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Line 60 places the beginning address of the program into the buffer. The machine language
program will begin at memory location 1536 (600 hex).

Line 70 places the ending address of the program into the buffer. The machine language
program is 14 bytes long, so the ending address will be 1549 (60D hex).

Line 80 begins the for....next loop that reads the machine language program into the disk
buffer. There are 14 bytes in this program.

Line 90 puts each byte into the buffer.

Line 100 continues the loop until all the bytes have been read and placed into the buffer.

Line 110 puts the low order address of the autorun routine into the disk buffer.

Line 120 puts the high order address of the autorun routine into the buffer.

Line 130 puts the beginning address of the machine language program into the buffer. This is
the address that will be put into the preceding addresses. For a program to load and run, the
running address must be stored in memory locations 738 and 739.

Line 140 closes the disk buffer. When the buffer is closed, its contents will be sent to the
disk.

Line 200 contains the machine language program that will be run when the disk is booted in.

After you enter this program, run it. Be sure that the disk that is in your drive does not have
an AUTORUN.SYS on it or it will be destroyed. It is best to have a new initialized disk in the
drive. The DOS must be on the disk. When you run the program, the disk will turn on and you can
hear the program being saved to the disk. After it is saved, turn the computer off and then turn it
back on. You will hear the disk boot in. The cursor will move to the right and the screen will turn
black. The word READY will appear in green. If you load in a program and list it, you will see that
your margins have moved. See Table 13-2 for the machine language listing of the program.

Boot Record

The AUTORUN.SYS is one way to load and execute programs. But, what if you are writing
programs in machine language, and you do not want a directory on the disk, but do want the
program to load and run when the disk is turned on?

In the last chapter, we discussed how the disk was structured. The first sector is called the
boot sector. This is the sector that the computer will look at to bring in a program from the disk. If
you copied the DOS on the disk, you have the ATARI boot on this sector. It will bring in the DOS.
If you placed your own boot on this sector, it will bring in whatever program you want it to. This is
not something that can be easily accomplished from BASIC, but that’s not to say that it can’t be
done. If you are ready to place your own boot records on the disks, you must have a good
understanding of assembly language and how the boot process works. In this chapter, we will only
describe the boot process.

The boot sector has its own specific format. The first byte is stored in memory location 576.
It is not used by the boot and should be set to a zero. The second byte tells the computer how many
sectors are in the boot. It should include this sector. This number can be any number from 1 to
255. If it is 256, it will be set to zero. The third and fourth bytes tell the computer where to start
loading the program. This does not have to be where the program begins, just where to start
loading the file. The fifth and sixth bytes tell the computer where the program begins. After all the
sectors for the boot have been loaded, the computer has to know where it should transfer control
to. This address will be the beginning of the program. The third and fourth bytes and the fifth and
sixth bytes are two byte addresses. Be sure that the third and fifth bytes contain the low order
address and the fourth and sixth bytes contain the high order address.
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Table 13-2. Machine Language Routine for AUTORUN.SYS.

clecimsl code assemnly landustge listing
149 LA S slh.osd the scoumulator with §.
%)
133 8Ta 82 sGtore it din location 82.
82
169 LI 30 vlooad the acoumulator with 30.
30
133 GTh 83 sStore 4t in location 83.
83
1469 ’ LA 208 il.oad the scoumulator with 208.
208
141 STh 710 iSGtore it dim location 710.
198
2
@b RTE sReturn From the routine.

The following is an example of the structure of a boot record. It is not the complete record.

0 ignore

3 number of sectors in boot

0 low order address

7 high order address—place boot here
64 low order address
21 high order address for initialization
76 jump to following address
20 low order byte

7 high order byte

3 27
3
0
124 2
26 2?
1 data—Iloads into the Y register
24
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125
203 data

172 load the Y index use-next address
14 low order byte for address
7 high order byte for address
240 branch if it’'s 0
54 ahead 54 bytes

This portion of a disk boot shows how the information in the first sector is used. The first
byte (0) isignored. The second byte indicates how many sectors are in this boot. This number is
stored at location 577. The next two bytes are stored at locations 578 and 579. They tell the
computer where this boot should begin. The first six bytes and all the byte following will be
moved to the location in memory beginning with the address specified here. The next two bytes
are the initialization bytes. After the boot is executed, the address in this memory location will be
jumped through. The next instruction in the boot is a jump. Once the three sectors have been
moved into memory the computer will perform a jump subroutine. The address that it will jump to
is the sixth address after the beginning address. In this case it is location 1798 (706 hex). The
instruction at this address is to jump to memory location 1824 (720 hex). At this location, the
computer will load the Y index with the value stored at 1812 (714 hex). If the value is zero, the
computer will move ahead 54 bytes. If we count 15 bytes down in the table, we will see that the
value at that location is a one. The computer will proceed to the next instruction.

The boot process then consists of:

1. Reading the first sector and storing the first six bytes, which indicate the number of

sectors, the load address, and the initialization address.

2. Placing the boot sectors into memory beginning with the location specified in the third

and fourth bytes of the boot sector.

3. Jumping to the subroutine that begins in the seventh location after the beginning of the

boot.
4. Jumping through the subroutine whose address is stored in locations 12 and 13 (fifth and

sixth bytes of the boot record).
5. Transferring control to the program by jumping to the address in locations 14 and 15.
The machine language program loaded into the computer will now be fully operational. If the
addresses are set correctly when system reset key is pressed, the program will restart itself. If
they are not, the drive may turn on and the computer may try to boot the program again, or the
computer will go to BASIC or the memo pad.
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Chapter 14

Cassette Use

Like the disk, the cassette is a convenient form of storage that can be utilized more effectively
when the way the computer handles it, and its physical structure are understood.

THE CASSETTE HANDLER

The cassette handler is similar to the disk manager. Files can be written to or read from the
cassette. The buffer can be opened for get and put commands. Programs can be loaded using
BASIC or using an autoload command. However, there are some important differences between
the disk and cassette. The cassette can only read and/or write data to the portion of tape under the
recorder head. Files cannot be stored or retrieved from just any position. When a program is
saved to the cassette, it is saved in one continuous stream. There is no positioning of the head.
You cannot specify tracks like you can point to sectors and bytes on the disk. Likewise, you can
only read what is passing under the cassette head. You cannot point to only one section of tape like
you can read in one sector from the disk. The cassette is, however, a fairly reliable way to store
and retrieve information.

Format of Data

If you have a recorder, save a program to it. It doesn’t have to be very long—four or five lines
will do. After the program is saved, rewind the tape and enter these commands in the direct mode:

OPEN #7,4,0,“C:":FOR X=1 TO 128:GET #7,B:? B;* ";:NEXT X:CLOSE #7

This opens the cassette for a read. Now press the play button on the recorder and the return
key on the keyboard. You will hear one tone. Press the return key again. After you hear arecord of
data being read in, you will see numbers being printed on the screen. This is the code for the
program that was saved. The computer is printing it from the cassette buffer, in the same manner
as it was printed from the disk buffer.

Now enter this without clearing the screen:

FOR X=0 TO 130:?PEEK(1021+X);“ ”;:NEXT X
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The first three bytes that are printed on the screen are different from the first three bytes
that were printed from the buffer. But, if you compare the first byte of the buffer with the fourth
byte, you will see that both number patterns are identical. Memory location 1021 begins the
cassette buffer. The buffer is 131 bytes long.

The first two bytes in the buffer are 85. These two bytes are fixed and are used by the
computer to measure the speed of the cassette. The third byte is the control byte. If this byte is
252, the record is full—128 bytes. A 250 in this position indicates a partially full record and a 254
is an end of file record.

The first bytes after the speed and control bytes for the first record consist of the table
entries. This includes the variable table, the value table, etc. The values are adjusted by the
amount of memory in your machine. This is why a program that requires more storage memory
than your machine has will produce an error message immediately when you try loading it rather
than half way through the load.

The last byte that the computer reads from the cassette is a checksum. When the program
was saved to the cassette, every byte that was sent to the cassette in the 128 byte record was
added to the previous bytes. The two markers are also included in the addition. After the two
markers, the control byte, and the record were sent to the cassette, the sum of the bytes were also
sent. When the records are read in, the bytes are added together again. If the sum of the bytes
match the checksum byte that is read in, then the record is assumed to be correct and the
computer will continue with the loading process. If the two bytes do not match, the load will stop
and an error message will appear on the screen.

Cassette Frames

Each record of 128 bytes is considered a frame. The speed at which the data is sent or
received is called the baud rate. The ATARI uses the baud rate of 600. This means that 600 bits
are sent per second. (Each byte is 8 bits). The two marker bytes are read in by the computer. The
computer determines how long it took to read them in and calculates the correct baud rate for the
tape. It does this with every frame of data that is read in. The input baud rates can be adjusted to
read faster or slower. This adjustment process allows for variations in motor speeds, stretched
tape, etc. It does not, however, allow for alignment problems between the recorder that the
program was originally saved on and the one that it is being read on.

You may have noticed that when you CSAVE a program to cassette, the records seem to be
sent faster than when you use the list command. There are two different modes that the computer
can use when sending records to the cassette. One is called the normal IRG (Inter-Record Gap),
and the other is the short IRG. The computer uses the short IRG for the CSAVE and CLOAD
commands. The computer reads in the record, checks the checksum, places it in RAM, and goes
back for another record. The recorder is running the entire time. The computer must do its work
quickly so that it won’t miss the next record.

When the computer uses the normal IRG for saving records to the tape, the recorder stops
after every record is read into the computer. The information can be processed; then next record
can be read in. The baud rate for saving and reading the data is the same for both modes. It is the
time between records that varies. In the normal mode there is about 3 seconds of tone between
records. In the short mode there is about % of a second of tone time between records.

The IRG is set up by the computer when the save or load command is entered. If the wrong
command is entered for the tape, the program will not load and an error message will be displayed
on the screen.

196



BOOTING YOUR OWN CASSETTES

There are two different ways to make your cassettes load and run automatically. The first
way is with a BASIC program. A short boot program is saved to the tape. Then, without moving
the tape, the second program is saved to the cassette. By using the RUN “C:” command, the boot
program will load, run, and load in the second program. The following program is a short boot
program that will load and run a second program.

Listing 14-1. BASIC Boot Load

0 REM B SROFOR TaR BOOKS
A0 GRAFHITS OFDKE 710y LIGIFORE 712911
4

G0 FORE &5y Q3PONE P83

SO POSITION PTOMcopgrignt 1983

720 POSITION 131087 "Now 1
TLON 1512317 "mrograms® F0

S M e,
w ! [

. Lt SF0ST
1

FTON 1Ldel®
GO FOSITION 151687 "wour mame”

GO COLOR Z3HIPLAOT L0« 7IDRAWNTD 27 71 0RAW
TO 27« LELDORAWTO 10y 18I0RAWTD 10710010
R F2LF T J

100 FORE 7252
11O RUN “"Ci®

FEGe 13

Line 40 sets the graphics mode to 0. The graphics mode must be set before plots and
drawtos. The background color and border colors are changed.

Line 50 pokes 65 with a 0. This will turn off the noise channel and you won'’t be able to hear
the program loading. This line also removes the cursor from the screen.

Line 60 prints the copyright notice on the screen.

Lines 70-80 prints your message on the screen.

Line 90 sets the color to 35. This is the ATASCII value of the pound sign. Using the plot and
drawto commands, a border is drawn around your message.

Line 100 turns the cursor back on and places a carriage return in the location that holds the
last key entered.

Line 110 executes the RUN “C:” command. You won’t have to press the return key because
the code is already poked into location 764.

The program that is saved on the tape after this boot program had to be saved using the
SAVE “C:” command. If it was CSAVE(, this procedure won’t work. If you want the next program
to load in only, and not run, change line 110 to CLOAD, and be sure that the program that you want
to load was CSAVEd to the cassette.

The noise location was set to zero in this program so that music or instructions could be
heard over the television speaker. This command is not needed if you will not be using the second

track on the cassette.
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Boot Record

If you wrote a machine language program that you want to load in from cassette without using
the editor/assembler, you need to write a boot record as the first record of the cassette program.
The boot record for the cassette is almost identical to that for the disk.

There are six bytes for the first record of the boot. The first byte is ignored. The second byte
contains the number of records that should be initially read. The third and fourth bytes contain the
address where the boot records should be stored. The fifth and sixth bytes contain the address
that should take control of the program after the boot is completed.

The following is the partial coding of a machine language program’s boot record.

0 ignore
32 number of records
191 low order memory load address
11 °  high order memory load address
184 low order initialize address
27 high order initialize address
169 load the accumulator with next byte
60
141 store it in the next address
2 low order address
211 high order address
169 load the accumulator with next byte
3
141 store it in the next address
15 low order address
210 high order address

The computer will ignore the leading zero. The next number, 32, is the number of records
that will be read in. This value will be saved. The computer will begin storing these records at
location 3007. The fifth and sixth bytes will be stored at memory locations 2 and 3. After all the
records are read in, the computer will issue a jump to the subroutine at the seventh byte loaded in.
This byte will load the accumulator with 60 and store this value at location 54018. This shuts off
the cassette recorder. The program continues. When it has returned, the computer will jump
through the initialization routine. The address for this routine was stored in locations 2 and 3.
Once the initialization is complete, the computer will jump through the address at location 14-15
and begin the program.

Although it is possible to write a BASIC program that will load and automatically run a
machine language program, it really should be done using the editor/assembler. The procedure to
load a cassette with a machine language boot on it is:

Turn off the computer.

Hold down the start key and turn the computer on.

When you hear the single tone, press the play button on the recorder and press the return key
on the computer.

The records on the tape must be created using the short mode for it to load properly.
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USING THE CASSETTE WITH SOUND

In the last program, we used a BASIC boot program to bring in the program. Using the RUN
“C:” command, the computer loaded in the first program and ran it. This program contained the
instruction to either CLOAD or RUN “C:” the next program on the tape. It also poked the
memory location that directed the sound of the data so that the program loaded silently.

The ATARI recorder is a stereo recorder. Most other computers use a monaurial recorder.
With a monaurial recorder, the computer places two tracks of data on the tape, one track on one
half and one on the other. With a stereo recorder, the computer only uses half of the track for data.
A stereo recorder places four tracks on each tape, two on one half of the tape and two on the other.
See Fig. 14-1 for the data tracks.

The other two tracks on the tape are left blank. They can have sound or spoken instructions
on them if you have the facilities to record and duplicate stereo tapes. The procedure is fairly
simple, but it does require some planning and timing.

First, load the BASIC boot program into the computer. Save it to a new cassette using the
SAVE “C:” command. After the BASIC boot program has been saved to the cassette, load in the
program that you want to save. If you have a disk drive, you can load the program in from the disk.
If you have only a cassette recorder, carefully remove the new cassette from the recorder and
place the cassette with the program on it in the recorder and load it into the computer. You want to
handle the cassette with the new program on it carefully because the tape is in position for the
second program. If you rewind the tape, you will be saving the program over the BASIC boot
program. If the tape advances too far, there could be a loading problem.

Once the second program is loaded into the computer, it can be saved to the new tape with
either the SAVE “C:” command or the CSAVE command. If your boot program is using the RUN
“C:” command, then use the SAVE “C:" command and the second program will run immediately
after it is loaded in. If your BASIC boot program uses the CLOAD command, CSAVE your
program to the cassette.

After the second program has been saved, rewind the cassette, type RUN “C:”, press the
play button on the recorder and the return key on the computer twice. If you have not poked

left track

right track -

right track - ¢ )

left track - sudio

Fig. 14-1. Track formats on cassette.
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location 65 with a 0, you will hear the BASIC boot program load in. The screen will change colors
and display your message on the screen. The tone will sound and the computer will begin to load
in the second program. You don’t even have to press the return key. The BASIC boot program did
it all. Now listen to the program load. If you can hear it, you either didn’'t have a POKE 65,0 in the
boot program, have a problem with separation in the cassette recorder, or have very good ears.
The only sounds that should come through the television speaker are the sounds recorded on the
left track. Since we did not place any sounds there, you shouldn’t hear any.

Adding Sounds or Instructions

In order to record sounds, music, or instructions on the left track, you need a stereo cassette
recorder/duplicator. Place the cassette into the recorder and listen to it. First you will hear a pure
tone. Then you will hear the date. Each record is separated by the pure tone. The BASIC boot
program will be about four or five records long. The last record of this program will have a slightly
different sound. After listening to the records several times, you will be able to tell the difference
between the program records and the ending record. After the last record for the first program,
you will hear the pure tone again for a longer period of time before you hear the first record. This
is the tone that the computer sends out before it starts to send the program. It seems longer here
because there is no leader tape between the first and second program. This is where you should
start the music, sound, or instructions on the left track.

Place a new tape into deck B of the recorder/duplicator. Place the tape that you have just
saved the two programs on into deck A. Press the play and record buttons for cassette B and the
play button for cassette A. If you are using a microphone, be sure that it is connected to the left
track. If you will be recording music directly, be sure that your patch cord is plugged in for the left
channel. Listen to the cassette as it is being duplicated from deck A to deck B. When you hear the
tone for the beginning of the second program, you can begin speaking, playing the music, etc. Be
sure to stop recording on the left track just before the last record. Otherwise, the recorder will
stop loading in the program and you will not hear the remaining words or music.

Rewind both cassettes, remove the newly created cassette from deck B and place it in your
programrecorder. Type RUN “C:” and press the return key. This time when the second program
loads into the machine, you should hear your music, instructions, or whatever you recorded on the
left track coming through the television speaker.

Because of the speed variances between recording machines, head alignments, and the
nature of cassettes, you may have to repeat the duplication process before you create a tape that
will load. This process cannot be used with a high speed tape duplicator.

Voice Synchronization

Another use for the cassette recorder is for voice synchronization. Poking memory location
54018 with 52, turns on the motor on the recorder. Poking that location with a 60 turns the motor
off.

The following program turns the recorder on and off at the correct time. It is a spelling
program. To use this program, you will need a recorder with a microphone. First enter this
program into the computer and save it on tape. Either turn the tape over and rewind it so that you
are at the beginning of the back side, or just remove the tape from the program recorder and place
it in the other recorder. Now record the words in the data line onto the tape. Space the words at
five second intervals. Now rewind the cassette to the beginning of the words and run the program.
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Listing 14-2. Listen and Spell

REM LISTING 14,2
REM LISTEN AN
FEM BY LM SEHEL

DM WORDECLEY v AN
SO MmNt LIT N g
FEM CLEAR THE el f
SO POSITION JFeHi? "LISTEN TO THE WORD®

70 POKE 94018y 852 1REM TURN ON THE RECOR

DEFR

HO FOR T=1 TO 2ZO00INEXT TIREM LET IT R

LN

SO FORE %4018 601REM TURN IT OFF

100 W=0IREAD WORDSE

Lo 7o "WHAT WAS THE WORD"IREM ABK F

QR WORD

120 ITMPUT AN

130 IF WORD$S=ANSE THEM FOSITION 33,2087
SUERY S GOODT EFOR T=L TO S0 EHEXT TIEOT

0 50

140 We=Wtl 3 0F We=3 THEN 110

150 POSITION 3v200% "THE WORD WAS -- "

s WORTE

140 FOR T=1 TO SO0INEXT TiGOTO 50

170 FOSITION 3y 103F "YOU HaVE FINISHED
YOUR SPELLING FOR TODAY e

1806 ENID

200 DATA BOORS: FAVORTITE »FOOTEALL » HOERT

F&e DARMIVAL e MOUNTATN BIONICy FATLURE AT

TLTUDE y SECLURE

FOR Tak BOOKS

Ml THEN 1703

Line 40 sets aside the string space for the word (WORDS$) and the answer (ANS$).

Line 50 adds one to the value in N. This counts the words as they are being given. If the value
is greater than 10, then all the words have been given and the program will go to the end at line 170
after the screen is cleared.

Line 60 instructs the user to listen to the word.

Line 70 turns on the cassette recorder by poking location 54018 with a 52. The play button on
the recorder must be pressed down for this program to work. If that button is not down, you will
hear a click from the television speaker, but no word.

Line 80 is a timing loop. This is set for about five seconds. You may have to adjust this
number for your own program recorder.

Line 90 turns the recorder back off.

Line 100 sets the variable W to zero. This variable will count the number of times the user
tries to spell the word. It also reads the word from the data line. This is the word that was just
spoken on the tape.
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Line 110 asks the user for the word.

Line 120 waits for an entry to be made.

Line 130 checks the answer entered against the word. If it is correct, a message will be
printed on the screen; the program will pause and then go on to line 50 for another word.

Line 140 adds one to the variable W and checks to see is this was the third try. If it wasn’t, the
program goes to line 110 and asks for the word to be entered again.

Line 150 prints the correct word if the user tried to spell it three times and couldn't.

Line 160 is a timing loop to give the user time to study the word. Then the program continues
at line 50.

Line 170 tells the user that all the words have been spelled.
Line 200 contains the words used in this program.

This program can be a very effective way to learn, but it does have its drawbacks. In this
case, the words must be asked in the same order every time. After a while, the user will know the
order of the words. Since the tape cannot be rewound or fastforwarded from the computer, the
information will always be presented in the same order. If the word was entered wrong, or if you
want to hear it again, the tape cannot be rewound to that word.

On the other hand, if you are presenting a very structured lesson or a story with animation,
there would be no need to rewind or repeat parts of the tape.
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