #$83 TON® TOKEN
JSR LASCY SYNTAX ERROR IF IT WASN’T *ON’ OR *OFF*
LA7CA LDA  PIA1+41  READ CRA OF U4
GRA 18 TURN ON BIT 3 WHICH ENABLES MOTOR RELAY
BSR  LA7FO PUT IT BACK
LA70L  LDX  ZERO BET READY TO WAIT A WHILE

t

¥ DELAY WHILE DECREMENTING X TO IERD

LA7D  LEAY -1.X DECRENENT X
BNE  LA7I3 BRANCH IF NOT ZERD
RTS

$31% SEND SYNCLN 55°5 TO TAPE

WRLDR  ORCC  #$50 DISABLE INTERRUPTS
BSR  LAVCA TURN ON TAPE DECK MOTOR
LDX  SYNCLN  GET COUNT OF 55°S TO SEND
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A7DE BD 48 LA7DE BSR  LAB28 SEND $355 TO TAPE

R7EC 30 IF LEAX -1 ARE ALL 55°S SENT?
A7E2 26 FA BNE  LA7DE NO
ATEA 39 RTS

1858 WRITE SYNC BYTES AND A BLOCK TO TAPE
A7ES 8D Fi LA7ES BSR  WRLDR WRITE SYNC BYTES TO TAPE
ATE7 8D 0B LA7E7 BSR  SNDBLK GO WRITE A BLOCK

t

3 TURN OFF TAPE DECK MOTOR
A7E9 IC AF LA7E?  ANDCC ¥$AF ENABLE IRG.FIRD
A7EB B6  FF21 LDA  PIAt+1  READ CRA OF W4
A7EE B4 F7 ANDA  #¢F7 TURN OFF BIT 3
ATFO B7  FF2 LA7F0 STA  PIAI+l  PUT IT BACK
A7F3 39 RTS

L

3 WRITE A BLOCK TO CASSETTE
t BUFFER SIZE IN BLKLEN

L STARTING ADDR IN CBUFAD
! BLOCK HUMBER IN BLKTYP

A7FA 1A S0 SNDBLK ORCC  #%30 DISABLE IR@,FIRG

RFF6 D& 7D LDB  BLKLEN  GET CHAR COUNT

ATFB D7 81 STB  CSRERR  TEMP CHAR COUNT

ATFA %6 7D LDA  BLKLEN  GET CHAR COUNT (INCLUDED IN CHECKSUM)
RTFC 27 07 BEQ  LABO3 BRANCH IF NO CHARACTERS - NULL
AIFE 9E  7E LDY  CBUFAD  GET STARTING ADDRESS

AB0O AR B0 LABOO  ADDA X+ CHECKSUM THE BUFFER

A802 94 DECB DONE ALL CHARACTERS?

RBO3 26 FB BNE  LABOO NO

RBOS 9B 7C LABOS ADDA BLKTYP  ADD IN THE BLOCK NUMBER
ABO7 37 80 STA  CCKSUM  SAVE THE CHECKSUM

ABGT 9E  T7E LDX  CBUFAD  GET STARTING ADDRESS

ABOB 8D 1B BSR  LABZ8 SEND $55 TO TAPE

ABOD 86 3C LDA  #$3C SYNC CHAR

ABOF BD 19 BSR  LABZA SEND TD TAPE

ABIL %6 T7C LDA  BLKTYP  GET BLOCK NUMBER

AB13 8D 15 BSR  LABZA SEND BLOCK NUMBER 7O TAPE
ABIG %% 7D LDA  BLKLEN  BET CHARACTER COUNT

AB17 8D 1l BSR  LAB2A SEND CHAR COUNT TO TAPE
AB1? 4D 1574 SET FLABE

AB1A 27 08 BEQ  LAB24 BRANCH IF CHAR COUNT IS ZERD
ABIC A6 80 LABIC LA X+ GET BUFFER CHARACTER

ABIE 8D OA BSR  LABZA SEND BUFFER TO TAPE

AB20 94 81 DEC  CSRERR  DECR TEMP CHAR COUNT

f822 26 FB BNE  LABIC NOT DONE YET

AB24 94 80 LAB24 LDA  LCCKSUM  GET CHECKSUM

7826 BD 02 BSR  LAB2A SEND CHECKSUM TO TAPE

AB28 B6 35 LAB28 LDA  #¢35 SEND A $55 TO TAPE

]
$  THIS ROUTINE SENDS THE A REG TO TAPE

AB2A 34 02 LAB2A PSHS A SAVE OUTPUT CHARACTER

AB2C C& 0 Lt #1 ACCB COMTAINS A MASK USED TO DETERMINE WHETHER A
] BIT IN THE OUTPUT CHARACTER IS HI OR LD

AB2E 96 83 LAB2E LDA  CLSTSN  GET THE ENDING VALUE OF THE LAST SINE CYCLE

AB30 B7 FF20 STA DA STORE IN THE D/A CONVERTER

AB33 10BE ABSC LDY  #LASSC  SINE LOOK-UP TABLE FOR GENERATING FSK

AB37 ES E4 BIT8 .8 IS THE CURRENT BIT A ONE OR A ZERD ?

AB3? 25 0D BNE  LAB48 IF A {, DO KIGH FRER
t11 LOW FREGUENCY LOOK UP

ABIB A6 AD LAB3B LDA .Y+ USE EVERY BYTE IN TABLE IF LOW FREQUENCY

AB3D 108BC ABBO CMPY  #LABSC+36 END OF SINE TABLE?
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A78A 95 8C LDA  SNDTON  GET FREGUENLCY

A78C 4C LABC  INCA INCREMENT IT
A98D 26 FD BNE  LA9SC LOOP UNTIL DONE
A98F 39 RTS
|
£ AUDIO
A990 tF 89 AUDID TFR  A,B SAVE ON/OFF TOKEN IN ACCB
A992 9D  9F JSR  GETNCH  NOVE BASIC POINT TO NEXT CHARACTER
R994 C1 AR CMPB  #SAA *OFF* TOKEN?
A9% 27 DC BEQ  LA%974 YES - TURN OFF ANALOG NUX
A%98 CO 88 SUBB  #488 *ON’ TOKEN
A?9A BD  ASCY J5R  LASCY SYNTAX ERROR IF NOT *OFF’ OR *ON’
A99D SC INCB NOW ACCE =1
A79E 8D 02 RSR  LASA2 ROUTE CASSETTE TO SOUND MULTIPLEXER
AFA0 20 D4 BRA  LA97b ENABLE SOUND MULTIPLEXER

t33 THIS ROUTINE WILL TRANSFER BIT O OF ACCB TO SEL 1 OF
$%1 THE ANALDG MULTIPLEXER AND BIT 1 OF ACCB TD SEL 2.
A9A2 CE  FFOL LA9AZ LDU  4PIA0+1  POINT U TO P1AO CONTROL REG

A9AS 8D 00 BSR  LA%A7 PROGRAM 1ST CONTROL REGISTER

A9A7 A6 (4 LA9A7 LDA .U GET PIA CONTROL REGISTER

AR% B4 F7 ANDA  3$F7 RESET CA2 (CB2) OUTPUT BIT

A%AB 57 ASRB SHIFT ACCB BIT 0 TO CARRY FLAG

AFAC 24 02 BCC  LA9BO BRANCH IF CARRY = ZERD

A?4E BA 08 0RA 48 FORCE RIT 3=13 SET CA2(CR2)

A980 A7 CI LA9BO STA .U+ PUT IT BACK IN THE PIA CONTROL REGISTER
A?B2 39 RTE

L
t IR@ SERVICE
A%BI B& FFO3 BIRASY LDA  PIA0+3  CHECK FOR GOHI INTERRUPY

A9B6 2A 0D BPL  LA9CS RETURN IF 63.5 MICROSECOND INTERRUPT
A9B8 B6  FFO2 LDA  PIA0+2  RESET PIAQ. PORT B INTERRUPT FLAG
A9BB BE  00BD LDX  DSNDDUR  GET INTERRUPT TIMER (SOUND COMMAND
A9BE 27 00 BE@  LA9CS RETURN IF TIMER = 0
A9C0 30 IF LEAX  -1.X DECREMENT TIMER IF NOT = 0
A9C2 BF 008D LASC2 STX  DSNDDUR  SAVE NEW TIMER VALUE
ASCS 3B LASCS RTI RETURN FROM INTERRUPT
!
L JGYSTK
A9Cs BD  B70E JOYSTK JSR  LBTOE EVALUATE JOYSTICK ARGUMENT
A9 Lt 03 CMPB 83 THO JOYSTICKS MAXIMUM (HOR & VER FOR EACH)
A9CB 1022 OATB LBHI  LB44A *ILLEGAL FUNCTION CALL® IF 33
ASCF SD TSTB SET FLAGS
A00 26 02 BNE  LA%D4 GET NEW DATA ONLY IF JOYSTK(OD)
A9D2 8D  0A BSR  GETJOY  GET NEW DATA FOR ALL JOYSTICKS
A904 BE 015R LA9D4 LDX  §POTVAL  POINT ¥ TO JOYSTICK DATA BUFFER
A9D7 D6 53 LDB  FPAO+3  WHICH JOYSTICK DID YOU WANT?
A909 E6 B LB BJX PUT ITS DATA INTO ACCB
A9DB 7E  BAF3 JMP LBAF3 CONVERT ACCB INTD FLOATING POINT NUMBER
14
$ JOYSTK DATA AT:
t $15A $15B $13C $13D
] LEFT LEFT RIGHT RIGHT
4 VERT HORI1Z VERT HORIZ
%% THIS 1S A & BIT SOFTWARE A/D CONVERSION ROUTINE
A9DE 8D 94 GETIOY BSR  LA974 TURN OFF AUDIO
A9E0 8E  OISE LDX  $POTVAL+4 POINT X TO JOYSTICK DATA BUFFER
a9ez C6 03 10)): B X GET FOUR SETS OF DATA (4 JOYSTICKS)
A9ES 86 OA LASES LDA  #10 10 TRIES TB GET STABLE READING
A9E7 ED E3 §p -8 STGRE JOYSTICK NUMBER AND TRY NUMBER ON THE STACK
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AYES BD
A9EB CC

ASEE A7
A%FO CA
A9F2 F7
A9FS CB
A9F7 B6
A%FA 2B
ASFC EO
AYFE aC
AYFF EB
AAOL A6
AROS 44
Aa04 81
ARDG 26
AROB 34
AROT 54
AAQA EI
AROC 27
AROE 6A
ARL0 26

AR12 E7
AA14 EC
AALE SA
ARI7 2A
ARL9 39

ARIA B1
ARIC 24
ARLE 81
AA20 25
AR22 OE
AA24 80
AA26 80
ARZ8 39

B7
4089

”
b

02
FF20
02
FFOO
03
E4

t4
EO

0t
Eb

iF
04
E4
Dy

82
El

cc

3R
0A
20
02
9F
30
Do

BSR  LA%A2 SET THE SELECT INPUTS €M ANALDS “ULTIPLEXER
LASEB LDD  #$4080  ACCA I3 A SHIFT COUNTER OF HOW MAMY BITS TC CONVERT

1 AND WILL BE $40 (& BITS) FOR THE CULOR
s COMPUTER. ACCB CONTAINS A VALUE EQUAL T2 1/2
L4 THE CURRENT TRIAL DIFFERENCE, INITIALLY =$80¢ (2,3 VOLTS).
LA9EE STA  .-§ TEMP STORE SHIFT COUNTER SH STACK
0RB  #2 KEEP RS 237 SERIAL DUT MARKING
ST8 DA TORE IN D/A CONVERTER
EORB #2 PUT R5232 BIT BACK T0 IERO

LA PIAD HIGH BIT IS FROM COMPARATOR
BMI  LASFF BRANCH IF COMPARATOR OUTPUT IS HIGH

SUBE S SUBTRACT ¢/2 THE CURRENT TRIAL DIFFERENCE
FCB  SKP2 SKIP NEXT TWC BYTES
LASFF ADDB .S ADD 1/2 OF THE CURREMT TRIAL DIFFERENCE
LA S+ PULL SHIFT COUNTER OFF THE STACK
LSRA SHIFT IT RIBHT ONCE
cwep #1 HAVE ALL THE SHIFTS BEEN DONE?
BNE  LASEE NC
LSRB YES - THE DATA IS IN THE TOP 6 BYTES OF ACCB
LSRB PUT IT INTQ THE BOTTOM SIX

CHPE -1.X IS THIS YALUE EQUAL TO THE LAST TRY?
BEG  LAAL2 YES - G0 SAVE THE VALUE

DEC .S NO-DECREMENY TRIES COUNTER

BNE  LAYEB BRANCH IF YOU HAVEN’T TRIED 10 TIMES

3 iF YOU FALL THROUEH HERE YOU YAVE TRIED YO GET THE SAME READING
H 10 TIMES AND NEVER GOTTEN A MATCH. AS A RESULT YOL JUST FALL
t THROUEH AND USE THE LAST VALUE READ IN.
LAAL2 STB  .-X SAVE THE DIGITIZED VALUE
LD  ,S++ GET THE NUMBER OF THE JOYSTICK 3UST DONE
DECB DECR JOYSTK NUMBER
BPL  LA9ES BRANCH IF THE LAST ONE DONE WASN'T %0
RTS
3
$  SET CARRY IF NUMERIC - RETURM WITH
t  IERC FLAG SET IF ACCA = ¢ OR 3AC:) - END
t  OF BASIC LINE OR SUB LINE
BROMHK CHMPA  #°9+1 IS THIS CHARACTER >=(ASCII 91417

BHS  LAA28 BRANCH IF > 93 Z SET IF = COLON

CNPA  BSPACE  SPACE™

BNE  LAA24 ND - SET CARRY IF NUMERIC

JHP BETNCH  IF SPACE. GET NEXT CHAR (IGNORE SPACES!

LAA24  SURA  #’0 SET CARRY IF

SUBA #-'0 CHARACTER > ASCII 0
LAA28 RTS
t

A 33



D756 34
D768 B&
D75A 34
D7sC 7F
D74F D&
D77t 8E
D774 B
D777 84
D779 AR
D778 BA
B779 D&
D77F Ci
p78t 25
D783 BR
D785 IF
D787 BA
D7ee 87
D78C B?
D78F €5
D791 28

D792 BD
D79 BD
D799 8D
D798 26
D79D OF
D79F 8E
D7A2 D&
D7A4 58
D7A3 AD
D7R7 35
D7A9 Db
D7AB 27
D7AD 4A
D7AE 27
D780 34
D782 8D
D784 26
0786 20
D788 86
D7BA B7
D7BD 35

D788 8E
D78B D&
D78D &F
D7BF 86
p7Ct 87
D7C4 IE
D7Cs 1E
b7c8 8D
D7CA 8D
D7CC 84
DICE 97

76
0%
02
0983
EB
DBA2
0984
A8
85
20
EC
16
00
10
89
o8
0985
FFa0
08
04

A7D1
A7DL

I8
0
Fo
DBo%A
EA

95
02
Fo
09

06
02
09
EF
B2
78
0983
F&

097t
EB
85
03
FF48
88
86
07
24
10
Fo

D S Kk

DEKCON
LD&a6E

tner2

LDéBB

LD&9F

LD&AD

LD&BE

LD&ELS

PSHS
LDA
PSHS
CLR
LDB
LDX
LDA
ANDA
ORA
ORA
LDB
CHPB
BLO
ORA
TFR
0RA
STA
§TA
BITB
BNE

J5R
ISR

BSR
BRE
CLR
LDX
LDB
ASLB
JSR
PULS
LDB
BED
DECA
BEG
PSHS
BSR
BNE
BRA
LDA
STA
PULS

AFPPENDTIX B

CON ROUTINE

U.Y,X.D  SAVE REGISTERS
#5 1 GET RETRY COUNT AND
A 1 SAVE IT ON THE STACK
RDYTHR  RESET DRIVE NOT READY TIMER
DEDRV BET DRIVE NUMBER
$LD7AA  POINT X TO MOTOR ENABLE MASKE
DRGRAM  BET DSKREG IMAGE
$s48 KEEP MOTOR STATUS, DOUBLE DENSITY. NMI ENABLE
B.X TOR’ IN DRIVE ENABLE DATA
$520 "0R* IN DOUBLE DENSITY
DCTRK SET TRACK NUMBER
$22 PRECOMPENSATION STARTS AT TRACK 22
LD&8B BRANCH IF LESS THAN 22
ks10 TURN ON WRITE PRECOMPENSATION IF 3= 22
A.B SAVE PARTIAL IMABE IN ACCB
18 *0R* IN NOTOR ON BIT
DRGRAM  SAVE INAGE IN RAM
DSKREG  PROGRAM THE 1793 CONTROL REGISTER
18 = WAS NOTOR ALREADY ON?
LD&%F = DON’T WAIT FOR IT TO COME UP
70 SFEED IF ALRERDY ON

LA7D1 f WAIT A WHILE
LA7D1 $ WAIT SOME MORE FOR MOTOR TO COME UP TO SPEED

LD6DE WAIT UNTIL NOT BUSY DR TINE OUT
LD6AD BRANCH IF TIMED OUT (DDOR OPEN. NO DISK, NO POWER. ETC.}
DCSTA CLEAR STATUS REGISTER
¥LD7A2  POINT TO COMMAND JUMP VECTORS
DCOPC BET COMMAND
2 BYTES PER COMMAND JUMP ADDRESS
{8.X] 60 DO IT
A GET RETRY COUNT
DCSTA BET STATUS
LD&BE BRANCH IF NO ERRORS
DECREMENT RETRIES COUNTER
LD6BE BRANCH IF ND RETRIES LEFT
A SAVE RETRY COUNT ON STACK
LD6CS RESTORE HEAD TO TRACK 0
LD&AD BRANCH IF SEEK ERROR
LD672 60 TRY COMMAND AGAIN IF NO ERROR
1120 120%1/60 = 2 SECONDS
RDYTMR  WAIT 2 SECONDS BEFORE TURNING OFF MOTOR
PC.U.Y.X.D RESTORE REGISTER - EXIT DSKCON

RESTORE HEAD TO TRACK 0

LX
LDB
CLR
LDA
STA
EXS
EXb
BSR
BSR
ANDA
574

#DROTRK  POINT YO TRACK TABLE
DCDRY GET DRIVE NUMBER

B.X LERD TRACK NUMBER

#3 ¥ RESTORE HEAD TO TRACK 0. UNLOAD THE HEAD
FDCREG 3 AT START. 30 MS STEPPING RATE

AR s

A.A = WAIT FOR 1793 TO RESPOND TC COMMAND

LD6DE WAIT TILL DRIVE NOT BUSY

LD6FD WAIT SOME MORE

#510 1792 STATUS = KEEP ONLY SEEK ERROR
DCSTA SAVE IN DSKCON STATUS






DB3S 9%
D835 B7
D838 St
D83IB BF

DB3E 9E
DB40 Bb
D843 B84
D845 BA
D848 35

ED

FFaA
pa%0
0983

EE
FF48
0986
80
04

D84A 109E 8A

D84d CE
0830 73
D833 1A
D833 F7

Des8 i
D8SA 1E

D8sc €1
D8sE 27

DB&O €&
D862 ES
D844 26
DBss 31
DB&8 26
D86A TF
DBed 1C
DB&F 7E

1872 €6
0874 F7
D877 B7
Dg7R 20

D87C Cb
Dave £
D8BO 26
DBeg2 3t
0884 26
D8gs 20

D888 Fé
DssB E7
DBeD B7
D890 20

Dgez i€
D894 Bb
1897 84

FFA8
0982
50

FF48

g8
88

80
A

02
c4
0A
3F
Fé
0982
AF
D7E4

80
FF4B
FF40
F4

02
ca
04
I
Fé
0

FF4B
8¢
FF40
Fa

AF
FF48
7

LD739 LDA  DSEL GET SECTOR NUMBER
STA  FDCREG+2 SEND T8 1793 SECTOR REGISTER
LDX  #LD798 & PDINT X TO ROUTINE TO BE VECTORED
STX  DNMIVC ¥ TO BY NMI UPON COMPLETION OF

L DISK I/D AND SAVE VECTOR
LDX  DCBPY PQINT X TO I/0 BUFFER
LDA  FDCREG  RESET STATUS REGISTER
LDA  DRGRAM  BET DSKREG IMAGE
ORA 880 SET FLAG 1O ENABLE 1793 TO HALT 4809
PULS B GET READ/WRITE COMNAND FROM STACK
LtDY  ZERD ZERD OUT Y ~ TIMEQUT INITIAL VALUE
LDU  #FDCREG U POINTS TO 1793 INTERFACE REGISTERS
COM  NMIFLG  NMI FLAG = $FF: ENABLE NNI VECTOR
ORCC #8350 DISABLE FIRG,IRG
STB  FOCREG  SEND READ/WRITE COMMAND TO 1793: SINGLE

t RECORD, COMPARE
£X6 AR 1 FOR SIDE 0, NO 15 MS DELAY, DISABLE SIDE SELECT
EXG A,A t COMPARE, WRITE DATA ADDRESS MARK (FB)

§ WAIT FOR STATUS

CHPB 2480 WAS THIS A READ?
BER  LD782 IF S0, G0 LOOK FOR DATA
4 WAIT FOR THE 1793 TO ACKNOWLEDGE READY TO WRITE DATA
Lbp &2 DRR MASK BIT
1D7s8 BITB .U 1S 1793 READY FOR A BYTE? (DR SET)
BNE  LD778B BRANCH IF S0
LERY -1.Y DECREMENT WAIT TIMER
BNE  LD748 KEEP WAITING FOR THE 1793 DRB
LD770 CLR  NMIFLG  RESET NMI FLAG
ANDCC  #$AF ENABLE FIRG, IRG
JMP LDGEC FORCE INTERRUPT, SET DRIVE NOT READY ERROR

t
1 prarranes WRITE A SECTOR F883888
LD778 LDB X+ GET A BYTE FROM RAM

STB  FDCREG+3 SEND IT TO 1793
STA  DSKREG  RE-ENABLE 1793 TO HALT 4807
BRA  LD778 SEND MORE DATA
f  WAIT FOR THE 1793 TO ACKNONLEDGE READY TO READ DATA
Lp7e2 LB #2 DRA MASK BIT
Lp784 BITB .U DOES THE 1793 HAVE A BYTE? (DRG SET
BNE  LD7BE YES., 60 READ A SECTOR
LEAY  -1.Y DECREMENT WAIT TINER
BNE  LD784 KEEP WAITING FOR 1793 DR@
BRA  LD770 GENERATE DRIVE NOT READY ERROR
t $3138435% READ A SECTOR $¥KE3431Y
LD78E LDB  FDCREG+3 GET DATA BYTE FROM 1793
§TB X+ PUT 1T IN RAM
ETA  DSKREG  RE-ENABLE 1793 TO HALT 6809
BRA  LD7BE KEEP GETTING DATA
t  BRANCH HERE ON COMPLETION OF SECTOR READ/WRITE

LD798  ANDCC #$AF ENABLE IRQ. FIRG
LDA  FDOCREG 8 GET STATUS % KEEP WRITE PROTECT RECORD

ANDA  #$7C t TYPE/WRITE FAULT, RECORD NOT FOUND, CRC
t % ERROR OR LOST DATA



D899 97
D89 39

D89C D7BD
D89t D7DS
DBAO0 D7FD
DBAZ 1800

DEAS 01
DBAS 02
DBAL 04
DEA7 40

DBAB B
DBAB 27
D8AD BE
DBBO AF
DEB2 7F
DBBS 3B

D8B& Bé
DEBY 28
DBBB Bb
DBBE Bé6
D8Ct 27
DBCS 4A
D8cs 87
DBC7 2%
DBCY B
DBCC 84
DECE B7
p8Dt B7
D8D4 7E

DFO0

DFOO 113F
DF02 OF
DFO4 CC
DF07 34
DFOS BE
DFOC oC
DFOE 96
DF10 81
DFi2 22
bF14 A7
DF16 CC
DF19 A7
DFiB 86

Fo

0982
06
0983
6h
0982

FEO3
8
FFO2
0985
0F

0983
09

0986
BO

0986
FF40
89535

03
2600
06
€006
03

3

12
22
02
0200
84
2

%

STA
k1S

DCSTA

SAVE IN DSKCON STATUS

$ DSKCON OPERATION CODE JUMP VECTORS

LD7A2

t

FOB
FDB
FOB
FDB

LD&LS
LD&DD
LD703
Lb708

RESTORE HEAD TO TRACK ZERD
NO OP - RETURN

READ SECTOR

WRITE SECTOR

3 DSKREG MASKS FOR DISK DRIVE MOTOR ENABLE

LD7AA

FCB
FCB
FCB
FCB

i
2
4
$40

DRIVE SEL ¢
DRIVE SEL 1
DRIVE SEL 2
BRIVE SEL 3

3
3 RIxaest NMI GERVICE 1stxi%
3

DNMISV LDA  NMIFLE  BET NMI FLAG
BEG  LD7BB RETURN IF NOT ACTIVE
LOX  DNMIYC  GET NEW RETHURN VECTOR
STX 10,8 STORE AT STACKED PC SLOT ON STACK
CLE  NMIFLG  RESET NMI FLAG
LD7BB  RTI
L
1REisstxs  IRR SERVICE sxi38183
DIRGSV LDA  PIAD+Z 3.5 MICRO SECOND OR 40 HI INTERRUPT®
BPL  LD7EE RETURN IF 63.5 MICROSECOND
LDA  PIRO+¥2  RESET 40 HZ PIA FLAE
LDA  RDYTMR  GET TIMER
BEG  LD7DA BRANCH IF NOT ACTIVE
DECA DECREMENT THE TIMER
STA  RDYTMR  SAVE IT
BNE  LD7DA BRANCH IF NOT TIME TO TURN OFF DISK MOTORS
LDA  DRGRAM = GET DSKREG IMAGE
ANDA  R$BO = TURN ALL MOTORS OFF
STA  DRGRAM = PUT IT BACK IN RAM IMAGE
STA  DSKREGE  SEND TD CONTROL REGISTER (MOTORS OFF)
LD7DA JMP  LB9SS JUNP TO EXTENDED BASIC’S IR@ HANDLER
OR6  DOSBAS+$1F0Q
H
$% THIS IS THE CODE FOR THE DOS COMMAND
4
DOSEoM  SWIT DO A SOFTWARE INTERRLPT (#3)
CLR  TMPLOC  RESET SECTOR COUNTER
LDD  ¥DOSBUF  RAM LDAD ADDRESS FOR SECTOR DATA
PSHS  B,A SAVE RAM LOAD ADDRESS
LDFO? LDX  DSKVAR  POINT X TO DSKCON VARIABLES
INC  THPLOC  INCREMENT SECTOR COUNTER
LDA  TMPLOC  BET THE SECTOR COUNTER
CHPA %18 LOADED IN 18 SECTORS? (ONE TRACK!
BHI  LDFZ YES - EXIT
STA 3. NO - SAVE SECTOR NUMBER IN DSEC
LDD  #$0200  GET FDC OP CODE (READ! AND DRIVE # (0)
STA X SAVE THEM IN DSKCON VARIABLES
LA ¥4 BET TRACK NUMBER (34)

B 4












C192 44 49 D2

T19% &4 52 49 56
CI9A 44 49 4C 4C
CI9F 45 49 4C 45
C1A4 4B 49 aC CC
T1A8 4C 4F 41 T4
C1AC 4C 57 4C D4
CIBO 4D 45 52 47
CIES 52 45 4k 4!
CIBB 52 534S D4
CiBF 33 41 356 &2
C1CT 57 52 49 54
gice 36 42 52 49
CICE 55 4E 4C 4F
C1D4 44 53 4k 49
TIDA 42 41 43 4B
CLEC 43 4F 50 D9?
T1E4 44 53 4B 49
C1E9 44 53 4B 4F

CSEE 44 4F D2

L 4

ABIA 53 47 CE
ABID 49 4E DA
AB20 41 42 I3
AB23 55 53 D2
AB26 52 AE C4
AB29 53 49 CE
AB2C 50 45 45 CB
AB3O0 4C 45 CE
AB33I 53 54 52 A4
AB37 56 AL CC
AB3A 41 53 L3
ABID 43 48 52 A4
ABA1 4G AF Cb
ABAA 4A &F 59 53
ABAB 54 CB

ABAA AC 45 46 04
ABAE A4

ABAF 52 49 47 48
ABSI 54 A4

$ COMNMAND TABLE FOR DISK BASIC

VER 1.1

LCI?F  FCC DI’ $80+°K CE
FCC DRIV, $B0+°E CF
FCL  FIEL?,$B804°D DS
FCC  ’FILE’,$80+'5 DI
FCC  7KIL?,$80+’L D2
FCC  LDA’,$80+°D D2
FCC  ’LSE’.$80+°T D4
FCC  'MERG’.$BO+'E DS
FEC  "RENAM’,$80+°E D
FCC  RSE’.$80+'T D7
FCC  ?GAV?,$BO+’E DB
FCC  ’WRIT’,$BOH’E D9
FCC  ’VERIF’.$80+°Y DA
FCC  7HNLOA®.$80+°D DB
FCE  ’DSKIN’,$80+71 DU
FCT  "BACKY’,$80+°P DD
FEC  ’COP’.$80+’Y DE
FCC  *DSKI? $80+°$ DF
FCC  *DSKO?,$60+°% EC

FCC

LABtA FCC
FCC
FCC
FCC
FCC
Fcc
FCC
FCc
FCC
FCcC
FCC
FCC
FCce
FEC

FCc

FCC

D07, $80+°S EL

TOKENS FOR THE INTRINSIC FUNCTIONS ARE PRECEEDED BY $FF

"S5’ $80+’N 80
7IN’, $80+°T 81
*AB’,$80+’S 82
*US’ , $80+'R 83
TRN’, $80+D B4
7§17, $804*N 85
*PEE’ , $80+°K 8b
PLE’, $80+’N 87
*STR’ ,$80+"$ BB
YA, $80+°L 89
*AS’,$80+°C BA
*CHR? , $80+’$ 8B
*EQ’, $80+°F 8C
' JOVST ,480+°K 8D

'LEFT’,$80+°¢ BE

'RIGHT’ ;$80+°$ BF

C3

$ DIBPATCH TABLE FOR DISK BASIC COMMANDS

CiF1 CCA?
CIF3 CECS
C1FS DOBC
CIF7 DISC
CIF9 CoEF
CIFB CA48
CIFD D102
CieF CA39
£201 DO1B
£2627 Dio1
£20% C9EO
£207 D0&E
£209 D74E
£20B D233
€200 DS99
C20F D242
£211 DIBY
T217 D4ED
2215 D5e2

S217 D6EC

VER 1.1

LCiDB

FiB
FDE
FDB
FoB
FEB
FDB
FDB
FDB
FDB
FIB
FDB
FDB
FDB
FDB
FDB
FDB
=B
FIE
~DB

DIk
IRIVE
FIELD
FILES
KILL
LGAD
LSEY
MEREE
RENAME
RSET
SAVE
WRITE
VERIFY
UNLOAD
DSKINI
BAZKUP
CarY
pEKI
JsKd

20s

BIR
DRIVE
FIELD
FiLes
KILL
LOAD
LSET
MEREE
RENAME
RSET
SAVE
WRITE
VERIFY
UNLDAD
DSKINI
BACKUP
P1igy
DSKI¢
DSKDE

Dos

§ DISPATCH TABLE FOR INTRINSIC FUNCTIONS

AR29 BC7A
RAZ2B BCEE
AA2D BCY3
RAZF 0112
AR31 BFIF
AR33 BF78
AR3S B750
AR37 B&BY
AA3Y BAFD
AA3B B714
AASD BoAO
AAJF B&BC
AR4L ASCE
AR&3 AICS
RAAD DBoAB
AA47 BLCB
AR4Y BACF
AR4B ABFY
AA4D ASH4
ARAF BAEE

LAR2?

FoB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FbB
FDB
FDB
FDB
FDB
FbB
FDB
FDB
FOB
FbB
FDB

LBC7A
LBCEE
LBC93
$112

LBFIF
LBF78
LB750
LBa81
LB4FD
LB714
LB&AD
LBs8E
LASCE
LASCs
LB&AB
LBsC8
LB&CF
LABFS
LAGS4
LBAEE

56N 80
INT 81
ABS 82
USR 83
RND 84
SIN BS
PEEK 86
LEN 87
STRs 88
VAL 89
ASC 84
CHR$ 8B
EOF 8C
JOYSTK 8D
LEFTS$ BE
RIGHTS BF
RID$ 90
POINY 91
INKEY$ 92
MEN 93
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APPENDTIX H
RRRSRNLRRTLASIRTILEINIRRITALILLLISALESAITLITALIIASIILLN
t 50UND DRIVER ROUTINE

FRRIREERNLIERRERERRRRERRRILRITANRIIRNIILISAARLISALIILLNS

FF20= DA EQU $FF20  ADDRESS OF THE D/A CONVERTER

A976= AUDON  EQU $A976  ENABLE SOUND ANALOG NULTIPLEXER

fA9A2= SELNUX EQU $A9A2  CONNECT D/A TO OUTPUT OF THE ANALOG NULTIPLEXER
A7D3= WAIT  EQU $A7D3  BASIC’S DELAYING ROUTINE

000A= DELAY EQU 10

000A= CYCLES EQU 10 # OF CYCLES FOR THIS SOUND

3000 ORG $3000

3000 34 70 START PSHS  U,X,Y

3002 BD  A976 JSR AUDON  TURN ON AUDID (ANALOG MULTIPLEXER)
3005 SF CLRB ENABLE 0,0 INPUT TO ANALOE NULTIPLEXER
3006 BD  A9A2 J5R SELMUX SET UP D/A TO PASS THROUGH THE ANA MUX

3009 33 8D 001F LEAU  TABLE,PCR POINT Y TO AMPLITUDE TABLE
300D 10AE C1 LDY JUtt  HOW°NANY TINES TO REPEAT THE PATTERN
3010  EF E3 L0oP2  BTU y==5  GAVE START OF DATA ON THE STACK
3012 A4 CO Loge  LDA U GET ANPLITUDE (0-63)

3014 48 LSLA

3015 48 LSLA MOVE IT TO THE SIX HIGH ORDER BITS
3016 8A 02 ORA L 74 KEEP R6232 Nn"KING

3018 B7  FF20 §7A DA SEND TO D/A CONVERTER

301B  AE C1 Lox yUt¢  BET DELAY - IS IT 0 {END OF TABLE)?
3010 27 05 BEQ LOOPY  YES )

S01IF BD AID3 J8R WAIT  DELAY FOR A WHILE IN BASIC

Jo22 20 EE BRA LOOP  KEEP ON G6OING

3024 EE El LOOPL  LDU s8¢+  POINT U TO START OF CYCLE DATA AGAIN
3026 31 3F LEAY  -1,Y  DECREMENT CYCLE

3028 26 Eb BNE LOOP2  KEEP GOING IF <0

3024 35 FO PULS U, X,Y,PC

302C 000A TABLE FCB 0,CYCLES NUMBER OF CYCLES OF THE SOUND
302E 00000A FCB 0,0,DELAY 0 DATA POINT

3031 010007 FCB 1,0,DELAY 1 DATA POINT

3034 010007 FCB 1,0,DELAY 2 DATA POINT

3037 020004 FCB 2,0, DELAY 3 DATA POINT

3034 040004 FCB 4,0,DELAY 4 DATA POINT

303D 060004 FCB 6,0, DELAY 5 DATA POINT

3040 090004 FCB 9,0, DELAY b DATA POINT

3043 0D00OA FCB 13,0, DELAY 7 DATA POINT

3046 110004 FCB 17,0, DELAY B DATA PDINT

3049 160004 FCB 22,0, DELAY 9 DATA POINT

304C 1C000A FEB 28,0, DELAY 10 DATA POINT

304F 23000A FCB 35,0, DELAY 11 DATA POINT

3052 2CC00A FCB 44,0, DELAY 12 DATA POINT

3055 3F000A FCB 63,0, DELRY 13 DATA POINT
3058 3F0000 FCB 63,0,0 END OF TABLE FLAG



ERROR MESSAGES AND THEIR NUMBERS AS USED INTERNALLY

ABAF 4E 46
ABBI 53 4E
ABB3 52 47
ABBS 4F 44
ABB7 44 43
ABBY 4F 58
ABBB 4F 4D
ABBD 55 4C
ABBF 42 53
ABCI 44 44
ABCI 2F 30
ABCS 49 44
ABC7 54 4D
ABCY 4F 53
ABCB 4C 53
ABCD 53 54
ABCF 43 4E
ABDL 45 A4
ABDI 41 #F
ABDS 44 4E
ABD7 49 #F
ABDY 44 4D
ABDB 4E 4F
ABDD 49 45
ABDF 44 53

890B 55 46
890D 4E 45

€278 42 52
C27A M &
C27C 4F 12
C27e 57 50
C280 46 4E
C282 46 53
C284 41 45
0285 46 4F
€288 53 45
C28A 56 44
C28C 45 52

LABAF  FCC
FCC
FCC
Fce
FCC
Fee
FCC
FCC
FCC
Fec
FCC
Fcc
FCC
FCC
FCC
FCC
FCC
Fcc
FccC
FCC
FCcC
Fce
FCC
FCC
FCe

INF!
,SN’
'Rs,
!OD’
'Fc’
’cvl
’OH’
?UL’
QBSQ
’DD,
,/03
liD’
,THI
fusl
’LS'
DSTD
)CN’
,FDI
’An’
)DN'
’ln’
’F”'
’Nu’
)IEI
)Ds’

NEXT WITHOUT FOR O

SYNTAX ERROR 1

RETURN WITHOUT GOSUB 2

0uT OF DATA 3

ILLEGAL FUNCTION CALL 4
OVERFLOW 5

QUT OF MEMORY &

UNDEFINED LINE NUMBER 7
BAD SUBSCRIPT 8
REDINENSIONED ARRAY 9
DIVISION BY ZERO 10

ILLEGAL DIRECT STATENENT 11
TYPE NISNATCH 12

QUT OF STRING SPACE 13
STRING TOD LONG 14

STRING FORMULA TOO COMPLEX {5
CAN’T CONTINUE 16

BAD FILE DATA 17

FILE ALREADY OPEN 18

DEVICE NUMBER ERROR 19

170 ERROR 20

BAD FILE MODE 21

FILE NOT OPEN 22

INPUT PAST END OF FILE 23
DIRECT STATENENT IN FILE 24

§ ADDITIONAL ERROR MESSABES ADDED BY EXTENDED BASIC

FCC
Fec

,UF,
’NE'

25 UNDEFINED FUNCTION (FN) CALL
26 DLOAD ERROR

¥ ADDITIONAL ERROR MESSAGES FOR DISK BASIC

FcC
FCC
FCC
FCC
FCC
FCC
FCC
FCC
FCC
FCC
FCC

’BR’
’DF'
SBB'
,"P!
,FN’
,Fs’
DAE'
’Fn’
’SE)
,VF,
IER,

27 BAD RECORD NUMBER

28 DISK FuLL

29 QUT OF BUFFER SPACE

30 WRITE PROTECTED

31 BAD FILE NANE

32 BAD FILE STRUCTURE

33 FILE ALREADY EXISTS

34 FIELD OVERFLOW .

35 SET TO NON-FIELDED STRING
36 VERIFICATION

37 WRITE/INPUT PAST END OF RECORD
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