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The ALP

The ALP (Assembler Language Package) is made up of three
different programs. The package contains all the programs a
user would need to write and debupg assembly language
programs for 2650 systems. Th2 program starts at address
H2000 and ends at approximatelly HUAOQO0. It requires buffer
space outside of this area for its editing and assembly
functions. The buffer space can be changed by the user to
fit their system or programming needs. More about buffer
space can he found in the Text Editor chapter.

How to use the ALP

To start using the ALP package load in the program from tape
using the supervisor program. Then execute at address
H2000. This puts you into the editor program. You can use
this program to create tape files of your 2650 source code.
Completed source code files are converted to binary (object
code) by the assembler program, The assembler is run by
typing 'R' as a command in the editor. Commands to the
assembler for handling the object code are in the source of
the program. Using the 'G!' command (Go to the debugger) in
the editor, the user enters debug mode. In this mode many
options are available for debugging object code. More
detailed information on each program is in its chapter.



1. Text Editor

The Central Data text editor allows a user to create and
chanee source code (ASCII) files for use with an assembler,
interpreter, or any other application of this type. The
user's file (otherwise called the text or the source code)
is read into a RAM buffer where the user can inspect it and
make changes to it.

The editor takes full advantage of the system's features.
The video display is always used to display the lines of
text in the immediate area of last editing which frees the
user from the task of trying to remember where he is in the
file. The cassette interface is used to store files and
also allows editing of files which are larger than the
amount of RAM that you have available for the editipg
buffers. "The supervisor program is used by the editor for
its serial input and output routines.

Basic Information

The editor takes up roughly 2K of RAM starting at agddress
H2000. This space includes all of the working RAM locations
that the editor needs. The editor requires two buffers to
operate: the edit buffer and the insert buffer. The edit
buffer is where the source code is held while editing. The
insert buffer is where all changes to the edit buffer are
made. After an editing operation is finished (i.e. an .
insert), the insert buffer is merged into the edit puffer to
form the new source code.

There are two restrictions concerning the buffers:

1. The edit buffer must be before the insert puffer
in RAM, and there can be no space between the two
buffers.

2. The buffers must be multiples of 256 bytes long,
and their starting and ending addresses must also be
multiples of 256 bytes.



Examples of incorrect formatting of the buffers are:

Text Buffer Start 1Insert Buffer Start Reason Why Wrong

H5000 ‘ H4A0O0 The edit buffer
must start at a
lower addres than
the insert buffer.

HUAQO H5010 Buffers must start
in multiples of 256
bvtes.

If the text buffer were to start at HUAOO and the insert
buffer at HUEQO this would work fine. Note that this means
that the edit buffer has 102l bytes of space (HUAOO ta
HUECO). You can't tell how big the insert buffer is since
its ending address is not known. Ycu must, therefore, also
specify an address (256 byte multiple) for the first hyte
after the insert buffer. This bvte's address will be called
the end of RAM location from here on. If this address was
H5000 in this case, the length of the insert buffer would be
512 bytes. Thus far, in our example of correct buffer
addressing, we have the following:

Text Buffer Start Insert Buffer Start End Of RAM

HLAOO HUEQO H5000

The user defines wrere the buffers start and end bv altering
three EKEAM location (using the supervisor) before execuyting
the editor. Because of the 256-bhvte-multiple address
restriction, it can be seen that the low byte of each
address is HOO. For this reason, you need only specify the
high byte of the address for the edit buffer, insert buffer,
and the end of RAM location. You alter locations H2003
through H2006 to give this information to the editor andgd
then jump to the editor (address H2000). 1In our example,
location H2003 would be changed to HUA, while H2004 would be
changed to HUE, and H2006 would be changed to H50. Address
H2CC5 is changed to allocate an assembler buffer, and this
is explained later.

The buffers have no size restrictions so thev can span from
any one address to any other as long as the end address is
greater than the start address,

After the three bvtes have been set up for the editor (using
the alter command) and the editor has been jumped to (by the
execute command) using the sunervisor, you are able to edit
your source code using one of the 21 editor commands which
are descrihed later.



Display Format

While you are inspecting the source code of your file, the
editor displays a header line and up to 15 lines of text.
The header line tells vou how many comnletely empty blocks
(256 bytes per block) you have left in the edit buffer and
displays the command you have entered. The bottom 15 lines
of the display are used for the text. These lines are
numbered from 1 to 15 as they progress down the page. Note
that a line can be up to 256 characters long and that the
line numbers are not actually part of the text. The line
numbers are simply displayed on the screen to allow you to
reference each individual line easily.

In the edit buffer, the end of a line is indicated by a
ASCII carraige return code (HOD). The end of file is sensed
to he the first character in the buffer with bit 7 set to
one. HNote that the ASCII characters are all encoded using
bits 0 through 6, so bit 7 is free for this use.

Commands — —

There are 21 commands which the editor accepts. All
commands are typed in through the keyboard. and all except
four are executed after the press of the carraige return
key. The four commands that do not require a carraijge
return are position moving commands which are used so
frequently that they are allowed to take only one keypress.
They are explained in detail in the section called 'Moving
Around in the File' as well as in the Command Reference
Section. The other 17 commands require a carraige return
for their execution. These other commands also allow you to
type in up to sixteen additional characters which tell the
routines exactly what should be done. The backspace key is
active during command entering so that mistakes can be
easily corrected. Pressing control-P causes the last
command entered to be executed again.

Depending on the command, the additional characters may be
alphabetic, numeric, or not used. If a number is required
(such as in the Forward command) it can be of anv size,
although the maximum number sent to the routine will be 255.
For example, if the command typed was F3000 (move forward
3000 lines), the user would only be moved ahead 255 lines.
More details about the Forward command are presented later,
Also, if a command requiring a number is entered with no
extra characters (just the command and then a carrzige
return), a number of one will automatically be used. This
feature was added due to freguent changes the user will make
to the 1st line of text.



The specific command explanations tell vou what you should
enter after the command (a number, a word, cor nothing),

User Defined Commands

You can cause the editor to jump to vour own routines hy
utilizing any of the unused command letters. All that you
need to do is change the correct locations in the command
address tatle. Refer to the program listing to find oyt
which two memory locations to change for your command.

Moving Around in the File

Since the display can show only 15 lines at a time and the
file can be much larger than this, there are commands which
allow you to move around in the file (display different
areas of the file).

Four of these commands are executed immediately when the
command key is pressed. These four commands are: ¢go to end
of file (+), go to beginning of file (=), go forward 15
lines (space), and go backward 15 lines (/). The only
exception to this immediate action is when another command
is entered, erased (by hack-spaces) and then one of the four
immediate action commands is entered. The four commands
then will reauire a carriage return to execute them,.

The other moving commands are: forward x lines (Fx),
backward x lines (Bx), and search for an ASCII string !xxxx!'
(Xxxxx). The detailed explanations for all seven of the
moving commands are given in the command reference section.

Inserting New Lines

To enter new lines of text, use the Insert (I) command,
This command should be followed by a number which signjfies
which line on the screen the text should be inserted after.

After the command, number, and carriage return have been
entered, the screen is cleared and you are in IHNSERT MQDE.
In this mode you simply type in vour new text pressing
carraige return at the end of each lire. Rackspace is
active to the beginning of your current line., Note thgt
while in insert mode the characters vou tvpe in are being
put in the insert buffer, and they zre held there until ETX
is pressed. Pressing ETY (control-C) when vou are done
inserting will put the lines just typed into the edit buffer
after the line number originally typed with the command.

If you insert too much text (either the insert huffer is



full or it can be seen that the text to be inserted will
fi1l the edit buffer), insert mode is automatically ended
and the lines are inserted.

Modifying a String

To modify one ASCII string to another there are two commands
available. Using the preset modify strings (P) command you
can tell the editor what the original string is and what the
new string should be. With the modify (M) command, you tell
the editor to look for the original ASCII string on a
specified line and, if the string is found, to change it to
the new string.

The sequence of steps for a modify is:
1) Type "P" for the preset modify command.
2) Type old string you would like to modify.

3) Hit carraige return. The top line of the display
witl change to:

~ MODIFY STRING '"old string just typed " TO
4) Type in the new string.
5) Hit carriage return.

At this point, the two strings have been entered
and are stored in a special set of RAM locations.

To continue modifying lines containing the same o0ld string
to the new one:

6) Type "M" for the modify command.

7)Y Type the line number where the old string can bhe
found.

8) Hit carriage return.
If the old string is found in that line, it is
changed to the new string.
If the o0ld string is not found, an error message
~of NOT FOUND 1s displayed.

You can continue to modify the old string throughout your
program using the "M" command.

Saving and Appending Lines

If you have a number of lines of code that repeat themselves



throushout a program, rather than having to retype tbe lines
at each point in the program you can hold the lines in the
insert buffer and place them as you wish in the program.

To hold lines in the insert buffer, bring the first line to
be held to the top of the screen (using the forward and
backward commands) and type "Hx" to hold the top x lines.
After the carriage return is pressed, the command is
executed. If you try to hold more lines than will fit in
the insert buffer, the editor will give you an error message
saying TOO MUCH.

To insert these lines. use the append (A) command. This
command is in the form of "Ax" with x being the line number
after which the held lines should be inserted. If there is
no room in the text buffer for all of the lines, the command
is aborted and you are given an error message of TOO MUCH.

Deleting Lines

To delete selected lines, hring the first line to be deleted
to the top of the screen. Then use the delete (D) command
followed by a line number to delete that number of lines
from the text buffer (startine from the top line on the
screen).

Changing Lines

If you have a line in the text buffer which is wrong, you
can change it (without having to retype the whole thing).
To change a line, type "Cx", with x being the line number.
The screen is then cleared and the line selected 1is
displayed. At this time several keys are active:

1) Copy character (control-U): causes one character
from the old line to be copied to the new line. The
new line is written just below the old one as the
cnharacters are copied.

2) Copy word (control-Y): does continued character
copies until the first occurance of a space or comma.

3) Delete old character (control-0): causes one

character of the o0ld line to be deleted. In other
words one or more characters from the o0ld line can
te skipped from being copied.

4) Erase (control-H): just erases one character
from the new line.

5) Erasse worada (control-N): " erases characters until
it comes to a space or a comna.



6) Copy to end of line (control-P): causes all of the-
remaining characters of the old line to be copied to
the new line.

7) Any printable (non-control) character will
be added to the new line.

8) Carriage return ends the change of this line.
After this key is pressed, the next line in the text
buffer is displayed and you are allowed to change it.

If you press ETX (control-C) rlght after a new line appears,
the editor returns to the normal page showing all of the
corrected lines.

Storing your Text

The editor allows you to store and retrieve your programs
using cassette tape. You can name your text wifh labels of
up to eight characters long and therefore have the system
keep track of the various programs on a tape.

To store the edit buffer on cassette tape, turn the tape
recorder to record and type "Sxxxx" with xxxx being the name

(up to 8 characters). After carriage return is pressed, the
editor starts sending the name and the text to the tape
recorder. It finishes when the end of file is reached (any

byte in the edit buffer with bit 7 set) and will simply
prompt for a new command.

To load that file back just as it was before storing it,
first move to the heginning of the file (using the "-"
command). Then type "Lxxxx" followed by a carriage return
and play the tape recorder. The editor will read everything
on the tape and will load the data contained in blocks with
the name xxxx. After the end of file byte is read in, the
routine terminates.

You should note that the load routine starts loading at the
current line position (it starts loading over the top line
on the screen). Thus you can merge two files by loading one
in a@s was explained earlier, moving to the end of that file,
and loading the second file. Once it is loaded it will '
appear after the first file in the text huffer.

Also, the full name need not be typed in for the load
routine. The routine only checks the tape against the
letters typed in with the command, and no others. For
instance, if you have a file named STARTREK on taoe, you can
load it back by typing any of the following as the command:



LSTARTREK will load only startrev

L will lozd any file

LSTAR will load any file whose name's
first four letters are ZTAR

tlote that the last two methods have fthe possibility »f
loading the wrong program--the seconrd nne loeding anvything
and the third one loadineg anything which starts with STAR
(i.e. STARWAR OR STAaR).

Jumping out of the Fditor

Use the cormand 'E' to return f£o fhe 3unervisor profrar,
Type the ccmmand 'R' to jump Lo the asserbler, 2rd 'G' to 595
to the debugger,
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2. Editor Command Reference

The following abbreviations are used in this sectiop:
l--a line number
n--a number of lines
a--an ASCII string (up to 16 characters)

Also, note that 211 commands (except the ones with immediate
action) must be terminated with a carriage return.

Il



Command: APPEND
Format: Al

NDescription: This command places what is in the insert
buffer immediately after the line listed in the command.
The data in the insert buffer may be the result of a HOLD,
THSERT, CHANGE, or MODIFY command.

Errors: If the text in the insert huffer is too large to
fit in the edit buffer, vou are gliven an error saying 700
MUCH. '

Lxample:
ITf the insert buffer had the following lines in 1it:

NOW TS THE TIME
FOR ALL GOOD MEHN
T0 CCME TO THE AID

And the screen looked like:

NRLOCKS LWFT: 0n COMMAND:
1 THIS IS LINE ONE
2 THIS IS LINE TWO
3 THIS T8 LLINE THREF

And the command "A2" was executed, the insert huffer would
remain the same and the screen would chanse fo:

RLOCKS LEFT: 0u COMMAND:
THIS IS LINE ONE
THIS IS LINE TWO
KOW IS THE TIME
FOR ALL GOOD MEN
TO COME TO THE AID
THIS IS LINE THREE

OV LNy =

12



Command: BACKWARD

Format: Bn

Description:

Example:

This command causes the editor to start
displaying n lines before the top line on the screen.

If the screen had displayed the 10th-12th lines of a program
as shown below:

THIS
THIS
THIS
THIS

W N -

And the command "B3" was executed,

IS LINE

IS
IS
IS

LINE
LINE
LINE

11

12
13

BLOCKS LEFT:
10

o4 COMMAND:

the first line displaved

is number 7 and the display would change to:

THIS
THIS
THIS
THIS
THIS
THIS
THIS

NV N -

18
IS
IS
IS
IS
1S
IS

LINE 7
LINE 8
LINE 9

LINE
LINE
LINE
LINE

10
11
12
13

BLOCKS LEFT:

13

o COMMAND:



Command: CHANGE
Format: C1

Description: This command allows you to change a line of
text. After entering this command, the screen is cleared
and the line selected is displayed on the top of the screen.
You can then type control-U to copy a character of the old
line to the new one, control-Y to copy a word from the old
line to the new one, control-O to skip a character of the
old line from being copied, control-H (erase) to delete a
character from the new line, control-N to erase a word from
the new line, control-P to copy all of the remaining
characters from the old line to the new line, or any
printable (non-control) character to just be added to the
new line. After the new line is as you want it, press
carriage return. The next line of the text buffer is then
displayed and you can change it. Pressing ETX (control-C)
at this point returns you to the command entry page wifh the
corrections entered into the text buffer,

Example:
If you have the line NOW IA THE TIME ready to change (you

have just entered the "C" command), the following keypresses
Wwill correct the mistake:

EEX New line so far

control-Y NOW

control-U NOW (there is a space after NOW)
control-U NOW I

control-0 NOW I (the A was deleted)

S NOW IS

control-P NOW IS THE TIME

Pressing carriage-return and ETX now will return you to the
normal editor display page with the changes in effect,

14
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Command: DELETE

Format: Dn

Description: This command deletes n lines from the text
buffer starting with the top line on the screen.

Example:

If the screen had lines 6-10 of the text buffer displayed as
is shown below:

BLOCKS LEFT: OH4 COMMAND:
1 LINE 6
2 LINE 7
3 LINE 8
4 LINE 9
5 LINE 10

And the command "D2" was executed, text lines 6&7 wquld be
deleted and the screen would look like:

- BLOCKS LEFT: 04 COMMAND;
LINE ’ '
LINE
[LINE
LINE

W N =
— O oW

15
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Command: EXIT

Format: E

Description: This command exits the user back to location O
(normally back into the supervisor program).

16



Command: FORWARD
Format: Fn

Description: This. command causes the editor to start
displaying n lines after the present line.

Example:

If the screen had the 10th-16th lines of the text buffer
displayed as below:

BLOCKS LEFT: 04 COMMAND;
LINE 10 ’
LINE 11
LINE 12
LINE 13
LINE 1l
LINE 15
LINE 16

OV W N =

Aind the command "F5" was executed, the first text line now
displayed 4s line 15 and the screen will look as below:

1 LINE 15
2 LINE 16

BLOCKS LEFT: 04 COMMAND;

17



Command: GO TO THE DEBUGGER

Format:

G

Description: This command jumps the user into debugger

mode.

This allows the user to execute all debugger options.

18
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Command: HOLD
Format: Hn

Description: Copies n lines of the text buffer into the
insert buffer starting with the first line displayed on the
screen.,

Errors: If you try to hold too may lines, you will get an
error message of TOO MUCH.

Example:
If the display looked as it does below:

BLOCKS LEFT: 02 COMMAND:
LINE
LINE
LINE
LINE
LINE
LINE
And the command "H3" was executed, the screen will remain
the same and the insert buffer will be changed to

VU =0 ) -
[0 N2 NS UV I

LINE 1
LINE 2
LINE 3

19



Command: INSERT

Format: Il

Description: This command allows the insertion of new text.
The new text is typed in after the command and is ended by a
ETX (control-C) key. Then the text is inserted after the
line number specified in the command.

Errors: If you try to type in too much text (either tpo
much for the insert buffer to hold or too much to be aple to
put back into the edit buffer), the insert is automatiecally
~ended just as if you had pressed ETX.

Example:
If the screen looked as it does below:

BLOCKS LEFT: 04 COMMAND:
LINE
LINE
LINE
LINE
LINE

T =) -
Ul =o ) —

And the command "I2" was executed, the screen would be
erased and you would be allowed to type in new text. If you
typed in the following lines (each line followed by a
carriage return): ,

NOW IS THE TIME
FOR ALL GOOD MEN
TO COME TO THE AID

And pressed ETX, the 3 new lines would be inserted after
line 2 of the text buffer, and the screen would change to:

BLOCKS LEFT: 04 COMMAND:
LINE 2
NOW IS THE TIME
FOR ALL GOOD MEN
TO COME TO THE AID
LINE 3
LINE &4
LINE 5

N OV EWN -

20



Command: LOAD
Format: Lx

Description: Loads a file from cassette tape into the text
buffer. The name, x, can be up to 8 characters, and any
file which has at least the letters specified in the command
will be loaded. A simple "L'" command (one with no file
name) will load any file. Loading ceases when a byte is
read in with the end of file bit set.

The file is loadedAStarting at the first character position
on the screen. Any lines before the ones displayed will not
be changed during the load.

Errors: If you run out of text buffer space befeore a load
is complete, you will get an error saying TOO MUCH. If upon

loading, a cassette error occurs, you are given a SUMCHECK
ERROR message and you must relocad.

21



Command: MODIFY
Format: M1

Description: This command uses the old and new ASCII
strings entered with the "P" command. First, the line
number specified in the command is searched for the olqd
string. If it is found, that old ASCII string is replaced
with the new string.

Errors: If the old string is not found in the line, yqu are
given an error of NOT FOUND.

Example:
If the text buffer had the following lines displayed:

RLOCKS LEFT: o4 COMMAND:
1 NCW IS THE TIME
2 FOR ALL GOOD MEN
3 TO COME TO THE AID

And you wanted to change the word "come" in line 3 to 'go",
you would first enter the two strings using the P command
and then do a "M3" command. The text would be changed, and
the screen would change to:

BLOCKS LEFT: 04 COMMAND:

1 FOR ALL GOOD MEN
2 TO GO TO THE AID

22
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Command:

Format:

N

NORMAL MODE

Description: this command turns the upper case mode OFF.

23



Command: PRESET MODIFY STRINGS
Format: Pa

Description: To allow entry of two ASCII strings for later
use with the Modify command. The string to be looked for
and replaced (the old string) with the modify is typed in
with this command followed by a carriage return. Aftep
that, the top line of the screen will change to:

MODIFY STRING "old string just typed" TO
at which time vou should type in the string which 1is tp

replace the old one (the new string) followed by a caryiage
return. \



Command: RUN

Format: R

Description: This command jumps to the assembler gnd
automatically starts its execution.

25



Command: STORE
Format: Sx
Description: This command stores the text buffer onto

cassette tape. A name (x) is also stored on the tape, and
that specific name can be referenced during a LOAD command.
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Command: UPPERCASE MODE

Format: U

Description: ¢this command bumps all characters displaved on
the screen to upper case. It does not affect what is stored
in the text buffer, only what you see. Upper case mode is
of f when you enter the editor.
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Lommand: X-SEARCH

Format: Xa

Description:

This command searches for the ASCII string
starting at the 2nd line displayed on the screen. If the
string is found,

the line with the string is brought to the
top of the screen. _

Errors: If the string is not found, you are given the error
message of NOT FOUND.

Example:

If the screen

1 THIS
2 THIS
3 THIS
4 THIS
5 THIS

looked as it is pictured below:

IS
IS
IS
IS
IS

BLOCKS LEFT: 04 COMMAND:

LINE
LINE
LINE
LINE
LINE

ONE
TWO
THREE
FOUR
FIVE

And the command "XTHREE" is entered, the screen would start
displaying at line 3 and would look as follows:

BLOCKS LEFT: 04 COMMAND:
1 THIS IS LINE THREE

2 THIS IS LINE FOUR

3 THIS IS LINE FIVE
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Command:

Format:

GO TO BEGINNING--IMMEDIATE ACTION

Description: Starts displaying lines at the first line of

the file.
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Command: GO TO END--IMMEDIATE ACTION

Format: +

Description: Starts displaying lines beginning at the last
line in the file. You should note that after this command
is executed, the screen will contain only one line of text
(the last line of the text buffer).



Command: FORWARD 15 LINES--IMMEDIATE ACTION

Format: space

Description: This command functions exactl
the command "F15",
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Command: BACKWARD 15 LINES--IMMEDIATE ACTION

Format: /

Description:
as the command

This command functions in exactly the same way
"B151, )
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3. 2650 Assembler

~

The Central Data Assembler allows a user to change the 2650
instruction mnemonics into machine executable binary. It
takes the source code created by the text editor and makes
two passes through it creating the binary tape, output
listing, and binary blocks in storage. The assembler uses
routines in the text editor and the supervisor program to
allow its small size.

Basic Information

The assembler takes up roughlly 4K of RAM starting right
after the editor. This 4K includes =2ll space required for
the assembler's working RAM area (small buffers, pointers,
and generat—sterage locations).

Like the editor, the assembler needs a text buffer to hold
the text that it is operating on. Unlike the editor, it
needs a symbol table and a output binary storage area (OBST)
and does not need the insert buffer. For this reasqn, the
space normally allocated for the editor's insert buffer is,
when assembling, divided between the assembler's symbol
table and OBST.

The symbol table starts at the same place that the insert
buffer would start, and the OBST starts at an address
between where the symbol table starts and where RAM ends.
As in the editor, you tell the program where you want the
buffer to start by altering a RAM location to corresgpond to
the high byte of the start address of the buffer. This RAM
location is at address H2005.

For example, if the following allocations were prevjously
made for the editor: '

Address Function Value
H2003 Text buffer start H4A
H2004 Insert buffer start H5B
H2006 End of RAM H60

and you wished to split the insert buffer's space into two
equal pieces for the assembler's use, you would alter
location H2005 to a H5D., In this case, the text buffer
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~starts at HUAOO, the symbol table at H5B0O, and the binary
storage block at H5D00. The last position of RAM is H5FFF.

The allocation would now be:

Address Function Value
H2003 . Text buffer start HUA

H2004 Symbol table start H5B

H2005 Binary Storage Blk. H5D

H2006 End of RAM H60 ~

At this time it may be valuable to explain the structure of
the symbol table and storage blocks you will be allogating
space for.

A symbol is some combination of up to 6 characters where the
first character is alphabetic. These 6 ASCII characters
each fill one byte of RAM. It should be noted that 6 bytes
are always allotted for the symbol name even though the name
may consist of fewer characters. Following the 6 bytes in
which the name is stored, two bytes of RAM are allotted for
the address or data which the symbol refers to. Thus, eight
bytes of RAM must be available for each symbol used. In our
example above, 512 bytes of memory were provided for the
symbol table which would enable us to store up to 64 labels
or variables in our program. Of course, we could provide
room for more or fewer symbols by changing the number of
bytes allotted for the symbol table.

The other block of memory entitled the Binary Storage Block
will be used to store the binary code for your program if
the pseudo-op TAPE is used. If this option is not used, a
Binary Storage Block must still be declared; however, the
value stored at address 2006H can be set to the same value
as END OF RAM at address 2005H. This will effectively A
provide no storage locations for Binary Storage. If, pn the
other hand, you do wish to use the TAPE pseudo-op, you need
not provide room in the BRSB to store your entire program's
binary coding. The coding can be dumped to tape in groups
the length of which is determined by the amount of BSB area
that you allot. If you plan to use the TAPE pseudo-op, it
is best to allocate at least 512 bytes to the BSB. For
further details on this see the section entitled "How to
Assemble a Program" found in this manual.

Assembler Operation

The source code of your program consists of statements.
Each of the statements must be in the following format:
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Line positions Description

1-6 Label

8-11 Opcode

13-14 Register or Condition
18 Indirect Field

19-26 Operand, Index Code

The label is a symbolic name which is given a value equal to
the address where the instruction is. The opcode is either
one of the 2650's mnemonics or a pseudo-operation. See the
Signetics 2650 Manual for detailed information about the
2650's instructions and the Pseudo-Operation Reference
Section of this manual for information about the pseudo-ops.
If a register or a condition is required for a 2650
instruction, it goes in positions 13-14. If the instruction
is to use indirect addressing, an asterisk (¥) should go
into position 18.

The operand is from 1-6 characters long and can bhe followed
by a comma and an index cocde if you use indexed addressing
for the instruction. The operand itself can be either a hex
number, a label which is defined elsewhere in the program, a
dollar sign ($) which will make the operand equal to the
address of the first byte of this instruction, or an ASCII
character in single quote marks (i.e. 'A') which returns the
hex value of that ASCII character. Also, an operand can
consist of any of the above listed items used in an
arithmetic expression using addition or subtraction, Some
examples of valid operands are:

'Al
10CA-START+$
$-2
START-END+1

Finially, if position 18 of a source statement contains an
up arrow then the value returned is the high byte of the
evaluated operand. If there is no up-arrow, then it returns
the low byte of the operand (for instructions which need

only 1 byte of data). Comments can fill the remainder of
the line. '

An example of a program is:

START LODI,3 FF

LOOP  STRA,3 DATAX
SUBRT, 3 1
TMI, 3 40
BCTR, 0 LOOP
HALT

*



DATAX RES 1
END

The following lines are generalized examples for indexed and
indirect instructions:

RO EQU 0
R3 EQU 3
START LODA,RO ¥POINT
STRA,R3 DSTRT,I R3 USED AS INDEX REGISTER
STRA,R3 BSTRT,+ R3.USED AS INDEX REG,
AUTO INCREMENT
STRA,R3 ASTRT,- R3 USED AS INDEX REG,
AUTO DECREMENT
STRA,RO CSTRT NO INDEXED OR INDIRECT
STRA, R3 ¥FSTRT,I R3 USED AS INDEX REG,
ALSO INDIRECT

If any errors are discovered while assembling the program,
an error message is printed above the line with the error.
On the event of an error, display mode is automatically
switched on 5o that the user can see the line with the
error. The error messages that are printed are all
self-explanatory.

Assembly Options

Using various pseudo-operations you can have the assembler
include certain normally skipped functions. The operation
PRNT will cause a listing to be made. The op-code DISP will
cause the program listing to be displayed on the screen as
it is assembled. The SYMB option allows the assembler to
create a symbol table file which will hold the symbol names
used in the programs along with their values. This file is
used by the debugger program to allow symbolic referencing
of locations.

How to Assemble a Program

To assemble a program, first type the program in using the
editor. Note that pressing TAB (control-I) while inserting
or changing will move the cursor to the next tab stop--
either position 8, 19, or 28. When the source code has been
completely entered, including an END statement, leave the
editor and then execute the assembler.

The screen will clear, and the message PASS 1 will appear on
the top line. This means that the assembler is running
through the source code and making a table of all of the
labels and their values. When this is finished, the message
PASS 2 will appear. This is the time when the assembler
actually creates the binary. If you have the BLKS option
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on, the bytes are put in memory as they are assembled. If
the TAPE option is on, the bytes and their addresses are put
into the binary storage block until it is full. When the
OBST is full or at the end of the assembly, you will get the
message BINARY OUTPUT. At that time you should put a tape
in your recorder and turn it to record. Then hit any key on
the keyboard and the assembler will start dumping out the
data. In long programs, you may have to dump to tape
several times. The tape can be loaded back using the
supervisor program's LOAD routine.

If the source code for your program will not all fit into
the text buffer at one time, you can still assemble it.
Simply have on tape the whole program in several sections.
Then, before running the assembler, load the first section
into memory (using the editor). Then run the assembler with
the name of the tape blocks typed after "R" in the command.
Everything will be the same except when the assembler comes
to the end of the section of text. At this point (in either
pass 1 or 2) you will get a message DATA INPUT. This is
your signal to turn your tape recorder to play and hit any
key on the keyboard. The assembler.then loads in another
section of—source code. When it comes to an END statement,
it knows that it is the last section of the program,

When pass 2 starts, it will immediately ask for datag input.
This means that the assembler wants to go through the whole
program again so you must rewind the tape recorder gnd play
in the first section of the program.

When the whole program has been assembled, you will get the
message xX ERRORS (where xx is the number of errors that
were found in the program). You can then press any key to.
return to the editor. Note that any time while the
assembler is running you can press escape to return to the
editor.

If you wish your program to be listed, use the PRNT
operation and write a small program to drive your printer.
This program should check the printer's status and, if it is
ready, should send it the character which is in register O.
This routine can be put anywhere in memory, with the address
of the routine stored at H200B and H200C.
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4, Pseudo-Operation Reference

The following pages detail the assembler's pseudo-operation
commands. When the format of a statement is given, fields
typed in upper case are required while any fields typed in

lower case are optional.
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Operation: DEFINE ADDRESS CONSTANT

Format: label ACON <expression> [,<expressiony...]

Description: This opcode tells the assembler to allocate
two bytes. The expression will be stored in these two
bytes, the higher order bits in the first byte and the low
order bits in the second byte. If a label is present, it
will be assigned the address of the first byte allocated.
The expression listed cannot be a space or comma enclogsed in
quotes.
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Operation: GENERATE AN ASCII LITERAL
Format: 1label ALIT 'ASCII string!

Description: This command generates a string of bytes in
memory which corresponds to the ASCII string in the operand
field. The string must be enclosed in delimiter characters,
which can be of your choosing. The first character of the
operand field is taken to be the delimiter character. In
the above example single quote marks (') are used. Note
that the string can extend into the comment field but cannot
go past the 80th character of the line.
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Operation: LOAD BINARY AS ASSEMBLED

K

Format: BLKS ON or OFF o

Description: This operation instructs the assembler to
start or stop storing the data into storage as it is .
assembled. You must be careful not to overwrite the alp, or
its buffers when using this option. If you want your
program to run in the same locations as the alp, you must
use the TAPE option. That way nothing is written into
storage until the assembly is complete and you load the tape
back.
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Operation: CONVERT ALL ASCII LITERALS TO UPPER CASE

Format: BUMP ON or OFF

Description: normally the assembler will generate ASCII
literals exactlly like they are shown (upper or lower case).
If the BUMP ON operation is given, then all ASCII literals
will be converted to upper case before being stored, You
can switch back to normal mode by using the BUMP OFF
operation.
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Operation: DEFINE MEMORY DATA o
Format: label DATA <expression> [,<expression?>...]

Description: This operation takes the byte of data given by

the expression and puts it into one byte of storage.  If a

label is specified, it will be equated to the address of the

data byte. The expression listed cannot be a space or comma
enclosed in quotes.
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Operation: DISPLAY PROGRAM LISTING ON SCREEN
Format: DISP ON or OFF

Description: This command will start or stop (depending on
the operand) displaying the program listing on the screen in
pass 2. The format for the display is the same as the
format for output listings to a printer (see the PRNT

operation)., When the screen is full of data, the assembler
waits for a keypress before continuing. If this keypress is
a control-X, display mode is terminated. Display mode is

automatically started if an error is detected in pass 2.
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Operation: END OF ASSEMBLY
Format: END

Description: The end of the source must be indicated with
this operation at the end of any program.
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Operation: EQUATE A SYMBOL'S EQUIVALENCE

Format: LABEL EQU EXPRESSION

Description: The label is made equivalent to the
expression. From that point on, you can use the label as an

operand, register, or condition just as if it were the
expression.
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Operation: SET PROGRAM COUNTER

VAR
Format: label ORG EXPRESSION R
Description: The program counter is set to the expression.
Normally used to start your program at an address other than
.0 (the default value). If a label is present, it is equated
to the expression. ‘
f‘*«.
- <
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Operation: PRINT LISTING OF PROGRAM
Format: PRNT ON or OFF

Description: The assembler will start or stop (depending on
the operation) sending the source lines out to the printer
during pass 2. In addition, this option will print line
numbers, the address of each byte and the assembled data.
The format for this is as follows:

Print Positions Description

1-4 Line number

7-10 Address

12-13 Byte 1 of the data
15-16 Byte 2 of the data
18-19 Byte 3 of the data
20-22 Byte U4 of the data
23-103 Source line

Note that only the first 80 characters of the line gre
listed on the printer.
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Operation: RESERVE MEMORY
Format: label RES EXPRESSION

Description: The number of bytes of memory specified are
reserved starting at the present program counter. The
number of bytes allocated is given by the expression, and if
the label is present, it is given equivalence to the address
of the first byte reserved.
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Operation: CREATE BINARY TAPE

Format: TAPE ON

Description: This pseudo-op instructs the assembler to put
the binary of the program into the OBST. When the O0BST is

filled. it is dumped out to cassette tape for later loading
by the supervisor program. This must be used as the first

line of your program for reliable operation.
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5. Debugger Program

The debugger program is designed to be used as an aid in
locating and correcting errors in machine language programs.
While executing a grogram on the 2650, there are times the
progranmer may wish to know what values exist in the
microprocessor's registers or flags. An incorrect
assumption regarding the value of one of these could send a
program off into never never land without the slightest
evidence of how it got there. These values are usuglly not
readily obtainable because the registers and flags are
internal to the 2650 CPU. The debugger program, however,
solves this problem by emulating the instructions of the
2650. All registers, flags, and return stack addresses are
stored in RAM where they can be inspected or changed at any
time through use of the commands explained later.

Pre-Execution Requirements

The debugger program resides in approximately 4K of memory.
Since the debugger is locafted after the editor/assembler,
f”j both programs are present at the same time. Remember,
o’ however, that the debugger program can only operate on
assembled programs. To enter the debugger program, you
should use the 'G' command in the editor.

Running a Program with the Debugger

Upon entering the debugger program, all RAM locations used
for registers, stack return addresses, the program counter,
and breakpoint addresses are left at their previous value
(which is zero if you just loaded the program). Also, upon
first entry, all I/0 modes are initialized to REALTIME. A
further discussion of I/0 modes can be found in the section
“titled "I/0 Modes". The programmer will find himself in
command entry mode where a miriad of powerful options are
availabhle. All commands are listed with detailed

- descriptions of proper formating and explanations of
execution in the next chapter. At this point an attempt
will be made to show how the debugger program might be
implemented and to explain some of the convenient features
of this program.

Set Program Counter (PC)
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It is necessary to set the value of the program counter to
the first address of the program to be debugged before

initiating program emulation. The program counter is
incremented during emulation just as it would be if the 2§SO
were executing the program. Because the program counter 1is

now external to the 2650 chip, however, new possibilities
are open. At any time during trace, step, or simulate mode,
pressing the control-X key one or two times will return the
user to command entry mode. At this point the programmer
can inspect or change RAM locations to find out in detail
the operations of the program. Since the program counter
residing in RAM is not changed while using most commands, a
command could be entered to restart emulation. The prpgram
would start exactly where it left off. MNo external stack
return addresses, register values, breakpoints, etc. would
be changed. The real flexibility offered here is that
during program emulation you can stop program flow, inspect
or change registers or selected areas of RAM, and then pick
up program flow again with all other states unaltered, The
imagination of the user provides the only limitation to the
ways in which this feature can be used.

Emulation Modes

There are essentially three different emulation modes in
which to run programs: simulate, trace, and single-step.
Trace and single-step modes can be thought of as subsets of
the simulate mode in that their object codes are interpreted
by the same process. Each of the three modes has its own
specific command and each performs a different function. A
broad description of their different functions follows while
a detailed description of each command's format and fupction
can be found in the next chapter.

Simulate (SI): This mode begins emulating the 2650's
instructions from the address currently held in the RAM
program counter or the optional starting address specified
by the user as part of the command. No instructions are
displayed on the screen, but I/0 options may be specified
which allow the user to monitor 1/0 operations. Normal
simulation will allow the program to be emulated until an
I1/0 operation is to be performed. 1If that I/0 operation is
programmed for REALTIME or preset mode, the debugger will
execute it with no operator message. 1If it is programmed
for SIMULATED or ASCII mode, the appropriate messages will
be printed and responses required. All I/0 options are
available for use during this mode. (These are discussed
further in another section of the manual). At any time
during simulation in this mode, the program can be stopped
by typing a control-X. The debugger program will then
automatically switch over to step mode.
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Trace (TR): The user enters a number with this command
which indicates how many instructions should be emulated in
trace mode. The debugger then begins with the address in
the RAM program counter and prints on the display each
instruction as it is emulated along with the present
contents of all registers. As an option, a2 different
starting address can be entered as part of the trace
command. When the specified number of instructions have
been completed, the debugger automatically switches to step
mode. '

Step (ST): Again, the user should enter a number with this
command to indicate how many instructions should be emulated
before single step mode is entered. 1In this mode, register
contents are not displayed during emulation prior to single
step. If no number is entered, a default value of 0 1is
assumed. Once single-step mode is active, the instruction
at the address found in the RAM program counter will be
displayed. As in trace mode, the PC value can be optionally
entered as part of the step command. The contents of all
registers and the value of the condition code prior to
emulation are also displayed on tne same line,. The debugger
program will not emulate the displayed instruction until the
user hits the space bar. Once the space bar is hit, that
instruction is emulated and the next instruction is
displayed with the register values resulting from the last
instruction.

I/0 Modes

Most programs require input or output operations sometime
during execution. The I/0 may be to or from a printer, disk
drive, tape drive, keyboard or other peripheral according to
the user's needs. When emulating the user program, it may
be desirable or even necessary to specify an alternate
method of I/0. For instance, a series of write operations
to a disk drive would not work while the program was being
emulated. This is because the disk moves at a rapid,
constant speed which the 2650 microprocessor just barely
keeps up with under normal execution. During emulation the
user program runs considerably slower and cannot possibly
keep up with the speed of the disk head. The first write
might be placed near the correct disk area; but, the second
write might place data in a totally different section.

- Sequential writing could crash the disk by storing hits of

data throughout the entire track. In fact, only sloyw speed
peripheral devices which use handshaking signals in
microprocessor interaction should be accessed in REALTIME
mode during program emulation. Data transfer to and from
speed sensitive peripherals can sometimes be avoided through
use of one or more of the cther I/0 modes offered.
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Four different I/0 modes are made available: REALTIME,
SIMULATED, ASCII and PRESET. REALTIME and SIMULATED modes
can be specified for each I/0 port individually or for all
"ports at once. ASCII mode is available only for output
operations while PRESET mode is available only for input
operations. Again, the modes can be specified for all ports
or for each port individually. If ports are to be specified
individually, 258 different ports are capable of being
accessed for both input and output, 256 extended ports, 1
data port, and 1 control port. For extended I/0 ports, the
hexadecimal value of the actual port number, 00 through FF,
should be used in the command. The data and control ports
are recognized by the hexadecimal values 100 and 101,
respectivley, being entered for the command. When an I/0
command 1is entered affecting all ports, each port is
initialized to the specified mode. The desirability ofi each
mode depends upon the specific application.

REALTIME: This mode transfers I/0 through normal chanels.
I1/0 takes place as it would during program execution except
that, because the 2650 is being emulated, the process occurs
much more slowly. Obviously, this mode would create the
disk drive problem mentioned above.

SIMULATED: This mode does not transfer data through normeal
I/0 channels. Instead, all data inputs are requested from
the keyboard after display prompting and all data outputs
are designated through the display screen. The actual port
is never accessed so, in the example given above, the data
would be displayed on the screen without disturbing the
information stored on the disk. This mode can be used
successfully as a means of intercepting and displaying an
output. .

Unfortunately, it is not as helpful in simulating a disk
read. In all probability, the number of keypresses required
as input from the keyboard would render this mode
impractical. As a means of input, this mode is useful only
when small amounts of data need to be brought into the
system.

ASCII: This is an output mode which is very similar tp the
simulated output mode listed above. The only difference is
that the ocutput value is displayed as an ASCII character
instead of in hexadecimal form. If there is no ASCII
character corresponding to the value, then the hexadecimal
form is displayed.

PRESET: This input mode allows the user to store one input
value for any or all ports. When an input is expected by

your program, the preset value is returned to the program
instead of actually reading the port. Only one hexadegimal
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value can be associated with each port at one time,
Although this may seem to place severe limitations on the
useful applications of the mode, there are some interesting
ways in which the option can be used. Turing data output to
some handshaking peripheral device, the simulation process
will output data and then enter a loop in your program to
test for a ready condition which would return from the
peripheral device. If the input port were preset to give
the ready condition, then the debugger program would read
the input, fall through the ready test loop in your program
and continue emulation. Hopefully, this example suggests
other ways in which preset mode might be used.

The problem with disk drive input still 4vas to solved.

There just isn't anyway to get dita off a disk using the
emulator. The only way to get dita off these devices is
full speed 2650 microprocessor ectecution. That doesn't mean
the debugger can't be used with /our program--there is a way
around the problem.

Execution (EX) and Breakpoint (RR)

The debugger allows use of an execute command which loads
all the registers from RAM into the 2650 chip. The 2650
microprocessor is then given control to execute, beginning
at the address specified during command entry. If an
address is not specified in the command, execution begins at
the address specified in the RAM program counter. During
execution none of the specified I/0 modes are active, Of
course, at some point you will have to indicate that the
2650 should return processing responsibility back to the
debugger program. This can be done by setting up a
breakpoint prior to execution. Setting up a breakpoint is a
convenient way to return to step mode without interrupting
program flow. When the breakpoint is reached, internsal
register values are stored back out to RAM; the breakpoint
Just hit is cleared; and, step mode emulation begins,

Returning to our disk input problem, how can these features
be used? Let's assume that the disk drive input routine
occurs between two areas where the programmer would like to
use the emulator to aid in debugring. The commands uysed to
dubug this program could be entered in this way:

-Command Entered Comments

ST 15F,5C00 15F hex instructions are emulated in
simulate mode after which :
single-step mode is entered.

Space bhar The current instruction is emulated
and the next instruction is dis-
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played along with the registers.

Space bhar the space bar has been hit
to advance one more instruction.
The programmer now decides to
prepare for execution.

Escape key the display shows the command
entry message (DEBUG>).

BR 1,5E20 . the 1st breakpoint address is set
A where 2650 execution will stop and
single-step mode will begin.

EX execution begins at the address
where we stopped single-step
mode. The program will run at
normal operating speeds and no
specified I/0 modes in the
debugger program are active,.

Breakpoint 1 (displayed by the debugger)

reached at 5E20 the breakpoint address 5E20 has
been reached, the breakpoint is
cleared, and the program is now
in single-step mode.

Space bar you can now continue to step
through your program by hitting
the space bar for each instruction,

This procedure could have been done other ways, but the
point has been made; the transition between emulation and
execution is fairly simple.

A potential problem exists which the programmer should be
made aware of; executing breakpoints destroy the returp
address stack. However, if you are simulating and reach a
breakpoint, your stack will be saved. Care should be
exercised while executing into subroutines since when the
debugger returns at a breakpoint the return address stack is
invalid for the section of code that was executed. In
general, although there are exceptions, when vou set a
breakpoint inside of a subroutine and then subsequently
execute or simulate after the breakpoint, don't expect the
subroutine to return properly.
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6. Debugger Command Reference

Command Summary

INSPECT AND EDIT

CH {<reg number>, <data byted>}...change register values
CO <start addr>,<compare addr>,<end addr>...compare memory
DI <memory addr>...display memory

DS...display stack

ED...return to the editor program

IN <start addr>, <end addr>, <data>...initialize memory
PA <start addr>...display page

PC <addr>...set program counter

RE...print out registers

RU...run the assembler program

I/0 MODES -

“RE...all outputs ASCII

AP...all inputs preset
AR...all I/0 realtime

AS...all I/0 simulated

IP <port number>, <data>...input preset
IR <port number>...input realtime

IS <port number>...input simulated

OA <port number>...output ASCII

0S <port number>...output simulated

OR <port number>...output realtime

EMULATION MODES

ST [<addr>]...simulate mode

ST <number of steps> [,<{start addr>]...step mode’
TR <number of steps> [,<start addr>]...trace mode

MISC COMMANDS
BR <number>, (addr>...set breakpoint
CL <number>...clear breakpoint

EX [<addr>]...execute

A1l values in angle brackets (<>) are parameters to be
entered by the user in hexadecimal. Any paramaters
contained within braces ({}) can be repeated one or more
times. Any items in square brackets ([]) are optional.
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COMMAND: CH change register values

FORMAT: CH {<register number>, <data byted>}

The value of a specified register being changed corresponds
to the register number you need to specify as follows:

Specified register number Actual register

0 RO
R1,bank
R2,bank
R3,bank
R1,bank
R2,bank
R3,bank
PSL
PSU

_eemd O OO

O~TNI W —

The. data byte must be typed in as .a hexidecimal number.
Multiple registers can be changed for each command entry by
continuing to type pairs of numbers which correspond to the
registers and the data.

The new values stored in the specified registers will be

displayed as indicated under the 'RE' command after the
command 1is executed.
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COMMAND: CO compare memory blocks

FORMAT: CO <1st blk start addr>,<2nd blk start addr>,
<2nd blk end addr>

The <start addr> is the first address of a block of data.
The <compare address> is the first address of a second block
of data. Each consecutive byte of data in the second block
is compared to each corresponding consecutive byte of data
in the first block beginning with the first addresses as
listed. The <end addr> is the address of the last byte of
data in the second block which is to be compared. When the
data in any two corresponding address do not match, an error
message 1is given of the following form: <1st block addr> =
<{data>, <2nd block addr> = <datad.
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COMMAND: DI display memory
FORMAT: DI <memory addr>

16 consecutive data bytes located in memory starting with
the address specified in the command are displayed in one
line across the screen. At the far right of the screen on
the same line will appear the sequential ASCII
representations of the listed hexadecimal values when
possible, If there is no ASCII character corresponding to
the hexadecimal value, a period is used to fill that place
in the sequence.

Once the display command has been entered, it becomes
possible not only to inspect that memory, but to edit it
also. On entry to the command. the cursor is positioned to
the left of the first data byte displayed. By typing a "J"
to move left or an "L" to move right, the cursor can be
positioned at any byte in the line. Typing a "K" will slide
the cursor all the way back to the left-most position, To
change a hexadecimal value stored in memory which appears
somewhere along this line, the cursor must be moved to the
blank space at the immediate left of the data to be altered.
If two hexadecimal digits are then typed in, the data -stored
in that memory location will be changed to the new value.

Once all desired change to the displayed data have been
made, the escape key must be pressed to return to command
entry mode. If you hit carraige return while in display
mode, the next 16 bytes will be displayed and you will be
allowed to edit them.
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COMMAND: DS display stack

FORMAT: DS

The return address stack is displayed on the screen in the
following format:

STACK = <return addr 1>,<return addr 2>...<return addr 8>
The return address stack stores addresses on a Last In,

First Out basis with <RETURN ADDR 1> being the address most
recently added.
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Command: ED edit
Format: ED

This command returns the user back to the editor.
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COMMAND: 1IN initialize memory

FORMAT: IN <starting addr>,<ending addr>,<data>

All memory locations between the starting address and the
ending address (inclusive) are loaded with the data. All

parameters in the command are entered as hexadecimal
numbers. '
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COMMAND: PA display page
FORMAT: PA <start addr>

Beginning with the start address, the contents of 256 memory
locations are displayed filling the entire screen. To the
far right of each line, ASCII characters appear sequentially
corresponding to the hexadecimal digits already appearing on
that line., If an ASCII character does not exist for a
particular value, that place is held with a period in order
to maintain the sequence.

Once this command has been entered, the programmer has the
option to change any data bytes on the screen. A cursor is
located at the upper-left hand corner and can be moved to
any space of the display through the use of the following
keys:

~ | V]

U I 0
-— HOME —
J K L

2R
M

(K returns the cursor to the upper-left hand corner of the
screen.)

In order to change the data stored in a displayed memory
location, move the cursor to the blank space at the
immediate left of the hexadecimal value currently in memory.
Then type in the new two digit hexadecimal number. The new
value will appear reflecting the new data which is stored at
that location.

To inspect or edit the next page of memory, press the return
key. When you have finally completed making changes, you
can return to command entry mode by pressing the escape key.
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COMMAND: PC set program counter
FORMAT: PC <addr>
The RAM program counter is set to the specified address.

This command allows you to choose which address to -begin
program emulation at.
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COMMAND: RE print out registers

FORMAT: RE

£

The values stored in the CPU's registers are displayed on
the screen. The format, which is the same in trace and step
emulation modes, follows:

ADDR B1 B2 B3 RO=hd, R1zhd, R2zhd, R3=hd, R4=zhd, RS5=hd,
R6=hd, PSL=hd, PSU=zhd, CC=d

where

ADDR is the current value of the PC

B1, B2, B3 are the data bytes for the current instructijon
R means register

R1, R2, R3 are registers 1, 2 & 3 in bank O

R4, R5, R6 are registers 1, 2 & 3 in bank 1

PSL is the lower program status word

PSU is the upper program status word

CC is the condition code

hd is the hexadecimal data stored in the register

d is the value of the condition code
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COMMAND: RU “run the assembler
o FORMAT: RU
This command jumps to the assembler and automatically starts

its execution. After the assembler program is done, it
returns the user back to the editor. '
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COMMAND: AA all outputs ASCII
FORMAT: AA

All output data will be simulated on the display screen in
ASCII. The data will appear on the screen as follows;:

OUTPUT PORT <port number> = <data value in ASCII>
The data shown is the ASCII character which would have been
sent to the specified port if the program had been executed.

If there is no ASCII representation for the byte, the hex
value is printed on the screen.
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COMMAND: AP all inputs preset
FORMAT: AP <data byte>

A1l input ports are set to return the value of the data byte
specified in the command. This value should be entered in
hexadecimal form. :
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COMMAND: AR all I/0 realtime

FORMAT: AR
A1l I/0 ports are accessed as specified by the user's

program. Data transfer occurs as it would during execption
except that it takes place much more slowly.
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COMMAND: AS all I/0 simulated
FORMAT: AS

A1l 1I/0 port accesses are simulated. When a read
instruction has been initiated, a prompting message will
appear on the display as follows: .

INPUT PORT <port number> =

The emulation process does not continue until a hexadecimal
value followed by a carriage return is entered through the
keyboard. The one byte of hexadecimal data typed in is used
by the debugger program as if it had been input through the

actual input port. When a write instruction is reached, the‘

following message appears on the display screen:
OQUTPUT PORT <port number> = <data value>

The port number is displayed in hexadecimal and is the
number of the port the data would have been sent to if the
program had been executing. The data output is now only
designated onthe screen (and is not actually sent to the

port). _

73

ST e e MW e LA Ay Sha At b o e A TeA LT

t



COMMAND: IP input preset
FORMAT: IP <port number>,<data valued

This command sets the hexadecimal value which has been typed
in to be the incoming data from the specified port.
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COMMAND:

FORMAT:

IR input realtime

IR <port number>

The specified port is set to realtime mode. Only one port
can be specified per command entry. When realtime mode is

specified,

the actual port is accessed, however, at a much

slower speed than it would during 2650 microprocessor

execution.
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COMMAND: IS input simulated
FORMAT: IS <port number>

This command is used to set an individual port to simulated
mode. The debugger program prompts for data input instead

of accessing the port specified by the input instruction in
binary code. A detailed description of the display prompt

can be found under the command AS, all inputs simulated.
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COMMAND: OA output ASCII
FORMAT: 0A <port number>

Any output to the specified port will be simulated on the
display screen where it is shown in ASCII form. Only one
port can be set per command entry. A detailed description
of the display screen output is given under the command AA,
all output ASCII.
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COMMAND: OS output simulated

FORMAT: 0S <port number>

The indicated port is not accessed for a write instruction.
Instead, the data is displayed on the screen. A further

description can be found under the command AS, all I/0 in
simulated mode.
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COMMAND: OR output realtime
N
L FORMAT: OR <port number>

The specified port will be sent output data as if the binary
code were being executed except that data transfer will
occur much more slowly.
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COMMAND: SI simulate program mode
FORMAT: SI [<start addr>] £

This command initiates program simulation beginning with the
address stored in the program counter external to the 2650.
The optional start address will reinitialize the program
counter before simulation to the address chosen by the user.
Pressing CONTROL-X is one way out of this simulation mode
and into step mode. An alternate means of exiting this mode
is by reaching a breakpoint address which also switches to
step mode. Thus, the level at which the programmer chooses
to monitor the program flow is completely flexible at any
time. For this advantage, the user must give up
microprocessor execution speed.
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COMMAND: ST step simulation mode

FORMAT: ST <number of instructions>[,<start addr>]

The number of instructions specified in this command will be
simulated beginning with the instruction at the address
stored in the RAM program counter. After this number of
instructions have been simulated, you are put into step
mode. Once step mode begins each instruction is displayed
on the screen with all current register values. The
instruction is not executed until the space bar is hit.

With this, the instruction is simulated, the registers are
updated with their new values and the next instructjon is
displayed on the screen. The format of the display is shown
under the command called "RE"™. As an option, you can
specify as the second parameter of the command a new value
to be assigned to the RAM program counter prior to
emulating.
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COMMAND: TR trace mode
FORMAT: TR <number of instructions>

The trace command simulates the specified number of
instructions, displaying the instruction and register values
on the screen automatically. (The format for the display is
described in the description of the command "RE".) Upon
completion of the trace, the debugger program jumps
immediately into step mode and waits for the space bar to be
hit. If the number of instructions to be traced exceeds
sixteen, then the display scrolls up with the newest
instruction appearing on the bottom line. As an optian, you
can specify as the second parameter of the command a new
value to be assigned to the RAM program counter prior to
emulating.
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COMMAND: BR breakpoint
FORMAT: BR <breakpoint number>,<address>

A breakpoint can be set which will cause a transfer to step
mode from either execute or simulate mode. Concurrently,
four different breakpoint addresses can be set. Each
breapoint address should be assigned a number from one to
four which will be used by the debugger program at a later
time to identify the breakpoint address which has been
reached. The message indicating a breakpoint will gagppear as
follows:

BEREAKPOINT X REACHED AT AAAA

Where X is the breakpoint number and AAAA is the address of
the breakpoint.
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COMMAND: CL clear breakpoint

FORMAT: CL <breakpoint number>

Y

This command is used to clear a breakpoint if the address
Wwas never reached and the breakpoint is no longer desjred.
Since four different breakpoints are possible, it is

important that the correct breakpoint number be specified.

If you try to clear a breakpoint which has not been preached
(and subsequently cleared) the following message will
appear:

BREAKPOINT <#> CLEARED

If the breakpoint has been reached (or cleared previously),
no message will be displayed when the command is executed.
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COMMAND: EX execute
FORMAT: EX [<address>]

Control returns to the CPU and execution begins at the
address designated in the command. Since this is nprmal
execution, only setting a breakpoint can return you to
simulate mode without affecting program flow. Execution is
essential during I/0 accesses to or from speed sensjtive
peripherals such as cassette tapes or disk drives,
Maturally, no I/0 modes in the debugger program are
available when the user program is being executed. If
execution is begun inside a subroutine, do not expegt the
return from the calling routine to be executed correctly.
The return address stack is invalid.
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7. ALP Program Listing

On the following pages are the program listings for the ALP
program.

87

T e e et ¢ R s e

B T



Tarmw -

FILE
LINE

(18N
eeez
eeed
eez4
[§79]
2e2¢€
eeew
8ezs
€eeo
eele
2211
eeiz
el

€els
[42%4
¢¢16
[42%4
ee18
ee19
ceee
ee21
qez2
€223
gez4
2225
2026
eez?
’22zE
eera
eele
eell
ced2
€ezs
€24
2eczs
ee36
eez?
eess
2229
geap
ee4l
ees2
eesl
2244
[14%]
(423
ee4
ee48
kg4
(X354
geft
eese
¢¢52
(22521
ZeEt

FILE
LINY

eREE
eesw
e2cs
eREs
eeee
ees1
2e€2
eREJ
22E4

2eES
eeen
2ees
8OES
es7e
2871
ee72
2e73
0e4
ee?s
ee76
¢er?
es7e
8275
eeae
22El
e2e2
2¢83
eecs
(143
eese
eCE?
eees
erES
gesa
eest
€es?2
ezce
ee=4
geas
gece
eec?
eese
eess
elee
e1el
eiee
e1es
2104
2129
giee
e1e?
eleg
€1ee
giie

ATIR Bl BZ E3 B4

veee
eccee
2eee
zea9
2e{0
2800
z2eee
2e22
zoee
2ece
223080
2eee
2coe
20ee
zez?
2220
2009
2009
2828
zeee
2eee
2eee
e
z2ee
22eR
2200
22e0
2220
2ece
2eee
2eze
2008
e
22ee
ceee
zzed
2eee
z2en .
2822
2222
2eee
2¢es
2e2e-
ze2o
2eea
zeee -
2gee
2ee9
2eee T
2229
2e¢2
2zea
e ce
2e0e
2ee0

LAFIL

*

SERO

OPCCDE

EXEC
CRG
U
QU
jagy
QU

104
35

£QU
£CU
100
iC0
£QU
31
10U

ja)
ECO
QT
00
QU
EQU
jaaiy
EQU
CC
QU
QU

FQU
TQU.

QU

‘ALP° A4S ASSEMBLED BY SYSTEM ON 11-23-78

CPERAND COMMENTS

PSL

7 FSU

)

[ oS

[T e i AL i = A S R
X"

ALP’ AS ASSEMBLED BY SYSTEM ON 11-03-78

ATIR P1 B2 B3 24¢

ceee L\F 22 %0

LABEL

SERI
CELAY
*

BSTART
IEST
02ST
ENTEAM
TA3S

*
DPRINT
*

FEUF

CCHS
NAME

THPS

1
X
RY]

[CIE I I NI A
]
13

DITCR

T3DN
Cord

OPCCDE

QU
QU

BCTA,UN
TATA
DATA
TATA
DATA
DATA
DATA
DATA

BCTA,ON
RES

PES
RES

RES
RES

U

10LI1,38
LPSL

FFST

027,52
STRA,R2
STRA,EB
BETA, TN
LOZA,F2
STFA.F2
ESTA UN

BSTA, U8
10Dt ,Re
LODI,R1
ESTA,UN

*6246

OPLSAND COMMENTE
2219
ezs

ECITCR
44

5¢
5C
€2
n

12
1B

OUR PRINTYR DRIVER ROUTINE
19

PASY €egel

ey

P



ot

¢ FILE “ALP° kS FSSEMBLED 37 SYSTEF CK 11-€3-78

LINT ADFR P} ZZ B3 B4 LAREL CPCCIE CPIRAND  COMMENTS
2111 LTICYT
e112 13
213 2¢
P14 SETCUR
€115 1D
e1le FRING
2117 RL1
eLiE RLY
215 CLe
cice cevs
2121 s covs
2122 2085 v 1t 11
€12X  CRET IF 4% 67 ARROw
2174 ZOEA 9C 2O 4P ccrDd
2125 2eeD 2C @2 1D CLms
€126 229Q 3¥ 47 8C y{ob}
Qiz7 ZRSI ¥ Z1 2€ OL¢
[3343 SE 2
€129
e1z 22
NI NAME, +
[v ¢
1e
TAD
"o
DS
‘g’ .
IS
e9
ONE :
cRY
U288
CNE
AAMT T
Ter
[2:34 .
s& NI
es L255 T
1R TAID
hid cgo ]
5] EADD
es 21
EATL .
5 ee TS e2
2c ¢e 1D EACD  ICDA.RC cors
27 47 8C FITA, UN LTCU
cz
A7 41 A7
7 1o 19
1T 22 4% COMD
T
"ALF’ AS ASSEMELED BY SYSTIM CN 11-23-78 PAIT R4
ADDR F1 F2 R3 24 LABTL CFCCDY OPEDANT COMMINTS
2¢TE €7 ge 1¢PI, P2 " e
2032 C¥ @1 STPR,F3 $-2
2e¥2 1® 2@ BCTRLUN COMTRL
22E4 2% 2€ COMTRL ACCN TSLVE
22E5 22 91 ACCK 2ACK
2238 2F 24 ACON CTANSE
20E4 23 DS 1CCN TELT
201C 2¢ B2 €& CO IATA ee,e3
2€3E 27 @7 ACCN FORYED
2@F¢ € 85 ACON 2U5
Ze¥z 4 EZ LCON SAVE OLT X LINES IN FFEP
ZeFs 22 G° LCON INST INSEET IINES AFT X
28¥5 28 53 ACON Diz06 JUME TO ODIEUS AND CLTAR IT
20%8 2¢ 43 ACCK co%D
2€fL 27 I¥ ACON 10AZL
20FC ZE 8B . ACGN MCDIFY
2¢FE 21 1§ ACCN GLTASE
2122 Ze 43 AZCN CoME
rieZ 2F &z LCON FveE PCIDIFY PATTEANS
2124 22 4% . LICN coMD
212€ 2% €% ATON
oiee 28 ee LCCN
2:24 72 4B ACON
214 21 1F AZGN
Z12E 2¢ 43 ACON
z 22 4% ACCN
112 z4 €7 ACON
2114 208 4B F RN
2116 2¢ 43 ACCN
2u1e -
2118 @2 uLC FES 1
2119 .
2115 2¢ ULCASE ECPZ,EC
2114 CB 7C uLC
11T 17 7e 4% cImMT
2:1% -
2:1F 24 ¥F TFONLY TF
21¢n (g 7e ULC
2113 1% 4% comz
z126 .
212€ L
212€ ¥4 2t (344 CCHI, ER r3]
21z¢ 1€ 21 ¥° CTALED ENDT
Z12F ¥4 2D CHMIL R 2
2120 Lf 22 53 FCTA,EC BIGN
z132 T4 22 CCVILRR o
2132 1¢ 22 e5 RCTALEC F¥LE
2138 Y4 2F CorI,Re [
2137 1C 2y ¥F BCTA.EQ EX1S
2136 17 RETC, TN
2127 4
211F 45 €8 CTEIT QN CURSOR~1
z2yir 23 LINEX  RES 1
213t b
213F IF 22 &4 ISP ESTA,UN PIOA




TFILE CA1P° AS ASSIMBLED BY SYSTEM CN 11-83-78 TOPASY Zoet

1INE ADLR Bl Ez B3 P4 LABEL OFCCIE OPERARD  COMMINTS
2cZ1 2141 C1 STRI,EL
€222 i<z 2¢ ECRI,Re

. ez 2142 CC €1 2B STEA,R@  *CURI?
ezz4 2146 CC @4 @3 . STRA,E2 LUMA+1
gz2% 2149 (@ 72 STRR,RE LINTX
gczs  214B ITF 45 45 LININO ESTA,UN OLFCR
€227 2i4Y 7 81 3 ILCTA,F@  *CTRIT
2ZP8 2151 44 @F ANII.R2 ¥
2229 2183 14 RETC, EC
¥23¢ 21%4 @D I 02 ICILA, 21 *D0MAL T
ez31 187 11 21 9D BOTA,LT CLEEND
2222 2154 €8 61 LODR, %2 LINEX
222 215C 84 @1 ADDI,RE 1
€z24 21%E (B €D STRR, %2 LINEX
9235 Z1€@8 C3 STRZ,F3
€38 2161 F4 €3 COMI,RE 9
gzI7 2163 19 et BOTRLGT T¥OCH
038 2165 3F 4% 8B ESTA,UN WRTEL
2229 2168 1B @7 BCTR,UN WR2ND
¢24¢ 21€A 84 31 TWOCH LODI,RE ‘17
2241 21€C 3T 45 8D BSTA,UN WRT
€242 216T A7 @4 SIBI,R2 A
g242 2171 €7 3¢ WR2ND 10P1,R3 ‘e
ece4- 2172 @2 10rZ,R3 ;
¢245 2174 3F 45 8D JUN VRT
2246 2:77 3F 45 8B ¥RTEL
Cza7 217A @D IA @2 NITC *DUMA, T ,
2248 2170 1A 1% CLREND
224¢ 217F (3
e25¢ 2182 D9 @5 NAL
€251 2132 3F 23 D9 AlD
¢2f2 218%F &L 1f CLREND
€23 2187 17 @D NAl CR
rt4 2188 1{ 21 4B LINENO
@228 216C @2
@256 218D 3F 45 8D WRT
2257 215€ 1E €8 NXZC
@c%E 2157 2¢ ERASE TORZ,®¢
3 STRA RS *CURIT

¥ ESTE,UN CLREND M

€261 2169 3T 45 45 BSTA,UN D OLICR
g2€2  219C 17 RETC,UN
2z€3 219D 6C 81 3B CLREND LODE,R@  ®CUPRIT
2264 21A€ F4 2F ™I .Re ¥
€265 21A2 14 ELTC,:C
B266 D21A3 2F 45 4% BSTA.UN D QLTZR
22€7 2iA6 1B 795 BCTR,U CLRERD -
gite  21A8 €2 —FTEME—RZS 1
@ZES 2140 IF 22 €4 T¥LX  ESTA,UN MTCA
ez7¢ 21iC €2 F¥DX2 STRZ.E2
€z71 21AD Q1 — LoDZ,®1
8272 21AF 14 RETC.EQ
2273 21T 28 EORZ,FE
¢Z74 21B@ CC 2A @3 STRA,F2 DUMA+1

€275 21BY 2% EA 22 KXTCHR LODA,R2 *DUMA,T

FILE ALP" AS ASSEMBLED EBY SYSTEM ON 11-23-7€ PAGE C€R2E
IINE ADDR E1 P2 B3 B4 LABEIL CPCCIX OPERANT COMMENTS

BCTR,LT ENDFY
SISR, R€ FTEMP
BIRE,R2 CRCL
BSTA,TN ALiDA
RITR,LT CRCK
BSTA, ON S1DA
Lori,x2 FF
LOLI.RQ ERC
STRA,R2  *DUMA,I

INLEY
CRCE FTEMP
CR
. NXTCER
NXTCER
INDFY DurA+1
A:TA 1
DUMA
Tuma
IBST
*
*

INDF BSTF.UN FININD
BSTA,UN MTCA
10DI,R1 1
ECTRLUN BACK

FINDND BSTA,ON HTIA

FNDND2 1O3DI,.R1 F?
ESTA,UN ¥yDX2
10T1,PQ *TUrA
RETC,L
LCDA,R2 DyMA~1

FNINT2

F

BACKX

Fa2CD

¥

F¥IX
MTCL
FEON

MTTS
DUMA+1
1

CHEX

SUBL LOZA,F2  *DUMA,-
[05:3 3 4 STRILR3

el2s5 221% 16 23 . o~ ,R2 e

@228 2221 93 23 BCFR,EQ NOSU
Qlz7 2z2 I¥ 23 73 ESTA, ON S1TA
ex2@ 2226 IC 2@ @3 COrA, &3 BSTART
2329 222% 1A 28 ECTR,LT BEGN

332 2222 I7 el NOST CCMI,R3 [05:3

e e B Lk P e S, e - e meie L vmem e em imem, e s



R .

S ar et e

‘ALP’

222D
22z2F
2231
2233
2238
2238
2723
222%
z2ey
2242
224%
2248
2248
224C
224C
224C
224C
224%
22¢¢
2252

2256
22¢g
225¢C
225%
22€8
22ET
2264
2264
2267
22€4
2Z€D
227¢
2271

2zm ¥

4s

b

P OO
NOOA o

227 @¢

2275
2297
2274
227¢
22731
czoe
2282
2284
22€€
2286
2zeeo
2283
228%
2z87

2291 2

2264
22%%
2265
226

ASST+BLED BY SYSTEM ON 11-C3-78
B2 B3 B4 LABFL OPCODE OFERAND COMMENTS
< PCFREQ sgal
6Ar BLPR,RL SUBL
ee oM, E2 [}
21 r9 ESTA,EQ A1TA
¢1 LTTI,R2 1
21 D9 BITA,EQ A1DA
24 03 STRA,R2 DUMA+1
KETC,UN
oA @2 MTCA LCDA,RE Du~a
2A 00 STEA,RO CTRA
81 03 LOLA, RO DUrA+L
24 o1 STRA,R2 CTRA+Y
RETC,ON

*

-

*

2] CREATE BSTR,UN BEGIN
83 LoDI, RE EBC
8a eo STRA,RQ *CURA

®
22 59 BEGN BSTA,TN BEGIN
2¢ 48 ECTA,UN FBON
ee g BIGIN LOIA,RE BSTART
en o2 STRA,R3 CURA

FORZ,RO
o4 21 STRA,RE CORA-Y
. RETC,UN
- -
2Ar ee MIDA ICTa, R2 CURA
esr ez STZa,Re DU~
¢A B1 LOTA. RO cres-
er ez STRL,RE Dyrs 1
RETC,UN

. -
€3 DrfouUT CCMILR3 53
87 BCYR.GT ND1eD
31 LCI1,R€ ‘17
4% 8T ESETALTUN ¥RY
€4 SUBI,R3 €4
ge NOlg€ LCDI,R2 2
es SUB1g CO™I,p2 9
gE BCYR,GT TENIN
[23 SUEI,R2 A
€1 AZDI,R2 1
78 BCTE,UN SUB1¢

TENIN TCIZ,R2
20 1CR],R2 ‘e’
45 8T BSTA,UN ¥RT

10LZ,®3
32 ICRI,P2 ‘g’
45 8D 3STA,UN WRT
FETC.UN

*

E ]

21 @2 INST BSTA,.UN ERASE
ASSEMBLED BT SYSTIM ON 11-03-78
B2 B3 R4 LAREL CPCODE OPERAND COMMENTS
23 ¢6 BSTA,UN IBALL
21 A9 8STA,CUN FalX
22 2F BSTA,ON MTCA
21 K% BSTA,UN FINDND
ee 1CII,R1 ee

47 23 NEXI BSTA,UN GETKB
2 COMI,R3 3S

2% A4 ECTALIC BACKN
29 CCMIRB BT

24 22 TLRQ
e3 ETX

85 BYFAS
26 ¢8 CICTRL
64 NEXI
EA B4 BYPAS *TrPAL L
ez ETX

Tl ENTI
2L CR

4 (9 17¢

22 INSTS
5A NEXI

*

21 INSTS LOrI,R2 1

ez 071,82 2

2¢ 86 ESTA,TN ATDANY
Z2 24 COMR, RE IBST
24 BCTR,L INCP
273 RSTA,UN S1T4
133 LOTI,22 ¥z

cA 23 TUMA+L
pacl INDINS
22 INCR BIRE.RI RETCUN
e < 1

2t 24 THPA
e €€ INDRAM
24 STRTME
2A ¢4 THPA

21 1

2z 2

3 8 STRANY

133 b 123

3 ENDINS 1CT0I,kRe £TX

EA 24 STEA,EK1 *THPALI

-

: DU“A H4S TEE ADDRESS OF NEV 1AST BYTE OF BUFFER
2h 2z ENTI LCTA,RD IUMA
th A% STEA.RB THFA
€y e3 LODALES LUMA+Y
21 iE ESTA,ON FINDND
22 7C BSTA,UN SDCA
o4 @3 10pa .21 ITMA+L

YCFZ,Pe
2a e3 STEAL KB I0rA-1

PAGE @227

PACE gee2



PAGCE 22e%

IINT AZIR Pl BZ B2 B4 LABEL CFYEAND CO¥MENTE

2x16 CL ¢A @2 TMERA-L .
2316 81 Ih 02 DOWN *LUMALT
231C CF IA 04 *THEA,]
2217 @4 Q1 1
2321 05 26 £
2323 2F 22 BS SURANY
226 <6 25 NOCE
22238 €2 QL @7 ESAL4L .
2328 18 1E INSTDN
jgay .
2320 AS 01 NOCK SURI-R1 1
2I2F E5 Y coMI, 2?1 FF
2331 96 98 BCFFLIQ N31TA
2333 IF 23 73 BITHUN SiTh
2236 IC ¢l e corL, P2 ESTAPT
2239 14 18 RCTE,LT INSTD
23T A7 21 NS1DA SUBI,R3 €1
222n 1?7 FF COMI, RS FF
ZI3¥ G5 58 BCFR,EQ ICwN
2241 2C ¢A €4 LoDA, RC TMPA
2244 A5 21 €U 70 e1
224 CC CA 04 STRA,FE TMFA
234¢ 13 4F BCTR UK TOwN
2243 » -
234F c9 INSTIN BESTA,UN I1RATT
2

ESTA.UN MTDA

INSERT
co~1,Re ETX
BCTRLEG INSTE
*DUMALT
. FF
ALTR
Z2E7 DS 6F InSTRT
2265 2F 21 D9 A10A
236C 1A €A INSERT .
22€X 2° el INSTE 1
2279 1F 22 01 BCTALUN EACK
2273 *
2373 ¢C €A 02 SITA  1CTA,RE TUMA
2276 t4 21 1
2378 CC €A €2 DUV
227F 17
z227¢ - .
2370 20 €A 93 SpCh LOTA,RE TUMA+1
237F AC €A 81 _ SUEA,RE CURA+1
- 2382 CC oA @7 STFA,RE BSAL+Y
: 22 77 e8 L
2387 ¢ 84 €2 LTTY
Z3EA AC CA 20 CURR,
2367 CC 2A 26 BSAL
. 2390 75 €8 '
}
!
1
H
4 . . = oy
A FILE "ALP° AS ASSEMBLED EY SYSTEM CN 11-@3-7¢ ) FAGE lR1¢
: LINE ADDR E1 B2 B3 34 LABEL C?CODE OPIRAND  COMMENTS
1 .
£4SE  22SF €4 el 1021, 78 1
; 2457 2395 B5 86 LGLILR2 €
i €408 2166 1F 24 @6 BCTALUN ADDANY
2435 238S ®
i 2Eee 2399 eC ¢ 04 IPADT LODA, RO 15T
! 2521 235C CC B4 24 STRA,RZ TMPA
e522  235F 20 ¥URI, KO
i eEex  22x¢ CC Q& 25 STEL.R2 THFA+]
i PEe4 2247 17 RETC,UN
& *
45 18 BACKN RSTA,UN EAITL
: 22 A5 5CTA,LT NEXT
. 01 1011, 5@ 1
. € 02 10DT,R2 H
N 23 BS ESTA, DN SUBANY
! 22 A€ BCTALUN  NEXI
1 *
. *
. STORE RIS 1
(33 SUBANY STRR,ReC STCRY
64 21 CURA~1.1
78 STORE
T 6A 1 CURR+1,1
28 '
64 00 CURALI
ee e
) 64 28 CTRA, T
\ e8 ¥C
ICC g4 22 1
ZICT EC Bh €4 THF
2371 CC oA 24 TMER
2304 17
{ 22I¢
; 23D5 3F 21 A9 FwdX
; 23DE 2B €8 SHIF
B 237h Q% 01 1
23cs 1F 22 21 BACY
2317
2ICF 2F @A €2 URA
Z3E2 OF @A 04 TMEL
; 2275 8F @4 C1 CUFA+1
f 22E5 2D ea @3 TUMA+L
23iF 22
2310 CC A €5 TFPA4)
23T CCoBA €2 DUMA+Y
2372 AT T4 €2 LPULTI
. 2275 CF A 24 *TvEL, ]
‘ 2355 87 @ 1
23§35 3C 23 CC A1TA
CIFE D6 72 TE
Zaege ¥ 21 IS A1DA
2422 14 6L TF

™
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S
et el ey
o O

24Fi

28
8k
CL
7%
17

ASSEMBLED BY SYSTI® ON 11-€3-78

B2 B3 P4 LABFL CPCODE

A
6A
ee

6A 7
6A ¢

QE

A
(23
(23

€1
21

64

23
C4

RETZ,ON

&

ADDANTY AZDA.R2
STFA,R2
FPSL
I2RZ,PQ
ADDA, R2
STRA,R2
CrsL
RETC.UN

* .

*

NOTFOK LOTI,R3
BCTALTN

TME  LGTI,®3
ECTA,UN

&

TABO  BSTA,ON
BCTA,EQ

713 LODI,Re
STRALRY
BSTA, UK
ESTA,UN
BCRR,RE
ECTALDN

*

TABSUB LODI,R3
L1034, PC
STRA,EO
STRALRL

TL1 ADTI,R3
1CTI,Pe
1GII. 2
BSTA,UN

ETC,ON

52 BSTA,UN
STRZ,R1
ICRT, A2
STEA,R€
STXA,R2
LOLa,RE

OPERAND

CURA+1,I
CURA+L, 1
¥C

CURALI
CURA,I
¥C

ez
IEROR
[
IRROR

TAESUB
NEXI

*TMPALT
WRT
INSTS
L3

NEXT

F¥
THPA
ESAl
ESAL+L

1

1

€
SUBANY
IBST
CREND

MTTA

DUMA+1
SSTAT
DUMA

ASSYMEIED BY STSTEM CN 11-2%-78

B2

33 R4 LABEFL OPCODY

4
25

1¥
ac

STRA,RG
STRALRL
EIDY  1ODI,R2
s12 10TA,R2
BCTR,EQ
SSTA,UN
COMI,R2
ECTR, EQ
STRZ, B3
LCTA,RY
RCTALT
ESTA, TN
STRA, R
BIRR, 21

3CTRLLY
NOAD LCTA, A2

FOUND STE:,21

SAVE

OPERAND

TVFL
TMPA+L
FF
NAME, +
TOUND
LTOY
12
FCUND

*DUMa LT
NF
1T0U
T™PS
NCAT
L1T4A

ATDANY
THPA
DUMA
THEA+L
RI20
DUMA-1

TEMF

82
SUBANY
TEMP

1

FY
SSTAT
+TDA

21
FelX
FCA
S2
SSTAT
NCTFON
MTCA
4]

IACE

IBAZD
F¥DX
STCA
¥Tra

COMMENTS

COMMENTS

FAGE @211

FACYE 2212

B
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3
z
2
i
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P
2
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ASSEMBLIFD BY SYSTEI~ Oy 11-23-78

B2 B3 B4 LAZEL CPCODE

ASSEMERL

sL

CERD

SLCK

SI1Z
BCTA,UN

#

ISAVE TFSTA.UN
ESTA, TN
BSTA,UN
BSTA,UN
LCII,R1

1512 LCBI.RD
isL COMA.R1
)39 EQ
BIRR,RL
BSTA,CN
CoMA, 32
BCFA,LT
BCTR.UN
IFTOUND LOTA,R@
SUZA,EC
AIZs,E0
STRA,RE
LGDZ,R1
1CII,R2
BSTL,UN
COMA,RE
BCFA,LT
BCTA,UN

PMOD 16D, k2
LCOTI,RL
ESTA.CUN
ESTA,UN
10CI,R1

NITNM LOZ2,R1
STRA.R1
COMILR1

B2 B3 B4 LABEL CPCCPE

76
(23
4€
2D
2¢
10
4€
2@

67
43

4F

A0
3¥

134
if

A3
ez

&€

BCFR,EQ
WRTM LCDIL,RY
ESTA,UN
LOTI,RY
LCrILRe
LCZT,R2
ESTA,UN
BOTA,UN
*
MTEMP  RES
MODIFY LCIZ,R1
BOTALEG
N SCEI,R1
ESTA,UN
ESTA,UN
10DILRY
1CCI,R2
X¥ER LCZIA.RY
STEA,R1
EIER
L3I,
BSTA,UN
LODA,RE
STRR, R
LGIT,R2
STRA,RE
BSTA,CUN
StTaL,R2
3574, 0K
1021, 81
ESTA,UN
LOTR,RO
STRA,RC
10IA,R2

ML1

ESTA,ON

OPLRAND

DoMA+l

20T
eTMPAL T
CKR2
AIDA
SL3
P30 ¢
ALTA
ENDEAM
SLCX

2 BY SYSTEM ON 11-23-78

CPERAND
T NKINM
eF
FRING
M3UF
“MIUF
12
ARPOW
corp

ETK
®TEALT

T¥PS

FINUND

TES

2

ATDANY

COMMENTS

COMMENTS

et

FAGE vl

™
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FILE "ALP’ AS ASSEMBLED BY SYSTE™ CN 11-02-78 FAGE 221

TINE ADIR E1 B2 E3 B4 LABEL OFCCIE OTERAND  TOMMINTS
°T7y 25FF I @0 24 15T
p7o2  zEe:z 1D 5
c77a 2Rt It INTT
774 2628 *
775 2628 CKCTRL 43
@776  2€eA CILPI2
e777  250¢ 62
2778 ZERE 42
°779  261€
e7ee 2511 CRLPL2 ¥r
27E1 2€12 RS
evgz 2615
2783 251€ 12
e7e4 2812 Ie
cogs  z€1 NOCTCK
c7g€  2€1C 82 :
e75? 2¢€1E 5e
€766 228
e7e9 2621 NOCTCK 9
e7se 262 RETC.UN
e751 2624 *
0752 2£24 ey CPANGE 1002,R1
27C3  2€25 1T 28 4B BOTALEQ
e7cq 2628 IF 23 09 BSTA,UN THPA=IBST
€755 26ZF 45 91 SU2I, 21
27¢€ 262D 3F 21 #9 ESTA, UN
e7g7 263¢ 3F 22 IF BSTA,UN CURAxADDRESS OF BYTE TO CHANGT
e7ce 2631 IF 21 €2 BETALUN
2765 2€3€ 2T 21 FF BSTA,UN DU~A=END CF BUYFER
2826 2633 oC 2A (2 LOTA, RE €354=ATDPESS OF BYTE T0 CHANGT
ege1 2530 CC eA 3 ST2A,RO
eee2 262F 2C e (1 10IL, RS
2823 2642 CC 0A €9 STRA,5O
cees 2645 @5 o€ 10DI,R1
e82s 2647 3F 45 C9  DISPL ESTA.UN
cEee 2644 €C €1 2F LoTA,RE
2807 2640 T4 2F ™ ,Ee
¢E28 264F 3C 21 £2 ESTHLEC
2205 2€57 PE OA 08 10Tk, 82
@218 2€S¢ CE 84 06 STRA,E2
2311 2€58 2F 24 @5 LODA, R2
eel2 265 ¢C B4 €8 DISPLP 1OTA,R®
BCTA,IT I0F
cCHILRE
3CTRLEQ
BSTA.UN
1cIl.Re EUMP CEHGA
10TI.R2
ESTA,UN
C¥A,RE
TR,LT  DISPLP
ZCTA,GN  ERDCES
ELFNT STRA,B3  CHGA+1
LCTA, R0 BSAL
STRA,R2  CEGA
FILT "ALP" AS ASSEMEBLED BY SYSTIM CON 11-22-7¢ PAGE e21€
LINE ADDR B1 B2 23 E4 LABEL CRCCDE CPERAND  COMMENTS
REZE Z2EEQ IF 4% (9 PSTA,TN ¥
2827 2£@1 3F 47 @3 CHGL  ESTA,UN .
eeza 2686 14 8 COMI,Re 3
2825 ZEEE Se @S ICFR, EQ
263¢ 2264 3¥ 27 EO BSTAUN
e831 268D 1B 74 BCTR,UN
€632 268F Y4 €9 NOCEBS COMI,Re TAE
ge3z 2€c o6 1f BCFR,EQ :
@534 2693 3F 24 38 STALUN
£635 2556 18 6% BITR,¥Q
QE36 Z5SE CF @A @€ TABLI STRA,R3
gs37 2€S: @7 22 10CI,R3
2838 255D 3F 27 4D BSTA,UN
e633 26Ag 2F €A 6 LODA,R3
e24e 2643 FI 72 EDRR,R2
2€41 ZEAE 1F 26 63 BCTA,UN
54 NOET  COMI,E@
o8 BITR
N
18
3
NOCOPY
cwol
cvn2 3
ICTALEQ CBGL
£oMI,R3 L
ECTA
2s
BC
cwD3  ES
B
NCTYD  CC
ERWD1
FRWIZ




e e

ASSEMELED BT SYSTEM ON 11-23-78

B2

3 24 LABEL

€4
&3

8%
Ee

NCCECL

NOD1SC

BYPASS

ENDCEL

IOALT

crecrt

LOD4, 1€
COMI, B2
BCTA, XQ
CCMI, P2
B(TA,EC
ESTA,UN
ECTR,UN
coMI,R2
BCFR.EZC
ESTA UN
3CTALEQ
ESTA,UN
BCTR,UN
COMI RO
ECFR, EC
TSTA,UN
RBCTALUN
STRZ,R3
COMI, R
BCTRVEC
ESTA,UN
3CTA,LT
BSTA,UN
100Z,83
COMI ,RE
BCTR, ¢
COMI,RC
ECFA, EQ
LcIr.ze
107,382
BSTA,UN
3CTA,UN
ESTA.UN
BCFR,EC
BSTA,UN
BCTE,UN

10TA.22
STRA, RS
10D, 3¢
STRA, R
10TA. 58
STRA.R&
10TA, 72
STEA,RE
EET4.UN
LOD4, R2
STRA, K@
LOTA,RE
STRA,EQ
2CTH,UN

L0I4,RX
coMI, %3
RETC,EQ

CPEERAND

SUBANY
ENDCB
LOATD
ENDCEL
A15C
TISPL

DUMA
BSA1
DUMA+1
BSA1-L
CRGA
TUMA
CHGA+1
DCMA~1
SYI¥
3sM
LA
BSAI+1
DUMa+1
ENDI

*CECA
CR

ASSEMBLED BY SYSTEM ON 11-83-72
32 B3 B4 LABEL

21
ez
23

¢ 21

28
24
1)

85

26

A1scC

»
STRTMS

STRT2

4171

RETCN
ADRUFT

ENDCHG

*
CEEACE

*
LOAZLS
-

LCATL

SCERR

TAPEC

OPCODE

LOTI, k@
LO2T,R2
BSTA,UN
ICTI,R6
LOLI,R2
BSTH,UN
10DI,Re
RETC, Uk

L0TZ %3
ESTA,CN
LOTZ.RS
STRA,RY
LoDI.RE
1CTI,R2
BSTA.UN
COML, R
BCTR,IT
ESTA,UN
10T ,R2
STRA,RE
PCTA,UN

© OPERAND
1
2
SUBARY
b

&
ADDANY
88

WRT

*THPy .1
1

2
ADDANY
IBST
K131
SiTa
¥E
DUMA+L

ACY
LCATA
SCERR

BIN

12
ExROR

fXef QU

COMMENTS

COPY TO END OF LINY

GET RID OF ETX BEING IN FICTURE

COMMENTS
TECR DUMA

BUrP CHGA

BUMP DUMA

PASE

PAGE «2
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*FILE 'ALF’ &5 ASSEMBLED BY SYSTEM ON 11-23-7° PAGE @215

LINT ATIR 31 F2 B3 B4 LABEL CPIODE CFF AND  COMMENTS
1 ec ee e3 1CDA,RE BS" +RT
2 CC BA @2 STEA, R UV
3 z? TAPEOT EQEZ,32 )
4 ce 87 STPR,RB  ¥SUMK
35 €2 eA €3 DU L
€ 27 3% 3 i S
7 IT 02 4° 2STLLUN SERC & -t b
& B 10T1,R1 131
€559 ¢ ¢T 2¢ 1E NAMO  10TA,F1 NAME 4
ieee [ STEZ,R2 ,
1281 37 02 4P ESTA,UN SIRO “ . P
see2 s 07 coviLEL S e b
1003 ¢ 75 BCFR, EC NAMO
1224 [ Y] ICIR, K3 ¥suMy SO AL BRI gy
1225 3T 22 4F ESTALUN SERO
1e¢6 ¢z 20 LOTI,R1 e2 ) _
1027 c2 99 STRR,R1  *SGHK LRI R RV
1ees er Ip e2 BYTEO LGDA,R1  *DU¥a,1
1229 cz STRZ,R3 I -~ s 2
ife 14 15 RCTE, LT TNDY Cie~0 5T BT BT o daadi
1251 3P g2 4F BSTA,UN SERO
tee2 rg 7& EIRF,R1 EYTEOQ . L
1213 23 &C LODR,R3  *SU~L 2 ) '
1e14 37 22 4F BSTAIUN  SIRO s baf da edit oovah
1e18 3F 21 Dg ESTA,UN ALTA pos
1216 SE 23 48 FCFA,LT FEON iy U i
BCTA,UN TAPEOT . ,
. \—
SUMK  ACOA 175G
* R ‘
ENTO  2STA.OUN SFRQ Co nong e
ENDT  LOTE,E3  %SOXE Seod f gt Kean
BSTA,UN SIEC .
BCTALON PRTN P
*
OPCD1  ALIT “LLLLSSSAARASSSSDAAAMIITIFEEECCCCRRB3BEEBBES3Z
ALIT “BBBRBERZBRRWRWRWRINTLLISSCCPPTTOEDAREAPBBIT
FILE “ALP’ AS ASSEMRPLED BY SYSTEIM ON' 11-€2-78 FASE ee2¢
LINT ADTR 31 32 B3 B4 LADEL O2CCDE CPERAND  COMMENTS
1246 ZESD 44 41 £2 &5 :
1047 2821 41 SC 42 42
1248 2845 44 54
1049 ZS8A7 4F 4F 4F 4F OPCD2 ALIT ‘G000TTTEDDDUGUUAN NNNCOOOGO0CO000RRCCCCRRI IDDE”
44
ALIT © ISSSSSSBSEFRERERFACMPPPPPPPPRPROACENLRLUIA’
CECD3  ALIT “CTDDRRRCCCDEEPBRDIDDRRRRRRRRMMMMILTTFFNNERRRR
1022 2¢ sz £2 2
1e82 2 £z
1264 2 41 £4 24 46 ALIT “RTTFFNNSXTTTDTLTLLPISSSSSSSSSSCUTOSDINKMSE
ey 2 45 4% 4% 5% .
10e6 18 54 25 G4
18?7 2 44 T4 44 S48
1088 2 44 &C 52 4T
1269 2 E
ece  z
11 2 1
1252 2
183 2
1064 ¢
wc; z CFCD4  ALIT “ZIRATRAZIRAZIRA ZIRAZIRAZIPAZIRA BAEARARARAR'
cE z
es? 2
1e¢a 2
1825z
wle2 Z

T e i e e e 4 S e



FILE "AL®’ &S
LINE AIDR Bl
1121 266r £A
1102 2871 G
1103 2875 22
11¢4 2578 b2
1108 28°D f2
11RE 2561 52
1127 2862 2¢
11868 ZSEE 41
118G 2G8FA 41

2¢

25

29

29

2¢

ee

ez
2¢
2e
(23
e
1]

WOOAmaa NG
MOOO GO0 O

ASSIMBLEC BT SYSTE™ ON 11-€3-78

B2

ASSEMBLYD BY SYSTEM ON 11-¢3-78

B3

Mo enen
[SEEESENLY

B4

41
41
41
41
41

52

LABEL

OPCDS

¥2 B3 B4 LAETL

(4]

PACY
EBUMPON
DISPLN
BLESON
TAPEICN
SECZ
CLFIR
LINE
TITRUZ

0PCODE

ALIT

DATA

DATA

DATA

DATA

DATA

RES
RES
RES
EES
RES
RES

RES
RES
RES
RES

Oorcor:

RES
KES
RES
RES
RES
RES
RES
RES
RES

RES
EQU
ECU
EQU
QU
ECU
10U
1Ll

ECU
ECU
U
QU
QU
ICT

TSTA,UN
ECEZ,70
STRA, B2
STRL,RC
STRA, k@
STRA,E2
STPA,PE
STEA, RO
STEA,RE
BSTA,UN

PAGE @821

CPERAND COMMENTS

° RARARARACEDDCCEET ULULULULUL AN TTSPPE’

e ,04,08,8C,C0,C8,CC,80,84,88,8C,.AC,44,48.AC
94,40,44,48,4C,6€,64,68,6C,2¢,24,28,2C EC.I4
£e,¥c,5e,08,18,1C,58,9C,%8,5C,D8,DC,FE,¥C,OF
9F.38.3C.38,8C,78,7C.BB,B¥,14,34.792.72.22.30

D4,54,48,C0,F4,62,53,12,13,74,75,76,77,84,35

N e e N N N e L

OPERAND COMMENTS

LSRNV ST V)

-

ERASE

PASS
BLESIN

FC+1
LTEL+1
TITEIF5¢
ERRS
BIGIN

PAGE ee22



£y,

1
1
1
1
1
1
1

R R AT P RN RS
N g R et
NE®©O @O P e

[SESESENEN]
RS RLITET)
fUNE FON PR

[

1287

> e
oo
[
o \

5 PRI NI AR R AY RY
SO0 A00N0
RN VR R TReReN

AR A B3 pabA B e

s
¢

S

B2

e

¢ @9

Loop

RXTL

ENDLE

NOLB

ASSEIMBLED BY SYS
2

34 LABEL

NOTZ

A1BACK E

EQUL

DATAY

RESY

ACCNY

NCALTL

AL¥KRLY

ADIPC
EASY

»
*

CPIJTE

1CCA,RE
STPA,R®
ICLI,PE
STRA,RC
STFA,RQ
ST:r, R0
STPK,PE
§TEA, RO
LCTI,R1
BSTALUN
BST4, TN
ESTA,UN
1224, R8
COMI, ke
ECTR,EQ
ESTA,TN
CMILRL
BCTR,CT
CoMT,RL
EITALEQ

STRA,R2
LoTs,Re
STRA,R2
CCMIL,R2
BCFFLEC
BSTA, TN
2CTR,LT
13DI,P1
ESTA,UN

COMILR1

STE~ CN 11-83-78

CPIRAND COMMINTS

SETUP TOR ADIFC ROUTINE

TEM ON 11-£3-78

o
Y

(2392

IS

ICTR.VIN
cCcx1,P1
RCFA,EQ
ICII, P
10Dk ,21
STRA, RE
IODA.RL
BCTR,EQ
CoME, €
EOFRVEQ
SUBI.RY
1307,R1
BCTR,ON
ISTA,UN
2ST2,UN
2CTAL,UN

CPEPAND COMMENTS

TIKDCM

EASY
RESP
KEST
GETADD

TXTEUY .+
ALDEL
TXTBUR.+
ALPND1
ALDEL
NCALEL

13

EASY
ATTLN
APC
Loep

PACT 2e23

PAGE @24




ASSTMBLED BY STYSTEM ON 11-23-7€

B2

€L

£ 12

24
20
2C
75
el

12
6A
47

ez

CAS

e?

23
21
ez

E3 B4 LABEL

c?

18
8D

18
8C

*
L

AITEL
.
A1LlT?
L]
ERRMT

ERRMT2

*
FINDCH

TAT1A

OFFCN

SUBLN
T ONOCL

CPCCTE

RES

1001,2e
ADTA,RE
STEA,RE
CCMA,R2
RETC,UN

LOTI, Rt
BSTA, UN
LODI, Rl
1ODI,R2
LCIA,RY
BSTA.UN
BLRR, P2
RETC,UN

LOrI, 3
10II, 81
LCTA,RY
RETC,EC
COMI, RE
REITC,EQ
COMI, kD
BCFR,EQ
ATLI,R2
BCTR,UN

LCDI, 21
LCDA,R1
ESTA.UN
CCMIL k2
BCTR,EC
EOKZ,R2
RETC,UN
LODI,Ee
RETC,UN

ERR .F9
RRR ,E3
CCMI, B2

BITR,EQ

. COMI,RE

BCTR, EQ

—TOMI,Re

BCFR,I0
FORZ,Re
STRZ,R3
ANTI,R3
STER,E3
ANDI,RZ
COMI,RE
ECTR,GT

OPERANT COMKENTS

1

1

LTBL
LTBL
OBST

1€
PSTRNG
F¥

6
TXTBUF, +
WRT
ERRMT2

1
12
TXTBUF,+

OFFFF

F¥

5
SUBLN
SUBIN
25
NOCL
TYPE
2

1
SIRE

ASSEMBLED BY SYSTEM ON 11-€3-78

B2 B3 B4 LABEL

21
ez

50 1 e ]
O = st

SLRE

-

TYFE

LENT
*

APC

*
CRG

NEITS
*

NEXT

NEIT4

NITCK

OPCCDE

ADDI, Re
STRR, 7€
RETC,UN

RES
RES

ATIA, RO
STRA,PQ
PPSL

EORZ,RO
ADDE RO
ANDI, RC
STRL,R2
CcPsL

REZTC,UN

BSTA,ON
LODr B2
STEA,REC

REDD,R2
ANDI,RE
CCMI, Re
RCTALEQ
LeDI,R2
LOJA,R1
LOTA, KL
LOrA,R2
BSTA, TC

CPERAND COMMENTE

1
LENT

PAGE €225

PAGE 4€26



SITE “ALF” AS ASSE¥BLET BY SYSTEM ON 11-€3-78

LINE ADTE 1 B2 B3 B¢ LABEL CPCCTE

64 18
29 FE

2D 7D
22 5¢

29 FE
eD 21

22 64

88 43
22 19

22 I9
20 1E

OPERANT  COMMINTS

NEXTF EORI,RE
STRA,R3  TITBUF.I
STRA,R1 BPTR
RETC,UN

L

*

NBI BSTA,UN NEWBLK
ESTA,UN BEGIN
10T1,R1 FF
STRA,PL  BFIR
BCTA,UN NEXT

»

L]

R2STG  RES 1

BLKSIN RES 1

-

NEVBLX STRR,R2  R2STG
10DI,51 15
ESTA,UN PSTRNG
FSTA,UN PAUSE
CoM1LPE £SC
ECTH, IQ EDITOR
BSTA,UN BEGIN
2STA,UN  LCATA

SCERR

A0K

81

SLISIN

R25TC
REZC,UN

P a2y aaTA viw  TATE

LOADA BESTA,UN MDA PPN NG T B R Rt

VAIT EOFZ,Re :

TEL,R@  *SUYK
TSTA,UN SERI
CO™I,R3 g
ECFR,EC WAIT
1oT1,7t F¥

NAML  BSTA,OUN SERI
LOTALRL NAVE -+
BCTA,¥0  OVIRSI
terz, 3

CFRLEQ WAIT

OVERSI CCMI,RY 27
IIFR,IQ NAML
BSTA, N SERI
LOTA,R¢  ®SUMK
RETC,LT
FE1C,6T
1Sha,RL DuM2
STRA,R@  DU~2
STEA,R@  T™ES

ASCII BSTA,OUN SERI
10DZ,R3

FILE “ALP" AS ASSFMBLED BY SYSTEM ON 11-23-78

TINF AZIR B1 B2 B3 E4 LABEL CPCCIE

e2

D Y]
€6 A7

2A 18
6¢ FI

€5 55
24 18
€5 AC

s O ROt 2O O I
N300 s (D 01 o 3 (Bt nd @ v sn
~
"

R e N T L R T A

e TG € 040 0a A0 [ BIRY RY L

STRA,K1
BCTR,LT
BIRR,R1
ESTA,UN
®CTR,LT
ESTA,ON
L0Z1,R1
LOTI,RE
STRA,RL
BCTA, DN
111 LCIA,R2
ATDI,R2
STPA,R2
BCFER,I0

ENDTP  RBST2,UN

STRA,RT
LOZA,RD
BCTALEQ
RETC,UN

*

ENDING BSTA,UN
LCDA,RE
RETC,ON

AKX LODI,R1
ESTA,UN
BSTA,UN
FETC,UN

*

*

OFCQTE RES

CEPOS  KES

*

FIND LoDl Ry
FIND1 LOTI,RX
LCTALR3
O¥F L R1

FINZ3

CPERAND  COMMENTS

PAGE €e27

PACE 2028



ASSEMELED BY STSTE™ ON 11-€3-78 PAGE €€2¢

JFIPANT COMMENTS

FIND1 ’ -
OPFOS
2 OPCODE ERROR

(]
bt
3
-

CPEEAND ERRCP

)
bl
3

FIGISTIR IREOR .

TISPLACEMINT EEROR

e 10 U geg 10
5 R
B
-

0
g
-

3 PAGING ERRCR
EREW
ESEPTR 1
€2 @ ERASTK RES 8
e e
&
ERRW ERRPTR
7.
ERESTE, +
ERRPTR
ERRS
ADLDI, P2 €7
TER LRE .
STRA,RE ERRS
10LA,F2 PASS
PETC.EO
ECRZ, %2
STRA, R DISPON
RETC,UN i
*
ERRP  LODA,R2 ERRPTR
RETC,LT
LOTA,?2 ERRSTE,I
SURI,E2 1
STRA, P2 EREPTR
STRZ,R2 .
BSTA,UN N
10D1,R1 PMSG4-PRTBUF R
ESTA,UN BLKFRT .
ICTILR1 [
10T, %3 TF
ERRV4
EREW2
TREVD MSG1E .+
- ERR¥3
1
IRRY4
TRRW2 MSG16,+
ERRYS
FRNT
ERRW2
TILE CALFP AS ASSTMBLED BY SYSTEM ON 11-€3-76 i FAGE 2232
1IN ADDZ Bl B2 23 B4 LABEL OPCOTE . OPERAND  COMMENTS
£ TREWE FMSGE-FRTEUF
36 BRLEP?T
13 F2 PLINE
el
12 §2 FLINE
36 36
35 ¥5 FEADIN
2F a4 ERRP
*
L3
2 FA CEEFR  LOTA,RE CUTOFE R
. RETC,EQ ’
25 FT 10TA,R€ DISPON )
RETC,UN
L3
. !
5¢ 43 4F EMSCZ  ALIT “oPCOrE”
43
DATA TF
41 &7 &5 ALIT “LAPEL USET TWICE' :
2z £¢ £2
44 28 5S¢
45 43 45
TATA FF
£ 4 €2 ALIT “OFERANT’
114X 44
133 DATA F¥
S 45 47 4§ ALIT “RECISTIR FIELD
EX £ g% e2
22 46 45 45
4C 44
I DATA F¥
44 45 EX &g LIt ‘CISPLACEMENT”
AC 41 42 45
47 4L 4F 54
TATA 133
41 47 a¢ ALIT “FAGING”
47
2
¢z 11
CL 25 T4
22
CC eF €3
¢C1g 1
Zo1e 1%
¥ 2F 6D
€C 77 &b
1C ZF 40
T4 I3
1€ 1¢C
B4 2D
52 2%

.- - e e e e e A e s et e e e e A e i VTS A i 1 i 0ol N Sl e T = -



“¥iLT CALP” AS ASSEMBIED BT SYSTE™ ON 11-€3-78 PACE @221

IINT ADIR EI B2 B3 B4 LABEL CPCCTX CPERAND  COMMENTS
12 15 QPEIRD
18 13 OFER1
12 18 CPERZ
~ 12 14 OFER2
Y 28 we
5 1e 12 CPIRQ
e 12 14 OFFR2
3 ¢
16 SUBAZ
12 1% ALTATD CPER3
12 13 OPERY
1¢ 15 OPER3
23 ¥e
1e 1 OPER2
121 OPERZ
1¢ 14 OFER2
£ 'Y
2F ¥3 SUSADL LOTA,R1 R2POS
I ey F4 . STPA,EY TMPS2
64 18 LOZA,R1 TXTR07,1
g ¢n BCTR,EC CKEIG
2C coMI,pe L
& €Y BCTR, EC [ 4:344
z cCH1,ER c
Z5 BCTR,EQ CXYIG
13 STXR,F2 OPSTG
ZF 24 BCTA, ON AD124 .
11 CELEIG LOLI,R1 11
64 18 LOTA,F1 TXTBUP, I
5% cor1,re o
RETC,CT
1€ PETC,LT
C 12 14 LCDA,R2 OPERZ
12 15 STEA,F@ OPER3
RETC,UN
«
QPSTG RIS 1
*
2F F4 TVAL CTA,R1 THPS2
Za 18 Ly LCDA, P TXTEUT,+
1¢ ECTELEO STRE2
ze CCHI, ke c
ec BCTR,EQ STRR2
2D COMI, Re 2r
[:] ECTE.EQ STRR2
4 23 CevILEC 2F
24 BCTP,EC STRR2
z¢ tL
5% 10
2F T3 STRR2 R2PCS
2F F4 THES2
24 18 TXTEUF,+
24 6
[ CEASCI
19 82 LCIA,®@ FC
FIZZ ATF’ AS ASSYMELED 3Y SYSTEM CN 11-@3-7¢ FAGE eex2
LILE ADDR Bl B2 B3 B4 LABEL OPCODE OPERAND  COMMENTS
1726 2FP4 CC 10 12 STRA,RO OFER® -
1727 2737 £C 19 B1 LCT4, 2?0 PC+1
1726 ZFRA CC 1€ 13 STPA, PR OPEE1
172¢  2FED 17 RETC,UN
1718 2F%E 22 CXK5CI1 ECRZ,®8
1711 ZFBF CC 18 1 STHRA, R@ OPER®
1712 ZFCz CC 12 13 STRA, RE OFEE1
1713 2FCE O €A 18 1004, 21 TETRUF, I
1714 2FC8 ¥4 27 COMI, R8 o
1715 2FCA 98 eC BCY¥P,EQ LCOKY
1716 Z¥CC @ 2A 18 LG4, R1 TITELF,
1717 2F¥CF (¢ 1€ 123 TRA,R@ OPERL
1716 2FD” E5 22 ADDIR1 2
171% 2¥T4 CD @F F3 STRA, K1 R2ECS
1728 2F17 17 RETC,UN
1721 ZFI8 %7 32 16 LCOXUP BSTA,ON - TBLZ

RETC, EC
1CDF, &1 T™PE2
PITEZ 1OIA,R: TITEUF,+
BSTA, N LTt
CoMELR1 R2POS
RETC, EQ
LOZI,R2 12
512 COMA,R3 EXT3L,-
BCTR, 50 REXMAT
BENDLR3 BL2
BCTA,UN ERRMO

*

¥2°05 KES 1

T¥PS2 RES 1

-

HEXMAT STRR,R3 THPS2
LCIR,kE CPERE
10CR 23 CPERL
FPSL ¥
REL .33
FFL L E2 -
kL ,R3
FRL (FC

Ve
e
THPS2
CPER1
CPEE
2ger 1F 2F DE EYTE2
a1z
32 22 1
1013 e 1
P14 @ 1
218 ¢ 1
20:€



PAGE 2233

LINE ATTE BL B2 B B4 LABYL OFCCDE OPEPAND  COMMENTS

£y 2@t T§ 2% 69 TRL2  BSTA, LN 1PAIT ' -
1762 T21¢ 27 FF 10T, k2 ¥¥ .
L7F3 301 €3 57 TBL24 1CTE,RI THPS2
1764 3217 QF AA 24 °  TEL3  LCIA,RZ *THMFA,¢
176 racn e PETC.LT
17€6 X021 47 21 SUFI.23 1
17€7  2@23 €D 24 18 10TA, R1 TXTRUF,*
1766 2¢25 2F 47 BC BSTA, UK LT0U ..
1763 2226 L @F 73 CoMA,P1 R2POS .
S177e 02C 12 1 BCTR, EQ STROP
1771 02 iF AA 24 COML,E3  *TMPA,«
1772 2231 1E €A BCTR,EQ T3L3
1753 3033 47 F8 TBL4  ANDI,ES ¥8
1774 3e35 €7 €7 ADDI,RD 7
1775 2237 ¥7 F¥ COMI,R3 34
1776 3239 3¢ 23 CC BSTALEC LITA
1777 323 1F 5D ECTR,ON TBL2A
1778 3Q0F @3 STROF LCDZ,R3
1776 N23F ¢4 @7 ANTI, P2 ?
1762 3241 L4 25 COMI, RO s
1781 3243 9A 23 BCFE.LT ADDIN
1762 3245 OF AA €4 LOTA,RY  *TMPA,+
1783 2248 T4 20 COMI RO ’
1764 224K GB E7 BCFR,EQ TBL4
1768 324C 1B 7@ BCTR, UN STROP
178 I2¢E 2F MM 24 ADDIN ICI%,RZ  *TMPA,+ .
1767 2281 CC e 12 STRALEE OPERO
17cE 2234 PF AA 04 1CD2, B3 *THPA,+
17€C 2g€7 CC 18 13 STRA,RE OPERL
1768 32ca 20 EORZ, K&
17¢1 3283 17 RETC,UN
1762 225C *
1762 205C 04 €1 cCx2 10DI,RO 1
1R 22T £ 09 FD ADDA,RE CCMAST
1763 2e61 CC 2% ¥D STRA,R2 coMasT
179€ 2GE4 2L BF F3 LOTCA, F1 R2PCS
1797 3¢57 gD 6A 1 10D, R TXTBUF,I
1758 22€A T4 2C COMI,RE N
178e ICEC 15 RETC,LT .
€02 228D 15 FETC.GT
16¢1  2CEF 3F 2F 17 BSTA,UN GFTAD2
1282 3271 20 EORZ, KL
163 3292 17 ETC,ON
16¢4 3273 -
1805 3073 * .
1626 2e72 x
16€7 2073 -
1E6¢8 3273 €4 FF _PASS2 1ODI,Re 133
1826 227% CC 63 ™ STRA, K2 PASS
181¢ 3¢78 20 PASS24 ECRZ,F8
1€11 79 CC B eF STRA,RQ DISPLK
1€12 2e7C CC 19 8@ . STFRA,Re PC
1812 2e7F CC 19 @1 STHA, RO PCel
1814 32ez CC 02 16 STRA,RZ LINE
181t 3085 CC e 17 STRA,RE LINE+1

AS ASSEMBLED 3Y SYSTEM ON 11-23-78 PAGF 2¢24

E1 B2 B3 B4 LABEL OPCODE OPERAND  COMMENTS

cC eh 15 STRY, 2¢ O3FTR+1
CC ¢h ot STRA,R¢  PAGE
CC es D STRA,KE PAGE1
cC eg FC STRA.RP BPPC SETUP FOR HEXOS
¢4 FF LOTI,RE6  FF
CC €5 FA STEA,RE 0UTOFF
¢ 85 FB STEA,EZ TISPON
CC ¢35 FE STRA, FC BETR
€c et €5 LCDA,REC  OBST
C oo 14 STRA, 8  OBPTR
£ 24 TF LOTI, R  FF
cC 24 11 ) STRA,2¢  TAPEON
cC 24 10 STRA, 22 BLESOR
24 22 erI,xe 2
€t 12 7 ST®A.RE  HEFOST
¥ 2% 22 BSTA,UN HEXQS 1
e g5 12 1OTI,R1 12  mmcr A
3F 46 C7 ®STA,UN  PSTRNG RIS
3T 45 3C BSTA.UN FROLD .
3F 22 59 ESTA, UN BEGIN
ec es 7¢C 1CiA, 5@ BLESIN
S BSFA,EC  NIWZLX
6 z€ P2NXT IOEZ,:C
cC e 4TEA,RE COMAST
cC es ¥C STRA,R2  BPRC
¢ 1z 2 STEA,58  RESBUF+2
24 TF LODI,Re  FF
cCo1z F2 STEA,RE  BYTSP
C 3F SF STRA.RZ  ERRFTR
33 25 21 3514, GA NEYT
2C e 128 10TA,Te TXTEOR
E¢ 24 COMI, k2 x
1€ 33 78 BCTA,I¢  NEITLZ
2 2 15 ESTA, N FIND
IS =6 CoMl, 2t TCRICY
13 33 78 BCTA, ST NEXTLZ
£5 40 coml, E1 QU2
1C 22 72 ECTALFQ NEXTLZ
£ £¢ CoMILRL ENTP
10 15 15 BCTA,EQ PZEND
E5 53 COMI, RL BLESP
Sz 85 BCFR,EQ  BLXS2
25 2C €9 ESTA,UN  OFFCN
RTRY STRALE BLESON
15 T2 C6 BCTA,TN FENIT
BE £¢ BLESZ  COMI,FRi TAPEP
o 09 BOFR, EQ TAPE2 .
IF 20 c9 ISTA,UN  OFFON - A076, v ...
SC €4 11 wgpay STFA,R  TAPECN
1T 22 06 ECT4, ON F2NXT
£3 €5 TAPER DISPP
gz 13 BUMP2
21 2¢ €% CTPCN
cC s ¥3 STRA,k2  DISPON
11 32 06 3CTA, LT P2NIT

K4



ASSEMBLED BY SYSTEM ON 11-83-78

CPERAND COMMEINTS

PAGE 2@3%

P2 BY E4 LABIL CPCCTE
T 45 C9 BSTA,UN 17iR
9 FA LODA,FE OTTCFT
£ P9 PSTL,IT EIATIN
c6 BCTA,UN P2NXT
BUMF2 €O%I,R1 :ll g
BCYR,EQ TIS¥FZ
T ¥ 2¢ €9 ESTA,UN OFFCN
CC 04 OF STRA,RE BGMEON
132 17 3¢ C6 BCTA,ON P2NIT
I17E FE 4% DIsP2  (CMI,R1 CRGP
1E€ 3127 S ¢ POFELEQ ORG2
1E5 3139 3t 2C eY ESTA,UN CRG
1263 X3¢ 27 24 20 PSTA,TN BIIOS
1654 31237 17 32 78 BCTA,UN NEXITLZ
18£S 2142 ¥5 £ CRG2  COMI,R1 PRNTP
1865 2144 68 1 RPCFR,EQ PRNT2
1€27 3145 2F 2C C9 BSTA,UN OFFCN
168 3149 CC 25 TA STRA,PC ourcrr
1892 314C 18 €8 ECTR,IC PRNTL
1662 314% €4 FR 1Co1,k@ ¥o
1661 23150 2XF 2@ €A ESTA,UN DPRINT
1652 2133 1f 32 C6 TLTALUN P2NXT
1867 2156 g4 F@ PENT1 LODI,R® ¥8
1ec4 318 2F 20 @A BSTA,UN TPRINT :
1865 2183 €C €9 F3B 1004, 22 DISPON
1858 315F 3F 35 S ESTA,ON ETADIN
16¢7 2161 1F 22 C6 BCTA,UN P2NXT .
1858 3164 E5 4B PRNT2 CC™1, Rt OR3P
1856 3186 1E 22 7E ECTA,LT P2
i50e 2169 E5 S CCHI,RL ALITP
1621 Z1ER ge 23 BCFE IQ AL1T2
16¢2 316D 2% 11 107:i.R1 11
1223 316F 2T 2¢ 1B
1624 3172 CC 8C 97 <
1TPE 3178 €T 2k 18 NCALE2
1626 3178 18 1@
1827 3174 EC €C 97
16¢€ 170 1@ CE
122G I17F CI CF F3
1c1g 3182 3F 33 F3
1511 31885 el ge¥ ¥
1512 2186 LT €3
1913 3184 4% 13 ALDN2
4 318C €1
€ 1¥ 23 79
€ ar 2§ 15 ALIT2
7 I 2 14
€ £5 4D
ig SE 11
z ¢c 18 18 TAT2A
I¥ 33 F3
¥ 39 5C
18 7¢
2C @5 FD
1Y 2379 BCTA,UN NEITL

qTI0S
NEXTL
RES4 CFER3
NEXTL
RES3 RESST
22 T EEYOUT
12 1L FISSTC
"4 RIS3 )
12 1% CPERD
23 79 NEXTL
2C FA ATIPR2 LERT
33 79 NEXTL
1 -
M -
18 F1ST6  FTS 1
ek RESSTG RIS 1
15 ‘0 ee BESBUT EES 3
1c *
19 T2 &€ PRTLN BSTA.UN PLN
1% 7A Lo RISBUF+2
e eF BC PINTR
12 1% s RESEUF
35 5¢ FRINT
¢ 1z 17 T FISEUF#1
F2E @ TSTA, TN PRINT

FITE “ALP’ AS ASSEMBLID BY SYSTI™ ON 11-22-78 FAGE 223€
LINE AIZIR I! E2 E2 F4 LABEL OPCCDE CPERAND COMMENTS
192¢  T1A% EE 4F DATAZ  COM™ILRY ACONP
1627 T1AD 93 18 BCFRLEC ACCN2
1628 B1AY 20 12 14 ACCN2A 1CTA,R2 CPER2
16?9 X1BZ 3% 3T FE ESTALUN REXCUT
1622 31RS ¢l 1@ 15 LOTA ke CPER3
1621 21F2 XF X3 F3 ESTAL,UN TEXCUT
1522 ZiTw OF sC ESTH,UN CCX2
1323 I1R®E 18 €F BCTRLEQ ACCR24
1624 31C¢ €C 28 D LOZA,RC CCMAST
1:2¢ 2102 T¢e RRL ,Re

1626  31C4 1Y 33 79 BCTALUN NEXTL
1637 31C7 ES 4% ACONZ2  CO~ILR1 REST
1g2e  21C5 SC 22 1€ ECFA,TQ AZCP2
1636 31CC 20 10 14 LOTA,RG OPLR2
1942 2D RCTRLEQ RIS4
1521 16 82 1CTa,Re PC

1642 12 1F STRA,RQ RESBUP
1643 LOTA RS PC41
1644 STRA, R@ RESBUY+1
1645 1CZ1,R2 TF

1G2€ STRA, P2 RESBUF+2
1647 LCTA.RE OPEIRI
1646 ACTALFC PCey

15 STrARG PC+1

1 PFSL ¥C

1 1CTA,R8 CPER2

1 ATIA,RO <

p STREA,RE PC

H CFSL L1



LRP TR

b
241 2
z242 3
2243 32
fgas 2
zess 7

INENRST RN
PO e 0

vy ey T by e ¢

-

QNG ks DN A e O g (D NI QN (4 b KT g e -] o0 G 1 et b O G e b (D (RN e

2246
J24€

I IO O OF b

3

A b4t 1 L begea
wn (DA O D (R

1F

NG s € e e

L I LY

o

A (s O s

i
B

Panw a8

=
>

ASSEMBL

SSETMELED

B2 B4 LABIL

B2

e

FNFNRERS

Qs
Gin by

s
-

PRNTS

Pas
FeB

SPECE
SFECY

BY STSTEM CN

CrLOlE

BECTAUN
LOTA, P2
BSTA UN
LCZA R
BSTA,UN
£CTA.ON

LOTA, P2

BSTA, TN
BCTA,UN

STRA,®!
ADDI,P1
STRA,R1
ESTA, LN

10DI, Rl
LODA,RL

ANTI,RZ
ECTA,EC

¥D BY SYSTEM ON

B4 LABEL

ROZERO

TB2?

™z

ABSER

ABS

QRCOTE

ESTA,UN

11-23-78

GPIRAND

LIRE+1
€7

LINE+1
wC

A
TXTBUF, I
P24

C

TITBUY, I
1

SPEQR
‘e’

[
‘3
GC
3
OPCOTY
HEXOUT
CPCCTE
ADDLN
TYPE
3
ADDEZ

i1-¢z-78
OPERANT

1

ALTR
GETADD
GPERZ
REXCUT
ADLPZ
GFTALD
TYPE

3
ABS3R
2
AFCTA

INTIR

REXOUT
LDTF2
CFER2
INDIR
TYPE

x

ABS

BEXCUT
BYITE?

COMMENTS

COMMENTS

PASE ee37

PAGE ¢

<
[
@

T S etk oS o o A e P T

¢



¢ FilE "ALP” AS ASSYMBLED BY STYSTIM ON 11-€3-78

LINT ADDR 2! B2 B3 B4 LABEL

T4
2%

z21i¢9 Ts a§
z1i0 IS 4
2111 £7 6@
2112 e3
2133 IF 23
2il4 ¢ 18
2115 2F 23
i1 1F 32
17

118 ee
21:9

cive 2¢
2iz1 ce 7c
2:22 24 0L
2123 IF 25
B 24 GA
z12¢ 23 ae
Z126 IF Z¥
z127 $C 33
z122 2F 2%
2123 ¥ I2
zlza €< FF
23231 3T 34
z1z2 oF 23
123 7 el
2124 19 23
cize IF 35
<126 2§ 3¢
2137 37 35
2178 571
2138

214¢ €2
2.4% 1€
2142 3F
2143 1B
2144 es
21435 ec 13

SB

¥3
18

18
8C

NCPLUS

NCMINU

NCIND
BYTET
*
REXITLS
*

NEXTLZ
NEXTL

BL3

PRTLM
PRINX

GOCN2
GCON

OPICDE

ANLI,RE
BSFA,EQ
ANDI,R3
1074, R1
LOTA,RL
ECTR,EQ

COMI,Re

BCTR,EQ
LODA,RY
BSTA,UN
Cccri,r@
BCFRL,EQ
10&1,R3
BOTE,UR
CCMIL KO
BCFPRLEQ
I0RI,R3
BOTE,ON
coMI,RE
BSTALEQ
10RI,R3
LODZ.R3
BSTA,UN
LCIA,RG
BSTA,UN
BCTA,UN

RES

EOPZ,RO
STZR,RE
1oLlI ke
BSTA,UN
Lot fe
TSTALUN

LODA,RE

CPERAND COMMENTS

€e
EFRMP
S¥

RzPCS
TYITRCY,I
NCIND

NOTND
TITBOT,+
170

23

BIICUT
OPER3J
BEXOCT
ACTEF2

1

NEXTLS

F¥
TITZC0F,+
GCON2
PRNT
PRINX

3

PLINE

FILE "ALP° AS ASSEMBLEID BY SYSTEM ON 11-23-78

fATATA

ea

F13
ez
34

L%
31
$2
33
J4
S3
<6
%
€5
5
ve

¥3 k4 LABEL

Fo

B8
¥C

¥C
¥B
70
79

¥l

[43]

NEXTL4
NEXTLE

L
BLEZSO
PLINE
BEXOST
BYTSF
*

*

*
*

qEXCUT

NCDIRL

BEXOS

CFCODRE

ADDI,R@
STRA, Re
cOM1, RO
BSTA,GT
LODA, RE
COMI, Re

RES

ICDA,R3
BCFR, EQ
STEZ,R1
10TA, 78
ESTA,UN
1CTZ,R1
STRA,RE
100,82

0y

RETC.LT

L0TA, P2
PITC,LT
10IALR2
LoMILR2
EITALEC
1CI7,R2

OFTRAND COMMENTS

BLXSON
NODIRL

BPFC
APCDA

*2UMA
HI10ST
#CEFTR,+
SEICST
BTESP
BYTSTG,+
BITSP
BFRC
e1
BP2C
F¥

TAPTION T
BEXOSY

2

EE103

PAG: @838

PAGE 242
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INCOMD
COMSTG
LTOU
*(MITS.1
NOTOK
COMSTG+1
LToy
*CMDTB, +
NCTCK
#(MDTR,+
JTEM
*CMDTB, +
JTEM+L

CCMFTR

FILE “ALP” AS ASSEMZLED BY SYSTEM ON 11-23-78

LINE ADIR P1 P2 BY E4 LABEFL
4216 42D2 3F 47 7B QKCCMD
4¢17?7 2lE

4€18
4219
4022
4021
sez2
4023
4224
4e2%
4026
4€27 hd

42z8€ 3 CCHMPTR
4229 4Zil €2 99 JTEM
4232 42FE *

4231 COMSTG
402z
4233
4234
425
4026
4227
4228
4€39
4049
<241
42842
5243
4044
4Q4%
4246
4047
4eaf
424G
4¢sg
4281
42%2
4253
4e5e
4255
$25€
4¢:-7?
4058

. €4 OO0 STl
€ 2z 52 CcsT2
4?7 92 5Te

12¢2
4261
40€2
40€3
4ucq 4241
4260 4044
4eEE 4247
4€ET 4255 b
4068 4243 3F 47 S2 CTR
4CE9 4340 S0 42 6X

4072 4I4F CC 22 28

61 €A CpC

OO VG

ATATA (A
AN GG Gt

4 s (et 63 D (1
- e

o

-

[+2]

o

-0
[ R
[ RN
RN
0
(SN
o
o
—
o

0rCOrY

BSTALUN
10Dz, ke
PCTE, EO
oM, RO
ECTR,EQ
ESTA, TN
RCYR, IC
LOTR ,RE
SUEI, Re
STRE, 22
3CTR,CR

RES
RES

RES

LODI,R8
STRA,R8
BCT4,TN

BSTA,UN
BCFALEQ

STRA,RZ

BIFA,EC
STPA @
STRA,RY
ECTA,UN

FSTA,UN
EIFALEQ
ECTR.CN

BSTA,UN
BOFA,EQ

STEA,EC

CPERAND  COMMENTS

“crrcom

*JTIM
2e

*JTEM
CANUM
CXCOMD
COMPTR
21
COMPTR

*JTIM

2
2

21

81 *3e2%COMMAND
MODE
CsST?

GETNUM
CEST
STSTCR
STSTOR+1

*HERECOMMAND

CSTL

GETNUM #2048C0OMMAND
INCOMD
crC
GETNDM
CasST
TRSTCR

SXIEXCOMMAND

PAGE 2073
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&
4
4
4
¢
3
4
4
4
4
4
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4
4
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"
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TALPC

oy
PR A DT T ADo M

12O D R e (AR Y O R (A OG TR

R 30 (@ R0 2 (a6 MR ORI O OO (A

a3 00

v (T ) s (11 2e1 e Bt =3 (D IR S (0 (D IO M O e

b OR DD & N0 O (0 D

N A WD N R s AR Y B 1 s

ASSE¥BLED BY SYSTEM ON 11-03-78
2 PP CPERAND CCHYMENTS
ez 21 TRSTOR+1
e3 ez
5¢€ [
47 €2 GETNOM  s*##a(COMMAND
42 BB INCCMD
23 PCINT
22 FCINT*
3 DFAGER 1e
e0 8¢
¢4 4C SETCUR
1e CURSTA
T¥ Y
<3 BS TISPZ
44 28 TPAGEE CURFLT
44 EF CURED
% DPAGER
21 e1
49 PCIAT
7F 33
22 POINT
57 TRAGEZ
»
22 ROINT 2
[14 CURSTA 2
*
*
LDIS CETNUM  #*xxsCOMMAND
INCOMD
FCINT
PCINT~1
Lrisz
DLIs2
44 SF
76
12
£F PGINT+1
D POINT-1
€8 ¥
&7 POINT
55 PCINT
¢z wC
€2 LDIS2
*
5
ee DIST FES 2
-
7¢ PISFZ  STRRLKS DIST
¥¥ LCDI, R2 F¥
ASSEIMBLYD BY SYSTTY ON 11-23-78
E2 PI 24 IAREL CPCOLE CPERAND COMVENTS
T2
DIST+1
L¥CR
DIST+1
POINT+1

P e

e — AT o BT a8

PO P PP TP NP



FILE AL?  AS ASSEMBLED BY SYSTIM CN 11-23-78 PAGE ee77

IINE ATTR Bl B2 33 34 LABEL CPTODI OPERAND  COMMENTS
*
PIEMP RIS 2
*
*
CURPLY 1CTA,E€  CURSTA
STEZ,K1
ICTA,R3  DIST
TR, CURFO

10DA,R1  CURSOR+1
CURF@ ANII.R1  @F
ANTI,RE ¥

LTI, R2 ee
CrsL CRY
FFSL ve

ASIL,P2 10
1DD1,R2 5@
ADDI, R2 ee
CFsL '

SETCCR ESTA,UN EROLD
STRA,R2 CURSCR
STRA,RL CURSOR+1

10T1.2e 1C
STRA,F@  *CURSCR
EETC,UK

*

*

EYTAE ACCN XTITAB

kY  ACON XEYE

*

*

CURFL BSTA,UN PAUSE
BSTA,UN LTOY
corl, RO 144 .
RETC,EC
COMI, 28 ESC
BCTA, EQ CUEEDX
cor1,30 ‘X’
BCFR, ES CURZD2
ECRZ,FC
ST24,P8 CORSTA |
21

CUREDE 1OTA,R2 DIST
BCTR,LT CURITA
. LGPI,R2 ez
» 3CTX,UN CUREDL
CUREDA 10OTI, K2 e8
CUREDL CCMA,RZ *XYTAB,-
BCTA,EQ CURED4

FILE “ALP" AS ASSEMEIFD BY SYSTEM CN 11-g3-78 . FAGE 272
LINE AITR R1 B2 23 B4 LAREL OQPCODY OFPEREND COMMENTS

BENR, K2 CLREITL
BSTA,ON OLHEX
BCYR,EQ CUSED
STRI,E3

ESTA,ON WRTBL
LoTA K2 ¥BBUF
BETA,UN WRT

ESTA,UN MEEX CONVERT ASCII TO SEX

CUPED2 BSTA,UN PAUSE
N BSTA,UN LTOU ,
€O~I,Re
BCTAEQ
TSTA,TN
T

4, TN

157s,R0
RSTA,UN
LOTZ,R3
RRL,R1
RRL.EY

¥RITE THE SECOND DIGIT -

CURSTA

el
P2IF
*FTEVP

(2%
CORED4 LOTA,RE CUPSTA UPDATES CURSRA TO THE NEW ATDRESS
€TPZ,R1
FRR ,FC
KRR R

*rye,l

CURSTA
TDIST
Te

ey
CURSTA
21




3ILE AL®C A3 ASSEFBLED BY SYSTEM ON 11-€3-78 FAGE 2279
TINT ATIS FU BZ BX F4 LABFL CFLCDE CPIRAND  COMMENTS
*
2c g2 33 CURELX pIST
¢1 42 62 LCOMD
¢s e 12
0% 4F 4F
33 44 4C SETCUR
1T 4z SC DCCME
.
e 13 IRROR 3
pe C ce
IF 44 4C SETCUR
23
I 46 Ca
ee 2¢
cc Bs 7
2T 4 F7
17 20 46
L4 *
BACK1
CUR350R1
12
CUPSCR+1
* wC
CUESOR
¢ '
CURSOR
wC
1c
“CUPSCR
1
¥ ¥F
L] NCSURT
26 86 *TEN
be 21 1
(e Pz Lid
22 NSSURL
17 . )
Ch 24 e TrER
«
o7 SLECR c
cF *CURSCR
or CLFCRZ CURSCR+1
a7 i3
B
47
oy
27
12
AS ASSIMELED EY SYSTEM ON 11-23-79 PATE 2i5¢
34 LAEIL OPCODT COMMENTS
Fr
R2
"3
A2
cr 28 ¢7
27 1¢
C3 85 7
17
. 21 1€ uLe
22 22 c
77 12 S
2I 85 8% *IULC
2F 47 &C 1TOU
c1
s FF T
€0 €
¢ ea
22 NETLC
v K iF
2z BCURSOR
1¢ 12
20 CURSCR+1
iz
23
ce
L7
<
T
< T
~ ce ec 1 VRTCUE 1

(2 29 63 g

Z4 7E 1B RETUEN CF

°F 17 . ®

7

7 oee s 2
5103 )

CCoaF 4€ ¢ EROLD
$e2C na wh CURSOP1
4571 F4 2% P

T2 1R zE SCROLL

T - o s T e T e oot S e e el mm e e et et ALY P s . LT AR L 6 L emp o 2 Aea A eemee



et

$TLT CATPC 43 ASSEMELED EY STSTEM OK 11-€3-78
TINE ATLR EL RZ B2 B4 LAFFL {FCCTE CPIRAND
*
eC €2 B3 CTRETX 10TA,EQ DIsT
Gt 42 S8 BCFALIT Teevd
gL e LCIl,Fz 12
25 4F 10T ,R1 4F
2T 44 40 ESTA,UN SETCUR
17 42 G2 ECTA,UN TeomME
-
ERROR LCII,R2 13
LCTI,R1 ce
STTCUR
27 PRING
ge 20 ‘
cC 85 C7 *CURSOR
3V 4€ F7 PAUSE
17 22 48 FEON

D2 N 3 e D e (4
Y e (8 €3 s €3 ) 3 O D
2 ~
o

1c Leol,re
as ¢c7 STEA,RZ
(3} SUEILP1

o Q

b ing
NCSURL
*
e THER
M
oLECR cc
GLFCRZ
L2

AITA.®3  CURSCR-1

FITE “ALF AS ASSEMELID BY SYSTEM ON 11-23-72
CEIRAND
CUZSCR«1
¥C

2z
CURSOR
cuzsCr
¥

s

L2
CURSCA+1
CURSTR«1

1C
#CURSCR

JLC

¥ B
B2 WRTLE UPSOR
12
26 CR+1
1z CUPSCR+1
28 vl
ee ce
17 CURSCR
15 CUESCR
€5 [
AA
s 12
€I Fe
4 €3 eC
2% 14
te e
ef 1C VRTCLP
0 83
718 RETUSN
=17 .
*
22 ee CUrsce
x
2% g a0 TECE
23 7
I
1% z¢

COMMINTS

COMMENTS

P

PAGYE ee7e



4455
%37
$45€E
4459
44€@
44€1
44ET
44F3
44€4
545¢€
42£¢
44€7
44€E
44E%
4470
4471
4472
4473
4474
4475
447€
4577

478
4<7¢€
41€2
4451
44€2
4453
4484

WD WO L QN vef o It ) g

ASSYMELED BY SYSTEIM ON 11-€£3-78

B2

€1
er
72

PR g (R e bed et (D e

[N

4S

©
-

€2

ES B4 LARIL
CLRLIN
c? FLLL
SCROLL
SCROL2
7 SCROL1
c?
SCROLS
c?
c?
SCROL3
c8
o
SCROL4
*
ord IRASY
-]
EROLD
c7
*

CPCOTE

AZDI,RE
ANTI,R@
STER,Re
LGDIL RS
STRR,R2
LCII,R2
Lol k2
STRA K2
ADDI, P2
BCFR, FO
AIDI,E3
STRA,R3
CoM1,R3
ECFR,EC
10°1,R3
STRR, B3
LOII,R@
STER,RD
RETC,UN
1211, e
STRR,RC
FORZ, R
STRR,RE
LOLI,R2
LOTI,R3
LODA ,R2
ORI, R2
™I L P2
BCTR,EC
STPA, 53

S EORI,EZ2

COMI,R2
BCFR, EQ
10Tk, R
SUZI,R0
corl. re
ELTE,YC
STHA,R2
ECTR,UN
LODI, R
STHA, K@
BCTA,UN
KDI1,R3
BCTH,UN

10D4A,R2
COMI, k€
BCFR, EC
LOIA,R2
CCHMI, R
RETC,LT
LCTI,R2
STRA,R2
RETC, UN

CPERAND
1

14
CURSCR+1
12
CURSOR

¢
*CURSOR, I
10

ILL1

1
CURSOR

1€

ELL1

1C
*CURSOR

14
CURSCR

CURSOR+1
09

F¥
*CURSOR, +
FF

¥

SCRCL4
*CURSCR, +
¥

FF
SCROL1
CURSCR

1

¥

SCROL3
CORSCR
SCROL2
¥
CURSOR+1
CLRLIN

1
SCROLS
TRSCR
1w
ERCLD

CURSOR+1
ie

*CURSOR

ASSEIMBLED BY SYSTEM ON 11-23-78

B2

DA DR M
DRI

Bl B4 LAREL

c8
e

c8
o

7

-
BACKSF

BACKSY

-
-
THMFAR
*

*
ARROYV

INLOCP

NCBS

NCBS2

STRINZ

STRIN

CRwWAIT

ESTR, U

LOTA,R3
LODA, 72
CCMI, RE
PCFR, EG
CCMI, BT
RETC,LT

STFA, K@
RETC,TUN

RIS

STRR,RO
STRH, RL
10T1,%1
ESTA,UN
COMI, R
ECTA,EQ
COMI, R0
BIFR,EQ
{OMTLEL
ECTR,EQ
ESTL,UN
BCTR,EQ
SUEI,R1
AILI,R2
5CTR,UN
CCMI,RE
°r

VEC

OPIRANT

ERAS1
CCRSCR+1
CURSOR
1e
EACKS1
13

12

Wl

2

¥C .

CURSCR+1
CURSOR
1C

*CUKSOR

THMPAR
THMFAR+1

INLOOP
1

1
INLOOP
15

INLOCP

kS
INLOOP

COMMENTS

COMMENTS

PiCI 2¢81

FACE 23&2
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CA TR RIFAS S (P ongm

D R N

ASSIMELIT BT SYSTE™ Cn

e

27
24

ce
&7
47

23

2

&l
SF

PSTHNG
FREING

PRING2

FRINGY

PRINGZ
PRINGR L

»

*

FAUSE

FAUSEL

*

CBPUT

*

SETKE :5TR,UN
2ETALON
1CTDE,Re
PETC.UN

REXIN2 3

METX
EiX2

EXOT

CFEZAND CCHMENTS

LFCR
Hege
rSC2
T~ESS
TMESS+1

21
PRING2
(3%

TMISS#Y
TFESS+1
e
TYESS
TMISS
wC
*TMEISS
ING2

PAUSE
¥ET
KERUF

CPERAND  COMMENTS

TREXSTC
EFXSTC
2

APEY




B A N P " CK 11-€X-7¢ FACL €Yol

CPIRAND COMMENTS

47£F F4 3P e
47€7 16
4768 ¥4 39 ‘g
47EL 19
47£2 7¢ (@ c3
4TED 17
47CL
47LE
47€%
47€T IF 47 €F CKNDM
4771 14
4772 B4 'y
4774 15
14 ‘F°
15
& ce
7
»
-
GETCOM LOTAL,F2 CCMPTR
2 CITCM2
z2
CETIMR
ze
GETCHM2 COMSTG ,+
CCMPTR
LTCo 3]
1)
»
-
GETNUM R5TA,UN GETCOM
cemMI, e c
BCTR,ES CITNUM
cerlL P2 'z’
ECTELER CETNUM
CovI,R2 @2
BECTRLEQ GETNM2
LODI,R8 FF
RETC,UN .
*
*
GETNMS RES 2
=
*

GETNMZ LOTDI,.R1 Z

GETNM? 3
GETNME

FILE “ALP’ #S ASSEMELID BY SYSTEM ON 11-23-76 FACT 2ebs
LINE ATTR F1 EZ B3 34 IARBFL CFEIRAND COMMENTS
1 g2 . CETNMG
L4 27 GETNMS “AT-A
£7 2% GETAMG F
7S 31 CRY
77 28 Ve
L1
. D2
D1
L2
r1
23
i
L2
£1
€1
TS es8 we
1E SA T SETNM?
42 GETNM3 c
<8 85 CETRM
IF 47 7B GETCOM
GETNK3 .
GETNM4
¢ -
*
-
NBUFF KIS 1ez2
MBUFF RIS 84

****LAST ADDRESS USED; 496A***+
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