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GETTING STARTED WITH YQUR APPLE Il i

Unoacking

Don't through away the packing material. Save it for the unlikely
event that you may need to return your Apple II for warrantee repair.
If you bought an Apple II Board only, see hardware section in this
manual on how to get started. You should have received the following:

1. Apple II system including mother printed circuit board
with specified amount of RAM memory and 8K of ROM memory,
switching power supply, keyboard, and case assembly.

2. Accessories Box including the following:

This manual including warrantee card.

Pair of Game Paddies

A.C. Power Cord

Cassette tape with "Breakcut on one side

and "Color Demos" on the other side.
Cassette recorder interface cable {miniature
phone jack type)

Q.0 o
P

]
.

3. If you purchased a 16K or larger system, your accessory
box should also contain:
a. 16K Startrek game cassette with High Resolution
Graphics Demo ("HIRES") on the fiipside.
h. Applesoft Floating Point Basic lLanguage Cassette
with an example program on the flip side.
*  ¢. Applesoft reference manual

4, 1In addition other items such as a vinyl carrying case
or hobby board peripherial may have been included if
specifically ordered as "extras®.

Notify your dealer or Apple Computer, Inc. fmmediately if you are
missing any items.

Warranty Registration Card

Fi11 this card out immediately and completely and mail to Apple in
order to register for one year warrantee and tc be placed on

owners club mailing 1ist. Your Apple II's serial number is located
on the bottom near the rear edge. You model number is:

AZSOOMMX
where MM is the amcunt of memory you purchased. For Example:

A250008X
is an 8K Byte Apple II system.
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Check for Damage

Inspect the ocutside case of your Apple for shipping damage. Gently
1ift up on the-top-rear-of the 1id of the case to release the lid
snaps and remove the 1id. Inspect the inside. Nothing should be
Toose and rattling around. Gently press down on each integrated
circuit to make sure that each is stiil firmly seated in its
sacket. Plug in your game paddles into the Apple II board at the
socket marked “GAME I/0" at location J14. See hardware section of
this marual for additional detail. The white dot on the connector
should be forwarded. Be careful as this connector is fragile.
Replace the 1id and press on the back top of it to re-snap it into
placa.

Power Up

First, make sure that the power ON/OFF switch on the rear power
supply panel on your Apple II is in the "OFF" position. Connect
the A.C. power cord to the Apple and to a 3 wire 120 volt A.C.
outlet. Maks sure that you connect the third wire to ground if
you have only a two conductor.house wiring system. This ground
is for your safety if there is an internal failure in the Apple
power supply, minimizes the chance of static damage to the Apple,
and minimizes RFI problems.

Connect a cable from the video output jack on the back of the Apple
to a TV set with a direct video input jack. This type of set is
commonly called a "Monitor". If your set does not have a direct
video input, it is possible to modify your existing set. Write for
Apple's Application note on this. Optionally you may connect the
Apple to the antenna terminals of your TV if you use a medulator.
See additional details in the hardware section of this manual under
"Interfacing with the Home TVY.

Now turn on the power switch on the back of the Apple. The indicator
Tight (it's not a switch) on the keyboard should now be ON. If

not, :check A.C. connections. Press and release the "Reset" button

on the keyboard. The following should happen: the Apple’s internal
speaker should beep, an asterisk {"*") prompt character should appear
at the Tower left hand corner of your TV, and a flashing white square
should appear just to the right of the asterisk. The rest of the

TV screen will be garbage.

If the Apple beeps and garbage appears but you cannot see an "#" and the
cursor, the horizontal or vertical height settings on the TV need to be
adjusted. Now deprass and release the "ESC" key, then hold down the
"SHIFT" key while depressing and releasing the P key. This should

clear your TV screen to all black. Now depress and release the "RESET"
key again. The "*" prompt character and the cursor should return to

the Tower left of your TV screen.
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Apple Speaks Several Languages ' :

The prompt character indicates which language your Apple is currently
in. The current prompt character, an asterisk ("*") indicates that
you are in the "Monitor" Tanguage, a powerful machine lTevel language
for advanced programmers. Details of this language are in the
"Firmware" section of this manual.

Apple Integer BASIC

Apple also contains a high Tevel English oriented language called
Integer BASIC, permanently in its. ROM memory. To switch to this
Janguage hold down the "CTRL" key while depressing and releasing the
"B* key. This is called a controi-B8 function and is similiar to

the use of the shift key in that it indicates a different function
to the Apple. Control key functions are not displayed on your

TV screen but the Apple still gets the message. Now depress and
release the YRETURNY key to tell Apple that you have finished typing
a line on the keyboard. A right facing arrow (">") called a carrot
will now appear as the prompt character to indicate that Apple is
now in its Interger BASIC Tanguage mode.

Runniing Your First and Second Program

Read through the next three sections that include:

1. Loading a BASIC program Tape.
2. Breakout Game Tape
3. Color Demo Tape

Then load and run each program tape. Additioral information on
fpple 1I's interger BASIC is in the next section of this manual.

Running 16K Startrek

If you have 16K Bytes or larger memory in your Apple, you will also
receive a "STARTREK" game tape. Load this program just as you did
the previous two, but before you “RUN" it, type in “"HIMEM: 16384"
to set exactly where in memory this pregram is to run.



LOADING A PROGRAM TAPE

INTRODUCTION

This application note describes a procedure for loading BASIC programs
successfully into the Apple II. The process of loading a program is divided
into three section; System Checkout, Loading a Tape and What to do when
you have Loading Problems. They are discussed below.

When loading a tape, the Apple II needs a signal of about 2 1/2 to 5
volts peak-to-peak. Commonly, this signal is obtained from the "Monitor®
or "earphone” output jack on the tape recorder. Inside most tape recorders,
this signal is derived from the tape recorder's speaker. One can take
advantage of this fact when setting the volume Tevels. Using an Apple
Computer pre-recorded tape, and with all cables disconnected, play the tape
and adjust the volume to a Toud but un-distorted level. You will find that
this volume setting will be quite close toc the optimum,

Some tape recorders {mostly those intended for use with Hi-Fi sets)
do not have an "earphone” or high-level “monitor" output. These machines
have outputs 1&bled "Tine output" for connection to the Hi-Fi power ampiifier.
The signal levels at these outputs are too low for the Appie 11 in mosi cases.

Cassette tape recorders in the $40 - $50 range generally have ALC
{automatic level control) for recording from the microphone input. This feature
js useful since the user doesn't have to set any volume controls to obtain
a good recording. If you are using a recorder which must be adjusted, it
will have a level meter or a little light to warn of excessive recording levels.
Set the recording level to just below the Tevel meter's maximum, or to just a
dim indication on the leveil lamp. Listen to the recorded tape after you've
saved a program to ensure that the recording is "loud and clear”.

Apple Computer has found that an occasional tape recorder will not function
properly when both Input and Qutput cables are plugged in at the same time.
This problem has been traced to a ground loop in the tape recorder itself which
prevents making a good recording when saving a program. The easiest solution
is to unplug the "monitor® output when recording. This ground locp does not
influence the system when loading a pre-recorded tape.



Tape recorder head alignment is the most commen source of tape recorder
problems. If the playback head is skewed, then high frequency informatign
on pre-recorded tapes is lost and all sorts of errors wiil result. To confirm
that head afignment is the problem, write a short program in BASIC. >10 END
is sufficient. Then save this program. And then rewind and Toad the program.
If you can accomplish this easily but cannot load pre-recorded tapes, then
head alignment problems are indicated.

Apple Computer pre-recorded tapes are made on the highest quality professicnal
duplicating machines, and these tapes may be used by the service technician to
align the tape recorder's heads. The frequency response of the tape recorder
should be fairly good; and & KH; fane should be not more than 3 db down from
al KHZ tone, and a 9 KHZ tone should be no more than 9 db down. Note that
recordings ycu have made yourseif with mis-aligned heads may not not piay
properly with the heads properly aligned. If you made a recording with a
skewed record head, then the tiny magnetic fields on the tape will be skewed as
well, thus playing back properiy only when the skew on the tape exactly matches
the skew of the tape recorder's heads. If you have saved valuable programs with
a skewed tape recorder, then borrow another tape recorder, load the programs with
the old tape recorder into the Apple, then save them on the borrowed machine.
Then have your tape reccrder properly aligned.

Listening to the tape can help solve other problems as well. Flaws in the
tape, excessive speed variations, and distortion can be detected this way.
Saving a prograé several times in a row is good insurance against tape flaws.
One thing to 1isten for is a good clean tone lasting for at least 3 1/2 seconds
js needed by the computer to "set up" for proper loading. The Apple puts out
this tone for anout 10 seconds when saving & program, SO you normally have
6 1/2 seconds of Teeway. If the playback volume is too high, you may pick up tape
noise before getting to the set-up tone. Try a lower playback volume.

SYSTEM CHECKOUT

A quick check of the Apple II compuier system will help you spot any
problems that might be due to improverly placed or missing connections between
the Apple II, the cassette interface, the Video display, ard the game
paddles. This checkout procedure takes.just a few seconds to perform and
is a good way of insuring that everything is properiy connected before the
power is turned on.

N



POWER TO APPLE - check that the AC power cord is plugged
into an appropriate wall socket, which includes a “true"
ground and is connected to the Apple Il.

CASSETTE INTERFACE - check that at least one cassette
cable double ended with miniature phone tip jacks is
connected between the Apple II cassette Input port and
the tape recorder’s MONITOR plug socket.

VIDEQ DISPLAY INTERFACE -

a) for a video monitor - check that a cahle connects
the monitor to the Apple's video output port.
b) for a standard television - check that an adapter

(RF modulator) is plugged into the Apple IT (either
in the video output (K 14) or the video auxillary
socket (J148), and that a cable runs between the
television and the Adapter's output socket.

GAME PADDLE INTERFACE - if paddies are to be used, check
that they are connected into the Game I/0 connector (J14)
on the right-hand side of the Apple II mainboard.

POWER ON - f1ip on the power switch in back of the Apple 11,
the "power™ indicator on the keyboard will 1ight. Also
make sure the video monitor {or TV.set) is turned on.

After the Apple II system has been powered up and the video display
'presehts a random matrix of guestion marks or other text characters the

following procedure can be followed to Toad a BASIC program tape:

1.

Hit the RESET key.

An asterick, "*" should appear on the lefthand side

of the screen below the random text pattern. A flashing
white cursor will appear to the right of the asterick.

Hold down the CTRL key, depress and release the B key,
then depress the "RETURN" key and release the "CTRL" key.
A right facing arrcw should appear on the lefthand side
of the screen with a flashing cursor next to it. I it
doesn't, repeat steps 1 and 2.

Typé in the word “LDAD" on the keyboard. Yeu should see
the word in between the right facing arrow and the
flashing cursor. Do not depress the "RETURN" key yet.

Insert the program cassette into the tape recorder and
rewind it. ’

If not.already set, adjust the Volume control to 50-70%
maximum. If present, adjust the Tone contrel to 80-100%
maximum.



6. Start the tape recorder in PLAY" mode and now depress 1,
the "RETURN"™ key on the Apple II. .

7. The cursor will disappear and Apple II will beep in a
few seconds when it finds the beginning of the program.
If an error message is flashed on the screen, proceed
through the steps Tisted in the Tape Problem section
of this paper.

8. A second beep will sound and the flashing cursor will
reappear after the program has been successfully Tloaded
into the computer.

9. Stop the tape recorder. You may want to rewind the program
tape ‘at this time.

10. Type in the word "RUN" and depress the "RETURN" key.

The steps in lcading a program have been completed and if everying hes
gone satisfactorily the program will be operating now.

LOADING PROBLEMS

Occasionally, while attempting to Toad a BASIC program Apple II
beeps and a memory full error is written on the screen., At this time
you might wonder what is wrong with the computer, with the program tape,
or with the cassette recorder, Stop. This is the time when you need
to take a moment and chackout the system rather than haphazardly attempt-
ing to resoive the loading problem. Thoughtful action taken here will
speed in a program's entry. 'If you were able to successfully turn on the
computer, reset it, and place it into BASIC then the Apple IT is probably
operating correctly. Before describing a procedure for resolving this
loading problem, a discussion of what a memory FTull error is in order.

The memory full error displayed upon loading a program indicates that
not enough (RAM} memory workspace is available to contain the incoming data.
How does the computer know this? Information contained in the beginning of
the program tape declares the record length of the program. The computer
reads this data first and checks it with the amount of free memory, If
adequate workspace is available program loading continues. If not, the
computer beeps to indicate a problem, displays a memory full error statement,
stops the Toading procedure, and returns command of the system to the key-

board. Several reasons emerge as the cause of this probiem.



Memory Size too Small .

Attempting to load a 16K program into a 4X Apple II will generate thisf
kind of error message. It is called loading too large of a program. T1he
solution is straight forward: only Toad appropriately sized programs into
syitably sized systems.

Ancther possible reason for an errcr message is that the memory pointers
which indicate the bounds of available memory have been preset to a smaller
capacity. This could have happened through previcus usage of the "HIMEN:"
and "LOMEN +* statements. The solution is to reset the pointers by gC (CTRL B)
command. Hold the CTRL key down, depress and release the B key, then depress
the RETURN key and release the CTRL key. This will reset the sysiem to max-

imum capacity.

fassette Recorder Inadjustment

If the Volume and Tone controls on the cassette recorder are not
properly set a memory full error can occur. The solution is to adjust
the Yolume to 50-70% maximum and the Tone (if it exists) to 80-100%
maximum.*

A second common recorder problem is skewed head azimuth. When
the tape head is not exactly perpendicular to the edges of the magnetic
tape some of the high frequency data on tape can be skipped. This causes
missing bits in the data sent to the computer. Since the first data read
is record length an error here could cause a memory full error to be
generated because the length of the record is inaccurate. The solution:
adjust tape head azimuth. It is recommended that a competent technician
at a Tocal stereo shop perform this operation.
Often times new cassette recorders will not need this adjustment.

*Apple Computer Inc. has tested many types of cassette recorders and so far
the Panasonic RQ-3@3 DS (less than $40.00) has an excellent. track record
for program loading.



Tape Problems -
A memory full error can result from unintenticnal noise existing in

- a3 program tape. This can be the result of a program tape startinrg on its
header which sometimes causes a glitch going from a nonmagnetic to magnetic’
recording surface and is interpreted by the computer as the record length.
Or, the program tape can be defective due to false erasure, imperfections

-

in the tape, or physical damage. The sojution is to take a moment and

Jisten to the tape. If any imperfections are heard then replacement of the
tape is called for. Listening %o the tape assures that you know what a
“"good" program tape sounds Jike. If you have any questions about this please

contact your local dealer or Apple for assistance.

£ noise or a glitch is heard at the beginning of a tape advance the
tape to the start of the program and re-lLoad the tape. '

Dealing with the Loading Probiem ‘

With the understanding of what aAmemory full error is an efficient way
of dealing with program tape loading problems is to perform the following
procedure:

1. Check the program tape for its memory requirements.
Be sure that you have a large enough system.

2. Before loading a program reset the memory pointers
with the B. (control B) command.

3. In special cases have the tape head azimuth
checked and adjusted.

4, Check the program tape by listéning to it.
a) Replace it if it is defective, or
b} start it at the beginning of the program.-

E. Then re-LOAD the preogram tape into the ﬁpple II.
In most cases if the preceeding is followed a good tape load will resuit.

UNSOLVED PROBLEMS

If you are having any unscolved loading problems, contact your
nearest local dealer or Apple Computer Inc.




BREAKOUT GAME TAPE

I

PROGRAM DESCRIPTION

Breakout is a color graphics game for the Apple II computer. The object of
the game is to "knock-cut’ all 160 colored bricks from the playing field by
hitting them with the bouncing ball. You direct the ball by hitting it with
a paddle on the left side of the screen. You control the paddle with one of .
the Apple's Game Paddle controllers. But watch out: you can only miss the
ball five times.

There are eight columns of bricks. As you penetrate through the wall the
point value of the bricks increases. A perfect game is 720 peints; after
five balls have been played the computer will display your score and a
rating such as "Very Good". "Terrible.”, etc. After ten hits of the ball,
its speed with double, making the game more difficult. IT you break through
to the back wall, the ball will rebound back and forth, racking up points.

Breakout is a challenging game that tests your concentration, dexterity,
and skiti.

REQUIREMENTS

This program will fit into a 4K or greater system.
BASIC 95 the programming language used.

PLAYING BREAKOUT

1. Load Breakout game following instructions in the *Loading
a BASIC Program from Tape" section of this manual.

2. Enter your name and depress RETURN key.

3. If you want standard BREAKOUT colors type in ¥ or Yes
and hit RETURN. The game wiil then begin.

4 1f the answer to the previous questions was N or No
then the available colors will be displayed. The
player will be asked to choose colors, represented by a
number from @ to 15, for background, even bricks, odd
bricks, paddle and ball colors. After these have been
chosen the game will begin.



5. At the end of the game you will be asked if they
want to play again. A Y or Yes response will start
another game. A N or No will exit from the program.

NOTE: "A game paddlz (150k’0hm.potentiometer) must be connectad
to PDL (0) of the Game 1/0 connector for this game.

COLOR DEMO TAPE

PROGRAM DESCRIPTICON

COLOR DEMO demonstrates some of the Apple IT video graphics
capabilities. In it are ten examples: Lines, Cross, Weaving,
Tunnel, Circle, Spiral, Tones, Spring, Hyperbola, and Color Bars.
These examples produce various combinations of visual patterns
in fifteen colors on a monitor or television screen. For example,
Spiral combines colorgraphics with tones to produce some amusing
patterns. Tones illustrates various sounds that you can produce
with the two inch Apple speaker. These exampies aiso demonstrate
how the paddle inputs {PDL(X)} can be used to contrgl the audio
and visual dispiays. Ideas from this program can be incorporated
into other programs with a 1ittle modification.

REQUIREMENTS
4K or greater Appie II system, color monitor or televisicn,
and paddies are needed to use this program. BASIC is the pro-

gramming language used.



PROGPALS

LISTING

BREAKOUT GAME
PROGRAM LISTING




PRCOGRAM LISTING

COLOR DEMO PROGRAM
LISTING




e St Rt R Tl T Sl el St APFLE II STARTREK VERSION el Tl el T e R e R

THIS IS A SHORT DESCRIPTION OF HOW TO PLAY STARTREK DN THE
APPLE COHPUTER.

THE UNIVERSE IS MADE UF OF 64 QUADRANTS INH AM 8 BY B MATRIX.
THE DUADRANT IN WHICH YOU "THE ENTERFRISE * ARE:s IS IN UMITE:
AND & BLOW UP OF THAT GUADRANT IS FOUND IN THE LOWER LEFY
CORNER . YOUR SPACE SHIF STATUS IS FOUND IMN A TABLE YO

THE RIGHT SIDE OF- THE QUADRANT ELOW UP.

THIS IS A SEARCH AND DESTROY MISSIGN. THE OBJECT IS5 TG LONG-RANGE
SENSE FOR INFORMATION AS TO WHERE KL INGONS (K2 AREs MOVE TO THAT GUADRANT r
AND DESTROY.

NUMBERS DISPLAYED FOR EACH QUALRANT DENQTE!
# DF STARS IN THE ONES PLACE
+ OF BASES IN THE TEMS FLACE
# UF KLINGONS IN THE HUNOREDS FLACE

AT ANY TIHE DURING THE GAHEs FOR INSTAMCE EKEFORE OME TOTALLY
RUNS OUT OF EWERGYr OR NEEDS TD REGENERATE ALL SYSTEMS, DNE HMOVES TO A
QUADRANT WHICH INMCLUDES A& EASEr, JONS MNEXT TO THAT BASE (B) AT WHICH TIME
THE BASE SELF-DESTRUCTS AMD THE ENTERPRISE (E) HAS all SYSTEHS *GO"

'

AGAIN.

TO PLAY:

1. THE COMMANDS CAM RE DETAINED BY TYPIMNG A "0" (ZERO) AND RETURNM.

THEY ARE}
1. PROPULSION 2. REGENERATE
3. LONG RANGE SENSORS 4., PHASERS
5. FHOTON TORFEDCES 4. GALAXY RECORD
7. CORFPUTER . 8. FPRORE

v 9. SHIELD ENERGY ) 10.0AMAGE REFORT

11.L0ADL PHOTOM TORPEDOES .
2. THE COHANDS aARE IWVOKED BY TYPiNG THE NUMBER REFERING TO THEM
FOLLOWED BY A "RETURN®.

- A. IF RESPONSE IS 1 THE COMPUTER WILL ASK UARF OR 10N AMD
EXFECTS "W® IF ONE WANTS TD TRAVEL IN THE GALAXY
HETWEEN QUADRANTS AND AN *I1° IF ONE WANTS ONHLY
IMTERNAL GUADRANT TRAUEL . i
DURATION DR WaARP FACTOR IS THE NUMRER OF SFPACES DK
QUADRANTS THE ENTERFPRISE WILL MOVE.

COURSE IS CQMPASS READING IN DEGREES FOR THE DESI—
RED DESTIWATION.
H. A 7 REGENERATES THE ENERGY AT THE EXFENSE OF TIHE.
T. A 3 GIVES THE CONTENTS OF THE THHEDIATE ADJACENT QUADRAMTS,
THE GALAXY IS5 WRAF—ARQUND IN ALL LIRECTIONS.
T. 4 FIRES PHASERS AT THE EXPENSE OF AVAILABLE ENERGY.

E. 5 INITIATES A SET OF QUESTIDNS FOR TORPEDD FIRING.
THEY CAN BE FIREDF AUTOMATICALLY IF THEY HAVE
BEEN LOCKEDR ON TARGET WHILE IN THE COMPUTER
MODE« OR MAY BE FIRED MaNUALLY IF THE TRAGECTORY ANGLE
IS5 KNOWNM.
F, &r B ANP 10 ALL GIVE INFORMATION ABDUT THE STATUS OF THE SH1P
= AND ITS ENVIROWMENT.
G. 9 SETS THE SHYELD ENERGY/AVAILABLE ENERGY RATIO.
H. 11 ASKS FOR INFORBATIDON ON LOADING aAND UNLOADING DF
FPHOTON TORPEDQES AT THE ESPENSE OF AVAILABLE ENERSY.
THE ANSWER SHDULD BE A SIGNED NUMBER. FOR EXARPLE

+5 OR =2,
1. 7 ENTERS A COMPUTER WHICH WILL RESPOND TO THE FOLLOMING
INSTRULCTIONS?
1. COHPUTE COURSE 2+ LOCK PHASERS
3. LDCK PHOTON TORPEDOES
4. LOCK COURSE 5. COMPUTE TREJECTORT
4. STATUS 7. RETURH TO COMAND AODE

-IN THE FIRST FIVE DBNE WILL HAVE TD GIVE CUORDINATES.
COORDINATES ARE GIVEN IN MATHMATICAL NGTATION WITH
v . THE EXCEPTION THAT THE *¥Y" VALUE IS GIVEN FIRST.
. AN EXAMPLE WOULD BE *Y!X*

COURSE OR TRAJECTORY!

[}
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LOADING THE HI-RES DEMO TAPE

PROCEDURE

1. Power up system - turn the AC power switch in the back
of the Apple II on. You should see a random matrix of
question marks and other text characters. If you don't,
consult the operator's manual for system checkout pro-
cedures.

2. Hit the RESET key. On the left hand side of the screen
you should see an asterisk and a flashing cursor next to
it below the text matrix.

3. Insert the HI-RES cdemo tape into the cassette and rewind
it. Check Volume (50-70%) and Tone (80-100%) settings.

4. Type in "CPP.FFFR" on the Apple II keyboard. This is the
address range of the high resolution machine language sub-
program. It extends from $CH@ to $FFF. The R tells the
computer to read in the data. Do not depress the "RETURN®
key yet,

5. Start the tape recorder in playback mode and depress the
"RETURN" key. The flashing cursor disappears.

6. A beep will sound after the program has been read in.
STOP the tape recorder. Do not rewind the program tape yet.

7. Hold down the "CTRL" key, depress and release the B key,
then depress the "RETURN" key and release the "CTRL" key.
You should see a right facing arrow and a flashing cursor.
The BC command places the Apple into BASIC initiaiizing
the memory pointers.

8. Type in "LOAD", restart the tape recorder in playback mode
and hit the "RETURN" key. The flashing cursor disappears.
This begins the loading of the BASIC subprogram of the
HI-RES demo tape.

9. A beep will sound to indicate the program is being loaded.



10.

11.

12.

PROCEDURE:

A second beep will sound, and the right facing arrow
will reappear with the flashing cursor. STOP the
tape recorder. Rewind the tape.

Type in “HIMEM:8192" anc hit the "RETURN" key. This
sets up memory for high resolution graphics.

Type in "RUN" and hit the "RETURN" key. The screen

should clear and momentarily a HI-RES demo menu tablie
should appear. The loading sequence is now completed.

SUMMARY OF HI-RES DEMO TAPE LOADING

1. RESET

2. Type in CPA.FFFR

3. Start tape recorder, hit RETURN

4. Asterick or flashing cursor reappear

BE (CTRL B} into BASIC

5. Type in “LOAD", hit RETURN

6. BASIC prompt (7) and flashing cursor
reappear. 1ype in "HIMEN:8192", hit
RETURN

7. Type in “RUN", hit RETURN

8. STOP tape recorder, rewind tape.
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BASIC COMMANDS

-

Commands are executed immediately; they do not require line numbers.Most Stateme
{s=ze Basic Statements Section)} may also be used as commands. Remember tc press
Return key after each command so that Apple knows that you have finished that
line. Multiple commands (as opposed to statements) on same line separated by

a " + " are NOT allowed,

COMMAND NAME

AUTO rrem

AUTD  »wml, numd
CLR
coN

DEL  muaml

DEL  nwm?, numé

OSP var

HIMEM: expr

GOTQ expr

LIST memi

LIST muml, num2

Sets automatic line numbering mode. Starts at line
number mon and increments line numbers by 10. To
exit AUTO mode, type a control X*, then type the
Tetters "MAN" and press the return key.

Same as above execpt incrsments line numbers by
numbher #wmi..

Clears current BASIC variables; undimensions arrays.
Program is unchanged,

Continues program execution after a stop from a
coentrol C*. Does not change variables.

Deietes line number mumi.

Deletes program from line numbernwnl through line
number nwmd.

Sets debug mode that will display variable var every-
time that it is changed along with the 1ine number
that caused the change. (NOTE: RUN command clears
DSP mode so that DSP command is effective only if
program is continued by a CON or GOTG  command. )

Sets highest memory location for use by BASIC at
Jocation specified by expression exmrin decimal.

HIMEM: may not be increased without destroying program.
HIMEM: s automatically set at maximum RAM memory when
BASIC is entered by a control B*.

Causes immediate jump tc Tine number specified by
expression expr.

Sets mixed color graphics display mode. Clears screen

to black. Resets scrolling window. Displays 40x40
squares in 15 colors on top of screen and 4 lines of text
at bottom.

{ists entire program on screen.

Lists program 1ine number rumi.

Lists program Tine numberwwnm? through line number
nwms.




LOAD expr.

LOMEM: expr

HAN

NEW
NO DSP var

NO TRACE

RUN

RUN expr

SAVE

TRACE

Reads (Loads) a BASIC program from cassette tape.

Start tape recorder before hitting return key. Two =
beeps and a ">" indicate a gocd lcad. "ERR" or "MEM%
FULL ERR" message indicates a bad tfape or poor recorder
performance. '

Similar to HIMEM: except sets lowest memory Tocation
available to BASIC. Automatically set at 2048 when
BASIC is entered with a control B*. Moving LOMEM:
destroys current varijable values.

Ciears AUTO Tine numbering mode to all manual Tine
numbering after a control C* or controi X*.

Clears {Scratches) current BASIC program.
Clears DSP mode for variable var.
Clears TRACE mode.

Clears variables to zero, undimensions all arrays and
executes program starting at lowest statement 1ine
number. )

Clears variables and executss program starting at line
number specified by expression expr.

Stores (saves) a BASIC program on a cassette tape.
Start tape recorder in record mode prior to hitting
return Xey.

Sets all text mode. Screen is formated to display
alpha-numeric characters on 24 lines of 40 characiers
each. TEXT resets scrolling window t{o maximum.

Sets debug mede that displays line number of each
statement as it s executed.

Control characters such as control X or control C are
typed by holding down the CTRL key while typing the
specitied letter. This is similiar toc how one holds

down the shift key to type capital letters. Control
characters are NOT displayed on the screen but are
accepted by the computer. For example, type several
control G's. We will alsc use a superscript C to indicate
a control character as in XC.
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BASIC Operators

Symbol - Sample Statement

Prefix Operators

{) 19 X= 4%{5 + X)
+ 2@ %= +4*b
- 30 ALPHA =
—{BETA +2}
NOT a¢ IF . NOT B THEN
200 § '

5P 1=NOT NOT 1

Arithmetic Operators

4 60 Y = X43
* 7D LET DOTS=A*B*N2
/ 80 PRINT GAMMA/S
MOD 90 5 = 12 MOD 7
199 X = X MOD{Y+2)
+ 1P =L+6
. 126 X¥4 = H-D

= 136 HEIGHT=15
14 LET SIZE=7*5
15¢ A{8) = 2

155 ALPHA$ = "PLEASE"

Explanation

Expressions within parenthesis ( )
are always evaluated first.

Optional; +1 times following expression.
Negation of following expression.
lLogical Megation of following expression;

9 3F expression is true (non-zero), 1
if expression is false {zero).

Exponentiate as in X3. NGTE: + is

shifted letter N.

Multipiication. NOTE: Implied muiti-
plication such as (2 + 3)(4) is not
allowed thus N2 in example is a variable
pot N * 2.

Divide

Modulo: Remainder after division of
first expression by second expression.

Add
Substract

Assignment operator; assigns a value to
a variable. LET is optional



Relational and Logical QOperators

The numeric values used in logical evaluation are "true" if non-zero,

"false" if zero.

Symbol Sample Statement

= 16¢ IF D =E

THEN 50¢ ~
= 179 IF  A3{(1,1)=
"Y' THEN 503
¥ or < > 180  IF. ALPHA #£X*Y
THEN 500
# 19¢  IF  A$ # "NO"
THEN 500
> 200  IF  AB
THEN GO TO 5@
< 219 IF  A+1<B-5
THEN 1¢¢
>= 228 IF  A>=B
THEN 19¢4¢
<= 23 IF A+1<=B-6
THEN 289
AND 248 IF  A>B AND

C<D THEN 2d@¢

OR 25¢ IF ALPHA OR
BETA+1 THEN 20¢

21

ey L

Expression "equals® expression.

String variable "equals' string variable.
Expression "does not equal” expression.

String variable "does not equal" siring
varijable. NOTE: If strings are not
the same length, they are considered
un-equal., < > not allowed with strings.

Expression "is greater than" expression.
Expression "is less than™ expression.

Expression "is greater than or equal to"
expression.

Expression "is less than or equal to"
axpression.

Expression 1 "and" expression 2 must
both be "true" for statements to be true.

If either expression 1 or expression 2
is "true", statement is "true".



BASIC FUNCTIONS

Functions return a numeric result. Thay may be used as expressions ar as part
of expressions. PRINT is used for examples only, ogther statements may '
be used. Expressions following function name must be enclosed between two
parenthesis signs.

FUNCTION NAME

ABS (expr) 309 PRINT ABS(X) . Gives absolute value of the expressionezpr.

ASC (strd)} 310/ PRINT ASC({“BACK") Gives decimal ASCII value of designated
320 PRINT ASC(BS) string variable str$. If more than one
330 PRINT ASC(BS3{4,4)) character is in designated string or '
335 PRINT ASC(BS{Y)) sub-string, it gives decimal ASCII
vaiue of first character.

LEN (strd) 340 PRINT LEN(BS) Gives current Tength of designated
string variable s¢ré;i.e., number of
characters.

ppL {expr) 35¢ PRINT PDL{X) Gives number hetween & and 255 corres-

ponding to paddle positicn on game paddle
number designated by expression azpyr and must
be.legal paddle (ﬂ 1.2,0r 3) or else 255 1is
returned.

PEEK {expr)  36@ PRINT PEEK(X) Gives the decimal value of number stored
of decimal memory location specified by
expression expr. For MEMORY locations
above 32876, use negative number; i.e.,
HEX Tocation FFF@ is -32751

RND (expr) 37@ PRINT RND{X) Gives random number between 0 and
{expression expr -1) if expression expr
is positive; if minus, it gives random
number between @ and (expression expr +1}.

SCRN(ewpr7, 380 PRINT SCRN.{X1,Y1) Gives color (number between & and 15) of
exprf) . : screen at horizontal location designated
by expression expr! and vertical
location designated by expressqon expr2
Range of expression exprl is g to 39. Range
of expression expr? “ds @ to.39.if in Standard
mixed colorgraphics dlsp1av mode as set by
GR command or D to 47 if in all color mode
set by POKE -163p4 ,ﬂ: POKE - 16302,0.

SCN (expr) 390 PRINT SGN(X) Gives sign {not sine} of expression expr

i.e., -1 if expressaonea;u)1s negative, zero if
zero and +1 ifexpr is positive.

o2



BASIC STATEMENTS

L N
¥

Fach BASIC statement must have a line number between @ and 32767. Variable

names must start with an alpha character and may be any number of aipha-

numeric characters up to 1pp. Variable names may not contain buried any

of the following words: AND, AT, MOD, OR, STEP, or THEN. Variable names may

not begin with the letters END, LET, or REH String variabjes names must end

with a § {dollar sign}. Mu1t1p1e statements may appear under the same line number
if separated by a : {colon) as long as the total number of characters in the line
{inciuding spaces) is less than approximately 15@ characters '

Most statements may also be used as commands. BASIC statements are executed

by RUN or GOTO commands.

NAME

CALL expr 19 CALL-936 Causas- execution of a machine level
language subroutine at decimal memory
location specified by expression expr
Locaticns above 32767 are specified using
negative numbers; i.e., location in
example 10 is hexidecimal number $FC53-

COLCR=expr 30 COLOR=12 In standard resolution coler {GR)
graphics mode, this command sets screen
TV color to value in expressicn expr
in the range ¢ to 15 as described in
Table A. ‘Actually expressionexpr may be
in the range 0 to 255 without error message
since it is implemented as if it were
expressionexpr MOD 16.

DIM warl (exy»1) 50 DIM A{28).B{19)  The DIM statement causes APPLE II to

str$ (expr) 68 DIM B$(39) reserve memery for the specified variables.
pars (expr3). 78 DIMC For number arrays  APPLE reserves
I1leqgal: approximately 2 times exprbytes of memory
"~ Bf DIM A[(38) limited by available memory. For string
- Legal: arrays -8tré- (expr) ‘must be in the range of
. - 85 DIM £{1ppp) 1 to 255. Llast defined variable may be

redimensioned at any time; thus, example
in line is i1legal but 85 is allowed.

PSPy . legal: Sets debug mode that DSP variable var each
: ~ Of OPS AX:DSP L time it changes and the line number where the
I1leqal: change occured.
19p DSP AX,B
102 DSP ABS
104 DSP A(5)
Legai:

105 A=A(5): DSP A



NAME
END

FOR wapr="

expnl TOexpre
STEPexpr3

GosLe expr

GOTO expr

HLIN expri,
expr2ATaipr?

Nete:

EXAMPLE

119 END

11 FOR L=f to 39
129 FOR X=Y1 TO Y3
13p FOR I=39 7O 1
150 GOSUR. 148 *J2

149 GOSUB 3¢9

160 GOTO 29

179 GOTO ALPHA+1pP

189 GR
19@ GR: POKE -16392.9

20¢ HLIN 2,35 AT 28
219 HLIN Z,7+6 AT I

DESCRIPTION .

n

Stops program execution. Sends cérriage
return and "> " BASIC prompt) to screen.

Begins FOR...NEXT loop, initializes
variable var to value of expression sxprl

then increments it by amount in exprassion
expr 3 each time the corresponding "NEXT"
statement js encountered, until value of
expression expr 2is reached. If STEP:expri

is omitted, a STEP of +1 is assumed. Negative
numbars are allowed.

Causes branch to BASIC subroutine starting
at Tegal 1ine number specified by expression
expr  Subroutines may be nested up to

16 Tevels.

Causes immediate jump to Tegal Tine
number speciftied by expression expr.

Sets mixed standard resolution color
graphics mode. Initializes COLOR = 2
{Black) for top 4Px4p of screen and set:
scrolling window to Tines 21 through 24
by 48 characters for four Jines of text
at hottom of screen. Example 199 sets
all color mode (4Px48 field) with no text
at hottom of screen.

In standard resolution color graphics mode,
this command draws a horizontal Tine of a
predefined color (set by COLOR=) starting

at horizontal position defined by expression
expr] and ending at position exprg at
vertical position defined by expression
expr3. . exprl andexprg must be in the range

of @ to 39 and exprrl « = expra . ezprid

be in the range of § to 39 {or # to 47 if not
in mixed mode}.

HLIN @, 19 AT # is a horizontal line at the top of the screen
extending from left corner to center of screen and HLIN 28,39 AT
39 is a horizontal line at the bottom of the screen extending from

centar to right corner.



IF expression 229 IF A> B THEN
THEN statement PRINT A
23p IF X=@ THEN C=1
24¢ 1F A#1Pp THEN

GOSUB 2¢0@
258 IF A$(1,1)# "y
THEN 1p@
I1Tegal:
268 IF L> 5 THEN 58:
FLSE 68
Legal:
279 IF L>5 THEN 50
GO TO 6@

INPUT vari,
T war?, strg

28¢ INPUT X,Y,Z(3)
298" INPUT "AMT",
DLLR

399 INPUT "Y or N?¥,

INE ezpr 310 IN# 6
320 INE Y+2
339 IN# 0
LET 349 LET X=5
LIST memI, 358 IF X >6 THEN
nums LIST 54
NEXT var7, 36§ NEXT 1
vars 378 NEXT J,K
MO DSP var 388 NO DSP I
NO TRACE 398 NO TRACE

AS

25

[N

I cxoression is true {non-zero) then
exacute statement; if false do not
execute setatement, 1f statement

is an expression, then a GOTO ezpr

type of statement is assumed:to be 1mp]1ed
The "ELSE":dn example 260 is illggal but
may be implemented -as shown in example Z279.

Enters data into memory from I/0

device. I number input is expectad,
APPLE wil output "7"; if string input is
expected no "?" will be outputed., Multiple
numeric inputs to same statement may be
separated by a comma or a carriage return.
String inputs must be separated by a
carriage return only. One pair of " " may
be used immediately after INPUT to output
prompting text enclosed within the quotation
marks to the screen, _

Transfers source of data for subsequent
INPUT statements to peripheral 1/0 slot
{1-7) as specified as by expression expr.
Stot # is not addressable from BASIC.
IN#9 (Example 33P) is used to return data
source from peripherial I/0 to keyboard
connector,
Assignment operator. "LET" is optional
Causes program from line number ruem?
through Tine numbersuomZ to be displayed
on screen.

Increments cerresponding "FOR" variable

and loops back to statement follewing
“FOR" until variable exceeds 1imit.

Turns-off DSP debug mode for variable

Turns-off TRACE debug mode



PLOT expri, exprsd 4¢P PLOT 15, 25 In standard resolution color

! 4p@ PLT XV,YV graphics, this command plots a small
square of a predefined color (set
by COLOR=) at horizontal Tocation
specified by expression expri 1n
range P to 39 and vertical locatian
specified by expressionexpr? in range
@ to 39 {or @ to 47 if in ail graphics
mode) NOTE: PLOT 9 # is upper left
and PLOT 39, 39 {or PLOT 39, 47) is
lower right corner.

POKE expri?, expr? 429 POKE 28, 49 Stores decimal number defined by
430 POKE 7*256, expression expr2 1in range of @
XMOD255 255 at decimal memory location

specified by expression exprl
Locations above 32767 are specified
by negative numbers.

poP 449 PQP "POPS" nested GOSUB return stack
address by one.

PRINT wvarl, war, str$ 459 PRINT L1 Outputs data specified by variable

. 46f PRINT L1, X2 var or string variable str&starting
479 PRINT “AMT=":DX at current cursor location. If there

. 48@ PRINT A%;B%; is not trailing "," or “3" (Ex 45@)

49¢ PRINT a carriage return will be generated.
492 PRINT "HELLO Commas (Ex. 468) outputs data-in 5

494 PRINT 243 Teft justified:columns.  Semi-colon

(Ex.. 479) inhibits nrint of any spaces.
Text imbedded in " " will- be printed
and may -appear multipie times..

o]

LK

-
Ak

expr 500 PR# 7 Like IN#, transfers output to 1/0
siot defined by expression expr PRE
g is video output not I/0 siot P.

REM 510 REM REMARK No action. All characters after REM-
are treated as a remark until terminated
by a carriage return.

RETURN 52 RETURN Causes branch to statement following
- 530 1FX= 5 THEN Jast GOSUB; i.e., RETURN ends a
RETURN cubroutine. Do net confuse "RETURN"

statement with Return key on keyboa

= e
26 |






SPECIAL CONTROL AND EDITING CHARACTERS

-

"Control" characters are indicated by a super-scripted "C" such as ¢ They
are obtained by hoiding down the CTRL key while typing thg Spec1gled letter.
Control characters are NOT displaved on the TV screaen. and G~ must be

followed by a carriage return. Screen editing characters are indicated by a
sub-scripted "E" such as Dg. They are obtained by pressing and releasing the
ESC key then typing specified lettar. Edit characters send information only
to display screen and does not send data to memory. For example, UC moves to
cursor to right and copies text while Ap moves cursor to right but does not
copy text. :

CHARACTER DESCRIPTION OF ACTION

RESET key Immediately interrupts any program execution and resets
computer. Alsc sets all text mode with scrolling window -
at maximum. Control is transfered to System Monitor and
Apple prompts with a "*" (asterisk) and a bell., Hitting
RESET key does MNOT destroy existing BASIC or machine
language program.

Control B If in System Monitor {as indicated by a “*"}, a control
B and a carriage return will transter control to BASIC,
scratching (killing} any existing BASIC program and set
HIMEM: to maximum installed user memory and LOMEM:
to 2048.

Control € If in BASIC, halts program and displays Tine number
where stop occurred*. Program may be continued with a
CON command. If in System Monitor, {as indicated by "*"),
control C and a carraige return will enter BASIC without
kiT1ing current program.

Control G Sounds bell {beeps speaker)

Control H Backspaces cursor and deletes any overwritten characters
from computer but not from screen. Apply supplied
keyboards have special key "«" on right side of keyboard
that provides this functions without using control button.

ﬁontro! | Issues 1ine feed oniy

Control V Compliment to HC. Forward spaces cursor and copies over
written characters. Apple keyboards have "+" key on
right side which alse performs this function.

Control X Immediately deletes current Tline.

* If BASIC program is expecting keyboard input, you will have
to hit carriage return key aftar typing control C.

-
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CHARACTER DESCRIPTICN OF ACTION

AE Move cursor to right

BE ) Move cursor to left

CE Move cursor down

DE Move cursor up

EE Clear text from cursor to end of line

FE Clear text from cursor to end of page

@E Home cursor to top of page, c¢lear text to end

of page.

Table A: APPLE IT CCLORS AS SET BY COLOR =

Note: Colors may vary depending on TV tint (hue} setting and may also
be changed by adjusting trimmer capacitor C3 on APPLE II P.L. Board.
@ = Black 8 = Brown
1 - Magenta 8 = Qrange
2 = Dark Blue 18 = Grey
3 = Light Purple 11 = Pink
4 = Dark Green 12 = Green
5 = Grey 13 = Yellow
6 = Medium Blue 14 = Blue/Green
7 = Light Blue 15 = White

e



Special Controis and Features

Hex

T

BASIC Example

Display Mode Controls

cas0
Cps51
c@s2
Cpa3
Cgs4

C@55
C@56
Cps7

1P
2
32
42
59

69
78
8g

POKE
POKE
POKE
POKE

POKE

TEXT Mode Controls

poze

ga21
p@ez
2923

P24

#RZ5

pg32

FC58
FCa2

-163p4 .8
-16393.9
-16392.0
-16391.9
POKE -16398.9

POKE -16299 9
POKE -16298.9
16297 .9

@ POKE 32,L1

18¢ POKE 33,W1

119 POKE 34,71

12¢ POKE 35,81

130 CH=PEEK(36)
149 POKE 36,CH
158 TAB(CH+1)

169 CY=PEEK(37}
178 POKE 37,CV
189 VTAB{CV+1)

199 POKE
209 POKE

218 CALL

22p CALL

50,727

53,255

~-936
-958

Cescription

Set color graphics mode

Set text mode

Clzar mixed graphics

Set mixed graphics (4 Tines text)

Clear display Page 2 (BASIC commands
use Page 1 only)

Set display to Page 2 (alternate)

Clear HIRES graphics mode

Set HIRES graphics mode

Set left side of scrolling window
to location specified by L1 in
range of P to 39.

Set window width to amount specified
by Wil. L1+Wi<4p. W1>@

Set window top to line- specified
by T1 in range of § to 23

Set window bottom to Tine. specified
by Bl in the range of @ to 23. Bi1>Ti

Read/set cusor horizontal position
in the range of @ tc 39. If using :
TAB, you must add "1" to cusor position
read value: Ex. 140 and 150 perform
jdentical function.

Similar to above. Read/set cusor
vertical position in the range 2 to
23.

; i S R
Set inverse flag if 127 (Ex. 199)r:.»
Set normal flag if 255(Ex. 208)

(€g) Home cusor, clear screen

(Fg) Clear from cusor to end of page



Hex ~ BASIC Example ' Description

FC9C 239 CALL -868 (Eg) Clear from cusor to end of line
FC66 249 CALL -922 (0% Line feed
FC78 250 CALL -912 Scroll up text one iine
Miscellaneous
P30 36p X=PEEK(-16336) Toggle speaker
365 POKE -16336,0
Crop 378 X=PEEK{-16384 Read keyboard; if X>127 then key was
pressed.
Colp 380 POKE -16368.0 Clear keyboard strobe - always after
reading keyboard.
cpel 399 X=PEEK(16287) Read PDL{@) push button switch. If
X>127 then switch is "on".
cpe2 : ApP X=PEEK(-16286) Read PDL{1) push button switch.
P63 419 X=PEEK{-16235} Read PDL(2) push button switch.
CP58 A2p POKE -16296,0 Clear Game I/0 AN output
CpP59 430 POKE -16295,8 Set Game /0 AND output
Cp5A 44g POKE -16294,8  Clear Game 1/0 ANl output
C@es8 459 POKE -16293.8 Set Game I/0 AN1 output
c@sC 46¢ POKE -16292,.0 Clear Game 1/0 AN2-output
£PsD A7) POKE -16291,9 Set Game I/0 ANZ output
CP5E 48p POKE -162%90.0 Clear Game I1/0 AN3 ocutput
CA5F 49p POKE -16289,9 Set Game I/0 AN3 output
31 —. wits



APPLE T1 BASIC ERROR MESSAGES .

%% SYNTAX ERR Results from a syntactic or typing error.

**k > 32767 ERR A value entered ar calculated was less than
-32767 or greater than 32767.

**% » 255 ERR A value restrictad to the range 0 to 255 was
cutside that range.

**%* BAD BRANCH ERR Resyits from an attempt to branch to a non-
existant Tine number,

*** BAD RETURN ERR Results from an attempt to execute more RETURNs
than previously executed GOSUBs.

**% BAD NEXT ERR Results from an attempt to sxecute a NEXT state-
ment for which there was not a corresponding
FOR statement.

*** 16 GOSUBS ERR Results from more than 16 nested GOSUBs.

*%* 76 FORS ERR ' Results from more than 16 nested FOR loops.
**% NG END ERR The Tast statement executed was not an END.
**% MEM FULL ERR The memory needed for the program has exceeded

the memory size allotted.

TRER T0O0 LONG'ERR Results from more than T2 nested parentheses or
N more than 128 characters in input Tine.

*** DIM ERR Results from an attempt to DIMension.a string
S = array which has been previously dimensioned. _

%% RANGE ERR An array was larger than the DIMensioned
value or smaller than 1 or HLIN,VLIN,
PLOT, TAB, or VTAB arguments_.are out of
range.

**% STR OVFL ERR The number of characters assigned to a string
exceeded the DIMensioned value for that string.

**% STRING ERR Results from an attempt to execute an jllegal
string operation.

RETYPE LINE Resuits from illegal data being typed in response
to an INPUT statement. This message alsc requests
that the i1Tegal item be retyped.
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Simplified Memory Map
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READ/SAVE DATA SUBROUTINE

INTRODUCTION

Valuable data can be generated on the Apple II computer and sometimes
it is useful to have a software routine that will allow making a permanent
record of this information. This paper discusses a simple subroutine that
serves this purpose. -

Sefore discussing the Read/Save routines a rudimentary knowiedge of
how variables are mapped into memory is needed,.

Numeric variables are mapped into memory with fcur attributes. Appearing
in order sequentually are the Variable Name, the Display Byte, the Next Variable
Address, and the Data of the Variable. Diagramatically this'is represented as:

VN OSP NVA DATA(Q) DATA(T) DATA(N)
1 h‘l h2 hn+-1

VARIABLE NAME - up to 100 characters
represented in memory as ASCII equi-
valents with the high order bit set.

DSP (DISPLAY) BYTE - set to @1 when
DSP set in BASIC injtiates a process
that displays this variable with the
Tine number every time it is changed
within a program.

NVA (NEXT VARIABLE ADDRESS) - two

bytes (first low order, the second
high order} indicating the memory

Tocatien of the next variable.

DATA - hexadecimal equivalent of
numeric information, represented
in pairs of bytes, low order byte
first. .

34



String variables are formatted a bit differently than numeric ones.

"hese variables have one extra attribute - a string terminator which desig- =
nates the end of a string. A string variable is formatted as follows: ‘

VN pSP NVA DATA{O) DATA(1) DATA(n) 5T
1 hy h2 Rt

VARIABLE NAME - up to 129 characters
represented in memory as ASCII equi-
valents with the high order bit set.

DSP (DISPLAY) BYTE - set to P1 when
DSP set in BASIC, initiates a process
that displays this variable with the
Tine number every time it is changed
within a program.

NVA {NEXT VARIABLE ADDRESS) - two
bytes (first low order, the second
high order) indicating the memory
location of the next variable.

DATA - ASCII equivalents with high
order kit set.

STRING TERMINATOR (ST) - none high

order bit set character indicating

END of string.

There are two parts of any BASIC program represented in memory. One is

the location of the variables used for the program, and the other is the actual
BASIC program statements. As it turns out, the mapping of these within memory
is a straightforward process. Program statemenis are placed into memory sfarting.
at the top of RAM memory* unless manually shifted by the SHIMEN:" command, and
are pushed down as each new (numerically larger) 1ine numbered statement is
entered into the system. Figure la illustrates this process diagramatically.
Variables on the other hand are mapped into memory starting at the lowest position
of RAM memory - hex $8@@ (2048) unless manually shifted by the "COMEM:" command.
They are laid down from there (see Figure 1b) and continue until all the variables
have been mapped into memory or until they collide with the program statements.
In the event of the latter case a memory full error will be generated

*Top of RAM memovry 13 a function of the amount of memory.
16384 will be the value of "HIMEN:" far a 16K system.



The computer keeps track of the amount of memory used for the variable _
table and program statements. By placing the end memory location of each inﬁb
gcc (208)-% {205) and $ CA(202)-$ C©B{203), respectively. These are the BASIC
memory program pointers and their values can be found by using the statements
in Figure 2. CM defined in Figure 1 as the location of the end of the variable
tape is equal to the number resulting from statement a of Figure 2. PP, the
program pointer, is equal to the value resulting from statement 2b. These
_statements (Figure 2) can then be used on any Apple II computer to find the
Timits of the program and variable tabie.

FINDING THE VARIABLE TABLE FROM BASIC

First, power up the Apple 11, reset it, and use the CTRL B (control 8)
command to place the system into BASIC initializing the memory pointers. Using
the statements from Figure 2 it is found that for 2 16K Apple II CM is equal to
2p48 and PP is equal to 16384. These also happen to be the values cf LOMEN and
HIMEN: But this is expected because uport using the BC command both memory
pointers are initialized indicating no program statements and no variables.

To illustrate what a variable table looks 1ike in Apple II memory suppose
we want to assign the numeric variable A ($C1 is the ASCII equivalent of a with
the high order bit set) the vaiue of -1 (FF FF in hex) and then examine the
memory contents. The steps in this process are outlined in example I. Variable A
je defined as equal to -1 (step i}. Then for convenience another variable - B -
is defined as equal to @ (step 2). Now that the variable table has been defined
use of statement 2a indicates that CM is equal to 2@6@ {step 3). LOMEN nhas not
been readiusted so it is equal to 2@48. Therefore the variable table resides in
memory from 2§48 ($892 hex) to 2¢50 ($80C). Depressing the “RESET" key places
the Apple II into the monitor mode (step 4y,

We are now ready to examine the memory contents of the variable table.
Since the variable table resides from $8¢@ hex to $8PC hex typing in vg0p.8pC"
and then depressing the "RETURN® key (step 5) will Tist the memory contents of
this range. Figure 3 Tists the contents with each memory location labelled.
Examining these contents we see that €1 is equal to the variable name and is the
memory equivalent of "A" and that FF FF is the equivalent of -1. From this, since
the variable name is at the beginning of the table and the data is at the end, the-
variable table representation of A extends from $8¢0 to $805. We have then found



the memory range of where the variable A is mapped into memory. The reason for
this will become clear in the next section. .
Ay

EAD/SAVE ROUTINE

The READ/SAVE subroutine has three parts. The first section (Tines $-10)
defines variable A and transfers control to the main program. Lines 20 through
26 represents the Write data to tape routine and lines 3@-38 represent the Read
data from tape subroutine. Both READ and SAVE routines are executable by the
BASIC "GOSUB X" (where X is 2@ for write and 39 is for read) command. And as
listed these routines can be directly incorporated intc almost any BASIC program
for read and saving a variable table. The limitation of these routines is that
the whole part of a variable table is processed so it is necessary to maintain
exactly the dimension statements for the variables used.

The variables used in this subroutine are defined as follows:

record length, must be the first variable defined

A =
M= the value obtained from statement a of figure 2
CM= is equal to the value of "LOMEN:"

Nominally 2048

AVING A DATA TABLE

The first step in a hard copy routine is te place the desired data onto
tape. This is accomplished by determining the Tength of the variable table and
setting A equal to it. Next within the main program when it is time to write the
data a GOSUB2Q statement will executs the write to tape process. Record length,
variahble A, is written to tape first (1ine 22} followed by the desired data
(Tine 24). When this process is completed control is returned to the main program.

READING A DATA TABLE

The second step is to read the data from tape. When it is time a GOSUB3@
statement will initiate the read process. First, the record length is read in
and checked to see if enough memory is available (line 32-34). If exactly the
same dimension statements are used it is almost guaranteed that there will be
enough memory available. After this the variable table is read in (1ine 34) and
control is then returned to the main program {1ine 38). If not enough memory
is available then an error is generated and control is returned to the main pro-

ram {line 38)



EXAMPLE OF READ/SAVE USAGE

The Read/Save routines may be incorporated directly intc a main program,
To i1lustrate this a test program is listed in example 2. This program dimensions
a variable array of twenty by cne, fills the array with numbers, writes the déta
table to tape, and then reads the data from tape listing the data on the video
display. To get a feeling for how to use these routines enter this program and
explore how the Read/Save routines work.

CONCLUSION

Reading and Saving data in the format of a variable table is a relatively
straight forward process with the Read/Save subroutine listed in figure 4. This
routine will increase the flexibility of the Applie 1I by providing a permanent
record of the data generated within a program. This program can be reprocessed.
The Read/Save routines are a valuable addition to any data processing program.
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Unused
Vary ' Varg -o.--- Var, Memory P1 Pn Py ... Ppo2 Pr-1 ;Pn ]

/" T 7

TLOMEN: {M End of PP beginning HIMEM
$309 ) Variable of Max System
Table Program Size ‘
b a
Yariable Data. . BASIC Program
_ Figure 1

" a) PRINT PEEK{284) + PEEK(2@5)*256 = PP -.

b) PRINT PEEK({282) + PEEK(2$3)*256 —~ (M

Figure 2

8g@ 8p1 8p2 8@3 894 3p5 8@6 897 £@8 EP9 BpA &@3  Epc
¢ ¢p P& @98 FF FF (2 9P QE ps 9B 28 @8

L H L H H
VAR DSP NVA DATA VAR DSP NVA DATA
NAM T ' NAM T
> 1 > t
Figure 3

$30@.30C rewritten with labelling

atal



READ/SAVE PROGRAM

10

20

22

24

26

30

32

34

36

38

A=C

GOTO 1¢9

PRINT "REWIND TAPE THEN
START TAPE RECORDER":
INPUT "THEN HIT RETURN",

BS

A=CM-LM: POKE 60,4:
POKE 67,8: POKE B2,5:
POKE 63,8: CALL -3p7

POKE 60,LM MOD 256:
POKE 61, LM/256:
POKE 62, CM MOD 256:
POKE 63, CM/256:
CALL -387

PRINT “DATA TABLE SAVED":
RETURN

PRINT "REWIND THE TAPE
THEN START TAPE RECORDER™:
INPUT "AND HIT RETURN",

BS

POKE 60,4: POKE 6&1,3:
POKE €2,5: POKE &3,38:
CALL -259

IF A<P THEN 38: P=LMt+A:
IF P>HM THEN 38: CM=P:
POKE 60, LM MOD 256:

POKE 61, LM/256: POKE 62,

CM MOD 256: POKE 63, CM/256:

CALL -259

PRINT "DATA READ IN":
RETURN

PRINT "***700 MUCH DATA
BASE***"; RETURN

FIGURE 4b

COMMENTS

This must be the first statement in the
program. It is initiaily @, but if data
is to be saved, it will equal the length
of the data base.

This statement moves command to the main
program,

Lines 20-26 are the write data to tape
subroutine.

Writing data table to tape

Returning control to main program.

Lines 30-38 are the READ data from tape
subroutine.

Checking the record length (&) for memory
requirements if everything is satisfactory
the data is READ in.

Returning control to main program.

r

NOTEﬁ CM, LM and A must be defined within the main program.

240
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1 >A=1
-

2 >B=p

>

3 >PRINT PEEK (204) + PEEK

(205) * 256
computer responds with=
2068
4 >
*
5 *80@.80¢

Computer responds with:
80@- C1 69 86 @8 FF FF €2 @9
9898 @C @8 99 99 99

T

1)

Define variable A=-1, then hit RETURN
Define variable B=@, then hit RETURN

Use statement 2a to find the end of
the VARIABLE TABLE

Hit the RESET key, Apple moves into
Monitor mode. :

Type in VARIABLE TABLE RANGE and HIT
the RETURN KEY.

Example 1



: Example 2
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A SIMPLE TCNE SUBROUTINE ' 2

INTRODUCTION

Computers can perfdorm marvelous feats of mathematical computation
at well beyond the speed capabie of most human minds. They are fast,
cold and accurate; man on the other hand is slower, has emction, and makes
errors. These differences create probiems when the two interact with one
another. So to reduce this problem humanizing of the computer is needed.
Humanizing means incorporating within the computer procedures that aid in
a program's usage. One such technique is the addition of a tone subroutine.
This paper discusses the incorporation and usage of a tone subroutine within

the Apple II coimputer.

Tone Generation

To generate tones in a computer three things are needed: a speaker,
a circuit to drive the speaker, and a means of triggering the circuit. As it
happens the Apple 11 computer was designed with a two-inch speaker and an
efficient speaker driving circuit. Contrel of the speaker is accomplished
through software.

Toggling the speaker is a simple process, a mere PEEK - 16336 ($CP32)
in BASIC statement will perform this operation. This does nct, however,
produce tones, it only emits clicks. Generation of tones is the goal, so
describing frequency and duration is needed. This is accomplished by toggling
the speaker at regular intervals for a fixed period of time. Figure 1 Tisis
a machine Tanguage routine that satis{ies these requirements.

Machine Language Program

This machine language program resides in pdge § of memory from 302 (2)
to $14 (2p). $99 (P@) is used to store the relative period (P) between
togaling of the speaker and $81 (#1) is used as the memory location for the
value of relative duration (D}. Both P and D can range in value from $38 (@)
to $FF (285). After the values for frequency and duraticn are placed into
memory a CALLZ statement from BASIC will activate this routine. The speaker
is toggled with the machine language statement residing at 392 and then a



delay in time equal %o the value in @@ occurs. This process is repeated until
the tone has lasted a relative period of time equal to the duration {value in $91}
and then this program is exited (statement $14). n

Basic Program

The purpose of the machine language routine is to generate tones controliable
from BASIC as the program dictates. Figure 2 1ists the appropriate statement that
will deposit the machine language routine into memory. They are in the form of
a subroutine and can be activated by a GOSUB 32009 statement. It is only necessary
to use this statement once at the beginning of a program. After that the machine
language program will remain in memory uniess a later part of the main program
modifies the first 2@ Tocations of page. P.

After the GOSUB 32p@@ has placed the machine language program into memory
it may be activated by the statement in Figure 3. This statement is also in the
form of a GOSUB because it can be used recursively in a program. Once the fre-
quency and duration have been defined by setting P and D equal to a value between
@ and 255 a GOSUB 25 ctatement is used to initiate the generation of a tone. The
values of P and D are placed into $p@ and $@1 and the CALL? command activates the
machine language program that toggles the speaker. After the tone has ended
control is returned to the main pregram.

The statements in Figures 2 and 3 can be directly incorporated into BASIC
programs to provide for the generation of tones. Once added fo a program an
infinite variety of tone combinations can be produced. For example, tones can
be used to prompt, indicate an error :n entering or answering questions, and
supplement video displays on the Apple 11 computer system.

Since the computer operates at a faster rate than man does, prompting can
he used to indicate when the computer expects data to be entered. Tones can be
generated at just about any time for any reason in a program. The progranmer's
imagination can guide the placement of these tones.

CONCLUSION

The incorporation of tones through the routines discussed in this paper
will aid in the humanizing of software used in the Apple computer. These routines
can also help in transforming a dull program into a lively one. They are relatively
easy tc use and are a valuable addition to any program.
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FIGURE 1. Machine Language Program
adapted from a program by P. Lutas.

FIGURE 2. BASIC "POKES"

g

FIGURE 3. GOSUB



High-~Resolution Operating Subroutines I

These subroutincs ware created to make programming for
High-Resolution Graphic; easier, for both BASI{ and machine- .
‘language programs. These subroutines occupy 757 bytes of memory
and are available on either cassette tape or Read-Only Memory

(ROM). This note describes use and care of these subroutines.

There are seven subroutines in this packéée.' fith these,
a programmer can initialize High-Resolution mode, clear the.screcn,
plot a ﬁoinf, draw a.line, or draw and animate a predefined shape;
on the screen., There are alsc some other general-purpose
subroutines to shorten and simplify programming,

BASIC programs@aoan.access these subroutines by use of ,the
CALL statement, and can pass information by using the POKE state-
ment. There are special entry points for most of the subroutines
that will perform the éamé functions as the original subroutines
without modifying any BASIC pointérs or regi#ters. For machine
language programming, a JSR to the appropriate subroutine address
will perform the same function as a BASIC CALL.

In the folléﬁing_snbroutine descriptions, all addfessc#
given will be in decimal. The hexadecimal subsfituics will
be preceded by a dollar sign (§). Alirentry points given are
for the casﬁet;c tape subroutines, ﬁhich load_into addresses
CgP to FFF (hex)., Equivalent addresses fdf the gOM subroutines
will be in italic.typa Face.

) = aom -_' _46 - - e



,h-Resolution Operating Subroutines

INIT Initializes High-Resolution Graphics meode,

ASIC: CALL 3972 (or CALL -12288)
¢ (or JSR spgggl

From B

From machine language: JSR $cCg

This subroutine sets High- Resolutlon Graphics mode with =

288 x 16¢ matrix of, dots in the top pertion of the- screen and

four lines of text in the bottom pertien of the screen. INIT

also clears the screen.

SAR .Clears the screemy;- - 7 7 -

From BASIC: CALL 3886 (or CALL -122?4)

From machine language: JSR $Cﬂ£ {or JSR 8pggE)

This subroutine clears the High-Resdlution screen without

resetting the High-Resdlution Graphics mode.

pPLOT Piots a point on the screen.

From BASIC: CALL 378¢ (or ‘CALL -11583}

From machine language; JSR $c7C (or JSR SDH?C}

This subrcutine plots a single point on the screen. The

X and Y coodinates of the point are passed in locatiens BP8,

8g1, and 882 from'BASIC, or in thc A, X, and Y rcgisters from

The Y (vertical) ﬂnugﬁinate can be from ]

—mmbhiwa Tanonave..



High-Rcsloution Operating Subroutines ¥e

PLOT (continued)

(top of s;reen) to 159 (bottom of screen) and is passed in

iocation 882 oOT the A-register; but the X (horizontal} ﬁuordinate
can Tange from P (left side of screen) to 279 (right side of screen)
and must be split between locatlions ggp (X MOD 256) and 3&1

(X/256) .07, from machine language, between régistcrs X (X LO)

and Y (ﬁ H1). The color of the point to - be piotted must be set

in 1ocatiunf812 (332C). Four colors aTe possible: p is BLACY,

85 ($55) js- GREEN, 178 {$AA) 1is VIOLET, and 255 ($FF) is WHITE.

-
4

POSN Positions a point om the screen.

From BASIC: CALL 3761 (or CALL ~-11599]

From machine language: JSR $c26 (or JSA 4pgze)

This subroutine does all calculations for a PLOT, but does
not plot a point (it leaves the screen unchanged). This is useful
when used in cohjuﬁétion with LINE or SHAPE (described later).

To use this subroutine, set up the X and Y coordinatcs just the =

sane as for PLOI; Tﬁa_qolor ‘iR locatlnn 812 ($32E] is ignorcd

L Bosws 0 1ine cu- 1o =UTeIbN.

Fritee



y-Resolution Operating Routines T

LLEE Draws a line on the scresn.

From BASIC: CALL 3786 (or CALL ~11574)

From machine language: JSR $C95 for JSA $Dgss)

This subroutine draws a line from the last poxnt PLOT;ed

or POSN'ed to the point specified. One endpoint is the last point
PLOTted or POSN'ed; the other endpoint is passed in the same mannel
‘as for a PLOT oxr POSN. The color of the 1ine is set in location
812 (§32C). After the line is drawn, the new endpoint becones the

base endpoint for the mext line drawn.

SHAFPE Draws a predefined shape on the screen.
From BASIC: CALL 38g5 {or CALL -11555)

From machine language: JSR $DBC {or JSE SDIBC}

This subroutine draws a predefined sgape on the screen at
the point previously PLOTted or POSN'ed. The shape is defined
by =& table of vectors in memory. (How to create a vector table
will be dcscr1bed later). The starting address of thls table'
" should be passed in locations 804 and 805 from BASIC .or in%the -
Y and X registers from machlne language. The ceolor of the shape
yuld be passed in location 28 ($1C).
There are two special variables that are used only with shapes?

‘the $caling factor and the rotation factor. The scaling factor

deternines the relative size of the shapeé& A scaling factor of

a9 -



High-Resolution Operating Subroutines 7

-

SHAPE {continued)

1 will cause the sﬁapc to be drawn true size, while a scaling

factor of 2 will draw the shape double size, etc., The scaling
factor is passed in location 3¢6 from BASIC or $32F from machine -
language. . The rotation factor specifies one of 64 possihle angicsr 1S
of rutation fur the shape. A rotation factor of P will cause the’
shape to be drawn right-side up, vwhere a rotation factor if 16

will draw the shape rotated 90° clockwise, etc, The rotation

factor is passed in location gp7 foom BASIC of in the A-registerx

from machine language.

The table of vectors whgch'dafines the shape to be drawn is
a series of bytes stored in memory. Each byte is divided into
three sections, and each section specifies whether or not to plot
a pniﬁt and also.a direction to move {up, down, left, orT right).-
The SHAPE subroutine §teps.through the vector table byte by byte,
and then through each byte sactiﬁn by section, When it reaches -
a g byte, it is flnished |

. The three sections are arranged in .a byte l1like this:
: Dp= $& Move T

7T ¢ & s T4 T3 2} v} ® - as
o - D i 0 ‘D @ %
e ° g % : ¥ i 1 o Ly S S
S T .
Sachenm 3 Scchew T . S e st | LI +

Each bit pair DD specifies a direction to move, and the two bits
P specify whether or not to plot a point before moving. Notlece
that the last section (most significant bitrs) does not have a P

field, s0 it can only be a move without plotting. The SHAPE



gh- Resclution Operating Subroutines 2

SHAPE [continued)

subroutine processes the sactions from right to left (least
sisnificant pbit to most significant bit). IF.THE REMAINING SECTIORS
OF THE BYTE ARE ZERO, THEN THEY ARE IGNORED. Thus, the byte

cannot end with sections of gp {(move up withoutl plotting)--

Here is an example of how to create a vector table:

Suppose we want to draw a shape like thig: e T ‘e

- -
- »
o @

.rst, draw it on graph paper, one dot per square. Then decide
where to start drawing the shape. Let's start this one in the centeT,
Next, we must draw a path through cach point in the shape, using

only 90° sngles on the turnsz

Next, re-draw the shape as 2 series of vectors, each one moving

one place Up, down, left, or‘r1ght, and distlngulsh the vectors that

. . : el o :
plot a peint before mOVIME: ; .
- PR IREG N
. . v I L2
. . - “% *

Now nynwrap” those vectors and write 'them in'a =traight line.
. P b4

Jyebe THPN: 7'-70-?'-}\1/@&&4-6

low draw a table 1like the one in Figure 1. For each vector in -the
line, figure the bit code and pla&c‘it in the next available section
in the table, If it will not fit or is a ¢p st the end of a byte,

then skip that section and go on tqﬂthm&next. When you have finishe

e



High-Resolution Operating Subroutines %

SHAPE (continued)

2HAE

coding all vectoTs, check your work to make sure it is accurate,
Then make another table (as in figure 2) and re-copy the coded
vectors from the first table. Then decode the vectoT information
into a series of hexadecimal bytes, using the hexidecimal code
table in figure 3. This series of hexidecimal bytes is your shape
definition table, which you can now put into the Apple I1's memory

and use to draw that shape on the scresen.
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RGD'S COLOR PATTERN

PROGRAM DESCRIPTION

ROD'S COLOR PATTERN is a simple but eloguent program. It generates a
continuous Flow of colored mosaic-]ike patterns in a 4@ high by 40 wide
block matrix. Many of the patterns genmerated by this program are pleasing
to the eye and will dazzle the mind for minutes at a time.

REQUIREMENTS
4K or greater Apple 11 system with a color video display.
BASIC is the programming language used.

PROGRAM LISTING

534



PROGRAM LISTING: PONG
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COLOR SKETCH

?_1

PROGRAM DESCRIPTION

Color Sketch is a 1ittle program that transforms the Apple Il into an
artist's easel, the screen into a sketch pad. The user as an artist

has a 4@ high by 4¢ wide (1608 blocks) sketching pad to fi11 with a
rainbow of fifteen colors. Placement of colors is determined by
controlling paddle inputs; one for the horizontal and the other for

the vertical. Colors are selected by depressing a letter from A through
P on the keyboard.

An enormous number of distinct pictures can be drawn on the sketch pad
and this program will provide many hours of visual entertainment.

REQUIREMENTS
This program will fit into a 4K system in the BASIC mode.
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MASTERMIND PROGRAM

PROGRAM DESCRIPTION

MASTERMIND is a game of strategy that matches your wits against Apple's.

The object of the game is to choose correctly which 5 colared bars have

been secretly chosen by the computer. Eight different colors are possible
for each bar - Red (R), Yellow (Y), Violet (V), Orange (0}, White (W), and
Black {B). A color may be used more than once. Guesses for a turn are

made by selecting a color fcr each of the five hidden bars. After hitting
the RETURN key Apple will indicate the correctness of the turn. Each white
square to the right of your turn indicates a correctly colored and positioned
bar. Each grey square acknowledges a correctly colored but improperly posi-
tioned bar. No squares indicate you're way off.

Test your skill and challenge the Apple II to a game of MASTERMIND.

REQUIREMENTS
8K or grezter Apple II computaer system.
BASIC is the programming language.

. 59 -»



PROGRAM LISTING: MASTERMIND
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BIORHYTHM PROGRAM

PROGRAM DESCRIPTION
This program plots three Biorhythm functions: Physical (P), Emotional (E),
and Mental (M) or intellectual. A1l three functions are plotted in the

celor graphics display mode.

Biorhythm theory states that aspects of the wind run in cycles. A brief
description of the three cycles follows:

Physical

The Physical Biorhythm takes 23 days to complete and is an indirect indicator
of the physical state of the individual. It covers physical well-being, basic
bodily functions, strength, coordination, and resistance to disease.

Fmoticnal
The Emotional Biorhythm takes 28 days to compiete. It indirectly indicates
the level of sensitivity, mental health, mood, and creativity.

Mental

The mental cycle takes 33 days to ccmplete and indirectly indicates the level
of alertness, logic and analytic functicns of the individual, and mental recep-
tivity.

Biorhythms

Biorhythms are thought to affect behavior. When they cross a "haseline" the
functions change phase - become unstable - and this causes Critical Days. These
days are, according to the theory, our weakest and most vuinerable times. Acci-
dents, catching colds, and bodily harm may occur on physically critical days.
Depression, quarrels, and frustration are most Tikely on emotionally critical
days. Finally, slowness of the mind, resistance to new situations and unclear
thinking are 1ikely on mentally critical days.

REQUIREMENTS
This program fits into a 4K or greater system.
BASIC is the pregramming language used.
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DRAGON MAZE PROGRAM

PROGRAM DESCRIPTION

DRAGON MAZE is a game that will test your skill and memory. A maze is
constructed on the video screen. You watch carefully as it is completed.
After it is finished the maze is hidden as if the lights were turned out.
The object of the game is to get out of the maze before the dragon eats
you. A reddish-brown square indicates your position and a purple square
represents the dragon's. You move by hitting a letter on the keyboard;

U for up, D for down, R for right, and L for Teft. As you advance so
does the dragon. The scent of humans drives the dragon crazy; when he is
enraged he breaks through walls to get at you. DRAGON MAZE is not a game
for the weak at heart. Try it if you dare to attempt out-smarting the
dragon.

REQUIREMENTS

8K or greater Apple II computer system.
BASIC is the programming Tanguage.

P .
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DRAGON MAZE cont.
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APPLE II FIRMWARE

CONTENTS
1. System Monitor Commands
2. Control and Editing Characters
3. Special Controls and Features
4, Annotated Monitor and Dis-assembler Listing
5. Binary Floating Point Package
6. Sweet 16 Interpreter Listing

7. 6502 Op Codes
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System Monitor Commands Y,

Apple II contains a powerful machine level monitor for use by the advanced
programmer. To enter the monitor either press RESET button on keyboard or
CALL-15T {Hex FF65) from Basic. Apple I will respond with an "*" (asterisk)
prompt character on the TV display. This acticn will not kil] current BASIC
program which may be re-entered by a C® (control C). NOTE: “adrs” is a
four digit hexidecimal number and "data" is a two digit hexidecimal number,
Remember to press "return" button at the end of each line.

Command Format Example Description

Examine Memory

adrs *C@F2 Examines (displays) single memory
tocation of (adrs)

adrst.adrs2 *1924.1¢48 Examines (displays) range of memory
from (adrsl) thru {(adrs2)

(return) * (return) Examines (displays) next 8 memory
Tocations.

.adrs? *_ 4096 Examines (displays) memory from current

location through lccation (adrs2)

Change Memory

adrs:data *A256:EF 20 43 Deposits data into memor i
: starting at
data data . Tocation {adrs). Y ’
:d;ti data *:Fd A2 12 Deposits data inta memory starting
ata after (adrs) last used for deposits.

Move Memory
adrsl<adrs?. *100<B019.B41gM Copy the data now in the MEMoTy range

adrs3M from (adrs2) to (adrs3) into memory
locations starting at (adrst).

Verify Memory

adrsT<adrsz. *120<BR1P.B4 gV Verify that hlock of data in memory
adrs3y range from (adrs2) to (adrs3) exactly
matches data block starting at memory
Tocation (adrsT) and displays
. differences if any.



Command Format

Example

Cassette I/0

adrsl.adrs2R

adrsi.adrsZW

Display

Dis-assembler

adrsL

Mini-assembler

(Turn-on)

$(monitor
command)

adrs: (6502
MMEMONIC
instruction)

*308.4FFR

*30P. 9FFW

*1

*N

*CBaaL

18

*F666G

1$C8PAL

CR1Q:STA 23FF

Descripticn n

Reads cassette data into specified
memory (adrs) range. Record length
must be same as memory range Or an
error will occur.

Writes onto cassette data from speci-
fied memory {adrs) range.

Set inverse yideo mpde. (Black characters
on white bac ground?
Set normal video mode. (White characters
on black background)

Decodes 2§ instructions stariing at
memory {adrs) into 6502 assembly
nmenonic code.

Decodes next 2f instructions starting
at current memory address.

Turns-on mini-assembler. Prompt
character is now a "!" {exciamaticn
point).

Executes any monitor command from mini-
assembler then returns control to mini-
assembler. Note that many monitor
cormands change current memory address
reference so that it is good practice
to retype desired address reference
upon return to mini-assembler.

Assembles a mnemonic 6502 instruction
into machine codes. If error, machine
will refuse instruction, sound bell,
and reprint line with up arrow under
error.



Command Format Example

(space) {(65@2 ! STA O1FF
mnemonic
instruction)

(TURN-OFF) ! {Reset Button)

Monitor Procgram Execution and Debugging

adrsG *330G
adrsT *3FAT
adrsS *CESPS
wC
{Control E) E
(Control Y) #yC

Note 11

Description r‘
[

AssembTes instruction into next
available memory location. (Note
space between "!*" and instruction)

Exits mini-assembler and returns
to system monitor.

Runs machine Tevel program starting
at memory {adrsj.

Traces a program starting at memory
location {adrs) and continues trace
until hitting a breakpeint. Break
occurs on instruction @F {BRK), and
returns control to system monitor.
Opens 65@2 status registers {see note 1}.

Single steps through program beginning
at memory location {adrs). Type a
Tetter S for each additional step
that you want displayed. Opens 650:
status registers (see Note 1).

Displays 6582 status registers and
opens them for modification (see Note 1).

Executes user specified machine
language subroutine starting at
memory location (3F8).

6502 status registers are open if they are Tast line displayed on screen.
To change them type ":" then “"data" for each register.

Exampie: A =3C X = FF
*: FF

. FF 68 33

Y=@f P=232 5 =F2
Changes A register only
Changes A, X, and ¥ registers

To change S register, you must first retype data for A, X, Y and P.

Hexidecimal Arithmetic

datai+dataz *78+34

datal-dataz *AE-34

o Kot

Performs hexidecimal sum of datal
plus dataZ.

Performs hexidecimal difference of
datal minus datal.

e
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Compand Format Example Descrigtioﬁ )

Set Input/Output Ports

{X) {Control P) #5pC Sets printer output to I/0 slot
number (X). (see Note 2 below)

{X) (Control K) xpxC Sets keybeard input to 1/0 slot
number (X). (see Note 2 belew)

Note 2:

Only slots 1 through 7 are addressable in this mode. Address g (Ex: gpt

or GKC) resets ports to internal video display and keyboard. These commands
will not work unless Apple II interfaces are plugged into specificed I/0
slot.

Multiple Commands

*T@aL 499G AFFT Multipie monitor commands may be

given on same Tine if separated by
a "space"”.
*LLL Single letter commands may be

repeated without spaces.



SPECTAL CONTROL AND EDITING CHARACTERS

"Control” characters are indicated by a super-scripted "C" such as G°. They
are obtained by holding down the CTRL key while typing ths specigied Tetter.
Control characters are NOT displaved on the TV screen. B and ¢~ must be -
followed by a carriage return. Screen editing characters are indicated by a
sub-scripted "E" such as Dr. They are obtained by pressing and re¢leasing the
ESC key then typing specified letter. Edit characters send information only
to display screen and does not send data to memory. For example, UC moves to
cursor to right and copies text while Ag moves cursor to right but does not
copy text.

CHARACTER DESCRIPTION OF ACTION

RESET key Immediately interrupts any program execution and resets
computer. Also sets all text mode with scroiling window -
at maximum. Control is transfered to System Monitor and
Apple prompts with a "*" (asterisk) and a bell. Hitting
RESET key does NOT destroy existing BASIC or machine
Tanguage program.

Lontrol B If in System Monitor {as indicated by a "*"}, a control
B and .a carriage return will transfer control to BASIC,
scratching {killing} any existing BASIC program and set
HIMEM: to maximum installed user memory and LCMEM:
to 2048.

Controi C If in BASIC, halts program and displays 1ine number
where stop occurred*. Program may be continued with a
CON command. If in System Monitor, (as indicated by "*"},
control € and a carraige return will enter BASIC without
ki1ling current program.

-Control G _ : Sounds bell (beeps speakar)
‘Control H ' Backspaces cursor and deletes any overwritien characters
_ from computer but not from screen. Apply supplied
keyboards have special key "+" on right side of keyboard
that provides this functions without using control button.
éﬁntrol J Issues Tine feed only
Control V - Compliment to HC.. Forward spaces cursor and copies over
' written characters. Apple keyboards have "=»" key on
right side which alsc performs this function. -
Control X Immediately deletes current line. -

% If BASIC program is'expecting'keyboard input, you will have
to hit.carriage return key after typing control C.

I
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SPECIAL CONTROL AND EDITING CHARACTERS

(continued}

CHARACTER DESCRIPTION OF ACTION

AE Move cursor to right

BE Move cursor to left

CE Move cursor down

DE Move cursor up

EE Clear text from cursor to end of iine

FE Clear te;t from cursor to end of page

@E Home cursor to top of page, clear text to end

of page.



%

Special Controls and Features

Hex BASIC Example Description

Display Mode Controls

CPs0 19 POKE -16304,p - Set color graphics mode

Cps1 29  POKE -16393.9 Set text mode

£p52 3¢ POKE -16392,p Clear mixed graphics

£p53 49  POKE -16391.P Set mixed graphics (4 lines text)

£p54 5@  POKE' -163P9.p - Clear display Page 2 (BASIC commands
P S use Page 1 only)

C@s55 69 . POKE -16299,p Set display to Page 2 (alternate)

Cp56 78 - POKE -~16298,p Clear HIRES graphics mode

Cs7 83 POKE -16287.p Set HIRES graphics mode

TEXT Mode Controls

ppze 89 POKE 32,L1 Set left side of scrolling window
: to location specified by L1 in
range of @ to 39.

2921 199 POKE 33,W1 Set ﬁindoﬁ width to amount specified
) by W1, L1+W1<49. W1>9
gpe2 118 POKE 34,T1 " Set window top to . line> specified
| S ' by T1 in range of @ 10723
gp23 - 12p POKE 35,B1 Set window bottom to 'lﬁﬂéi specified
' ' by 81 in the range of @ to 23. Bi>T}

ép24 139 EH=PEEK(36) o Reéd/set cﬁsor horizontal position

149 POKE 36,CH in the range of @ to 39. If using

159 TAB{CH+T) TAB, you must add 1" to cusor position

read value; Ex. 140 and 150 perform
identical function.

2925 169 CV=PEEK(37) - o Similar to above. Read/set cusor

179 POKE 37,CV ' ~ vertical position in the range § to
189 VTAB(CV+1) 23. :
gp32 .~ 19p POKE 59,127 - Setinverse flag if 127/ (Ex. 199)
B 209 POKE 58,255. Set normal flag if 255(Ex. 299)
FC58 219 CALL —936 3 (ég) Home cusor, clear screén
Fc42 22p CALL -958 . i " _{Fg) Clear from cusor to end of page
- =

e ————
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T
Hex BASIC Example : Description i

Fcoc 239 CALL -868 (EE) Clear from cusor to end of line

FCo6 249 CALL -922 (JC) Line feed

FC79 259 CALL -312 Scroll up text one line

e oo ot

Miscellangous
Cp3p 36p X=PEEK{-16336) Toggle speaker
365 POKE -16336,8

coed 37p X=PEEK({-16384 Read keyboard; if X>127 then key was
pressed, :

CP1p 38p POKE -16368,8 Clear keyboard strobe - always after
reading keyboard.

Cpe1 399 X=PEEK(16287) Read PDL(@) push button switch. If
X>127 then switch is "on".

362 4¢P X=PEEK({-16286) Read POL(7) push button switch.

P63 419 X=PEEK(-16285 Read PDL{2) push buttcon switch.

Cps8 42p POKE -16296,9 Clear Game I/0 ANP output

Cpo9 439 POKE -16295,9 Set Game I/0 ANP ocutput

CPsA 44p POKE -16294,8 Clear Game 1/0 AN cutput

CobB 459 POKE -16293,9 Set Game I/0 AN1 output

CosC 4gp POKE -16292,9 . Clear Game 1/0 ANZ.Output

CpsD 470 POKE.-16291,0  Set Game 1/0 AN2 output

CoSE 489 POKE -16280,0 Clear Game 1/0 AN3 output

CpsF 49¢ POKE -16289,8 Set Game I/0 AN3 output




PRZEARE RIS RRESE LR S R 8 b LA AN

* L
* APPLE II -
* SYSTEM MORITOR *
* *
* COPYRIGHT 1977 BY *
* ADPLE COMPUTER, INC. *
* . 3
* ALL RIGHTS RESERVED *
& *
¥ 5. WOZNIAXK *
* A. BAUM *
® -
P Y 222222222 2R 2 22 20 & 0 8
TITLE “APPLE II SYSTEM MONITUR-
LOCT £92 500
Locl EPZ 301
WHDLEFT EPZ  S20
WHOWDTH gez  §21
WNDTOP Epg 522
AHDBTM EFZz 523
CcH £pZ 524
o EPZ S25
GBASL EBZ 526
GBASH EPZ  $27
BASL ®PZ 528
BASH ERZ  S$79
BASIL EPZ  $2A
3AS52H EPZ  $2B
a2 EPZ  S2C
LMHEM EPZ  $2C
RTHL EP?  S2C - -
v2 EPZ 52D
RMMEM EPZ 82D
RTNH EP? 32C
MASK EPZ  SIE
CHKSUM EPZ S2F
FORMAT EPZ $2%
LASTIN EPZ  S2F
LENGTH EPZ S$2F
SIGN EPZ S2F
COLOR EPZ 530
HODE EPZ §31
INVFLG EPZ $32
PROMPT EPZ $33
¥SAV EPZ  $34
YSAV] EPZ 535
CSWL EPZ S$36
CSWH EPZ 537
KSWL EPZ $38
KsWH EPZ 539
PCL EP3  $3A
PCH EPZ S3B
X0T . EPZ §3C
AlL EPZ 53¢
31H TPZ 53D
A2L EPZ S3E
azg - EPZ $3F
A3L EBZ S40
A3 EPZ 541
A4L EPZ $42
144 EPZ 543
ASL TEPZ 544
ASH  EPZ 845
o B
v
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F800:
P80L1:
FEO2:

. FBOS5:

FB0&:
FROA:
FBOA:
FRO0C:
FHOE:
F8lo:
FB1Z2:
FB1 4:
FB1&:
Fgla:

' F819:

PRIC:
F8lE:
FR20O:
F821:
FE24:
FB2b:
Fi28:
Fg29:
FR2C:
FE2D:
FB2F:
F831:
F832:
F834:
Féd36:
FA38:

FE3A:
F83C:
FB3E:
Faa0:
F343:
rB44:
Fadg:
FE4T
FH4E:
Fid49:
Fa4BE:
34D
FR4F:
Fa50:
FE52:
FA54:
FBS6:

AR
08
0
28
AY
24

-69

45
al
45
25
51
91
60
Z0
c4
at
ca
20
90
69
48
20
68
cs
90
80
AQ
oo
AQ
84

Al
A9
25
20
Ba
io
60
48
45
29
09
B3
63
29
90
69
85

47

3
o4

£

18
02

+ F

6

F&

F8

F&

F8

F&

aCC
EPEG
YREG
S5TATUS
SPWT
RNDL
FNDH
ACL
ACH
XTalL
ponainl:l
AQKL
AUXE
PICK
Iiw
USHADR
I
IFOLOC
ICADR
Ko
EEDSTRR
TAPESOT
SPRR
LTXICLR
TETSET
MIXCLR
KIXSET
LOWSCR
HI8CR
LORES
HIRES
TAPSIN
PADOLD
PTRIG
BASIC
BASICZ

PLOT

RIMASY
PLGTL

HLINE
HLINEL

VLINEZ
VLINE

RTS1

CLRSLR
CLRTOP
CLESC2

CLPSC3

SersCALD

GECALC

EFZ
EPZ
EPZ
gPZ
RE2
gP7

STA

543

548

547

548

545

q4E

S4F

557

551

552

553

54

555

5495

SR230 .

S03F8 v

3D3FE

SJU3FE

SCCO0

SCo0o

3C010

2C028

sC0348

3C050

5C0E5]1

SL052

$C053

ACG54

50055

sC05e

SCOST

sC060

SCG64

$Cova

SE000

SEOQ2

SE3040 ROM START ATDRESS

A ¥-COORDFZ
SAVE LSB IN CARRY

GEASCALC CALC BASE ADR IN GEASL.H
RESTQRE LSB FROM -CARRY

§SOF MASE $OF IF EVEN
RTMASK
#SED MASK SFO IF ODD
NASK
{GBASL},7 DATA
COLOR AOR  COLOF
HASK ANTI MASK
{GRASL) ,¥ X0 DATA
{GBASL) , ¥ TO DATA
PLOT FLOT SOUARE
H2 DONE?
rrSl ¥Y#S, RETURN

WO, INCR INDEX (X-COORD)
PLOTY PLOT NEXT SOUARE
HLINEL  ALWAYS TAKEN
$301 HEXT Y-COORD

SLVE O8 STACK
PLOT PLOT SQUARE
V2 NUNE?
VLINEZ KO, LOOP.
352F MAX Y, FOULL SCRS CLR
CLRSCZ  ALWAYS TAKEN
£327 MAX ¥, TOP SCRW CLR
V2 STORF AS R0OTTCY COCRD
YLINE CALLS
527 FIGHTHCST X-CUQGD (COLUMNY
28D T0® COOPD FOR VLINE CALLS
COLOR CIREAR COLOR (BLACK)
VLINE FRAN VLINT

NEXT LEFTMOST Y-CLQRD
CLRTC3 LUOE UNTIL DONE.

FOR IWeUT GO0DEEGF

+503
1504 CERERATE GHASHE=GQOCINIFEG
GIARH
AN SRPASL=HOEDE 030

$318
CACALL R—
$STF :
SAASL 7 7&*

o

n



FA58:
FB59:
FHSA:
FRSC:
FB3E:
FESF:
F8&1l:
Fasz:
F#b4:
FdG&:
FB&Es
F869:
FBBA:
F86B8:
FB6C:
FA6E:
Fa870:
FB7L:
F872:
FETA:
F876:
Fa7a:
F579:
FETB:
FBIC:
F370:
FB7E:
FB7F
FAgl:
FEEZ:
F&84:
FEEE:
F489:
FRBC:
FBEBE:
FedfF:
PB%G:
FHS9Z:
FE%3:
F5495:
£E897:
FBY9:
FRO3:
F&acC:
FyIn:
PEAQ:
FRAZ:
FBAS:
FRAT:
FEaS:
Faasa:
FEAD:
FAAF:

F8el:
Fghbi:
Fgs4:
Fga6:
7887:
FBB&:
FEBA:
F8BC:
F3BE:
FEBF:
FBCL1:
F8CZs
FBC3:
F8C5:
FgCe:
Ff8C3:
FECS:
FECA:
Facc:
FRCD:
FBDO0:
F803:
FBD4:
F8D6:
FEDO:
FEDB:
FEDE:
FREQ:
FEELl:
F8E3:
FBES:

[02:%
[
05
BS
60
AS
13
¥
29
3=}
[+
03
34
DA
Gs
i3
60
4a
08
20
Bl
28
a0
458
42
4z
48
29
a0
Ak
a4
20
24
a1
Ag
43
30
oY
230
co
FU
29
43
AA
B
20
Dag
AD
49
a2
BD
8%
z3

35
93
29
AR
98
AQ
EQ
FO
42
90
42
4A
09
a8
o
CB
86
Do
60
FF
20
48
Bl
20
A2
20
C4
ca
20
A2
co

30

03
oE
kLY

30
30

e

26
04

oF

A
3B
96
48
3

05

14
A2
oc

87

.

04
80
T
A6

2E
03

2F
BF
03
BA

cB

08

20

FA

F2

F¥
B2

A
DA

4a
2F

Fl

03
04

Fe

Fi

Fo

Fr
F8

FD
Fa

NRETCOL

IETCOL

SCFN

SCRNZ

IMNSDR2

-l
el
b}

GEILFRT

VINDXL

MHNDX2

MNKDX3

INSTDSP

PENTOP

PRNTHBL

eROY

GEASCALC
{GEA5L) .Y

RYTMSK?Z
3

3

A

A

#50F

BCL
eCr
PRYX2
PRALNK
{£CL, 2}

INCREVEST COLOR 2Y 3 b

SETS CQOLDR=17*a MOD lé

POTA FALE ¢PYIES QF COLOR EQUAL

9FAD ECPEEN Y-COORD/2
SAVE L33 (CAFRY)
CALC BASE ADDRESS
ZET RYTE
RESTORE LSP FPOM CARPY .
IF EVEN, U3S& LO H

SHIFT HIGH HALF BRYTE DOWN
NBSH 4-RITS

PRINE PCL,U

FOLLOWED 3¥ A 2LANK

CET QF CODRR

FUIVM/QDD TEST

arT 1 TEST
X¥XXXXLL INVALIE OF

OPCORE 559 IWVALID
“tASk DITS
LS8R INTD CARFY FOR L/P TEST

FMTl,%  GET FORMAT [NDEX BYTE
3CRN2 R/L H-DYTE ON CARRY
GRTERT
2§50 SuPSTTPUTR SHO FOR INVALID OPS
150 SFT PRINT FOBYAT INDEX TO 0
FHT2,X INDGX INTO PRINT FORMAT TABLE
FOR“AT  SAVE FOR ADR FIELD FORMATTING
£5023 MAEX FOR 2~BIT LENCTH
(F=1 BRYTE, 1l=2 AYTE, 2=3 BYTE)
LENGTH
CPCOOE
154F MASX FOR 1XX¥10l0 TEST
SAVE IT
QPCOOE TG A AGAIN
4503 .
1588
MNNDX3
L
MNEDX3  FORM INDEX ENTO MNEMONIC TABLE
A
A 1) 1XXX1010=>00101%¥%
4520 2) XXXYYYGl=>C0111XXX
3) KXXYYY10=>Q0110XXX
MNNDX2 C4) XXXYY100=>00100%XX
5 XXXXXO00=>000LXXLK
MNNDRL
$FF,$FF,$FF
INSDS1  GEN FMT, LEN BYTES
SAVE MNEMONIC TABLE INDEX
{PCL), ¥
PRBYTF,
#s01 PRINT 2 BLANKS
BREL2
LENGTH  PRINT INST (1-3 BYTES)
IN A 12 CHR FIELD
BPRNTOP
$503 CHAR COUNT FOR MNEMONIC PRINT
$504 .-

78 | .

3

"



¥

FHE7:
FBE9:
FBEA:
F8EB:
FB8EE:
FBFO:
FAF3:
FBF5:
Far7:
FAF9:
FAFB:
FHFD:
FEFE:
FEPF:
F901:
F903:
F906¢:
F907:
F909:
F90C:
F90E:
F910:
F9l2:
F914:
F9l6:=
F918:
P91B:
PO1E:
921z
F923:
F926:
F927:
F929:
F92Azs
F32ZB:
F92D:
F930:
F932:
F934:
F936:
F9348:
FO3Br
F93C:
F93D:
FY93F:
Fo40:
Fodl:
FO44+
F945:
F948:
FO4a:
F94C:
FO4F:
F950:
F952:
F953;
F354:
F956:
F958:
F959:
F95B:
F950:
F93E:
F960:
P961:

Fre62:
FS653:
F967:
F96A:
F46C:
F96F1
F971:
FOT74:
F976:
F979:
F97B:
F97E:
F980:
FS83:
F985:
F%488:

30
68
A8
B9
85
B9
g5
A%
Al
08
26

58
Do

20
CA

20
a4

ED
FO
06
90
8D
20
BD
FO
20
ca
5o
60
88
30
20
a5
c9
Bl
30
20
AA
EB
Do
ca
g8
20
8A
aC
82
A9
20
ca
5o
60
38
A5
Ad
L.T-1
10
88
65
30
cs
50

04
Elt)
80
03
54
8¢
90
54
0D
30
29
oo
04
22
33
44

F2

co
2C
00
2D
00
05
2D
2C

F8
ED

EC
48
2F
26
a3
1C
ZE
OE
B3

BS

a3
ED

E7

E7
Ca
2E
EH
3A
F2
56

0i

ba

DA
03
Al
ED

F8

2F
38

01

3a
131

20
oD
04
22
33
a4
04
33
80
o4
54
890
94
44
0D
o0

Fg

Fa

FD

9

F9
F3

FD

FD

F9

FD

FD

FD

54
90
oD
20
04
3B
00

ce

PRMN]

BRMNZ

PRADRL

PRADRZ

FRADR3

PRADRA

PRADRS

RELADA

PRNTYX
PRHTAX
PRNTX

PREBLNK
BRSL2

PRBL3

PCADT
FCADJ2
PCADI3

PCADIS

RTS2

* % %

FMTLl

BCC PRNTEL
PLA RECOVER MNEMONIC INDEX
TAY

LBA  MNEML,Y

STA - LMNEM FETCH 3-CHAR MNEMONIC
LA MNEMR,Y {PACKED IN 2-BYTES)
5TA RMNEM

LD& #3000

LDY 4505

ASL RMNEM SEIFT 5 BITS OF

ROL. LMKEM CHARACTER INTO A
ROL A {CLEARS CARPY)

DEY

BNE PRMNZ

ADC  4$BF ADD “?" OFFSET

JSR COUT QUTPUT A CHAR OF MNEM |
DEX

BNE PRMNL

J5R PRBLNK OUTPUT 3 BLANKS

LDY LENGTH

LDX #3506 CNT FOR & FORWMAT BITS
CPX %303

BED PRADRS IF X=3 THEN ADDR.

ASL  FORMAT

BCC PRADR3

LDA CHAR1-1,%

JSR  COUT

LDOA CHARZ-1,X

REQ PRADR3

JER COUT

DEX

BNE PRADRI]

ATS .

DEY

BM! PRADR2

JSR PRRYTE

LDA  FORMAT

CMP #5E38 HANDLE REL 3DR MORE

Lba (PFCL),Y SPECIAL (PRINT TARGET,

BCC PRADRAY g0T QFFSET)

JSR PCADJI3

TAX BCL, PCH+OFFSET+1 TO A,Y
INX

BNE PRHATYX +1 TO Y.X

INY

TYA

JSR  PRBYTE QUTFUT TARGEIT ADR

TXA OF BRANCH AND RETURN

JMP PRBYTE

LDX #s03 ALANX COUNT

LDA  #SAD LCAD A SPACE

JSR COUT OUTRUT A BLANK

DEX

ENE PR3L2 LOOP UNTIL COUNT=0

R’RTS

SEC 0=1-3YTE,1=2=8YTE,

LA  LENGTH 2=3-BYTE

LDY PCH

T8 X TEST DISPLACEMENT SIGN

BPL BCADJ4 (FOR REL BRANCH}

DEY EXTEND NEG BY DECR PCH

anC  BCL

BCC  RTS2 PCL+LEMGTH{OR DISPL}+1 TO A
INY CARRY INTO Y (PCH}

RTS

FMT1 BYTES: XXAXXXXY0 INSTRS
1F ¥=0 THEN LEFT HALF BYTE
IF ¥=} THEN RIGHT HALF BYTE

{X=INCEX}

DFE  504,5%20,%54,530,50D

DFE $8(,504,590,503,522

DFE  $54,%33,50D,5%80,304

DFE  590,%04,520,554,%23

DFR  50D,$80,5%04,590,504

DFRE  S$20,%54,$33,50D,580

DFE  $04,%90,500,522,544

DFB

$33,500,5C8,544,560

L
2

T




F9BA: 11 22 44 .
F98D: 33 0D DFB 511,522,%44,533,50D
FORF: B 44 A9
F9%2: 01 22 DFE SC8,544,5A9,501,522
F994: 44 33 OD v
F$97: 80 04 DFE  $44,533,%0D,$80,504 H
F999: 30 0} 22 . ¢
F93C: 44 33 DFB  $90,S501,$22,544,533
F99E: 0D 80 04
F3Al: 30 LFB S0D,$80, 504,590
F3AZ: 26 31 87
F9A5: %A DFB  $26,531,377,59A 22XXXY01 INSTR'S
F9A6: QO FMT2 DFE 500 ERR
FaT7: 21 DFE  S$21 IMM
F9AB: 8l DFR  $81 Z-PAGE
Fo9a9: 82 DFR  $B2 ABS
F9aA: 00 DFB  $00 © IMPLIED
F9AB: CO bFE 00 ACCUMULATOR
FOAC: 59 DFE $59 {ZPAG, X)
F9a0: 4D DFE 54D {ZPAG), ¥
F9AE: 91 DFE  $91 IPAG,X
F9AF; 92 DFE  $92 ABS, X
FOB0: B€ DF2 586 ADS,Y
F9B1: 4A DF8  $4A {ABS}
FOB2: 85 DFE 585 IPAG,Y
F983: 9D OFE 59D RELATIVE
F9R4: AC A9 AC
A3 A8 A4
CHARL ABT My, (5"
FSBA: D% 00 D8
F9BD: A4 a4 00 CHARZ DFE  $DY,500,$D8,5A4,5384,300
*CHAR2: "Y",0,%%85",0
* MNEML IS OF FORM:
* (A} XXXXX000
= (B} XXXYY100
L (C)  1Xxx101¢
* (D)  XXXYYY1Q
* {E) XXXYYY01
* {X=INDEX]
F9C0G: 1€ 8a 1C
F9C3+ 22 5D 8B MNEML DFB  §1C,.$8A,S1C,523,55D,588
F9CE: 1B Al 9p
F9C%: 8a 1D 23 pFa  S18,5a1,%90,58A,51D,523
F9CC: S0 8B 1D
F9CF: Al 00 29 DFB  $9D,S588,510,8A31,500,529
F9D2: 19 AE 69
F9DS: A3 19 23 DFE  $19,5AE,56%,5A8,519,523
F9DB: 24 53 1B
FOpDB: 23 24 53 DFE8  §24,$53,$1B,$23,524,853
FODE: 19 Al DFE  519,%A1 (A} FORMAT ABOVE
F9EQ: 00 1A 5B
F9E3: 5B AS 69 DFE $00,51A,55B,S52,5A5,569
FY9E6: 24 24 DFB  $24,524 (B) FORMAT
FYE8: AE AE ASB
FYEE: AD 29 0¢ OFR  $AE,SAE,$AS,S5AD,$29,500
F8EE: 7C 09 DF2  §7C,S00 . (C) PORMAT
F9F0: 15 8C 6D
F9F3: 9C A5 $9 DFB  $15,%9C,$6D,$9C,$A5,569
FIF6: 29 53 DFE  $29,553 (D) FORMAT
FO9F8: B4 13 34
FYFB: 11 AS &9 DFB  $84,513,534,%11,545,569
FOFE: 23 A0 DFE §23,$A0 (£) FORMAT
FADC: D8 §2 5a
FAQ3: 48 26 £2 MNEMR DFB  SDB,$62,55A,548,525,562
FAOG: 94 B8 54
FAU9: 44 CB 54 DFE  $94,588,354,544,5C8,554
FAOC: 68 44 &8
FAQF: 94 00 B4 DF® 56B,544,3EE,894,500,3534
FA12: 08 B4 74
FAlS: B4 28 6E "DFE  $0B8,$84,574,584,528,56E
FAl8: 74 F§ CC
FAlB: 4A 72 F2 DFE  $74,$F4,5CC,544,572,8F2
FALE: A4 B8A DFE  $A4,$8A (A} FORMAT
FA20: 00 AR AZ
FA23: A2 74 74 DFE  S$00,53AA,$A2,3R2,%74,574
FA26: 74 72 DFB 574,572 [B)Y FORMAT
FA28: 44 68 B2
FAZB: 32 B2 GO DFB  $44,%68,582,$32,5B82,300
FA2E: 22 00 ODFR  $2%,500 (C) FORMAT
FA3O0: 1A 1A 26
FAd3: 26 72 72 DFE  S1A,31A,376,%26,572,572
FA36: 8B C8 DFE  S8E,5CE (D) FORMAT
FA38: €4 CA 26 —_—
FA3E: 48 44 44 i DFB §C4,5CA,526,84E,544,544
FA3E: A2 C8 80 | DFE SA2,5C8 (E) FORMAT
[ = . m




Fasgls
Fad3:
TAAG:
TA4T:
FA49:
Fada:
Fa4C:
FA4E:
FAS1:
FAS3:
FAS4:
FASH:
FASA:
FRSA:
FASL:
FASE:
FR6EO:
FA&2:
FAG4:
FAGG:
FAGH:
FAGA:
FARC:
FAGE:
FATO:
FARTZ:
FA74d:
FA76:
FAT78:
FATAL
FATD:
FATE:
FABD:
FAB3:
FABG:
FABA:
FABG:
FABA:
FABB:
FABC:
FABD:
FABT:
FA92:
FAS3:
FR9G:
FADT:
FA99:
FASA:
FAYC:
FROF:
FAAZ:
FAAS:
FABG:
FRAT:
FARD:
FAAAC
FAACH
FAAD:
FRAAF:
FABL:
FAB4:
FABG:
FAB7:
FAB9:
FABA:
FAED:
FABE:
FABF
FACG:
FACL:
FACZ:
FaC4d:
FACS:
FaCT:
Fald:
FALCY:
FaCB:
FACD:
FACP:
FADL:
FAD3:
FADE:
FADG:
FaD7:
FADA:
FADC 2

FF
20
68
8BS
68
a5
a2
BD
95
ca
né
Al
FO
A4
c9
o
c3
FO
c9
FO
€9
Fo
Cc9
FO
29
49
c9
FO
g1
39
88
10
20
4C
a5
68
438
da
0A
0a
390
6C
28
29
68
83
68
85
20
20
4C
1a
68
85
638
85
68
as
AS
20
g4
18
90
i8
29
an
98
48
A
48
A0
18
Bl
AR
88
Bl
86
85
BO
A5
48
A5
48
290
A9
85

FF FF

Do
pins

2D
[02:]
1g
ac

Fé
i
42
2F
20
53
60
45
4C
sC
6
53
40
35
1F
14
04
02
a
ic

g
¥

3C
45

03
FE

4C

3a

‘3B

az
DA
65
48
3Aa

3B
2F

56
3B
14

54

Q2
3a
3a
3B
3a
2D
2C
8E

45
40

F8

FB

g0

FF
00

o3

FF

F8
Fa
33

F9

F9

FD

STEP

XCINIT

xgl
xQz

IRG

BREAK

XEEK
XRTI
XRTS
PCINCZ

PCINC3

X3S5R

XIMP
XJHMPAT

NEWPCL

RTNIAP

REGDSP
RGDSPL

P

81

$FF, SFF, STF
INSTDSP DISASSEMBLE OWE INST
AT (PCL.H)
RTHL ADJUST TO USER .
STACK. SAVE v
RTHH RTH ADR. .
$308 _ L.
INITSL—1,X INIT XKEQ AREA
x0T, X :
XQINIT
(PCL,X) USER DPCODE BYTE
XBRK SPECIAL IF RREAK
LENGTH  LEN FROM DISASSEMBLY
3320
X3ISE HANDLE JSR, PTS, JMP, |
© 4560 JMP ( ), RTI SPECIAL
XRTS
854C
ARt
£36C
XTMEAT
2540
XRTT
$S1F
4514
1504 COPY OSER INST TO XEO AREA
X2 WITH TRALLING NOPS
(PCL),¥ GHANGE REL BRANCH
XOTNZ , Y DISP TC 4 FOR
JMP TO BRANCH OR
X0l NBRANCE FROM XEQ.
RESTORE RESTORE USER REG CONTENTS.
XQTNE XEQ USER OF FROM RAM
acC {RETURN TO NERANCH)
**TR{) HANDLER
A
A
A
BREAK TEST FOR BREAK
(IRAOLOC) USER ROUTINE VECTOR IN RAM
savl SAVE REG'S ON BREAR
INCLUDING PC
BCL
PCH
INSDS1  PRINT USER PC.
RGDSPL AND REG'S
MON GO TO MONITOR
SIMULATE RTI BY EXPECTING
STATUS STATUS FROM STACR, THEN RTS
RTS SIMULATION
PCL EXTRACT PC FROM STACK
AND UPDATE BC BY 1 {LEN=0)
PCH
LENGTH  UPDATE PC BY LEN
BCADJ3
PCH
NEWPCL
PCADIZ  UPDATE PC AND PUSH
ONTO STACK FOR
JSR SIMULATE
£502
{PCL}, Y
LOAD PC FOR JMP,
{J¥P} SIMULATE.
{PCL}, Y
PCB
BCL
XJMp
RTNH
RTHL
- CROUT DISPLAY USER REG
$ACC . COMTENTS WITH
A3L J’LAB I

RNt



FADE: A9 DO LDA 3ACC/256
FAED: 85 41 STA A3H
FAE2: A2 FB LDX #SFB
FAEA: AS Al ROSPL1 LoA #5490
FAE&: 20 ED FD J3R COUT
FAES: BD lE FaA LDA EATBL-SFB,X
FAREC: 20 ED FD JS5R COUT
FREF: A9 BD LDA $#SBD
FAFl: 20 ED FD JSR LouT
FAF4: 85 44 LDA ACC+5,X
FAF6: 20 DA FD JSR PRBYTE
FAF9: EB INX
FAFA: 30 E8 BMI ®DSEl
FAFC: 69 RTS
FAFD: 18 BRANCH cLue BRANCH TAKEN,
FAFE: A0 01 LOY #501 ADD LEN+2 TO PC
F800: Bl 3A LDA (PCL),Y -
FBQZ: 20 56 F9 J5R PCADJI3
FB05: 85 1A STA  PCL
FBO07: 98 TYA
FEQOB: 38 SEC
FBO9: BO- A2 3C5  PCINC2
FEQB: 20 4A FF NBRNCH JSR SAVE NORMAL RETURN AFTER
FBOE; 38 S5EC XEQ USER OF
FBEOF: BO 9E BLS  PCOINC3 GO UPDATE PC
FBll: EA INITBL HOP
FB12: EA NoP DUMMY FILL FOR
FBE13: 4C OB FB JMP  NMBRNCH XED AREA
FBl&: 4C FD FA JME  HRANCH
FBE19: C1 RTBL DFR  $C1
FBlAa: D8 DFE  %D3
FB1B: D2 DFE SD9
FB1C: DGO DF8  5D0
FB1D: D3 DFE  $D3
FR1E: AD 70 CO PREAD LDA PTPIG TRIGGER PADDLES
F821: A0 0O LDY #3500 INIT COUNT
FB23: EA NOE COMPENSATE FOR 18T COUNT
FB24: EA NOP
FB25: BD 64 CD PREADZ LDbA PARDLO,X COUNT Y-REG EVERY
FB26: 10 04 BPL RTS2D 12 GSEC
FB2A: (8 INY
FE2B: DO F8 BNE PREADZ, EXIT AT 255 MAX
FBID: 88 DEY
FB2E:z 60 RTS2D RTS
FB2F: A3 00 INIT LDA %500 CLR STATUS FOR DEBUG
FB31: 85 48 3TA STATOUS SOEFTWARRE
FB33: AD 56 CO LA LORES
FB36: BD 54 CO LDA LOWSCR INIT VIDED MODE
FB39: AD 51 CO SETTHT LCA THRTSET SET PUR TEXT MODE
FB3C: A9 0O LDA &S00 FULL SCREEN WINDOW
FB3IE: FO QB BEQ SETWND
FR40: AD 50 CO S5ETGR LDA TXTCLR 3ET FOR GRAPHICS 4ODRE
FB43: AD 53 CO LODA MIXSET LOWER 4 LINES AS
FB46: 20 36 F8 J5R CLRPTOP TEXT WINDOW
FB49: A9 14 LDA %514
FB4B: B85 22 SETHND STA WNDTOP SET FOR 40 COL WINDOW
FB4D: A9 00 LDE 4500 TOP IN A-REG.
F24F: 85 20 STA WHDLFT BRTTM AT LINE 24
FBS1: A9 28 LA #5238
FB53: 85 Z1 STA WNDWLDTH
FBS55:; A9 1B LDA #S1E
FB57: 85 23 STA WNDBTHM YTAR TC ROW 23
FB59: A% 17 LDA #5117 ]
FBSB: AS 25 TAEV STA CV YTARS PO ROW IN A-REG
FBSD: 4C 22 FC JHP  VTAR
FB6&G: 20 A4 FR MULP® Jsg  “DL ARS VAL OF AC AUX
FB63: A0 10 MUL LDY #51@ INDEX FOR 16 BITS
FB&5: AS 50 MgL2 LDA ACL ACX = AUX + XTND
FRET: 4A LSR A TO AC, XTND
F868: 80 OC JBCC MOUL4 IF NO CAPRY,
FB6A: 18 CLC NG PARTIAL PROD.
F86B: A2 FE LDX #SFE
FE6D: B85 54 MUL3 LOA  XTHDL+2,X ADD MPLCND (AUX)
FB&F: 75 56 ADC  AUXL+2,X TO PARTIAL EROD
FBT7l: 95 54 5TA XTWDL+2,X {XTND) .
FB73: EB . INX
FBT4: DO FY BNE  “MOL3
FBT6: BZ 83 UL LA #5403
FETE: 76 MOLS DFB #3576
FBR79: 50 DFR 4550
FR7a: CA DEX
FR7B: 10 FB ) 3pL MULS
FB7D: B8 . LEY
FB7E: DO ES - ) INE  MUL2
FBBEO: &D i PTS
82 i
d s

H]



FER81:
FE84:
FBEO:
FE36:
FB3A:
FREC:
FRBE:
FBBF:
FB91:
F293:
FES4:
FE96:
FB98:
FE9A:
Fa3C:
FBY9E:
Faalr
FBal:
FBA3:
FBA4Y
FHBAG:
FBAB:
FRAA:
FBAD:
FBAF:
FBBl:
FEB3:
FBB4:
FBBS5:
FBBT:
FBRG:
FBBA:
F3BC:
FABE:
¥aco:
FRCL:
FBCZ:
FBC3:
FBCS:
FBCT:
FBECY:
FEBCA:
FaCl:
FBCE:
F8D0:
TBDZ2:
FEDA:
FED4:
PBDG:
FBEDE:
FRDS:
FBDB:
FBOD:
FBDE:
FBEZ:
FEEds
FBE&!
FBES:
FBEC:
FBED:
FBEF:

" FBFO:

FRF2:
FBF4:
FBEG:
F8F8:
FEFA:

- FBEC:

FBFD:
FRFF:
FCG1:
FCO2:
FCO4:
FCGG:
FCO8:
FCOA:
FCOC:
FUOE:
FCiG:
FCiz:
FCl4s
FCl6:
FCl8:
FClA:
FC1C:

26
AQ
1)
26
ri
26
35
A5
E3
AR
A5
E%
93
86
85
Ea
88
oo
€0
AC
84

Az

20
A2
BS
10
38
98
F5
L]
S8
FS
95
E6
a0
48
43
29
0%
B85
98
29
90
69
g5
QA
aa
03
85
60
C9
juas}
a9
20
AL
Ag
24
AD
-1:]
Do
31
hd
9l
E6
AS
o3
BO
60
cg
BO
Ag
14
o]
FQ
]
Fo
oy}
Do
cé
10
a5
85
[o3-]
AS
cs

a4
10
30
51
52
53

52
54
33
55
113
52

53
50

E3

ag
2F
S4
AR
540
0l
oD

0a
o0

01
0l

[

a3
04
29

18
a2
Fl3
28

Ad
30

F5

24
28
24
24
ral
66

a0
EF

50
BD
SA
BA
52
a8
ce
24
E8
Z)

24
22
25

FB

FE

rC

£C
co

DIVPE
LIV
BIVZ2

oIV

M0l

D2

MB3

i

MDRTS

BASCALC

3SCLC2

BELL1

BELLZ

RTS 2%
SYOADV

RDVANCE

RT33

VEDCOT

BS

ue .

83

JER
LY
BEL
ROL
RLL
ROL
3gC
LDA
s5eC
TAX
LDA
ShC
BCC
5TX
STA
INC
nEY
BHE
RTS
LDY
STY
LDX

. ISR
LDX -

LDA
BPL
SEC
TYA
SBC
STA
TYA
SBC
STA
NG
RTS
PHA
LER
AND
ORA
STA
PLA
AND
sCC
ADC
5TA
ASL
aSL
ORA
STA
RTS
cHE
3NE
LOA
J3P
1.DY
LDA
JsR
LDA
nEY
SNE
RTS
LDY
5TA
1
LDa
CHE
BCS
RTS
cue
8Cs
TAY
3PL
CMP
BED
CHp
BED
cme
BNE
DEC
BPL
LDA
sTa
DEC
LA
cMp

ury
#5110
ACL
ACE
XTMDL
XTHDRE

XTNRL
AUXL

G
AUXH
DIV
KTNDL
ATHDR

ACL
DIV2

1500
S5IGH
FAUKL
Mol
#ACL
LoCcl, %
MDRTS

LOCD, X
LOCO, R

LOC1,X%
LOCI, X
BIGH

a

$503
504
BASYH

#5118
8302
#$57F
RASL

S

A

BASE
BRASL

#8387
RET528
#s4p
WAIT
35C0
450C
WAIT
SPKR

BELLZ

cu
(EASL) .Y
CH
H
WMDWDTH
CR

A5a0
SPOADY

ITOADY
#58D
ce
£S3A

. LF

35538
BELL1
cH

RTE3
KREWDTH
CH

CH
WHDTCP
cv

ans valL OF AC, 3UX,
IgDEY FOR 1b BITS

YTHC/AUR
e ad,

MOCD TO RTHIO.

Ies VAL OF AC, AUX
WITH RESULT SIGH
I8 LSB QF SIGH,

X SPECIFIES AC CR auX

COMPL SPECIFIED RES
IF NEG.

CALC 3ASE ACDR IN BASL.H
FOR GIVEN LINE NO.
0¢=LINE NO,<=517

AFG=000A3CDE, GENERATE
BASH=0r00001CD

AND
BASL=EABAROGU

2ELL CHAR? (CNTRL-G)
NG, RETURY
DELAY .01 SECONDS

TGGGLE SPEAKER AT
1 K9z FOR .1 BEC.

CURSER H IWDEX TO Y-RES
STOR CHAR IN LIWE
INCREMENT CURSER H INDEX
(MOVE RIGET)
BEYOHD WINDOW wIDIH?
YES P TO NFXT LISE
w0, RETURN
CORTROL CHAPR?
w0, 0UTPUT IT.
INVERSE VIDEO?
YES, QUTPUT IT.
CR?
YES.
LINE FEED?
If 80, DO IT.

DaCK SPACETR {CHTRL-H)
MO, CHECK FOR REZLL.
DECREMENT CURSER H INDEX
IF POS, OK. ELSE MOVE UP

SET CH TO NDWDTH-1

{RIGHTHMOST SCRELN POS)
CURSER ¥V INDEX

Lo
r

u



FClE:
FC20:
FC22:
FC24:
FC27s
FC29:
FC283
FC2C:
FC2E:
FC30:
FC32:
FC34:
FC36:
FC38:
FC3A:
FC3C:
FC3E:
FC40:
FC42s
FC44d:
FC46:
FC47:
FC4Aa:
FC4D:
FUAF:
FCS30:
FC52:
FC54:
FCS56:
FCS8:
FC3A:
FCSC:
FCSE:
FC60:
FChZ:
FCEB4d:
FCR6:
FC68:
FLoAS
FCBC:
FCEE:
£C70:
FC72:
FC73:
FC76:z
FC78:
FC7A:
FCTC:
FC7E:
FCB0s
FC81:
FC82:
FC84:
FCB6:
FCB88:
FCBS:
FCHC:
FCBE:
FC90:
FC91:
FCR3:
FC95:
FCY97:
FC3A;
FCSC:
FCOE:
FCAD:
FCAZ:
FCA3:
FCAS5:
FCAT:
FCAg:
FCA9:
FCAA:
FCAC:
FCAE:
FCAF:
FCBl:
FCB3:
FCB4:
FCEG:
FCB8:
FUBA:
FCec:
FCBE:

BO
[
AS
20
65
85
| 30]
48
20
6%
39
FO
69
90
PO
659
90
no
Ad
AS
48
20
20
A0
68
3
cs
90
BO
AS
B3
AD
84

FQ E

A9
&8s
E&
A5
cs
50
Cé

A5
43
20
a5
85
AS
83
A4
a8
63
659
C5
a0
43
20
El
91
88
10
30
AQ
20
BO
Ad
A9
a1
cg
c4
90
50
38
48
59
Do
68
ES
oo
60
Es
oo
EE
AL
©s
AS

01

23
oo

24
25
]
El
oo
9E
86
24

28

21
F9

o1
FC

0l
Fé

42

43

ac.

3D

FB

FC

FC

FC

Fc

VTAE
VTARE

RTS54
E5C1

CLREQP

CLECP1

ACHE

CR
LF

S3CROLL

SCRL1

SCRL2Z

SCRL3

'CLREOL

CLEOLZ
CLECQLZ

KALT
WAITZ
WAITA

NXTAL

NXTAL

84

aCs
DEC
LDA
JSR
ARG
STA
PTS
EOR
RED
ADC
BCT
BED
ADC
2CC
BEQ
ADC
BCC
BNE
LDY
LDA
PHY
JSR
JSE
LDY
PLA
ADC
cHE
BCC
rCS
LDA
STA
LGY
STY
BEO
LTA
3Th
NG
LDAa
CMe
nec
DEC
LDA
PHA
JI5R
LDA
STA
LDA
STA
LbY
DEY
ELA
ADC
CHE
aCs
PHA
Jse
LDA
STA
DEY
8PL
BAI
LDY
JSR
3Cs
Loy
LOA
sra
INY
cpY
&CC
RTS
SEC
PHA
s8¢
PRE

" PLA

SBC
ENE
BT
INC
ENE
Ne
LDA
CHp
LA

RTS4 IF TQUP LINE THEN FETURN

cv DFCR CURSER V-INDEX

cw . GET CURSER V-INDEX

PRSCALC CENERATE BASE ADDR

WMDEFT AND WINDOW LEFT INDEX ¥,

BASL TO BASL

E5CO £SE7?

HOME IF SO, 00 HOME ANMD CLEAPR

$5FD £5C-A OR B CHECK

ADYANCE &, ADVANCE

gs B, RACYSPACE

i5°D E&C~C OF D CRECK

LF C,DOWN

up D, GO UP

$5FD ESC-E OF F CHECK

CLREOL E, CLEAR TOQ END OF LINE

TTSd NOT F, RETURN

CH CURSOR B TO ¥ INDEX

cv CURSOR V TO A-REGISTER
SAVE CUPRENT LINE ON STK

VTABYZ CALC RASE ADDRESS

CLEOLZ CLFAR TOQ EOL, SET CARRY

$500 CLEAR F™0H d INDEX=0 FOR REST
INCRE#TNT CURRENT LINE

4500 {CARRY I3 SET)

ANDETH DONE TO A0TTOM CF YINDOW?

CLEJPL NG, KEEP CLEAPING LINES

VTRR YES, TaR TO CURRENT LINE

HNDTCP INTT CURSOR W

v ANO H-INDICES

#3500

CH THEN CLEAR TO END OF PAGE

CLEODY

1200 CURSOR TO LEFT OF INDEX

CH [PET CURSOR H=0)

Ccv INCR CURSOP VIROWN 1 LINE)

ov

ANDRTH OFF SCREFAN?

VTARZ NO, SET BAZE ADD®

cy DECF CURSD2 VIBACK TO 30TTOM Ll

WNDTOP START AT TOP OF SCRL WNDW

YTARZ GENESRATE BASE ADDRESS

BASL COPY BASL,H

BAS2L TO BAS2L,H

BASYH

BASZH

WNOWDTH  INIT ¥ TO RIGHTMOST INDEX
Qf SCROLLING WINDOW

#501 INCR LINE NUMBER

WHMDRTH DOME?

SCRL3 YES, FINISH

VTABZ FOUM BASL,H (BASE ADDR})

(BASL),Y MOVE 2 CYR UP ON LINE

{RASZL) , ¥
NEXT CHAFP OF LINE

SCRL2Z

SCRL1 NEXT LINE

£500 CLEARR BOTTOM LINE

CLEDL?2 GET BASE ADOR FOR BOTTOM LINE

Vrag CARRY 15 SET

CH CURSOR 9 INDEX

#SA0

(RASL),Y STORE BLANKS FROM 'HERE'
TO END OF LINES [WNDWDTH)

WHDE TR

CLEDL2

§501

wal?3 1.0204 USEC
{13+2712*%A+512%A*2)

501

WAIT?2

A4L INCR 2~=PYTE A4

NXTAl aND Al N

rAR .

ALL INCP 2-BYTE Al.

AZL f

ALH AND CONPARE 10D A2

a2

—



FCCO:
FCC2:
FCC4:
FCCH:
FCLB:
FCCY:
ECCH:
TCCE:
FTO0:
FCD2:
FCD4:
FCDE:
FCD9:
FCDA:
FCEB:
FCDC:
FCDE:
FCEQ:
FCEZ:
FCE:
FCES:
FCEB:
FCEA:
FCEB1
FCEC:
FCEE:
FCEF!
FCF2r
FCF2:
FCE4:
FCF&:
FCP7:
FCF91:
FCFA;
FCFD:
FCFE:
FDOl:
rho3:
FOO5:
FDO7:
FDO9:
FDOB:
FDOC:
FDOE:
FDiO0:
FD11:
FDI3:
FD15¢
Fol7d:
FD1B:
FD1R:
FDID:
FOLF:
FDZl:
FD24:
FDZ26:
FD28:
FDZ2B:
FD2E:
FD2F:
PD32:
FD33:
FD38:
FD3A:
FD3C:
FD3h:
FDAF:
FD40:
FD42:
FD44:
D47
FD4A:
FD4B:
FD4D:
FDS0:
Fo52:
FD54:
FDS6:
FD58:
FDSA:
FDSC:
FLSF:e
FDE&O:
Foel:
FD64:

£5
E6
oo
1]
80
AL
20
ea
69
=4t}
Al
20
ca
cs
B3
Do
24
A
88
[11]
AL
AQ
ca
60
AZ
48
20
68
23
AQ
Ca
od
B0
20
83
AL
45
10
45
83
co
34
Ad
Bl
48
29
0s
g1
68
6C
ES
G
E&
C
16
41
AD
2C
80
20
20
20
ce
FO
60
AS
48
L
85
B
24
68
85
Bb
o]
FO
c9
FQ
EQ
80
20
E8
0o
A9
20

3F
ic
02
30

43
5

]

e

21
DB

FD
63
32

FD
29
2c

08

FA

34

F5

60
F
F&
2F
2F
50

32

FF
32
[138]
ED

32

&8
1D
uB
A
F8
D3
kL

13
oC
ED

FC

[ad]

FC

FC
co

00

Ca
co
co
FD

FD

32
Fb

g2

FF

RIS 48
HEADH

WRBIT

ZEPDLY

ONEDLY

WRTAPE

RDEYTE
ROBYT2

RDZIBIT
BpPIT

RDKEY

KEYIN

REYINZ
ESC
ROCHAR

NOTCR

NOTCRL

CANCEL _
. B5 .

3EC
Img
BNE
NG
RTS
LRy
J5F
INE
apc
acs
LDY
ISR
1wy
INY
DEY
BnE
aCC
LDY
DEY
BNE
LDY
LDY
DEX
RYS
LDX
PHA
Jse
PLA
ROL
LoY
DEX
BNE
RTS
Jag
DEY
LA
EOR
8FL
EOR
STA
CPY
FTS
LDY
D&
PEA
AND
ORA
STA
PLA
J4p
ING
BYE
IHC
BIT
eprL
STA
LCA
8IT
TS
JSR
JEE
Jgn
CiAp
BEQ
RTS
LDA
PHA
LDA
STA
LDA
JSR
FLA
STA
LDA
cHp
PEQ
cup
BEQ
CEX
BLC
JSR
8%
BNE
LDA
JER

A2h
AlL
RTS4R
ALH

1547
LERDLY
HEADF
#5FFR
#EADOR
$c21
IERRLY

ZERDLY
WRIAPE
$532

ONEDLY
TAPEQUT
$s$2C

4508
RDIBIT

a
£33

RUOBYTZ
IN2IT

TAPEIN
L&sSTINM
ROBIT
LASTINW
LASTIN
¥580

CH
{CASL) , ¥

#83F
#S40
{EAGLY,Y

(KSWE)
ENDL
KEYIM2
ANDH
KBD
KEY I
{BASL}, Y
K2D
KEDSTPR

FUKFEY
ESCY
AOKEY
#5973
£3C -

INVFLG

" ¥SFF

INVFLG
IN,X
cooT

TUVFLG
IN,X
#5688
BCK3PC
§soe
CANCEL
isra
NOTCR1
RELL

NXTCHAR
£50C
COUT

[CARPY SFET IF »=}

JIRITE A*256 'LONG 1! Y
HaLF CYCLES &
(630 USEC BACH ) %

THAN A 'SHORT 0°
(400 USEC}
WRITE TWO HALF CYCLES
QF 250 USEC {'C")
OR 500 USEC ('0')

Y IS5 COUNT FOR
TIMING LCOP

4 BITS TC READ
READ TWO TRANSITIONS
(FIND EDGE)

NEXT 81T
COURT FOR SAMPLES

DECR ¥ UGNTIL
TADE TRANSITION

SET CARRY ON Y-FEG,

SET SCREEN TO FLASH

40 TO USER KEY-IN .
INCR D NUMBER

KEY DOWH?
LOGP
REPLACE FLASHIMG SCRFEY
CET KEYCODE
CLR KLY STROBE
ZET RPYCODE
RANDLRE ESC FUMI.
REALD KEY
E5C?
YEL, DON'T RETURE

ECHO OSER LINE
NON INVERSE

CHECK FOR EDRIT KEYS
B3, CTRL-X.

MARGIN?

¥ES, S0UAND FELL
ATMWANCE INPUT INDEX

BACKSLASH AFTER CANCELLED LINE
L

i e




fD6T:
FDbA:
PO6C:
FO6F:
FD71l:z
FD72:
FD74:
FD75:
FD7B:
FDTA:
FD7C:
FD7E:
FD80:
FDB2:
FDB4:
FD87:
FDBY:
FDBB:
FDBE:
FD90:
FDS2:
FD94:
FD96:
FD99:
FDSC:
FDYE:
FDAd:
FTaA3:
FDAS:
FDAT:
FOA9:
FDAB:
FDRD:
FOATF:
FDBl:
FDa3:
FLBE:
FDBE8:
FDBB:
FDBD:
FDCO:
FDC3:
FDCS:
FDCE:
FDCT s
FDCY
FDCA:
FDCBY
FDCD:
FDCF:
FDDL:
FOD3:
FOD4:
FnO6:
FODG:
FDDA:
FOEB:
FODC:
FODD:
FDDE:
FDDF:
FDEZ:
FDE3Js
'FDES:
FDE7:
FDE9:
FDEB:
FDED:
FDFO:
FDFZ:
FDF4:
FDF6:
FDFB:
FDF9:
FDFC:
FDFD:
FDFFE:
FEOUG:
FEQOZ2:
FEG4:
FEQ5:
FEO7:
FED9:
FEQB:
FEGD:

20
AS
20
A2
BA
FG
CA
20
c9
Do

Bl ’

<9
50
29
EL
-]
Do
20
AS
oo
a4
AS
20
20
Al
AQ
4C
AS
09
25
a5
85
AL
29
211
20
A9
20
El
20
20
a0
60
4n
990
LES
4A
a5
30
49
g3

A9
24

48
43

48
42
20
68
29

c9
90
69
6C
ce

25
84
48
20
68
a4
60
CB
ro
Ca
oQ
co
D
85
A5

8E
33

ED
01

E3

3E
02
FF
3c

BL
ED

ES

oF
BO
BA
02
06
36
AQ
a2
32
35

FD
35

34
SF

1
BE

31
3E

FD

FD

FD

02

FC

FD

FO

FD
ED

FD

FC

FO

FD

]

FB

GETLNZ
GETLN

ECEEPC

NRTCIHAR

CAPTST

ADDINF

CRrROOT

PRl

BRYXZ

XAME

WOCACHK

XaM
DATAQUT

RTSAC
MAMPM

ADD

PREBYTE

PRHEX

PRHEXZ

CouT
couTl -

J5R
LDA
J3R
LDX
TRA
SEQ
DEX
Jsp
cMe
BNE
LDA
cup
28CC
AND
STA
CMP
BNE
J3R
Lon
BNE
LbY
LOX
J5R
J3R
LBY
LDA
JUP
LOA

JSR
PLA
AND
ORA
CHP
BCC
ADC
JMP
cMp

- BCC

CoUTZ

AND

T 5TY

PHA
JsR
PLA
LDY
RTS
DEC
BEQ
DEX
BNE
cMP

"BNE

S5TA

CROUT
PRONPT
COouT
1501

GRTLNZ

ROCHAR
#PICK
CRPTST
{BASL) .Y
$SEG

" ADDINF

+SOF
IN,Z
ESBD
NOTCR
CLPEQL
2S8D
couT
AlH
A1L
CROOT
PRATYX
£500
BSAD
couT
A1L
$S07
AZL
Ald
AZH
AIL
$507

DATROUT

PRA]
#5580
con’r
(A1L) , ¥
PRBYTE
NETAL
MOpaEcHy

A
XM
A
A
2L
AQDD
4SFF
AlL

L3=1
CouT

RIIEXZ

$506 -
{CEVTL)
#5800
COUTZ
INVFLG
YSAV])

VIDOUT
¥savl

YSAV
XAME

SETMDT
$SBA
AamMpm
MGDE
AZL

OUTPUT CR

QUTRUT PROMPT CHAF
iNPYT INDEX

INIT

WILL RACKSPACZ TO 0 .

USE SCREEN CHAR
FOR CTRL-U

CONVERT TO CAPS

ADD TO INPUT BUF

CLR T EOL IF CR

BeINT CR,ALl. IN HEX

PRIGT

SET 'TO FINISH At
mOT e=7

QUTPUT BLANK

OUTPOT BYTE IW HEX

CHECK IF TIME TC,

PRINT ABDR

DETERYINE IF MOW
4ODE IS XAM
ADD, OR SUB

SUB: FORM 2'S COMPLEMENT

PRINT

bt
:

THEN RESULT

TRINT BYTE AE 2 HEX
pIiGITS, DESTROYS A-REG

PRINT HEX DIG IN A-REG
LSR'S

VECTOR TO USER OUTPUT ROUTINE

DCN'T OUTPUT CTRL'S INVERSE
MASK WITH INVERSE FLAG

SAV Y-REG
SAYV A-PEG
OUTPBT A—REG AS ASCII
RESTORE A-REG

AND Y-REG

THEN RETURN

RLANE TO MON
ARFTER BLANK
DATA STORE MODE?

NO,

XAM,

ADD, QR SUB

REEP IN 3TDRE MODE

-~

T v

w2

e —

k7

—_—



87

FEQF:
FE1Ll:
FE13:
FElS:
FELT:
FEL18:
FElA:
rElD:
FEIF:
FE20:
FEZ22:
FE24:
FEZ6:
FEZ8:
FE29:
FE2B:
FE2C:
FEZ2E:
FE30Q:
FE33:
FEIG:
FE3e:
FE38:
FE3A:
FE3C:
FE3F:
FE41:
FE44:
FEdp:
FE49:
FE42:
FE4E:
Fzalb:
FES3:
FESS:
FESH:
FESR:
FESD:
FE3E:
FEBLl:
FEG3:
FEG4:
FE6T:
FEGA:
FE&C:
FESE:
FEGF:
FE70:
FET72:
FE74:
FETS:
FE76:
FETA:
FETA:
FETC:
FE7E:
FETF:
PEGD:
FE32:
FE84:
FEBG:
FEAS:
FEH9:
FEBE:
FEBD:
FESF:
FE91l:
FEG3:
FES5:
FE97:
FE99:
FESH:
FE9D:
FPESF:
FEALl:
FEA3:
FEAS:
FEAT:
FEAD:
FEASB:
FEAD:
FEAE:

" FERF:
FEBO:

FEE3:

91
E6
D¢
E6
60
hd
39
g5
60
A2
BS
25
g5
CA
1G
1Y
81
91
20
3]
60
Bl
ol
Fg
20
Bl
20
A%
20
A9
20
gl
20
AS
0
20
kXY
68

20 7

A9
44
0
20
a5
84
Y]
38
E9
>l
60
83
Fa
BS
95
A
10
50
AD
[s]1]
A0
B4
&0
a9
g5
a2
AQ
jaly]
A9
45
AZ
a0
AL
29
FoO
09
A
Fo
A9
24
95
60
EA
EA
4C
4c

40

02
41

34
FE
3

01
3E

44
F1

3C
42
B4
F7

3C
42

92z
3
D&
a0
ED
A3
ED
42
DA
ag

B4
D9

01
EF

a7
3C
3a

F9

0o
03

01

FC

FD
FD
FD

FD

o g
[g]w]

FE

Fa
F9

20
EQ

RTZ5
SETMODE

SITWDZ

LT
LT2

AOVE

VFY

VFYDK

LIST

LISTZ

ALlPC

ALIPCLE

ALPCRTS
SETINV

SETHORM
SETIFLG

SETKRD
INPORT
INPRT

SETVID
QUTFCRT
OUELPRT

IOPRT

I0PRTL
ICFRT2

XEASTC
BASCONT

58C
BNE
RTS
TRA
gEC
LCA
3TH
DEX
FFL
RTS
LDY

{A3L),Y
A3L
RT35
33

¥3AV
IN-1.,%
M0BE

501

A2L,X
AdL,X
ASL,X

LT2

(ALL} , Y
(R4L),Y
NYTA4
MOVE

{AIL) .Y
{R4L) ¥
VFYCR
PRAL
fAlL},Y
TRIYTE
FEAD
cauT
#sa8

TCouT

{341y ,Y
PREYTE
2539
cour
NETM4
JEY

AleC
2514

INSTRSP
PCACT
PCL

FCH

501
LISTZ

STORE AS LOW BYTE A5 (A3) -
INCR 43, RETORHM

Y
SAVE COWVERTED ':', "+', g
I_1, .t AS MODE.

COPY A2 {2 BYTES) TO
24 AND AS

#OVE (a1l TO AZ) TO
(ae)

VERIFY (Al TO a2Z) WITH
(Ad}

YE Al (2 BYTES} TO
BC IF SPEC'D AND
DISSEMBLE 20 INSTRS

ADJUST PC EACH INSTR

MEXT OF 20 INSTRS

IF USER SPEC'D ADR
COPY 720 al TO PC

S5ET FOUR INVERSE VIO
VIA COUT]
SET FOR NORMAL ViD

SIMULATE FORT #0 INPOT
SPFCIFIED (KEYIN ROUTINE)

SIYULATE PORT #0 00T?UT
SPECIFIED ({QOUT1 RGUTINE)

SET @AM IN/OUT VECTGORS

#COUTL/256

LOCO,X
LOCL, X%

RASIC
BASIC2

TO SASIC WITH SCRATCH

CONTINGH RASIC
r



88

FEBE:
FEB9:
FEBC:
FEBF:
FECZ:
FEC4:
FECT:
FECA:
FECD:

FECF:"

FED2:
FED4:
FEDG:
FEDZ:
FED9:
FEDE:
FEDE:
FEELl:
FEE3:
FEE4:
FEEG:
FEES:
FEEB:
FEED:
FEEF:
FEFP{Q:
FEF3:
FEPG:
FEFG:
FEF9:
FEFA:
FEFR:
FEFD:
FFOOQ:
FFD2:
FFO5:
FFO7:
FFQA:
FFOC:
FFOF:
FFPli:
FFld:
F¥l6:
FF19:
FFlB:
FF1D:
FF1F:
Fral:
FF24:
FFr2b:
FF291:
FF2B:
FF2D:
FFZF:
FF3Z:
FPF34:
FF37:
FF3A:
FF3C:
FF3F:
FFdl:
FF42:
Fr44:
FF46:
FF48:
FFrd49:
FF4A:
FE4C:
FF4E:
FF50:
FF51:
FF52:
FFS4:
FF55:
FF57:
FF58:
FEG9:
FF3C:
FESF:
FFel:
FFE5:
FFa6:
FF69:
FF68:
FFBD:

20
2¢
&C
aC
jol -
20
4C
4C

20
Al

41
48
Al
20
20
AQ
68
90
Al
z20
FoO
A2
7.3
240
Do
&0
20
63
648
Do
20
AS
20

20
Al

80
20
AD
20
31

as
20
ao
30
20
C5
34
A9
20
A9
20
20
AS
4C
A5
48
A5
ab
A4
28

g5
86
B4
o8
68
35
BA
Bé
o]
oQ

20
20
20

20
a9

20

75
iF
34
D7
34

43
Fa

c9
27

3c

3c
ED
Ba
10

ZE

£b
4D
10

D6
F&

00

[1es
FA
le
co9
2E
TA
24
FD
F9
FD
3B
EC
ic

2E
3A
35
FO
£C

48]

5
ED
D2

ED
a7
ED
45

45

45
47

45
46
47
48
49
a4
2F
59

3A
A2

67

FE
FF
a0
FAa
FE
Fa
03

FC

FE
FC

FE

FC

FE

FC
FC
FC
¥C
FC
FC

FC

FC

rD
FD

FD

FE
Fa

FE -

FE

FF

o

GO

REGZ
TPACE
STEPZ

Uspe
WRITE

¥R1

WRIYTE
WRBYT?2

CRMON

READ

RD3

PRERR

8ELL

RESTORE

RESTAL

SAVE
SAV]

FESET

non

MONZ

JSR
JSR
JHp
JYFP
DEC
JER
JHP
JuP
LDA
JSR
LDY
LCX
EQP
PHA
LDA
IsR
JaR
Loy
PLA
BCC
Loy
J3R
BEC
LDX
ASL
J5R
BNE
RTS
J3R
PLA
PLA
BNE
J5R
LoA
JSr
5TA
JSR
Loy
J5R
B8CS
ISR
LDY
JS5R
3TA
EDR
3TA
J5R
LDY
BCC
JSR
cup
ZEN
LDA
JER
LNA
JSR
J5R
LDA

JAP.

LDa
PHA
LDA
LDX
LDY
PLP
RTS
STA
STR
STY
PHFP
PLA
STA
T8X
3TY
cLe
s
J3R
JSR
JER
J5R

cLD

JSR
LDA
STA
JER

B1PC
RESTOFRE
{PCL)
REGTSP
¥Sav
A1PC
STFP
USRADR
$544

“HEADR- -

#4327
*500
(AlL, XD

(AlL, %)
WRBYTE
NXT8)
#81D

WEl
$522
HROYTE
R L.
#510
A

' WRBIT

WREYT2

BLL

MONZ
RO2BIT
4516
HEADR
CHKEUM
RLZBIT
#5824
RDBIT
P2
ROBIT
§538
ARBYIE
taAiL, %)
CHESUH
CHESUM .
NHTAL
#5353
RD3
RODYTE
CHESUM
SFLL
ESCH
couT
45032
couT
cogT
2887
couT
STATUS

ACC
XRES
YREG

ACC
XREG
YREG

STATUS

SpuT

SETROR
INIT
SETVID
SETHEBRQ

BELL
$5AA
PROMPT

GETLNZ

AR TO BC IF SPEC'D _
RESTORE META PEGS

GO IO USER FUEBR

TC REG NDISPLAY

ADR TO PC IF SPEC'D Y
TAKEZ ONE STEP 5
TQO USP SURR AT USRADR 0

WRITE -10-5EC HEADER

HANDLE CR A5 ELANK
THEN POFP STACK
AND BTN TO MON

FIND TAPEIN EDGE

DT aY 3.5 SECONDS
INIT CBESUM=SFF
PI®G TAPEIN EDGE
LDOK FOR SYNC ZIT
{SHORT )
LOoP ONTIL FOUND
S{1P SECOND SYNC H-CYCLE
INDEX FOR 0/1 TEST
FEAD & BYTE
STORE AT (Al}

UPDATE RUNNING CHKSUHM

INCR Al, COMPARE TQ A2
COMPENSATE 071 INDEX

LOJP UNTIL DOHE

READ CHESUY ZY¥TE

GOCD, 300MD BELL AND RETURA

PRINT “ERPR*, THEW BELL

2uTPUT RELE AND RETURN

RESTORE 6502 BREG CONTENTS
Usth 2y DE2UG SCFTHAPE

SAVE 6502 REG CONTENTS

SFY RCREEN IODE
ANMD IMIT KBD/SCREEN
A5 IS0 BEV'S
MUST SET HEX MODE!
x4 BROMPT FOR MON

READ A LINE
' L -

3.




20
20
84
AD
88
30
09

20
a4
1C
Az
0a
oA
0A
oA
oa
26
26
ca
10
A5
DA
B85
a5
g5
E8
FO
Do
a2
86
56
BY
cs
49
ce
90
69
c9
80
60
AG
38
BS
48
A5
A0
44
60
BC
B2
Az
ED
EF
c4
EC
AS
BB
Ak
a¢
ub
95
a7
0z
as
FO
0o
EB
53
47
Cé
99
B2
co
BE
C1
15
8e
c3
95
AF
17
17
25
1F

e
BT
34

-

ES

B
BE

34

03

3E

F8
3l
6
ir
3D
41

r3
06
G0
iE

ao

BU
0a
03
a6
FA

ot
FE
E3
3l

o
31

FF
FF

i}
e

]
|

Q2

FF

NXTIT™

CHRERCH

DIG

WXTBIT

HXTEAS

AXTREZ

GE Uy

METCHP

Tosug

ZHUNE

CHRTAL

OFg
DFF
ofe
jala i
QER
nFe
BFY
LFE
nFe
oen
NFa
nee
DFE
oFz
oF®
OFR

_oEB

DFe
nre
ore
nER
ors
DFE
CFB
DFs
DFR
DF3
DF®
DF8
DFR
DFE
DFg
nEg

Z+400T CLEAR ™OF MODE, 5CAW IDR
GETNUM GET ITE™, NMN-HEX

YSAV CHAR IN B-REG

#517 X=REC=0 IF NO HEX INPUT
MOWN WOT ©OUND, GO TC MOw
CHRTEL,Y FIND CHMND CHAR IN TEL

CHRGRCH
TO5US FOUND, CALL CORRESPONDING

Ysav SUBEROUTINE ™ ~
WXTIT™
2803

GOT #EX RIC,
SAIPT INTO A2

IR TR

AL
AR

LEAVE X=5rF IF DIG
NEXTRIT
MODE
NXT=B2 IF “WJUE IS TERO
K28, X THEM COPY a2 TC
a1y, X AL ANT a3
AR K

IXTARS

NETCHR

#5000 CLEAR 23
AZL

AZH

Iw,Y GET CHAR

1530
250a
CEIG 1IF HEX DI&, THENW
£SEE
25FR
DIC

8T0/256  PUSH AIGH-QERER
SU@PR ApR O STK

SN=TRL,Y PUSY L3¢ ORDER
SUwa. ADR OW STH

GRE
#3500 CLe ®aDE, QLD MO0T
MODE TO »-REG

20 TO SURR VIA RTS
330 E(*CTRL-C™)
382 F{“CTRL=-Y")
33E Fl“CTRL-E"*)
520 E(™r*}
SEF F(* v}
sCa Ft CTRL=-K*)
SFC g(*5")
iy F(CTPL=-P")
§2a FIoCTRL=-5"}
A6 Efm—")
LY Fim+m)
506 CF{%M") (F=EX-0OF SE0+389)
$95 F(“( H
s07 F{*N")
£02 Fi{*I"]
£65 (L")
5F0 F(UdE)
00 Fi~G")
SFA PR
593 F{*:")
$a7 E(~.")
SCE S ZE™)
599 F {BLANK)
FRASCONT-1
${ISR-1
#UEGI-1
$+TRACE-]
FYFY-1
#INPRT~1
$sTERPZ-1
£0UTPRT=~1
2XPASIC-]
FSETMODE~1
ESETHMODF =1
EMOVE-1
ALT-1 ’ ey

-2



FFFO: 83
FFFI: 7r
FFF2: 50
FFF3: CC
FFFd: Bh
FFF5: FC
FPFE: 17
FrFT: 17
'FFFB: F5
FFF3: 03
FEFA: F
FFFB: 13
FEFC: 59
FeFD: FF
FFFE: B&
FFEFf: rA

XUTNE

DFB FSETHORM-1
CFEBE 4SETINV-1
DFE *LIST=1
DFPR 2RITE~]1
DFE  #G0O=-1
DFE #READ=1
DFBR  4¥5ETMODE-1
OFB #SFTMODE-1
DFR FCRMON-1
OFE $BLANK-=1
3} t) ENMYT NMI VECTOR
DFB  4NMI/2586
DFE #RESET RESET VECTOR
CFE #RESET/256
DFB #IRQ IR0 ViI{TOR
DFE  #IRQ/256
EQU  $3€
i
Q0 i
e

ke



F500:
FR02:
F503:
F303:
F307:
F509:
F503:
F50C:
F50D:
F30E:
F50F:
F51l:
F513:
F515:
F5163

Ev
43
3l
hd
A
Do
88
Ca
BA
18
ES
E5
i0
c8
98

14
3F
iE

41

3A
3E
0l

FuEERAI KA AR AXA N T A kAN TN aL

APPLE-II
MINI-ASSEM3LER

COPYRIGHT 1977 £Y
APPLE CO#MPUTER INC.

ALL RIGHTS RESEFVED

5. WOINIAK
AL DAIM

LA
L N

I EZEEE SRR R L L L AL L bR

TITLE “APPLE=-II HINI—ASSEEBLER“

PORNAT EPZ 52E
LENGTH EPI 52F
“ODE EPZ 331
PROMPT £FZ  $33
YAV £P7  $3¢
i £PZ $35
BCL ZPZ  ©3A
pCH ERT 537
A1H EFZ  $3T
AZL opg g3F
A2E EPZ 83F
AL EPT 542
Adi EPZ 343
YT EPT 544
N EQU 5200
INSDSZ EQU SFEEE
INSTOZP . EQU  SFSD0
PREL2 DU SFY4A
FCADT EQU SFYS3
CHARL EOU  5F934
craR2 EQU  SF92A
MNEBL ENU SPYCD
MNE.AP EDO SFAQ0D
CURSTP 00U SFCIA
GETLNL EQD  3FDET
coar ECU  SFOED
aLil EOL  STECH
A1PCLE EQU BFETS
EELL EQG  SFE3A
GEENUA ECU  $FE3T
TOSUR ENU  SFFEF
2z 20DE BN SFFCT
CYHPTIL ENG  SFFCC
orG 57500
REL SRC 4521
T IY
Ddf  LFR3
LoY AZd
LE¥ a2l
BRE REL2
nEY
REL2 DEX
TXA
cLe
SBC PCL
STA  AZL
APL BEL3
INY
REL3 TYA

IS FeT COMPATIELE
JITH RELATIVE I0DET
0.

BOO0CLE: DECRETHT

FORM ADDR-PC~-2

¥



F517:
F519:
F51B:
FS510:z
F520:
F522:
F523:
P525:
FS28¢:
Fr528:
FL2E:
F531:
F533:
F535:
F538:
F538:
F33D:
F540:
F542:
F544:
F545:
F547:
FS4A:
F54C:
FS4E:
F550:
F532:
F5543
PSSE:
F559:
¥F55C:
F55E:
F561:
FS62:
F565:
FS567:
F569:
PEEC:
F56E:
570z
F572:
F574:
F576:
F578:
F57A:
F57C:
FS7E:
Fsai:
FSg2:
FSB4:
PSBE:
F588:
FH89:
F588:
F5BD:
FS8F:
F592:
F535:
F597:
F599:
FS9C:
FS9P:
FSA2:
F5a4:
F5a6:
P5AT:
FSAG:
FSAB:
FSAC:
F5AF:
F5Bl:
F583:
F5B4:
F5Bé:
F5B9:
F5BA:
F5BD:
F5C0:
F5C3:
FoC3:
F5CS¢
F5C7:
#5C8:
F5CH:
FoCB:

ES
oo

BY
31
g4

20

20
20

20

BS
4C

a4
20
a4
af
ag

D9
Do
co
oo
AS
AG
o3
20
AC
A5
20
AR
BD
s
DO
BD
o=
oo
aAS
a4
co
FO
c5
FO
Ch
Do
ES
g
Fa
A4
98

20
a9
20
20
29
85
20
20
AD

FO
cB

c9
FO
B8
20
cg9
DO
8A
Te
20
B3
85
20
Qa
EY
co
]
0A
0A
A2
DA

3B
6B
F
F1v]
3A

F8
ia
1A
00
53
3B
3A
95
3E
34
A7
34

00

FC
¥C
F8
F9

F5
FE

133

17

4B
cc
F8
15
ES
31

34
090
95
3n
2E

00
42
13
co
43
oc
44
2E
3D
88
2E
gF
v
jale
44
35
D&
34

FF

FE
PS5

F8

FA

F9

F9
FD
FF

FD
FF

02

FT

FE

rée

ERR3
FINDOP
FNDGP2

FAKEMON3

FAKEMON

FAKEMONZ

TRYNEXT

NREL

NEXTOP

ERR
ERRZ

RESETZ
RXTLINE

ERRS

SPACE

MNATHN
NXTM

NXTMZ

SBC
BNE
LDY
LDA
STA
DEY
BPL
JS5R
J5R
J3R
JSR
STY
STA
JHP
J5R
LDY
J5R
5TY
LDY
DEY
BMI
CMP
3YEL
cry
EME
LDA
Loy

- DEC

JSR
JME
LDA
J5R
TAX
LOA
CHE
BNE
LDA
CME
BNE
LDa
LDY
CPY
BREQ
CMP
BEQ
DEC
BNE
INC
DEC
BEQ
LDY
TYA
TAX
JSR
LDA
JSR
JSR
LDA
S5TA
JF&R
J5R
LDA&
CHP
BE0
INY
CMP
BED
DEY
JSR
CMP
BAI
TXA
BEQ
JSR
LDA
STA
ISR
ASL

CMp
BCC
ASL
BSL
LDX
ASL

pCH

ERR
LENGTH
AlH,Y
{PCL} X

FNDOPZ
CURSUP
CURSUP
INSTRSP
PCADJ
pCH

BCL
NXTLINE
TOSUB
YSAV
GETNUM
¥SAV
4517

RESETZ
CHRTBL,Y
FAEEMONZ
4515
FAKEMOQN3
MODE

L34

¥5AV

BL1
NXTLINE
ALY
INSDS2

MNEMR , X
A4L
NEXTOP
MNEML, X
A4H
NEXTQP
FMT
FORMAT
#39D
REL
FORMAT
FINDGP
AlH
TRYNEXT
FAT

L
TRYNEXT
YSAY

PRBL2Z
$#5DE
coaT
SELL
#SAl
DROMPT
GETLNZ
IMODE
IN
#5A0
SPACE

$5A4
FAKEMON

GETNOM
#3593

IREZ

ERRZ
ALPCLE
53
xig
GETNSP
A

+5RE
¥5C2
TRR2

A

A
54
A

ERROR IF >1-BYTE EBRANCH

MOVE I8ST TO (PC)

RESTORE CURSCOR
TYPE FORMATTED LINE

UPDATE PC

GET MNEXT LINE
GO TO DELIM HANDLER

RESTORE Y=-INDEX

READ PARAM

SAVE Y=-INDEX

INIT DELIMITER INDEX
CHECE NEXT DELIM

ERR IF UNRECOGNIZED DELIM
COMPARE WITH DELIM TABLE
NO MATCH

MATCH, IS IT CR?

HO,

HANDLE IT IN MONITOR

HANDLE CR QUTSIDE MONITOR

GET TRIAL QPCODE
GET FMT+LENGTH FOR OPCODE

GET LOWE®R MMEMONIC BYTE
MATCH?

NQ, TRY HEXT QPCODE

GET UPPER MNEMONIC BYTE
MATCH?

HO, TRY NEXT OPCODE.

GET TRIAL FORMAT
TRIAL PORMAT RELATIVE?

YES

SAME FORMAT?

YES.
NO, TRY NEXT OPCODE

NO MORE, TRY WITH LEN=2
WAS L=2 ALREADY? .

NG.
YES, UNRECOGNIZED INST.
PRINT ~ UNDER LAST READ

CHAR TQ INDICATE ERROR
POSITION.

gy

INITIALIZE PROMPT
GET LINE.
INIT SCREEN STUFF

GET CHAR
LECIT BLANK?

YES

ASCII '5' IN COL 12

YES

SIMULATE MONITOR

NG, BACKUP A CHAR
GET A NUMBER

NG,

TERMIKATOR?
ERR.

N ADR PRECEDING COLON.
WOVE ADR TO PCL, PCH.

COUNT OF CHARS IN MWNEMONIC

CET FIRST MNEX CHAR.

SUBTRACT OFFSET
LEGAL CHAR?

NG,
COMPRESS-LEFT JUSTIFY

Do

=

TRIPLE WORD SHIFTS

e

8.
c

i



FSCC:
FSCE:
FSDO:
F5D1:
F503:
F5B5:
FSD7:
F5D5:
F5pPB:
FOOE:
FSEQ:
FSE3:
F3E5:
FSE8:
FSEB:
F5ED:
F5F0:
FSF2:
F5F4:
FaF6:
PSFH:
FSF3:
FSFA:
FSFC:
FSFE:
F&00:
F603:
F605:
Feld7:
F605:
redA:
FeldC:
F&0D:
FHOF:
Fell:z
Foli:
F6id:
F615:
F&616:
F6i8:z
FBlAaz
F61C:
FHLlE:
F620:
F6223
FE24:
FB26:
FB29:
FGE2B:
F62D:
FH2F:
F631:
F634:
F637:
F&38:
F&3A:
FB3C:

Foéh:

26
26
CA
1o
Ch
FO
19
a2
20
84
i)
[HY
Z0
3]
FGQ
BD
£
cg
Fo
a4
18
BE
26
Ef
oo
20
AS
Fi
B
g6
A2
EE]
86
Cch
10
a3
GA
ga
05
c9
BO
ab
FO
09
85
34
B9
o]
FO
o]
oo
4
BY
ca
Cc9
FO
34

Fé

F&
Fg

Fg

Bz

FS
02

F5

FOPMY
Pl

FORM3
FORMA
rORMS

FORMG

FORAT

FORME

FORMY9
GETNSP

MINASH

RGL
ROL
DEX
3PL
DEC
3ED
BPL,
LX
XSR
STY
cme
ANE
JER
e
20
LDA
2ED
CHp
BED
LCY
CLC
DEY
®OL
CRN
BNE
JSR
LDA
BEQ
IN%
STX
EDX
DEY
STX
DEX
arPL
LDA
ASL
ASL
ORA
CHP
rCS
LDX
BED
QRA
3TA
STY
LDA
CHMP
REQ
cup
BNE
JMP

. LDA

INY
cMe

. BEQ

RTS
ORG
Jup

AdL
AdH

NXTM2
All
HXTM2
NXTHMN
£S5
ZETMSP
YSavy
CHARL,X
FORYI
GETNSP
CHARZ,X
TORMS
Cus=2,x
FORM4
£584
FeORIT4
YSAV

Fat
#53
FORM7T
GE LU
478
FORME

N
£33

aln

FORHMZ
FMT

2

A

L

2520
FORMS
L

FORMSE
#3580
FNT
YSAV
IN,Y
#3588
FORMI
d58D
ERFd
TRYNEXT
IN,Y

ASA0
CSETNSP

3F666
RESETZ

93

DOHE WITH 3 CHAPS?

YES, BOT D2 1 MORE SHIFT
NO

5 CHARS IN ADDP MGDE

GET FIRST C+4aAR OF ADDR

FIRST CHAR MATCH PATTERNZ
NO

YES, GET 3SZCOND CHAR
“ATCHES SECOND HALF?

YES

NG, 13 SECOWD HALF ZERO?

¥YES.
NG, SFCOMND HALF CPRTIONAL?

¥ES.

CLEAR BIT=-NO MATCH

RACK UP 1 CHAR

FORM FOFPMAT 3YTE

TIME TC CHECK FOR ADDR.
NO

¥ES

RIGH-0ORDER BYTE ZERO
NG, INCR FOR 2-8BYTE
STORE LENGTH

RFLOAD FTORMAT INDEX
BRACKUP A CHAR

SAVE INDEX

DONE WITH FORMAT CHECK?
a0,

YT5, PUT LENGTH

IN LOW RITS

ADD 'S' IF WOHZERD LENGTH
AND DON'T MALREADY HAVE IT

GET MEXT NOWBLANK

';' START OF COMMENT?
YES

CARRIAGE RETURN?Z

NQ, ERPF.

GET WEXT NON BLANK CHAR

y



F425: 1B
F426: A2
F428: BS
F4ZB: 75
Fa2C: 95
F42E: CA
F42F: 10
F431: 60
F432: 06
F43d: 20
Fa37: 24
Fd439: 1@
F43B: 20
F43E: E6
F440: 38
Fddal: A2
F443:z 94
F445: BS
F447: 24
F&4Y9: 94
F443: 95
Fd440: CA
F44E: 20
F433: o&U
F451: A%
F453: 853
F455: AS
F457: C9
F459: 30
7458: C&
F450: 06
F45F: 26
Fd46l: 26
£463: AD
F465: DO
F467: &0
Fd&d: 20
F46B: 20
FARE: AS
F470: C5
F472: DO
F474: 20
F477: 50
F479: 7O

gz
F9
FS
F9

F7

Fa

Ad

7B
F4
F8

F1

EA
G5

Fa

4

F4
Fa

F4

+
dkkwEbRwhrE Rk kxrkhhkkok

APPLE=II FLOATIMG
POINT ROUTINES

COPYRIGHT 1977 BY
APBLE COMPUTER INC.

ALL RICHTS RESERVED

5. WOZNIARX

L O B S AN L N
* oM % o % N % o F %

FEITEEEREERS 222 RS 08 ki

TITLE "“FLOATING PCOINT ROUTINES®

5IGa IFZ  SF3
X2 EPZ S5F4
M2 EPZ S¥F5
X1 EPZ SF&
Ml EPZ  EF9
E EFZ SFC
OVLOC EQD  S3F3
QRG 574235
ADD CLC
LDK 57
ADULL Loa M1l,%
ADC M2, X
3TAa »1.X
oEY
BEL ADD]
RTS
Mol asL  SIcx
JSR ARSYAP

ABZWAP BRIT M1
’ BERL  AB3WAPL
JSR  FCCPL

INC BIGH
ADSRAPL SEC
S¥WAP LD® 354
SYEPL 3TY E-1.X%

LDA Al-1,X
Loy  £2-1,%
3Ty H1l-1.,X%
53TA N2-1,X

DEX
BRNE SWAPL
RTS
FLUAT LoA  LEEE
TR X1
HopMl Loa M1
c2p  #SCO
Bl  ®BTS1
DEC ¥l
ASL  1+2
RCL  Mi+1
ROL M1
NORM Lna X1
BNE NORM1
RTS1 PTS
FSUR JSR  FCOMPL
. SWFALGN JSR  ALGNSWP
FADRD LDa X2
cHMP X1
BME  SWPALGH
JSR ADD
ADDEND BYC  HOR™

avs  RTLOG

CLEAR CARRY.
INDEX FOR 3~2YTE ADD.

APD A BYTE OF ™MANTZ TO MANTIL.

INDEX TO NEXT MORE SIGNIF. BYTE. '
LOCGP UMTIL DONWE.

RETURK

CLEAR L&E OF SIGH.

AE5 VAL OF M1, THEN SWAP WITH M2
SMANTI NMEGATIVE?

WD, SWAPp oITH MANTZ AND RETURN.
YES, CCHIPLEENT IT.

18C* SICH, COMPLEMENTING LSE.
SET CAREY FOR RETURN TO MUL/DIV.
INCEX FGR 4~BYTE SWAE.

SWAP A R2YTE COF EXP/MANTY WiTH
EXP/MANTZ AND LERVE A COPY OF
magTl I £ (3 3IYTES). E+3 USED

ADVANCE INDEX TO NIXT 2YTE.

LOOP UNTIEL DONWE.

PETURH

IRIT ©¥Pl TO 14,

TEED WORMALIZE TO FLOAT,
BIGA-ORDER MANTL BYTE.

UPPER TWO EITS UNEOUAL?

YES, RETURN wITH MANT1 NORMALIZED
CECREMENT EXPL.

CgHIPT @ANTL {3 ayTES) LEPT.

£XP1 ZERO? .

NGO, CONTINUE NORMALIZING

RETURN.

CHBL MANT1,CLEARS CARRY UNLESS 0
RIGHT SHIFT MANTL 08 SWAP WITH

COMBARE CXPl WITH EXPZ.

IF %,5WAP AMDENDS OF ALIGH MANTS,
ADD ALIGAED MANTISSAS.

NQ QVERFLOW, NORMALIZE RESOULT.

ov: SHIFT Ml RIGHT, CARRY IHTO SIGE

I



90

AS
9a
E&
FO
a2
75
ER
0o
&0
20
65
26
18
20
30
20
8B
io
46
90
38
A2
a9
F5
35
ca
Bd
FO
20
ES

20 E

38
Az
BS
FS
48
CA
10
AZ
68
50
95
E8
pa
28
26
26
0s
26
26
BO
B8
ol
Fo
BE
86
B&
BO
39
638
68
30
49
85
Al
60
10
4C

20
A5
10
cs
Co
24
10
AS
FO
Ef
DG
E6
60
A9
85
85
[:31]

]

ra
75

FA
FF

02

F3
FC

Fe
FD

02
F8

FB
FB
FA
F9
F7
F&
F5
1C

DA
BE
FB
Fa
F9
a0
04

B2
84
FE
17

F?

Eiy
F8
13
BE
F5
r3
0A
FB
0¢
Fa
02z
F$

0o
F9
FA

F4
Fd
F4

ra

F4

3

Fa

ALGNS AP
-

RTAR
RTLOG

RILOGL
RORY

MULL
MUL2
MDERD

NOPMZ
FCOMPL

Co#ApLl

FoIvV

nIvl

DIV2

BIv3

DIV4

M2

MD3

OVCHE
OVFL

FIXl
FIX

FIXRTS
UNDFL

SWAP IF CARRY CLEAR,

FLSE SHIFT RIGHT ARITH.

BCC SwAP
LIA M1
ASL A

N x1
FED  OVFEL
LOX 3504
PO E+3,X
INK

BNE  RORL
RT3

Jap w0l
nz 2l
I3k MD2
CLC

J8R  RTLOG]
3CC I'uLz
J3R  AOR
TEY

api, MUOLI
LER  31ICGW
2 AR
5zC

LIOX 53
LDA #5350
s8¢ X1,X
5TH X1,.%
DEX.

BNEZ COmPL1
2EQ ANCEND
J3®  mMpl
SRC X1
JSR D2
SEC

Loy 52
LA w2,X
SBC E,X
PHA

DEX

BPL IIV2
LDX 3SFD
PLA

BCC DIV4
STA MZ2+43,%
INX ’
BNE DIV3
ROL, M1+32
ROL Mi+l
ROL M1
ASL M2+2
ROL M2+1
ROL 2
BCS  OVFL
DEY

BNE DIV1
BEO MOFMD
STX MI+2
STH  Mi+l
STX Ml
3C5  OVCHK
aMI  MD3
PLA

PLA

RCC CRMX
ECR %880
5rA X1
LOY #3517
RTS

BPL HD3
Jup  OQVLOC
GRE SFS30
JSR  RTAR
LA %1
SPL  UMDFL
CMP  ¥#358%8
SNF  FIXl
SIT M1
BPL FIXPTS
Loa Mi+2
BFEQ FIYRTS
INC MI+)
BNE FIXRTS
IuC #l
RTS

LGA 230
5T M1
STA  M1+1
RTS

SICY OF MANT1 INTC CARRY FOR
RIGHT ARITH SHIFT.

ING= X1 TO ADJUST FOR RIGHT SHIFT
EXPl OUT OF RANGE,

INDEX FOR 6:zRYTE RIGHT SHIFT.

MEXT BYTE OF SWIFT.

LI0P UNTIL DONE,

RETUDN,

ABS VAL OF MANT1, MANTZ.

ADD FXP1l TO SX¥P2 FOR PRODUCT EXP
CHECH PROD. EXP AND FREP. FOR MUL
CLEAR CAREY FOR FIRST BIT.

41 ANLE B RIGHT {PROD aND HMPLIEPR)
IF CARRY CLEAR, SKIP PARTIAL PRCD
AnC MULTIPLICAND TO PRODUCT,
NEXT “OL ITERATION. .
LOOP UNTIL DONE. .
TEST SIGN L52.

I¥ EVEN,NORMALIZE PROD,ELSE COMP
SLT CARRY FOP SUBTRACT.

INDEX FOR 3~3YTE ZUBTRACT.

CLEAP A,

SUBTRACT PYTE OF EXPL.

RESTORE IT.

HEXT MORE "SICNIFICANT BYTE.

LOOP UNTIL MONE,

NOPMALIZE (OR SHIFT RT IF OVFLj.
TAXE aBS VAL OF MANTL, MawNT2,
SUBRTRACT EXPl FROM FXP2Z.

SAVE AS QUQTIENT EXP.

SET CARRY FOR SUBTRACT.

INDEX FOR I~FYTE SURTRACTION.

SU3TRACT B ZYTE OF £ FROM MANTZ,
SAVE 0N STACK.

NEXT MORF SIGMIFICANT BYTE.

LO0P UNTIL DONE.

INCEX FORP 3-8YTE CONDITIONAL HMOVE
PULL BYTE OF DIFFERENCE OFF STACE
IF M2<E THEN DON'T RESTORE M2.

NEXT LESS SIGNIFICANT RYTE.
LOOPF UNTIL DONE.

ROLL QUOTIENT LEFT,CARRY INTC L33

SHIFT DIVIDEND LEFT.

OVFL 1S DUE TO UNNORMER DIVISQR
WEXT DIVITDE ITERATION.

LOOP ONTIL DONE 23 ITERATIONS.
NORM. QUOTIENT AND CORRECT SIGN.

_ CLEAR MAWT1 (3 BYTES) FOR MUL/DIV.

IF CALC. SET CARRY,CHECE FOP OVFL
IF NEG THENM N0 UNDERFLOW.
POP OHE RETURN LEVEL.

CLEAR X1 AND RETURN.

COMPLEMERT SIGN 21T OF EXPOWEWT.
STORE IT.

COUNT 24 #UL/23 DIV ITERATIONS
RETUPRY.

IF POSITIVE EXF THEN NO QVFL.

g5 - e
-~



FG68%:
r6aC:
FHBED:
FBEF:
£h90s
Fg9z:
Fe%5:
FE58:
FaSa:
FROC:
FBYE:
FoAl:
Fbal:
LT
F6AS:
PEAT:
FBA8:
F&AS:
FLAA:
FHAC:
FoAE:
F6BO:
FeB1:
FeBa:
Fa83:
F&B4:
FEBT:
T5BA:
FERY:
FeBg:
Fb30:
FOEF:
FHZ:
FaCd:
FBCS:
FoCot
FeCie
FBCE:
FGC91:
FeCC:
FeCF:

20

68
BS

68

85
20

4C

E6
oo

E&
A%
48

&0

29
L]
AA

51
FO
86
45

1A
A3

E9
48

60

oo
E6
BD
48
AS
48
60
68
68
20
&eC
El

43
1E

iF
98
92
1E
G2
1F
13

oG
1E
or

1£
11:]
e

El

1E
g2

1F
Ed

1b

ir
1E
1g

FF

Fo

Fe

FF
00

I 2233323322 202 20 L k)

APPLE-II PSEULO
MACHINE INTERPRETER

COPYRIGHT 1977
RPPLE COMPUTER INC

ALL RIGHTS PRESERVED

R W N % N R X N

2. WOZNIAK

LR R RN

*
FEFTEE R FETEELER LEL AL S 22 4

TITLE “3WEET16 IWTERPRETER"

RGL EFZ 350
ROH EPZ S
R14d LPZ $1m
R15L EPZ SI1E
R15H EpZ ! 1F
S16PAG EoU  SE7
SAVE o0 SFF4a

RESTORE o0 sFF3r
ORG  SFog%

PRESERVE 6502 REG CONTENTS

INIT 5WEETLE PC
FROM RETURM
ANDRESS
ISTERPRET AND EXECUTE
QHE 3FWEET16 INST

INCP SUEET16 PC FOR FETCH

BUSH ON STACK FORF RTS

FETCH INSTR
MBSK REG SPECIFICATION

poOUALE FDE 2-2YTE REGISTERS
TO X—-REG FOR INDEXING

HOoW HavE CGPLGRE

IF Z=rR0 THEN NON-REG OF
INDICATE'PRIOP REISGLLT PEG!
QFCCOE*2 TC LSE'S

TO Y-nEC FOR INDEXING

LA OPTRL-2,Y LOW~OROFR ADR RYTE

5916 J3R  S5AVE
PLA
STA RI1S5L
PLA
5Tk F135D
Swlag JsRp  Evlel
JYE  3Mlee
5WisC e Ri3L
BNE 51160
INC R154
SWwied LoA #816PRG
PHA
Loy  #s0
LA (R15L) .Y
AND #5F
ASL A
TAX
SR A
EQR [R151),Y%
ZEQ  TORF
STX Rl4n
LSR A
LER A
L5R A
Iay
EHZ
[ .
TC3R . INC  FISL
SE  ORe2
IMC plSe
TUARZ LA ORTEL, X
FHA
LbAd  R14H
LSF A
F1s
REMZ FLA
FLA

J3R PFSTORE
J®®  (R1SL)
SETZ LDA  (R15L),Y

ONTC STACK
GOTO REG-0GPF POUTINE

INCl bC

LOW-QRDFS &0QF CYTE

ONTG §TACK FOR HON-REG 0P
'PRIOR RESULT FEG' INDEX
EREPARE CARRY FUOR RC, BNC.
GOTO WOHN-REG QP POUTIMNE
FOP RETURW ADNRESS

RESTO&F €502 REG COATENTS
pETOaN TC 6502 CODE VIA BC
HIGH-CRDER BYTE OF CONSTAUT

L



97

FoDA:

95

B8

Bl

95
98
e

65
2%
90
E6

80
g2
F&
4
90
oo
9E
25
AF
i6
BZ
47
B9
51
co
2F
cY
5
D2
85
bD
5E
05
33
E8
70
a3
1E
E7
65
£7
ET
£7
10

85
B3
85
[{1H
AS
35
AS
95
80
%3
81
AD
B4
FE
Bo
F&
60
Al
B85
A
gd
FO
ad
FO
20
al
A8
20
al
85
84
&0
R
60
20
al
&5
4C
2C

01

1l
oo

1E
1E
g2

[

F7
F7

SET2
QpTAL
BFTRL

SET
LD
BR

5T

STAT
STaTZ

" STAT3

INR

INRZ
LDAT

rop

POPD

POR2

PQR3

LDDAT

STDAT

STA
DEY
LDA
3TA
TYA
SEC
nC
5TA
BCE
I8¢
RTS
pER
DFE
DFE
CFP
BFe
DFR
DFBR
nEg
DER
DFRB
DFE
DFB
OFE
DFE
)
DFR
DFR
OFE
NEE
DFB
DFE
DFE
Ors
DFS
DFS
DFE
DEB
BrE
DFB
nFB
DFB
DFB
BPL
LDA
ffels
STA
LDA
STA
RTS
LDA
STA
LDA
STA
RTS
LDA
STA
LDY
5TY
INC
INE
INC
RTS
LD&
STA
LDY
s1Y
BEN
LDY
3EQ
ISR
LGA
TAY
JSR
LDA
STA
STY
Loy
5TY
RTS
JSR
LDa
5TA
Jup
JER

ROH, X

(#15L),Y LO¥W-~ORGFR BYTE OF CONSTANT

ROL, X

F15L
RISL
ZETZ
7153

SET=-1
RTN=]
Lo-1
Se=1
ST=-1
BMC=-1
LDAT=]1
ac-1

~5TaT-1

2h—]
LODAT-1
BM=-1
STDAT=1
RZ=1
POE-1
ANE=-1
STPAT~1
BMI1-1
ADD-1
BymMl-1
SU3~1
RE-1
PGEO~1
PS-1
CPR-1
35-1
INR=1
NUL=-1
DCR-1
NUL=-1
NOL=-1
NUL-1
SETZ
ROL, X
*-1
ROL
ROH, X
ROH

ROL
ROL, %
ROH
ROH, X

ROL
{ROL, %)
#50
R148
ROL,X
INR2
RO, X

{ROL,X)
ROL
#50
ROH
STAT3

$50
POP2

BCR
[ROL, X}

nDCP
{ROL, X}
ROL

ROH

#50
R14H

LDAT
(ROL, X}
RCR

INR
STAT

¥Y-REG CONTAINS 1

Aapp 2 TO PC

{1}
fay
{2X)

1)

[3%)
(23
{4X)
(3}
[5%)
[4}
(eX}
5]
{(7x)
{6}
{3R)
7
%%}
(%)
(A}
(39}
{2X)
(&}
<X
(2}
{DX)
(cy
{EX)
(o)
(FX)
{E}
{UNGSED)
(F)
ALWAYS TAKEN

MOVE RX TO RO

MOVE RO TO RX

STORE BYTE INDIRECT
INDICATE RO IS RESULT REG
INCR RX

LCOAD INDIRFCT (RX)
12 RO

ECRO HIGH-~ORDER RO 3YTE

ALWAYS TRKEN

HIGH QRNER BYIS = 0
ALWAYS TAXEN

DECR RX

P0P RIGH-ORDER BYTE RRX
SAVE IN Y-REG

BECR RX

LOW—CRDER BYTE

TC RO

INCICATE RO AS LAST RSLT REG

LOW~-OROER BYTE TQ RO, INCR PX
HIGH=-ORDER BYTE TO RO

INCR RX

-STOFE*£;DIRECT LOW-0ORDER

”



F75%; AS Gl LDA  ROA BYTF AMD INCP RX. THEN

F357: 81 QG STA  (ROL,X) STUORF HIGH-ORDER RBRYTE.

F759: 4C IF F7 JUP I INCR "X AMD RETURN

F75C: 20 6& F7 STPAT J3R DCE DECR FX

F75F: A% 00 LDA ROL

F761: 81 €Q ST%  (FOL,X) STCRE R0 LOW ZYTF @RX

F783: 4C 43 F7 JMP  BOPRZ INDICATE PO A5 LAST RSLT REG

F7861 8% 0O oce LbA  RGL,X

F768: DO 02 BNE DCR2 DECF PX

FT6A: D6 01 DEC RQH,X

F76C: D6 QO ncr2 DEC R’OL,X

FT76E: &0 RTE

F?6F: a0 a0 301 LDY  psg BESULT TG RO

F77l: 38 CPR SEC NOTE Y~-REG = 13%2 FOR CPR

F772: AS 00 ' LA ROL

F774: F5 OO SBC ROL,X

F776: 99 00 GO STA ROL,Y RO-RX TO RY

F779: A5 01 LDA ROH

F?78: F5 01 38C ROH,X

FI7D: 92 01 00 susz: STA PROH,T

F780: 98 TYA LAST RESULT REG®2

F78i: 69 090 ADC  #50 CARRY TO LSH

F783: 85 ID STA R14H

F785: 60 RTS8

FP7868: A5 00 ADD iDA ROL

F788: 7% 00 apC  ROL,X

F78A; 85 00 3T2  ROL RO+RX TC RO

F78C: A5 (L LDA  ROH

F78E: 75 01 2DC RO, X

F790: AQ Q0 LDY #S0 BEQ FOR RESULT

£792: F0D E9 BED 30”2 FINISHE ADD

F794: A5 lE BS LDA R15L NOTE X-REG IS 12+2!

F736: 20 19 F7 JSR  3TAT2 PUSE LOW PC BYTE VIA R12

F799: A5 1f : LDA RI15H

F79B: 20 19 F7 JSR  sTaT2 PUSH HICGH-ORDER PC BYTE

F79E: 18 B cLC

F79F: B0 CE oNg - ECS  B3hC2 NO CARRY TEST

£7al: B1 1E BR1 LDE  IRISL},Y DISPLACEMENT RYTE

F7A3: 10 €1 3IPL BRZ

F7A5: B8 nEY

F7A6: 65 1E BR2 ADC  R1SL ARD TO PC

F7a8: 85 1E STA  R15L

F7aA: 93 TY3

F7a4B: 65 1F ADC  RISH

F7AD: 85 1P STA R1sH

F7AF: 60 BRC2 RTS

F7BQ: BQ EC BC BCS  BR

F7B2: 60 2TS

F7B3: 0A 3P ASL 1 LOUELE RESULT-REC INDEX

F7B4: AA TAX TC X-REG FOR INDEXING

F7B5: BS 01 LA ROE,X TEST FOR PLUS

F7B7: 10 z8 BPL BPR1 BRANCH IF 30

F789: &0 RTS )

F7BA: QA 3 ASL & DOUBLF RESULT-REC INDEX

F7B2: AA TAX

F7BC: BS 01 LD& &OB,X TEST FUR MINGS

F7BE: 130 El BMI  RmEl

FIC0: 60 RTS :

F7C1l: 0a BZ ASL A DOUBRLE RESULT-REG INDEX

F7C2: AA TAY

F7C3: BS Q0 LTA ROL,X TEST FOR ZERD

F7CS: 15 01 OFR4  ROH,X {BOTH PYIES}

FICTT FO D8 REQ ARl BRRANCH IF %0

F7C9: 60 bT3

FYCA: DA gy ASL R DOUBLT ARPSULT-REC INDEX

FIC3: AA : TAY

FICC: BS OO LPA  8OL,X TEST FOR NONZERO

F7CE: 15 01 CQRA  ROH,X (BOTH BYTES)

F7D0: DO CF BNE BR1 BRANCH IF S0

FID2: 60 RTS

FIB3:z QA BM1 ASL ' A DOUELE RESULT-REG INDEX

F7D&: AA TAX

F7D5: B5 00 - LDA  ROL,X CHECK BOTH BYTES

FID7: 33 01 AND ROH,X FOR $FF (MINUS 1)

F7D9: 49 FF E0R 3PP

FIDa: ¥FO C4 REQ B8Rl BRANCHE IF 350

F7Db: &9 RTE

FIDE: 0A BNM1 ASL A DOUSLE RESULT-REG INDEX

FIDF: A3 TAX

F?E0: B5 006 LA ROL,X g

FIE2:; 35 01 AND ROH,X CHECK B0TH EYTES FOR WO $FF

F7E4: 49 FF SR {S5FF

FI7E&: DO B9 BNE 8Pl ZRANCH IF NOT MINUS 1

F7EB: 60 NUL RTS

FIES: A2 18 RS LDX 2518 12*2 FOR R12 AS STK POINTER
g8 | : @

‘J — e —




FIEB:
F7EE:
FIF0:
FIF2:
FIFS:
F7F7:
F7F%:
FIiFA:

20
A1
B85
20
Al
85
&
5C

&6 F7
0Q
1F
66 F7
00
1E

C7 Fé

[TH

J5R
LDa
STA
J5R
LDA
3TA
8BTS
J4p

DCR CECR STACK POINTER
(FGL, X) PO 4IGH RETURN ALDR TO PC
R15#F

DCR 3anE FOR LOW-0ORDER SYTE
[ROL, X}
R15L
RTYHZ
3
: 0

v
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6502 MICROPROCESSOR INSTRUCTIONS

ADC

AND
ASL

BCc
BCS
BEQ
BIT

Bmi
BANE
BPL
BRK
BYC
BV¥S

cLC
LD
CLi
cLv
CMP
CPX
CPY
DEC
CEX
DEY

ECR

INC
INX
iNY
JMP
J5A

Add Memaory to Accumulator with LDA
Carry 1DX
"ANDT Mamory with Accumulator LDY
Shitt Left One Bit demory or LSR
Accumulaiont - )
Branch on Carry Claar . = NOP.
Branch on Carry Setd " . . ORA
Branch on Aeauit Zerp

Teal Bita i Mernory with sl
Accumulator Litnl
Brangh on Aesult Minus Lo
Branch on Aesult not Zaro pLpe
Branch ar Fesult Plus . ROL
Farca Break

Eranch on Owerflow Clear ROR
Branch an Overflow Sat

Clear Carry Flag RTi
Claar Decimal Moda BES
Claar Interrupt Disabla 8it SBC
Cilear Overfiow Flag

Compare Memory and Accumuiator SEC
Carmpare Mamory and ingex X SED
Compare Memory and Incex ¥ SEl
Decrement Mamory by Ona STA
Decrsment index X by One STX
Dacremant {ndex Y by Ona 5TY
“Exchusive-Or” Memory with TAX
Accumulater TAY
\ TSX
ncremant Memory by Cne

Ingrement Indax X by One g‘;
incremant lndex Y by One TYA

:Jump to New Location
Jumg to New Location Saving
Aeturmn Adcrass

Load Accumuiatar with Memaory
tosd Index X with Memory
Load index Y with Memory
Shift Right one Bit Mamory or
Accumuiaior)

Mo Opecation -

“DR™ Memory with Accumulator
Push Accumutator on Siack
Push Processor Status on Stack
Pult Accumuiator from Stack
Puil Processcr Status from Stack

Rotate One 8it Left (Memory or
Accumuision

Rotate One Bit Right tMemory or
Accumulator

Return from interrupt

Return from Subroutine

Subtract Memoey from Accumulstor
with Borow

Sat Carry Fiag

Set Decimal Mode

Sat interrupt Oisable Slatus

Swre Accumuiator in Mamory
Storm index X in Memory

Store index ¥ in Memory !

Transier Accumuiator to Indax X
Transfer Accumulater to Indax Y
Transiar Stack Pointer to index X
Transter index X to Accumulator
Transter index X tor Stack Pointer
Transfer fndex Y 0 ACCumulaton



THE FOLLOWING NOTATION
APPLIES TO THIS SUMMARY:

A Accumulator FIGURE 1. ASL-SFHFT LEFT ONE 8IT CPERATION
Xy index Registers 8
s e T e o]
= Bormow
P Procassar Status Register - - e
§ Stack Painter FIGURE 2. AOTATE ONE BIT LEFT MEMORY
v Change OR ACCUMULATOR}
— No Change
- Agd M OR A
A Logicsl AND L
A s anoannnE
¥ Logicat Excluzive O
[ Transier From Siack
] Transier To Stack FIGURE 3
e Tranater To
-~ Transier To
v togical OR ?Ia|5|4'3|2|1lo
PC Program Countsr
PCH Program Counter High
- PCL Program Counter Low NOTE t: 8IT — TEST BITS
OFER QOperand
+ immediala Addrassing Mods Bit 6 angd 7 ara tranatferred to the status register. [f tha
resuit of A A M is tero then Z=1, otherwise Z=0
7 0
i A ] ACCUMULATOR
7 o
l Y | INDEX REGISTER ¥
- - . | = h
- - 7 - - Q
| X | INDEX REGISTER X
15 7 0
PCH { FCL 1 PROGARAM COUNTER
; 7 o
{ o] s

| STACK POINTER

7 )
[v[vielo]ijz]c]

PROCESSOR STATUS REGISTER, "P™

CARRY

ZERQ

INTERAUPT DISABLE
DECIMAL MQCE

BREAK COMMAND

COVERFLOW

NEGATIVE

101 -

T P

. ———— i —— T

Y
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GETTING STARTED WITH YNUR APPLE II BOARD

INTRGDUCTION .

ITEMS YOU WILL NEED:

Your APPLE II board comes completely assembled and thorcughly tested.
You should have received the following:

a. 1 ea. APPLE II P.C. Board complete with
specified RAM memory.

b. 1 ea. d.c. power connector with cable.
¢c. 1 ea. 2" speaker with cable.

d. 1 ea. Preliminary Manual

e. 2 ea. Demonstration cassette tapes._

f. 2 ea. 16 pin headers plugged into locations A7
and J14.

In addition you will need:

g. A color TV set (or B & W) equipped with a direct
video input connector for best performance or a com-
mercially available RF modulator such as a "Pixi-verter"
Higher channel (7-13) modulators generally provide
?ettﬁr system performance than lower chanrnel modulators
2-6). .

tm

k. The following nower supplies (NOTE: current ratings
do not include any capacity for peripheral hoards.):

1. +1Z Voits with the following current capacity:
a. For 4K or 16K systems - 350mA.
b. For 8K, 20K or 32K - 550mA.
c. For 12K, 24K, 36K ar 48K - 850mA.

2. +5 Volts at 1.6 amps

4. OPTIONAL: If -12 Voits is required by your keyboard.
{If using an APPLE Il supplied keyboard, you will
need -12V at 50mA.)
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An audio cassette recorder such as a Panasonic model
RQ-309 OS which is used to load and save programs.

An ASCII encoded keyboard equipped with a "reset"
switch.

Cable for the foliowing:
i. Keyboard to APPLE IT P.C.B.
2. Video out 75 ohm cable to TV or modulater

3. Cassette_to APPLE 11 P.C.B. (1 or 2)

Optionally you may désire:

1.

m

Game paddies or pots with cables to APPLE II Game 1/0
connector. ({Several demo programs use PDL{Q) and
"Pong" also uses PDL{1).

Case to hold ali the above

Final Assembly Steps

1.

Using detailed information on pin functions in hardware
section of manual, connect power suppiies to d.c. cable
assembly. Use both ground wires to miminize resistance.
With cable assembly disconnected from APPLE I mother
board, turn on power supplies and verify voltages on
connector pins. Improper supply connections such as re-
verse polarity can severely damage your APPLE I1.

Connect keyboard to APPLE II by unplugging leader in
Tacation A7 and wiring keyboard cable to it, then plug

back into APPLE ITI P.C.B.

Plug in speaker cahle,

Dptxona]?y connect one or two game paddles u51ng leader
supplied in socket located at J14.

Conneéf-video cébﬁe‘ Coe

Connect cabie from cassetie monitor output to APPLE II
cassette input.

Check to see that APPLE IT board is not contacting any
conducting surface.

With power supplies turned off, plug in power connector
to mother board then recheck all cableing.

e
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POE _

1.

R UP

Turn power on. If pouwer supplies overload, immediately turn off
and recheck power cable wiring. Verify operating supply voitages
are within +3% of nominal value.

You shouid now have random video display. If not check video
level pot on mother board, full clockwise is maximum video out-
put. Also check video cables for opens and shorts. Check

modulator if you are using one.

RUNN

Press reset button. Speaker should beep and a "*" prompt
character with a blinking cursor should appear in lower
Teft on screen.

Press "esc" butteon, release and type a "@" {shift-P) to
clear screen. You may now try "Monitor” commands if you
wish. See details in "Monitor" software sectien.

ING BASIC

1.

Turn power on; press reset button; type "control B" and press
return button, A ">" prompt character should appear on screen
indicating that you are now in BASIC.

Load ane of the supplied demonstration cassettes into recorder.
Set recorder Tevel to approximately 5 and start recorder. Type
“LOAD" and return. First beep indicates that APPLE I1 has found
beginning of program; second indicates end of program followed
by "»" character on screen.” If error cccurs on loading, try a
different demo tape or try changing cassette volume level.

Type RUN and carriage return to execute demonstration program.

Listings of these are included in the last section of this
manual.
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THE APPLE II SWITCHING POWER SUPPLY ?

Switching power supplies generally have both advantages and peculiarities
not generally found in conventional power supplies. The Apple IT user
is urged to review this section.

Your Apple II is equipped with an AC line )
voltage filter and a three wire AC line cord.
It is important to meke sure that the third
wite is returned to earth ground. Use a con-
tinuity checker cor ohmmeter to ensure that
the third wire is actually returned to earth.
Continuity should be checked for between the
power supply case and an available water pipe
for example. The line filter, which is of a
type approved by domestic (U.L. C34) and
international (VDE) agencies must be returned
to earth to functiom properly and to avoid
potential shock hazards.

The APPLE II power supply is of the "flyback" switching type.- In
this system, the AC line is rectified directly, "chopped up" by a high
fraquency oscillator and coupled through a small transformer to the
diodes, filters, etc., and results in four low voltage DC supplies to
run APPLE 11, The transformer isolates the DBC supplies from the Tine
and is provided with several shields to prevent "hash” from being
coupled into the Togic or peripherals. In the "flyback” system, the
enaergy transferred through from the AC Tine side to DC supply side is
stored in the transformer's inductance on one-half of the operating
cycle, then transferred to the output filter capacitors on the second
half of the operating cycle. Similar systems are used in TV sets to
provide horizontal deflection and the high voltages te run the CRT.

Regulaticn of the DC voltages is accomplished by controlling the
frequency at which the converter operates; the greater the output power
needed, the Tower the freguency of the converter. IT the converter is
overloaded, the operating frequency will drep into the audible range
with squeels and squawks warning the user that something is wrong.

A1l DC outputs are regulated at the same time and one of the four
outputs {the +5 volt supply) is compared to a reference voitage with
the difference error fed to a feedback loop to assist the oscillator
in running at the needed frequency. Since all DC outputs are regulated
together, their vecltages will reflect to some extent unequal loadings.

- 7
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For example; if the +5 supply is loaded very heavily, then all
other supply voltages will increase in voltage slightly; conversely,
very light Toading on the +5 supply and heavy loading on the +12.
supply will cause both it and the others to sag lightly. If precision

reference voltages are needed for peripheral- applications, they should
be provided for in the peripheral design. !

i

In general, the APPLE II design is conservativa with respect to
component ratings and operating termperatures. An over-voltage crowbar
shutdown system and an auxilliary control feedback loop are provided
to ensure that even very unlikely faijure modes will not cause damage to
the APPLE 11 computer system.
the DC output voltages only. - The AC line voltage input must be within
the specified 1imits, i.e., 107V to 132VY.

The over-voltage protection references to

-

Under no circumstances, should more
than 140 VAC be applied to the input
of the power supply. Permanent damage
will result. '

Since the cutput voltages are controlled by changing the operating
frequency of the converter, and since that freguency has an upper limit
determined by the switching speed of power transistors, there then must
be a minimum Toad on the supply; the Apple Il board with minimum memory
(4K} is well above that minimum load. However, with the board discon-
nected, there is no load on the supply, and the internal over-voltage
protection circuitry causes the'supply to turn off. A 9 watt Tload
distributed roughly 50-50 between the +5 and +12 supply is the nominal

minimum Toad.

Nominal locad current ratios are: The +12V supply Toad is 3% that of the +5V.

The - BV supply Toad is 1/10 that of the +5V.
The -12V supply load is 1/10 that of the +5V.

The supply voltages are +5.0 + 0.15 volts, +11.8 + 0.5 volts, -12.0 # 1V,

-5.2 + 0.5 volts.
close to nominal.

The tolerances are greatly reduced when the lcads are

The Apple II power supply will power the Apple II board and all present
and forthcoming plug-in cards, we recommend the use of low power TTL, CMOS,
etc. so that the total power drawn is within the thermal Timits of the entire
system. In particular, the user should keep the total power drawn by any
one card to less than 1.5 watts, and the total current drawn by all the cards
together within the faollowing Timits: '

+
+

12V
5v
5V
12y

use no more than 250 mA
use no more than 500 mA
use nc more than 200 mA
use no more than 200 mA *

The power supply is allowed to run indefinetly under short circuit

or open circuit conditions.

CAUTION:

voltages inside the power supply
Much of the internal circuitry

case.

is NOT isolated from the power Tine,
and special equipment is needed for

_service,
ALLOWED,

There are dangerous high

NO REPAIR BY TgE USER IS *
-



NOTES ON INTERFACING WITH THE HOME TV h

Accessories are available to aid the user in connecting the Apple II
system to a home color TY with a minimum of troublé. These units are called
"RF Modulators" and they generate a radio frequency signal corresponding to
the carrier of one or two of the lower VHF television bands; 61.25 MHz
(channel 3) or 67.25 MHz (channel 4). This RF signal is then modulated with
the composite video signal generated by the Apple II.

Users report success with the following RF modulators:

the "PixieVerter" (a kit)
ATY Research

13th and Broadway

Dakota City, Nebraska 68731

the "Ty-1" (a kit)
UHF Associates

6037 Haviland Ave.
Whittier, CA 80&01

the "Sup-r-Mod" by {assembled & Tested)
M&R Enterprises

F.0, Box 1011

Sunnyvale, CA 94088

the RF Modulator {(a P.C. board)}
Electronics Systems

P.0. Box 2127

Burtingame, CA 940130

Most of the above are available through lecal computer stores.

The Apple Il owner who wishes to use one of these RF Modulators should
read the following notes carefully.

A1l these modulators have a free running transistor csciliator. The
M&R Enterprises unit is pre-tuned to Channel 4. The PixieVerter and the
TV-1 have tuning by means of a jumper on the P.C. board and a small trimmer
capacitor. All these units have a residual FM which may cause trouble if
the TV set in use has a IF pass band with excessive ripple. The unit from
M&R has the least residual FM.

A1l the units except the M&R unit are kits to be built and tuned by
the. ~ustomer. A11 the kits are incomplete to some extent. The unit from
Electromies Systems is just a printed circuit board with assembly instructions.
The kits from UHF Associates and ATV do not have an RF cable or a shielded
box or a balun transformer, or an antenna switch. The M&R unit is complete.

Some cautions are in order. The Apple II, by virtue of its color graphics
capability, operates the TV set inm a Tinear mode rather than the 100% contrast
mode satisfactory for displaying text. For this reason, radio freguency inter-
ference {RFI) generated by a computer {or peripherals} will beat with the

o e
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carrier of the RF modulator to produce faint spurious background patternsﬁ
{called "“worms"} This RFI "trash" must be of quite a Tow level if worms .
are to be prevented. In fact, these spurious beats must be 40 to 50db

below the signal level to reduce worms to an acceptable level. When it Js
remembered that only 2 to 6 mV {across 3000) is presented to the VHF input
of the TV set, then stray RFI getting into the TV must be Tess than 50uV

to obtain a clean picture. Therefore we recommend that a good, co-ax

cable he used to carry the signal from any modulator to the TV sei, such

as RG/594d {(with copper shield)}, Belden #8241 or an equivalent miniature

type such as Belden #8218. We also recommend that the RF modulator be
enclosed in a tight metal box {an unpainted die cast aluminum box such as
Pomona #2428). Even with these precautions, some trouble may be encountared
with worms, and can be greatly helped by threading the coax cable conn-
ecting the modulator to the TV set repeatedly through a Ferrite toroid core.
Apple Computer supplies these cores in a kit, along with a 4 circuit
connector/cable assembly tc match the auxilliary video connector found on
the Apple II board. This kit has order number AZMOIOX. The M&R "Sup-r-Mod"
is suppiied with a coax cable and toroids.

Any computer containing fast switching logic and high frequency clocks
will radiate some radio frequency energy. Apple II is equipped with a
good line filter and many other precautions have been taken to minimize
radiated energy. The user is urged not to connect "antennas" to this
computer; wires sirung about carrying clocks and/data will act as antennas,
and subsequent radiated energy may prove to be. a nuisance.

Another caution concerns possible long term effects on the TV picture
tube. Most home TV sets have "Brightness" and "Contrast" ccntrols with a
very wide range of adjustment. When an un-changing picture is displayed
with high brightness for a long pericd. .a. faint discoloration of the
TV .GRT may occur as an inverse pattern observable with the TY set
turned off. This condition may be avoided by keeping the "Brightness™
turned down slightly and "Contrast” moderate.
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A SIMPLE SERIAL OUTPUT

The Apple 11 is equipped with a 16 pin DIP socket most frequently
used to connect potentiometers, switches, etc. to the computer for
paddie control and other game applications. This socket, located at
J-14, has outputs available as well. With an appropriate maching
language program, these output lines may ve used to serialize data in
a format suitable for a teletype. A suitable interface circuit must
pe built since the outputs are merely LSTTL and won't run a teletype
without help. several interface circuits are discussed below and the
user may pick the one nest suited to his needs.

The ASR - 33 Teletype

The ASR - 33 Teletype of recent vintage has a transistor circuit
to drive its solenoids. This circuit is quite easy to interface to,
since it is provided with its own power supply - (Figure la) It can
be set up for & 20mA current 1cop and interfaced as fpilows (whether
or not the teletype is strapped for full duplex or haif duplex oper-
ation):

a) The yellow wire and purple wire should both go to
terminal 9 of Terminal Strip X. 1f the purpie wire
is going to terminal 8, then remove it and relocate

it at terminal 9. This is necessary 10 change from
the 60mA current Toop toO the 20mA current loop.

p) Above Terminal strip X is a connector socket identi-
fied as "2*. Pin 8 is the input line + oOr high; Pin

7 is the input line - or Tow. This connector mates
with a Molex receptacle model 1375 #03-09-2151 or
#03-09-2153. Recommended terminals are Molex #02-0S-
2136. An alternate connection method is via spade lugs
to Terminal Strip X, terminal 7 (the + input 1ine} and
6 (the - input 1ine).

¢) The following circuit can be built on a 16 pin DIP
component carrier and then plugged into the Appie's
16 pin socket found at J-14: %The junction of the
3.3k resistor and the transistor base lead is float-
ing). Pins 16 and 9 are used as tie points as they
are unconnected on the Apple board. (Figure 13).
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The "RS - 232 Interface"

For this interface to be legitimate, it is necessary to twice invert «
the signal appearing at J-14 pin 15 and have it swing more than 5 volts '
both above and belaw ground. The following circuit does that but requires:
that both +12 and -12 supplies be used. (Figure 2} Snipping off pins
on the DIP-component carrier will allow the spare terminals to be used for
tie points. The output ground connects to pin 7 of the DB-Z5 connector.

The signal output connects to pin 3 of the DB-25 connector. The "protective”
ground wire normally found on pin 1 of the DB-25 connector may be connected
to the Apple's base plate if desired. Placing a #4 Tug under cne of the

four power supply mounting screws is perhaps the simplest methed. The +12
volt supply is easily found on the auxiliary Videe connector (see Figure S-11
or Figure 7 of the manual). The -12 volt supply may be found at pin 33 of
the peripheral connectors (see Figure 4) or at the power supply connector
(see Figure 5 of the manual).

A Serial Out Machine Center Language Program

Once the appropriate circuit has been selected and constructed a machine
language program is needed to drive the circuit. Figure 3 lists such a tele-
type output machine language routine. It can be used in conjunction with an
Integer BASIC program that doesn't require page 33@@ hex of memory. This
program resides in memory from $378 to $3ES. Columns three and four of the
1isting show the op-code used. To enter this program into the Apple II the
following procedure is followed:

Entering Machine Language Program

1. Power up Apple 11

2. Depress and release the "RESET" key. An asterick
and flashing cursor should appear on the left hand
side of the screen below the random text matrix.

3. Now type in the data from columns one, two and three
for pach line from $378 to B3E9. For example, type in
"37@: A9 82" and then depress and release the "RETURN"
key. Then repeat this procedure for the data at $372
and on until you complete entering the program.

Executing this Program
1. From BASIC a CALL 889 {$37P) will start the execution of

this program. It will use the teletype or suitable 80
column printer as the primary cutput device.
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2. PR# will inactivate the printer transfering control
back to the Video monitor as the primary output device.

3. In Monitor mode $37@G activates the printer and hitting
the "RESET" key exiis the program.

Saving the Machine lLanguage Program

After the machine language program has been entered and checked for
accuracy it should, for convenience, be saved on tape - that is unless
you prefer to enter it by keyboard every time you want to use it.

The way it is saved is as follows:

1. Insert a blank program cassetie into the tape

recorder and rewind it.

2. Hit the "RESET" key. The system should move
into Monitor mode. An asterick "*" and flash-
ing cursor should appear on the left-hand side
of the screen.

3. Type in "37P.03E9W 37@.Q3ESW".

4, Start the tape recorder in record mode and depress
the “"RETURN" key.

5. MWhen the program has been written to tape, the asterick
and flashing cursor will reappear.

The Program

After entering, checking and saving the program perform the following
procedure to get a feeling of how the program is used:
1. B¢ (control B) intc BASIC

2. Turn the teletype {printer on}

3. Type in the following

10 CALL 839

15 PRINT "ABCD...XYZ@1123456788"
20 PR#Q

25 END

4L, Type in RUN and hit the "RETURN” key. The
text in 1ine 15 shculd be printed on the .
teletype and contrel is returned to the key-
board and Yideo monitor.

. 116
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*Line 1@ activates the teletype machine routine and a1l "PRINT" state-
ments following it will be printed to the teletype until a PR#§ statement 15,
encountered. Then the text in Tine 15 will appear on the teletype's output
Line 2@ deactivates the printer and the program ends on line 25.

Conclusion

With the circuits and machine language program described in this paper
the user may develop a relatively simple serial output interface to an ASR-33
or RS-232 compatibie printers. This circuit can be activated through BASIC
or monitor modes. And is a valuable addition %o any users program Tibrary.
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xxxWARNING 3

N370:
. ‘!2:
o4
.476=
0378:
037A:
037C:
N37E:
0381«
Q382!
N383;:
0384«
0387:
0389«
G38a:
p38C:
0380
038F:
Q392+
0394
0397
D394z
Q398
pasC:
Q39E:
"IAD:

L

a%
85
A
85
A9
g5
AS
8D
60
48
48
AD
=)
58
BO
ag
A%
2C
FO
ERES
20
68
48
S0
49
0A
Do

gz
358
D3
37
48
21
24
F3

Fg8
24

03

AL
co
a3
rs
Gl

ES
ap

on

TZLEZTYPE DRIVER RIUTINZS
1171871977 vaGgZ: |
] TITLE *TZLETYPZ DRIVEZR ROJTINIS®
2 kR k kkk KKKk FFEE R EF XX KX KK
3 * ¥
4 * TTYDRIVIR: ®
5 * TEZLETYPES OUTPRIT *
6 * ROJTIND FOR 72 *
7 * COLUMN PRINT WITH =
2! " 3A5IC LIST *
Q * *
1o * COPYRIGHT 1977 BY: *
11 * APPLT COMPUTER INC. *
12 * 11218777 x
13 * *
14 * R. WIGGSINTON *
15 * S. WOZNIaAK *
i6 * *
17 k& Kok k& ok ok ko Rk Sk ok o ok KOk KR K R K K
18 WNDWDTH EQU 321 ;702 ADPPLE-11
19 CH EQU 324 ;CURSQOR HORIZ.
20 CsSWL EQU 336 ;CHAR. 0UT STITCH
21 YSAVE =Ry 3778
22 COLCNT EQU 37F8 ;COLUMN COUNT LOC.
23 MARK Z3U $C058
=¥ SPACE £33 FC0S9
25 yAalT ZU  IFCAB
26 pRE  $370
OPERAND QVEXFLOW IN LINZ 27
27 TTINIT: LDha #TTOUT
28 STA C3SWL 1pQINT TO TTY ROUTINES
29 LDa #TTOUTs255% JHIGH 3YTE
30 STA CSWL+1
31 Lha #7172 s SET WINDOYW WIDTH
32 STA WNDWDTH :TO NUMBER COLUMNE ONT
33 LDa CH _
07 34 STA COLCNT sWHETE WE ATRE NOW.
33 RTS
36 TTOUT: PHA ;SAVE TWICE
37 THA 10N STACK.
07 38 TTOUTZ2: Lba COLCNT ;CHECK FOR A Ta3.
33 CMP  CH
40 FLA sRESTORE QUTPUT CHAR.
41 308 TESTCTRL sIF C SET, NO TA3
42 PHA
43 LDA #3A0 JPRINT A SDACE.
03 a4 TESTCTRL: BIT RTSI - :TRICK TO DETERMINZ
45 BEQ P3NTIT 31F CONTROL CHAR.
07 456 INC COLCNT *1F NOT. ADD ONZ TO CE
03 47 PRNTIT: J5R DOCHAR :PRINT THE CHAR ON TTY
48 PLA s RESTORE CHAR
49 PHA +aND PUT BACK ON STACXK
50 3C¢  TTOUTZ2 ;DO MORZ S5PACIS FOR TR
51 EQR #30D ;CHESK FOR CAR RzT.
52 ASL A JELIM PARITY
53 BNE FINISH $1F NOT L£R. DONE.
FIGURE 3a
5
]
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3142 PeM., L1/1871577

D3

IVeR ROQUTINES

93A3: 2D F8 67 54 STA COLCNT
03a6: A% 3a 55 LDA #58A
Q3as: 20 Gl 03 356 J33 DOCHAR
03AR: A% 58 57 LDA #3533
03aD: 20 A8 FC 58 Js3  WAIT
0380: aD FB 07 3% FINISH: £.DAa COLCNT
9333: FO Qs 60 3T SETCH
0333: =5 21 61 SBC WNDWDTH
Q337: E9% F7 S B2 5BC #iF7
Q3B9: 90 04 63 3CC RETURN
0388: 69 1IF 64 ADC  #31F
0asD: 85 24 &5 SETCH: 5TA CH
033F: 68 66 IETURN ¢ oLA
03C0: 60 67 RTS!: TS
568 # HERE IS THZ TELETYPE PRINT
03Cl: 8C 78 Q7 69 DOCHAR: STY  YSAVE
03C4a: 08 70 PYP
p3C3: AC 02 71 LDY #3083
g3Cc7: 18 72 CLC
~ 03c8: 48 73 TTOUT3: PHA
03C9: 30 05 T4 3CS  MARKOUT
03ca: AD 59 CO 75 LDA SPACE
03CE: 90 03 75 3CC  TTOUT4
0300: AD 58 CO 77 MARKOUT ; LDA MARK
‘03D3: a9 D7 78 TTOUTA & LLba #3D7
03DS: 48 79 DLY1: PHA
03Ds: A9 20 20 : LDA #3320
D3D8:.  4A g1 DLY2: Lsg a
03D9: 90 FD B2 8CC  DLY?2
03bD3: &8 83 eL
03Dc: E£9 0Ot B4 53C #3001
93BE: DO F35 85 BNE DLY1
03EQ: 68 86 PLA
03E21: 6A 37 BOR A
03E2: 838 a5 DEY
03E3: DO E3 29 BNE TTOUT3
03ES: AC 78 07 90 LDY YSAVE
03£8: 27 o1 PLP
J3E9: &0 92 RTS
xkdkxxxxSUCCESSFUL ASSEMBLY: NO ERRORS
FIGURE 3b
120 o

2AGZ: 2
sCLEAR COLYUMN COUNT
JNOQW DO LINEZ FEZX

gy
2 Cam

:200MSEC DILAY FO7
JCHECK IF IN MARG
;FOR CR, 2WIET CH
PIF SO0, CAQRY SiT.

JADJUIST CH

JRETURN T0O CALLZR
A CHARACTER ROUTINZ:

VE STATUS.
3ITS (1 START,
GIN WITH 5ralE

- |
STR
UVE A REG AND S5IT FO

AT T T
i -
L -

¢
T !

$SEIND A SPACE
JSEND A MARZK

JDELAY 9.071
110 BAaUD

EASISHE

FIR

JNERT BIT (5TOP 3ITS X
LOOP 11 BITS.

STORE Y-RZG.
STO®Z STATYUS
TIRN



CROSS-REFEZRNCE:

CH
COLCNT
C5WL
LYl
JLy2
DOCHAR
FINISH
MARK
MARKOUT
- PRNTIT
RETURN
RTS1
SETCH
SPACE
TESTCTRL
TTINIT
TTOUT
TTOUT2
TTOUT3
TTOUTA
VAIT
WNDWDTH
YSAVE
ILE:

0024
O7FB
0035
G3D3
03D8
03C1

0330

coss8

g3Do -

0397
03BF
c3C0
Q32D
Co59
038F
0370
0382
0384
03C3
03D3
FCaB
go21
Q778

TELETYPE DRIVER ROUTINES

0032
0G34
0028
0085
oog2
047
00353

C039 0055
0038 0046 Q054 0059
Q030

0056

Qo077

0Cc74
0045
0063
Q044
0050
0073
0catl

ooz7
0050

ocss -

0076
Ges8
0032

006 1

QQ6%- GO0

FIGURE 3¢ .-
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INTERFACING THE APPLE

This section defines the connections by which external devices are
attached to the APPLE II board. Included are pin diagrams, signal
descriptions, Toading constraints and other useful information.

TABLE OF CONTENTS

1. CONNECTOR LOCATION DIAGRAM

2. CASSETTE DATA JACKS (2 EACH)
3. GAME I/0 CONNECTOR

4. KEYBOARD CONNECTOR

5. PERIPHERAL CONNECTORS {8 EACH)
6. POWER CONNECTOR -

SPEAKER CONNECTOR

VIDEO OUTPUT JACK

@Ww G o~

AUXILIARY VIDEQ OUTPUT CONNECTOR

122 #
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Figure 1A APPLE II Board-Complaete View
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CASSETTE JACKS

A convenient means for interfacing an inexpensive audio cassette
tape recorder tc the APPLE II is provided by these two standard
(3.5mm) miniature phone jacks located at the back of the APPLE II
board.

CASSETTE DATA IN JACK: Designed for connection to the "EARPHONE"
or "MONITOR™ output found on most audio cassette tape recorders.
Vin=1Vpp (nominal}, ZIN=12K Ohms. Located at K12 as illustrated in
Figure 1.

CASSETTE DATA QUT JACK: Designed for connection to the "MIC" or
"™MICROPHONE" input found on most audio cassette tape recorders.
=25 mV inte 100 Ohms, =100 Ohms. Located at K13 as illustratad

v Z
iﬂu}igure 1. , ouT

GAME I/0 CONNECTOR

The Game 1/0 Connector provides a means for connecting paddle controls,
lights and switches to the APPLE Il for use in controlling video games,
etc. It is a 16 pin I{ socket Tocated at J14 and is illustrated in
Figure 1 and 2. :

Figure 2 ‘GAME 170 CONNECTOR

2
{ Front éﬁ%evg?NbC Board

+5V T |* 16 N.C.
SwWo 2 15 AND
Swt 3 14 AN1
Sw2 4 13 AN2
Coa0 STE & 12 AN3
POLD 6 11 POL3
PDOIL2 7 10 PFDL
GND 8 9 NC.
LOCATION 114
125
R



SIGNAL DESCRIPTIQONS FOR GAME I/0

8 addresses {CP58-C@SF) are assigned to selectively

"SET" or “CLEAR" these four "ANNUNCIATOR" outputs. s
Envisioned to control indicator lights, each is a
74LSxx series TTL output and must be buffered if used
to drive jamps.

A utility strobe output. Will go low during 9, of a
read or write cycle to addresses CQ4G-CG4F. This is
a 74LSxx series TTL output.

System circuit ground. O Volt line from power supply.

No connecticn.

Paddie control inputs. Reauires a #-15pK ohm variable
resistance and +5Y for each paddle. Internal 169 ohm
resistors are provided in series with external pot to
prevent excess current if pot goes completely to zero

ohms.

ANG-AN3 :

AT STB:

&o:

NC

POLY-POL3:
 SWE-SW2:

+5y:

Switch inputs. Testable by feading from addresses
Ceel-CB63 (or C@E9-CUGB). These are uncommitted
74LSxx series inputs.

Positive 5-Volt supply. To avoid burning out the connector
pin, current drain MUST be Tess than TOOmA.

KEYBOARD CONNECTOR

This connector provides the means for connecting as ASCII keyboard
to the APPLE II hoard. It is a 16 pin IC socket located at A7 and is

illustrated in Figures 1 and 3.

Figure 3 KEYBOARD CONNEGTOR

+ TOP VIEW
( Front Edge of PC Board)
=) A I A 16 N.C.
STROBE 2 15 —12v
RESET 3 14 N.C.
N.C 4 13 B2 :
B 5 12 81 i
B5 6 11 B4 ;
B7 7 10 B3
GND 8 9 NC.
LOCATION A7
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SIGNAL DESCRIPTION FOR KEYBOARD INTERFACE

B1-B7: 7 bit ASCII data from keyboard, positive logic {high level=
' "3y, TTL Togic levels expected.

GND: System circuit ground. O Volt line from power supply.

NC: No connection.

RESET: System reset input. Requires switch closure to ground. -

STROBE: Strobe output from keyboard. The APPLE II recognizes the
positive going edge of the incoming strobe.

+5V: Positive 5-Yolt supply. To avoid burning out the connector
pin, current drain MUST be less than 10CmA.

-i2¥:  Negative 12-Volt supply. Keyboard should draw Tess than
50mA.

PERIPHERAL CONNECTORS

The eight Peripheral Connectors mounted near the back edge of the
APPLE II board provide a convenient means cof connecting expansion
hardware and peripheral devices to the APPLE II I/0 Bus. These are
Winchester #2HW25C0-111 (or equivalent) 50 pin card edge connectors
with pins on .10" centers. Location and pin outs are illustrated in
Figures 1 and 4.

SIGNAL DESCRIPTION FOR PERIPHERAL I/0

AB-A15: _ 16 bit system address bus. Addresses are set up by the

6502 within 300nS after the beginning of @,. These lines
.will drive up to a total of 16 standard TTL Toads.

o vm— e

PEVICE SELECT: Sixteen addresses are set aside for each peripheral
connector. A read or write to such an address will
send pin 41 on the selected connector low during 92
(500nS). Each will drive 4 standard TTL Toads.

Dg-07: 8 bit system data bus. During a write cycle data is
set up by the 6502 less than 300nS after the beginning
of 8. During a read cycle the 6502 expects data to
be r%ady no less tharn 100nS before the end of ﬁz.
These 1ines will drive up to a total of 8 total low
power schottky TTL loads.

#¥%
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DMA IN:

DMA QUT:

e
=
L)
. e

=
=
o

|

INT IN:

INT OUT:

1/0 SELECT:

I1/0G STROBE:

]

Direct Memory Access control output. This Tine has a
3K Ohm pullup to +5V and should be driven with an
open colilector output. .

Direct Memory Access daisy chain input from higher
priority peripheral devices. Wiill present no more
than 4 standard TTL loads to tne driving device.

Direct Memory Access daisy chain output to lower
priority peripheral devices. This line will drive
4 standard TTL loads.

System circuit ground. 0 Volt Tine from power supply.

Inhibit Line. When a device pulls this 1ine low, ail
ROM's on board are disabled (Hex addressed DP@g through
FFFF). This Jine has a 3K Ohm puliup to +5Y and

should be driven with an open collector output.

Interrupt daisy chain input from higher priority peri-
pheral devices. Will present nc more than 4 standard
TTL loads to the driving device.

Interrupt daisy c¢hain cutput to lower priority peri-.
pheral devices. "This line will drive 4 standard TTL
loads. :

256 addresses are set aside for each peripheral connector
(see address map in "MEMORY" section). A read or write
of such an address will send pin 1 ¢n the selectad
connector Jow during 92 (B00nS). This 1line will drive

4 standard TTL loads.

Pin 20 on all peripheral connectors will go low during
8., of a read or write to any address C8@@-CFFF. This
1$ne will drive a total of 4 standard TTL loads.

Interrupt request line to the 6502. This line has a
3K Ohm pullup to +5Y and should be driven with an open
collector output. It is active Tow.

55

P
w

RDY:

.
1
[¥%5]

No connection,

Non Maskable Interrupt request Tine to the 6502. This
Tine has a 3K Ohm pullup to +5V and should be driven with
an open collector output. It is active low.

A TMHz (nonsymmetrical) general purpose timing sfgna]. Wil
drive up to a total of 16 standard TTL Toads.

"Reqdy" 1ine to the 6502. This 1ine should change only
during §,, and when Jow will halt the microprocesscr at
the next READ cycle. This line has a 3K Ohm pullup to

+3V and should be driven with an open collector output.

Reset 1ine from "RESET™ key on keyboard. Active Jow. Will

drive 2 MOS loads per Peripheral Connector.
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R/H: READ/WRITE 1line from 6502. When high indicates that a read-

|

cycle is in progress, and when low that a write cycle is
in progress. This Tine will.drive up to a total of 16
standard TTL Joads.

USER 1: The function of this Tine will be described in a later
document.

gﬂi Microprocessor phase 0 clock. Will drive up to a total of

_ 16 standard TTL Tcads.

8. Phase 1 clock, complement of Po- - Will drive up to a total
of 16 standard TTL loads.

M: Seven MHz high frequency clock. Will drive up to a total
of 16 standard TTL loads.

+12V: Positive 12-VYolt supply.

+5Y: Possitive 5-Volt supply

=5V Negative 5-Yolt supply.

-12Y: Negative 12-Volt supply.

POWER CONNECTOR

The four voltages required by the APPLE II are supp!ied via thjs
AMP #9-35@28-1,6 pin connector. See location and pin out in Figures

T and 5.

PIN DESCRIPTION

GND: (2 pins) system circuit ground. @ Volt Iine from.power
- supply.
+12V: Positive 12-Volt 1ine from power supply.
+5V: Positive 5-Volt line from power supply.
-5V Negative 5-Volt Tine from power supply.
=-12v: Negative 5-Volt Tine from power supply.
129 e
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Figure 4 PERIPHERAL CONNECTORS
“(EIGHT OF EACH) )

TOP VIEW
PINOUT (Back Edge of PC Board)

R ——
GND 26 :rb 25 +5v
DMAIN 27 |1 M{ 24 DMAOQUT
iINTIN 28103 3| 23 INTOUT
NMi 29 |C5 [3] 22 OMA
JRQ 3¢ |C] 3| 21 RDY
RES 37 {J [J] 20 1/O STROBE
INH 32 {3 I} 19 NC.
=12V 331 2| 18 . R/W
-5V 34|07 3] 17 Als
N.C. 35| 3t 18 Al4
M 3610103 15 A13
Q3 37|31/l 14 Az
ST 2B {1 13 A11
USER1 39 |d|{D| 12 Ato ,
0 40 |[J¥71 17 A9
OEVICE SELECT 47 iC] ™1 10 A8 !
D7 42| 3j9 A7 ;
: D6 430 [3]| 8 A6 i
; D5 4|3 3317 A5 !
: D4 45|00 (| s A4 '
i’ B3 46|01 3] 5 A3
: L2 47| 3l 4+ A2 :
D1 48| 3|3 Al
Co 49 () 12 A0 .
+12V S0 ] D[t VO SELECT :
) B I
O |
|

{ Toward Front Edge of PC Board)
LOCATIONS J2 TO J12

Figure 5 POWER CONNECTOR

TOP VIEW
PINOUT. { Toward Right Side of PC Board)
——
. : ; "5 6 ) :
(BLUE/WHITE WIRE) | —12V @ @ -5V (BLUE WIRE) -
|3 4
(ORANGE WIRE) +5V e @ +12V  (ORANGE/WHITE WIRE)
A
(BLACK WIRE) GND ® ® GND  (BLACK WIFE)
L
LOCATION K1
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SPEAKER CONNECTOR

This is a MOLEX KK 18@ series connector with two .25" sguare pins on
18" centers. See location and pin out in Figures 1 and G.

SIGNAL DESCRIPTION FOR SPEAKER

+5V: System +5 Volts
SPXR: Qutput 1ine to épeaker. Will deliver about .5 watt into
8 Ohms.
Figure & |
SPEAKER CONNECTOR j
PINOUT |
> 2 '
= 2 5
2
Lt S
o
= G
o 3
5
S L2
Lo O . L—d$

Right Fdge of PC Board |

LOCATION B14A

YIDEO QUTPUT JACK

This standard RCA phono jack Tocated at the back edge of the APPLE II
P.C. hoard will supply NTSC compatible, EIA standard, positive composite
video to an external video monitor.

A video level control near the connector allows the output level to be
adjusted from @ to 1 Valt (peak) into an external 75 OHM load.

Additional tint (hue) range is provided by an adiustable trimmer capacitor.

See Yocations illustrated in Figure 1.
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AUXILIARY VIDEO OUTPUT CONNECTOR X

This is a MOLEX KK 19@ series connector with four .25" square pins
on .19" centers. It provides composite video and two power supply

voltages.

Video out on this connector is not adjustable by the on -

board 200 Ohm trim pot. See Figures 1 and 7.

SIGNAL DESCRIPTION

&ND:
VIDED:

Figure 7

System circuit ground. § Volt Tine from power supply.
NTSC compatible positive compesite VIDEO. DC coupled
emitter follower output {not short circuit protected).

SYNC TIP is P Volts, black level is about .75 Volts, and
white level is about 2.8 Yolts into 479 Ohms. Output Tlevel
is non-adjustable.

+12 Volt line from power suppiy.

-5 ¥oit 1ine from power supply.

AUXILIARY VIDEQ OUTPUT CONNECTOR |

o i
|38 I
PINOUT s |
_ fuu) L

o | 12V &

| .ﬂ_
B -3V [T ,

] [ ]
5] VIDEO . f
— g ]
[ 0] GND -
e
) e i
‘ I
— _ f— =
Right Edge of PC Board ' |
N . |
“[GEATION 148 |
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INSTALLING YOUR OWN RAM

THE POSSIBILITIES

The APPLE II computer is designed tc use dynamic RAM chips organized
as 4096 x 1 bit, or 16384 x 1 bit calied "4K" and "16K" RAMs '
respectively. These must be used in sets of 8 to match the system
data bus {which is 8 bits wide) and are organized into rows of 8.
Thus, each row may contain either 4096 {4K) or 16384 (16K} locations
of Random Access Memory depending upon whether 4K or 16K chips are
used. If all three rows on the APPLE II beoard are filled with 4K
RAM chips, then 12288 (12K) memory locations will be available for
storing programs or data, and iT all three rows contain 16K RAM
chips then 49152 (commonly called 48K) lccations of RAM memory will
exist on board!

RESTRICTICNS
It is guite possible to have the three rows of RAM sockets filled with
any combination of 4K RAMs, 16K RAMs or empty as long as certain rules

are followed:

1. A1l sockets in a row must have the same type (4K or 16X
RAMs. :

2. There MUST be RAM assigned to the zero block of addresses.

ASSIGNING RAM

The APPLE I1 has 48K addresses available for assignment of RAM memory.
Since RAM can be installed in increments as small as 4K, a means cof
selecting which address range each row of memory chips will respond
to has been provided by the inclusion of three MEMORY SELECT sockets
on board.

- — S

t Figure 8
; MEMORYSELECTSOCKETS
’ : TOP VIEW.
PINOUT
{O000-0FFF) 4K “0" BLOCK 1 |® i4 RAMROWC
(1000-1FFF) 4K “1" BLOCK - 2 i3 RAMROWD
(2000-2FFF) 4K “2" BLOCK 3 72 RAMROWE
(3000-3FFF) 4K "3" BLOCK 4 77 N.C.
(4000-4FFF) 4K 4" BLOCK 5 10 16K 0" BLOCK (COO0-3FFF)
(5000-5FFF) 4K “5” BLOCK 6 § 16K “4" BLOCK {4000-7FFF)
{E000-2FFF) 4K “8" BLOCK 7 8 16K 8" BLOCK (80C0-BFFF)

E LOCATIONS D1, E1, Fi : i
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MEMORY

TABLE OF CONTENTS

1. INTROBUCTION

2. INSTALLING YOUR OWN RAM

3. MEMORY SELECT SOCKETS

4. MEMORY MAP BY 4K BLOCKS

5. DETAILED MAP OF ASSIGNED ADDRESSES

INTRODUCTION

APPLE 11 is suppiied completely tested with the specified amount of
RAM memory and correct memory select jumpers. There are five different
sets of standard memory jumper blocks:

4K 4K 4K BASIC
4K 4K 4K HIRES
16K 4K 4K

16K 16K 4K

16K 16K 16K

[SaR - N
vooa e o

A set of three each of one of the above is supplied with the board.
Type 1 is supplied with 4K or 8K systems. Both type 1 and 2 are
supplied with 12K systems. Type 1 is a contiquous memory range for
maximum BASIC program size. Type 2 is non-contiguous and aliows 8X
dedicated to HIRES screen memory with approximately 2K of user BASIC
space. Type 3 is supplied with 16K, 20K and 24K systems. Type 4
with 30K and 36K systems and type 5 with 48K systems.

Additional memory may easily be added just by pTugging into sockets
along with correct memory jumper blocks.

The 6502 microprocessor generates a 16 bit address, which allows

65536 (commonly called B5K) different memory locations to be specified.
For convenience we represent each 16 bit (hinary) address as a 4-digit
hexadecimal number. !exadecimal notation {hex) is explained in the
Monitor section of this manual.

in the APPLE II, certain address ranges have been assigned to RAM
memory, ROM memory, the I/C bus, and hardware functions. The memory
and address maps give the details.
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H{l
MEMORY SELECT SOCKETS )

The location and pin out for memory select sockets are illustrated
in figures 1 and 8. .

HOW TO USE

There are three MEMORY SELECT sockets, Tocated at D1, E1 and FIl
respectively. RAM memory is assigned to various address ranges by
inserting jumper wires as described below. All three MEMORY SELECT
sockets MUST be jumpered identically! The easiest way to do this
is to use Apple supplied memory blocks.

Let us Teamby example:

If you have plugged 16K RAMs into row "C" {the sockets located at
C3-C19 on the board), and you want them to occupy the first 16K of
addrasses starting at 29p9, jumper pin 14 to pin 18 on all three
MEMORY SELECT seckets {(thereby assigning row “C" to the @P@@-3FFF
range of memory}.

If in addition you have inserted 4K RAMs into rows "D® and "E", and

you want them each to occupy the first 4K addresses starting at 40P
and 5009 respectively, jumper pin 13 to pin 5 (thereby assigning row
"D to the 4PPP-4FFF range of memory), and jumper pin 12 to pin 6
(thereby assigning row "E" to the 5@P@-5FFF range of memory). Remember
to jumper &l three MEMORY SELECT sockets the same,

Now you have a large contiguous range of addresses filled with RAM
memory. This is the 24K addresses from @p@p-5FFF.

By following the above examples you should be able to aSsign each
row of RAM to any address range allowed on the MEMORY SELECT sockets.
Remember that to do this properly you must know three things:

1. Which rows have RAM instaTlled?

2. Which address ranges do you want them to
oCCuUpy?

3. Jumper all three MEMORY SELECT sockets the
same!

If you are not sure think carefully, essentially all the necessary
information is given above.
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1/0 and R0M Address Detail

7]

HEX

ADDRESS ASSIGNED FUNCTION COMMENTS

CO0X Keyboard iaput. Kevboard strobe appears in bit

: 7. ASCIT data from keyboard

appears in the 7 lower bits.

Co1iXxX Clear keyboard strobe.

coz2X Toggle cassette output.

C03X Toggle speaker cutput.

CO4Xx "C040 STB" Qutput strobe to Game I/0

: connector.

C0BO  -uswes | Set graphics mode

Ccos51 —fk3e3 " text e

" 352 -2 | Set bottom 4 lines graphics

C053 ALY " " " text

Cos4 -it3e. | Display primary page

C055 LR " secondary page

Cao6 ~¢233| Set high res. graphics

CO57 €7t v golor "

C058 +42%| Clear "ANO" Annunciator 0 output to
Game I/0 connector.

CO06% 6295 Set "

C0O5A =27 Clear "AN1" Annunciator 1 output to
Game 1/0 connector.

C05B ~s13 Set n

CosC ~¢29zl Clear "ANZ" Annunciator 2 output to
Game I/0 connector.

CO5D  -/c27 Set "

15E “tt290] Clear “AN3™ Annunciator 3 ocutput to
- Game I/0 connector.
J0BF 625y Set n
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HEX .

ADDRESS ASSIGNED FUNCTION COMMENTS Y,

co60/8 Cassetie input State of '"Cassette Data In"
appears in bit 7.

input on

co81/9 NEW1T State of Switch 1 /\ Game
1/0 connector appears in bit

CO62/A nswan State of Switch 2 input on
Game I/0 connector appears
in bit 7.

C083/B "SW3M _ State of Switech 3 input on
Game I1/0O connector appears
in bit 7.

C064/C Paddle O timer output State of timer output for
Paddie 0 appears in bit 7.

C065/D " 1 " " State of timer output for

. Paddle 1 appears in bit 7.

CO66/E " 2 " " State of timer output for
Paddle 2 appears in bit 7.

Cos7/F " 3 " " State of timer output for
Paddle 3 appears in bit 7.

CO7X "PDL STBY Triggers paddle timers
during 92.

C08X DEVICE SELECT O Pin 41 on the selected
Peripheral Connector goes

CoeX " 1 low during 92.

COAX " 2

COBX " 3

COCX " 4

CODX " 5

COEX i 6

COFX " 7 R N S

c10X v 8 Expansion connectors.

C1iX " =} u

C12X " A "
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JDRESS ASSIGNED FUNCTION COMMENTS

C13X DEVICE SELECT B it

C14X H c "

Clsx 1" D T

Clsx T1 E it

C17X " ¥ 1

C1xXX 1/0 SELECT i Pin 1 on the selected

Peripheral Connector goes

C2xXxX " 2 low during Qz.

C3XX " 3 NOTES:

1. Peripheral Connector
C4aXX " 4 0 does not get this
signal.
CoXX 5 2. T/0 SELECT 1 uses the
o same addresses as

CoxX 6 DEVICE SELECT 8-F.
‘..XX " 7

CBXX " 8, 1/0 STROBE | Expansicn connectors.
2064 1 9, 1

CAXX " A, L

CBXX " B, U

CC¥X " C, "

CDm " D, "

CEXX " E, LU

CFKK 11 F, 1

DOOO-D7FF | ROM socket DO Spare.

D8OO-DFFF | » " D8 Spare.

EOOO-ET7FF e " EO BASIC.

I00-EFFF " " EB BASIC.
_000-F7FF | ¥ "  FO 1K of BASIC, 1K of utility.
F800-FFFF " " F8 Monitor,

w0
o




TIMING CIRCUITRY

SYSTEM TIMING

SIGNAL DESCRIPTIONS

14M:

7M:

COLOR REF: Color reference frequency used by video circuitry,

Po:

@i

Master oscillator output, 14.318 MHz +/- 35 ppm. All othegl

timing signals are derived from this one.

Intermediate timing signal, 7.159 MHz.

Phase O clock to microprocessor, 1.023 MHz nominal.

Microprocessor phase 1 clock, complement of 8o, 1.023 MHz

*nominal.

Same as @,. Included here because the 6502 hardware and

programming manuals use the designation @, instead of Pa.

A general purpose timing signal which occurs at the sane

pate as the microprocessor clocks but is nonsymmetrical.

MICROPROCESSOR OPERATIONS

ADDRESS:

The address from the microprocessor changes during 8;,

and is stable about 300nS after the start of 0:.

DATA WRITE: During a write cycle, data from the microprocessor

appears on the data bus during #,, and is stable about

a00nS after the start of £-.

DATA READ: During a read cycle, the microprocessor will expect

'BLOCK DIAGRAM

OSCILLA (LU U UL
OSCILLATOR :
e jgigligigipigipipupipERNEEgNY
CIRCUITRY
 Goerresy [ L L [ LT L4
< | l [
—<D 4 l i l
2 ] na 1 {

data to appear on the data bus no less than 10CnS prior

to the end of E;L“_

SYSTEM TiMING DIAGRAM

TIMING RELATIONSHIPS

-

3.580 MHz.
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AEFERENCE SYNC — VIDED ‘
OSCILLATOR COUNTER SYNC GUT BUS GENERATOR [§ CoupGsITe VIDED 007,
SYSTEM = — :
TIAING i EE
— e . |8 AUXILIARY VIDEO OUT
FIG, §-11
TIMING BUS — * —  TIMING BUS
) TTI 7T T
4 —— DATABUS -
] 1y 13
{ 4 ] ADDRESS BUS —= I
MFU ) al |1 i
AND —
BUS = 2l 151 |y
DRIVERS 0 — aK- 12K 3 2 3 POWER i
L] —| ROM e o <: 12V !
1 MEMORY ] TO ALL SECTIONS | 12Y :
— | BasiC &l 18l g - § —sv .
s SVarEm 2] g G
T ADDRESS 8US — =l g GND
™ MONITOR =118
T DATAQUT ~—§ oo o e {1241 [<
g
[#1]
ant
3l i -
4K/ 18K 8 DECODED
w - RAM = PERIPHERAL
§ = SELECT PERIFPHERAL CONNECTORS
@ ~ (e} i
—p——— = 4% i
gl — — B .
f=] — -
. ; FlG. 56 "
| M I FiG. 5-¢
l ROW T
SELECT " 4 ” :
=] 3 '
= |© w = i
L 4K - 4BK &l |o = i
DATA IN RAM | 1Y @ w = i
— d — | meEMORY Izl s E = ] i
. J— =1 x £ 1 |
FiG. §-2 l 3| 1z S &
w —_ Ll 1o <
= o0 (] o
@ FIG. 58 2 |5
@ it i
] g RAM =
- ol {5 { | aoDRESS 5 l ON-BOARD 9 GAME /O
) ] SELECT =z o
m - —_—
2 « | 1 4 CASSETTE N
3 i — Hgg eSS —— L______
g T ADDA i
gl = mux — /1L » CASSETTE OUT
-
L 4 XKEYBOARD
\ — — ADDRESS DECODE
FIG. 57 FIG. 510 % SPEAKER
" ~— DATAOUT J
T ~— DMABLUS

FIGURE §-1 APPLE Il SYSTEM DIAGRAM
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arev
(FINS 7 & 1§ TRISTATE)

+5V

ls

Tt

Vi - —
< mpP "G > 30
RAC
P FROM
T | N> 29 » PERIPHERAL VO's
] AA01 SEE AG. 3-8
2 1IK
ROY ROY » 21
] RADY \_')
—] 40 3.3K FROM KEYBOARD AND
AEs — <BES) 77 pERiPHERAL 1/O's
SEE FiG. -9 & 511
S 3 433 =
Do DAQ » 49
H11 ™ ) 0,
Z
SYSTEM . i
ADDRESS =} T DAT > 48
BUS i 2
: QE‘FO 15 ir;‘SPOg o2 132 1 = —@ 47
12 {AD1D H“ﬁ Ald H3g 1
3
17 12 29
2 CAD11) i }; Al1 - - .
3 2 22
re (ADIZY Arz &s hl G % | msTate
14 SYSTEM
DATA
= i it DA4 15 BUS
Hi1
5
= g Das )
H10
. 5
EROM PERIPHERAL 1/O's LI gL Dagd 42
SEE FIG 5-9 H1G .
22
8 i 9 A7 42
4 (D47 2 )
FROM REFERENCE
OSCILLATOR AND TIMING aT28
SEE FiG. 53 [PINS T & 15 TRISTATE)
N o
5 (WD
> a0 @-
=3 AVAILABLE ON SYSTEM TIMING
38 % 50 PIN PERIPHERAL G, 53
1/0 CONNECTOR
»
20 { /0D SEL NCT AVAILABLE ON D
50 PIN PERIFKERAL
18 (BN y /0 CCNNECTOR coLoaRES

FIGURE $-2 MPU AND SYSTEM BUS
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CLOCK IN
FEOM

svstem (LDPS ———— 2
TIME

FiG. §-3

-

SOFTS -5V
£
Trs SYNC CUT
W,
’; cep @ }E D14-14) HO
Ty [ EED
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FIGURE 5-8
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