Learn to program an Apple 1 — Beginner’s Instructions

Follow these instructions to learn how to use an Apple 1 (Replica 1 Plus) computer. Note: These
procedures can also be run using Apple 1 emulator software, such as Open Emulator.

1.

10.

Turn on the Replica 1 Plus using the switch in the upper left corner of the board. The monitor
should display random characters on the screen.

Press the RESET button on the middle left of the Replica 1 board. You should see a flashing @
sign at the bottom of the screen.

Press the CLEAR button on the middle right of the Replica 1 board. The screen should clear.
Press the ENTER key (also known as the Return key) a few times.
Type the following, then press ENTER:

300.30F
The computer should display 2 lines of memory. The first memory address is $0300 in
hexadecimal (base 16), which corresponds to 768 in decimal (16*16*3). The second memory
address is SO30F. The letter F represents the number 15, so the address = 768 + 15 or 783.
Enter the following hex codes to store a program at address $300. If you make a mistake, press
ENTER and retype the line. (Note: The underscore character “_" can be used as a backspace, but

the screen will not back up and erase the previous character — it will internally delete it in
memory.

300:A9 00 AA 20 EF FF E8 8A 4C 02 03

The computer will respond by showing you the previous contents of address $300 before you
changed it to SA9. Type the following to verify your work:

300.30F
If you entered all the codes for the program correctly, try running it by typing:

300R
If the program runs successfully you will see all the Ascii characters displayed in order on the
monitor. The sequence will repeat until it fills the screen. Notice that there are no lower case
letters. Lowercase did not become standard until the Apple //e was released in 1983. Earlier

Apple ][ computers required special hardware for entry and display of lowercase. Now is a good
time to get a photo with your first Apple 1 program running successfully!



To understand what the codes you typed mean, examine the following listing. The addresses and hex
codes you typed are in the left column. The middle column contains machine language instructions that
a programmer uses to tell the computer exactly what to do. The right column contains comments
explaining what the instructions do.

ORG $0300 ; Enter program at address $300 (768)

300:A9 00 LDA #3800 ; Store 0 in the Accumulator register
302:AA TAX ; Transfer A to the X register
303:20 EF FF JSR SFFEF ; Call a subroutine to print the

; character in the A register.
306:E8 INX ; Add 1 to the X register
307:8A TXA ; Transfer the X to the A register.
308:4C 02 03 JMP $302 ; Jump to address $302

Now you will learn how to write a program using Apple BASIC. The Apple 1 used a version of the BASIC
language written by Steve Wozniak, which only supported Integer values — it did not have decimals.
Also, the number range was limited to values between -32767 and +32767.

1. Push RESET, then CLEAR. Then press ENTER a few times.

2. Type the following command:
EO00 R

3. You should see the prompt: > This means that BASIC is running.
4. Press ENTER a few times.

5. Enter the following lines. Press ENTER at the end of each line. Fill in your name where it says
“your name” below.

10X=1:Y=1

20 TAB(X) : PRINT “HELLO your name”
30X=X+Y:IFX=10THENY=-1

40 IF X > 0 THEN 20

50 END

6. Type: LIST and press ENTER to verify that you typed each line correctly.

7. Type: RUN and press ENTER. If the program works, you will see your name printed 19 times
forming an arrow pattern on the screen. Congratulations! Take another photo. If you want to
learn more, continue with the Advanced worksheet on the next page.

The Replica 1 Plus computer is sold by ReActiveMicro.com. It was designed by Vince Briel (brielcomputers.com).
The WozPak Special Edition book is sold by www.CallApple.org.
This public domain document was written by Eric Rangell (erangell@gmail.com).




Learn to program an Apple 1: Advanced Worksheet

The program that you will enter will display your name 20 times on the screen, once on each line.

As you read the instructions below, fill in the hex values for each box in this table.

ORG $0300 ; Enter program at address $300 (768)
300: :
| LDY #20 ; Number of lines to print
| OLOOP LDX #1 ; Start with first character
| ILOOP LDA $340,X ; Get the ascii code for the character
| ] | JSR $FFEF ; Send the character to the display
[ ] INX ; Bump index to next character
L] | | | CPX $340 ; Are at the last character?
] | BCC ILOOP ; If X < # characters, repeat loop
- BEQ ILOOP ; If X = # characters, repeat loop
[ 1 LDA #$8D ; Load A with Carriage Return
[ | JSR SFFEF ; Send it to the display
DEY ; Count down # of lines
] | BNE OLOOP ; If not done, repeat outer loop

D B J‘Eflﬁ.‘.*rFiF ; Return to fwmfp S /na'/“‘,‘}_on e

340:05 C8 C5 CC cC CF [ | ; Data to print: 5 characters, HELLO

TODO :

Add the Ascii character for the SPACE after the $CF (the letter

O in HELLO), then add the Ascii characters for your name (see last
page of this document), then change the value of $340 from 5 to the
hex value of the total number of characters you want to print.

1.

Hexadecimal numbers are base 16 - they are used for computer
programming because it is very easy to convert them to binary.
The hex digit $F = decimal 15 = binary 1111. The number 16
requires 2 hex digits: 1 for the number of 16's, and 0 for the
remainder of 0. The decimal number 17 = hex $11.

. Computer machine instructions are coded with hex numbers based on

the instruction name and the addressing mode {(which tells the
computer how to find the data for the instruction). See the
opcode chart (see next to last page of this document) for the hex
values for each 6502 instruction.

. Convert the decimal number 20 to hex. Look up the opcode for LDY

for the Immediate addressing mode. Enter the opcode in the first
box and the hex value for 20 in the 2™ box. The LDY instruction
LOADS the Y register of the 6502 with a value. The immediate
addressing mode means that the value needed will be stored along
with the program - the byte after the LDY opcode - the CPU does
not need to fetch it from another memory location.




. Look up the opcode for LDX Immediate addressing and put it in the
third box. Enter the hex value for the number 1 in the 4t box.
The "“OLOOP” is a label that means “outer loop”, which is only for
human reference, so we can refer to this LDX instruction later.
The X and Y registers are called Index registers because they are
typically used to calculate offsets from a memory address, as we
will see next.

. The label “ILOOP” means Inner Loop. For each of the 20 lines
(the Outer Loop), we need to print all the characters of our
message (the Inner Loop). The instruction LDA $340,X means to
load the A register {also known as the Accumulator) with the
value from memory address calculated as $340 plus the value of
the X register. Look up the opcode for the Indexed Absolute
addressing mode that uses the X register. Since X currently
equal 1, it will load the A register with the memory value from
address $341, which contains the Ascii value of the ‘H’ character
in the word “HELLO”. 1In order to tell the computer the address
$340, it needs to be stored in 2 bytes, with the LOW byte of the
address first, followed by the HIGH byte. For $340, the LOW byte
is $40 and the HIGH byte is $03. This needs to be done because
the value $340 is greater than the largest number that can fit in
1 byte: SFF or 255 decimal.

. The JSR SFFEF instruction calls a program written by Steve
Wozniak in 1977, which is hard wired in the ROM of the Apple 1.
When you call that program (known as a subroutine) the Ascii
character in the Accumulator gets printed to the monitor (or TV,
used by most Apple 1 users in 1977). After you lookup the JSR
opcode (which means Jump to SubRoutine), remember to put the LOW
byte of the $FFEF address first, followed by the HIGH byte.

. Look up the INX (Increment X) opcode. It is a 1 byte instruction.

. Look up the CPX opcode for the Absolute addressing mode. This
instruction means “ComPare X to something”. Then encode the
address $0340, LOW byte followed by HIGH byte. When the
comparison is done, flags are set in the 6502 Processor Status
register to indicate the result of the compare, as follows:

a. If X is less than the value, the C (carry) flag is clear
(0) .

b. If X is greater than or equal to the value, the C (carry
flag is set (1)).

c. If X exactly equals the value, the Z (zero) flag is set
(1).

d. If X does not exactly equal the value, the Z (zero) flag is
clear (0).



. The instruction BCC ILOOP is a Branching instruction, which means

that if the specified condition is met, the next instruction
executed by the CPU will be the instruction at the specified
label. If the condition is not met, the program flow will simply
continue with the next instruction. BCC means Branch if Carry is
Clear, so if the X register is less than the value in memory
address $340, this instruction will branch to the instruction at
the ILOOP label. However, the 6502 doesn’t know what ILOOP is.
Instead it needs to know how many bytes to go forwards or
backwards from the current instruction. So count the number of
boxes starting at the 27 byte of the BCC ILOOP instruction, and
going back until you reach the 1% byte of the LDA $340
instruction. Then look up that negative number in the following
table to get the value for the 2™ byte of the BCC ILOOP
instruction. This addressing mode is called Relative Addressing.

Decimal | -1 -2 -3 -4 -5 -6 -7 -8 -9

Hex

FF FE FD FC FB FA F'9 F8 E7

Decimal | -10 -11 -12 -13 -14 -15 -16 -17 -18

Hex

F6 F5 F4 F3 F2 F1l FO EF EE

Decimal | -19 -20 -21 -22 -23 -24 -25 -26 -27

Hex

ED EC EB EA E9 E8 E7 E6 ES5

10.

11.

12.

The instruction BEQ ILOOP means Branch if EQual. It checks
the Z register. TIf it equals 1, the branch is taken. Otherwise,
(if Z=0) it continues with the next instruction. After you look
up the opcode for BEQ, use the table above to find the offset.
Note that the combination of the BCC and BEQ instructions are
needed to check if X is less than or equal to the value in $340.

Look up the opcode for the LDA immediate instruction. The
value $8D is the hi-bit Ascii value for a Carriage Return. Apple
computers use Ascii values between 128 and 255. The Return key
on the Apple is the same as Control M. M is the 13" letter of
the alphabet, which has the hex value $D. Therefore, the Apple
value for the carriage return is $8D which equals 128+13 or 141.

The same JSR instruction we have seen before is being
called to output the Carriage Return character. This will return
the cursor to the first character position on the next line,
where we will continue printing the next line of text.




13. Look up the opcode for DEY - it means DEcrement the Y
register, which subtracts 1 from Y. Then for the BNE OLOOP
instruction, count the boxes and lookup the offset to get back to
the OLOOP instruction.

14. Look up the opcode for RTS - it means ReTurn from
Subroutine. This will return to the caller of our program (which
may be another machine language program, the Apple monitor, or a
Basic program that called our subroutine).

15. When you have filled in all the opcodes, and have looked up
the Ascii hex values for your name, you are ready to type your
program into the Replica 1 Plus and run it. See the Beginner’s
Instructions for details about how to type in hex codes for a
program. When you have entered and verified your program, you
can run it using the command: 300 R

If your program runs successfully, Congratulations! Take a photo
with your procgram and its output.

If not, don’'t be discouraged. Most machine language programs do
NOT work on the first try. Now you will learn how to
troubleshoot your program.

a. Type the following command to display the hex bytes for your
program: 300.340

b. Verify that you typed all the hex codes correctly for your
program.

c. If you are sure that you typed in all the codes correctly, run
a disassembler program so you can see how the computer
interpreted your hex codes. If the instructions shown do not
match exactly with the listing on the first page, determine
which bytes were incorrectly entered. Make a list of the
addresses and values that were incorrect. You will then patch
them with the correct values and try again.

d. If you get stuck, ask a friend to take a look at your program.
Another set of eyes often finds bugs.

e. Sometimes when you are writing your own programs and you get
stuck it may make sense to start over. There are also tools
that can help you step through your program as it runs and
examine memory locations and register values.

The Replica 1 Plus computer is sold by ReActiveMicro.com. It was designed by Vince Briel (brielcomputers.com).
The WozPak Special Edition book is sold by www.CallApple.org.
This public domain document was written by Eric Rangell (erangell@gmail.com).
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