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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 debug assembly language
programs for 2650 systems. Th= program starts at address
42000 and ends at approximatelly HUAOO. It requires buffer
space outside of this area for its editing and assembly
functions. The buffer space can be changed by the user to
£it 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 souyrce code.
Completed source code files are converted to binary {(object
code) by the assembler prodram. The assembler is run by
typing 'R' as a command in the editor. Commands to the
assembler for handling the object code are 1in 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
change 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 1it.

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 address
H2000. This space includes all of the working RAM locations
that the editor needs. The editor requires two huffers 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 buffer
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 Stert Insert Buffer Start Reason Why Wrong

H5000 H4A00 The edit buffer
must start at a
lower addres than
the insert buffer.

HLAQO H5010 Ruffers must start
in multiples of 256
bytes,

Tf the text buffer were to start at HUAOO and the insert
huffer at HUREOO this would work f{ine. Note that this means
that the edit buffer has 1024 bytes of space (HLAQOQO ta
HUEQO). You can't tell how big the insert buffer is since
its ending address is not known. You must, therefore, also
specify an address (256 byte multiple) for the first byte
after the insert buffer. This byvte's address will be called

the end of RAM locetion 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 FEnd Of RAM

H4AOO HLEGO H5000

The user defines wrere the buffers start and end bv altering
three EAM location: (using thne supervisor) before executing
the editor. BRecause of the 256-bvte-multiple address
restriction, it can be seen that the low byte of each
address is H0O. 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 and
then jump to the editor (address H2000). In our example,
1ocation H2003 would be changed to HUA, while H2004 would be
changed to HUE, and H2006 would be changed to H50. Address
H20(C5 is changed to allocate an assembler huffer, and this
is explained later.

The buffers have no size restrictiocons so they can span from
any one address to any other as long 3s the end address 1is
greater than the start address.

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



Display Format

While you are inspecting the source code of your file, the
editor displays a header 1ine and up to 15 lines of text.
The header line tells vou how many completely empty blocks
(256 bytes per block) you have left in the edit buffer and
displays the command you have entered. The bottom 15 1lines
of the display are used for the text. These lines are
numbered from 1 to 15 as they Dprogress down the page. Note
that a line can be up to 256 characters long and that the
1ine 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 1is indicated by a
ASCII carraige return code (HOD). The end of file is sensed
to be the first character in the buffer with bit 7 set to
one. MNote 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 accepnts. Al]
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 carraige
return are position moving commands which are used soO
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 1s
active during command entering soO 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 carraige
return), a number of one will automatically be used. This
feature was added due to frequent changes the user will make
to the 1st line of text.



The specific command explanations tell vyou what you should
enter after the command (a number, & word, or nothing),

User Defined Commands

You can cause the editor to jump to your own routines by
utilizing eny of the unused command letters. All that you
need to do is change the correct locations in the command
address table. Refer to the program listing to find ouyt
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: 20 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 recuire 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 fxxxx'
(Xxxxx). The detailed explanatlons 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 signifies
which line on the screen the text should be inserted after.

After the command, number, and carriapge return have been
entered, the screen is cleared and you are in INSERT MODE.
In this mode you simply type in your new text pressing
carraige return at the end of each line. Rackspace 1is
sctive to the hesinning of your current line. MNote that
while in insert mode the characters you type in are being
put in the insert buffer, and they ere held there until ETX
is pressed. Pressins 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 (elther the insert buffer is



full or it can be seen that the text to be inserted will
£i11 the edit buffer), insert mode 1is automatically ended
and the lines are inserted.

Modifying a String

To modify one ASCII string to another there are twa 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 bhe. With the modify (M) command, you tell
the editor to look for the original ASCII string on @
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
witrl change to:

~ MODIFY STRING "old string just typed " TO
4y 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 old string
to the new one:

6) Type "M" for the modify command.

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

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



throuchout a procram, rather than having to retype the 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 huffer, 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, bring the first line to be deleted
to the top of the screen. Then use the delete (D) command
followed by a line number to cdelete that number of lines
from the text buffer (starting 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 2 line, type "Cx", with x being the line number.
The screen 1is then cleared and the line selected is
displayed. At this time several keys are active:

1) Copy character (control-U): causes one character
from the o0ld line to be copied to the new line. The
new line is written just below the old one as the
characters are copied.

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

3) Delete o0ld character (control-0): causes one
character of the old 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) Erazse word (control-N): " erases characters until
it comes to 2 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) right 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 with 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 beginning 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 as 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 tane, vyou can
load it back by typing any of the following as the command:



LSTARTREX will load only startrev
L will lozd any file
LSTAR Wwill lcad any files whose name's

first four letters are ZTAR

Hote that the last two methods have ftve pnssibility »of

loadineg the wrong program--the secon? one loeding anything
2nd the third one loading anythins which starts with STAR
(i.e. STARWAR OR STAR).

Jumping out of the Editor

lse the cormnand '=' to return to fhe sunearvisocor oprafrar.,
Type the ccmmand 'R' to jump to the asserbler, 2rd 'C' t

to the debugger.

0

Z
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2. Editor Command Reference

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

Also, note that all commands (except the ones with immediate
action) must be terminated with a carriage return.
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Command: APPEND
Format: AN

Description: 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 resulf of a HOLD,
THSERT, CHANGE, or MODIFY command.

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

Lxample:

Tf the insert buffer had the following lines in it:

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

And the screen looked like:

NLOCKS LWFT: 0h COMMAND:
1 THIS IS LINE ONE
2 THIS IS LINE TWO
3 THIS TS LINE THREFE

fnd the command "A2" was executed, the insert huffer would
remalin the same and the screen would chanese fo:

RLOCKS LEFT: nd COMMAND:
THIS IS LINE ONE
THIS IS LINE TWO
NOW IS THE TIME
FOR ALL GOOD MEN
TO COME TC THE AID
THIS IS LINE THREE

(02N 2 I =gl UV IEA W IE
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Command: BACKWARD
Format: Bn

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

Example:

If the screen had displayed the 10th-13th lines of @ program
as shown below:

BLOCKS LEFT: OH4 COMMAND:
THIS TS LINE 10
THIS IS LINE 11
THIS IS LINE 12
THIS IS LINE 13

LWy —

And the command "B3" was executed, the first line displaved
is number 7 and the display would change to:

o BLOCKS LEFT: Ok COMMAND:
THIS IS LINE 7

THIS IS LINE 8

THIS IS LINE 9

THIS IS LINE 10

THIS IS LINE 11

THIS IS LINE 12

THIS IS LINE 13

~N OV EFwwN -
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Command: CHANGE
Format: Cl

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-0 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 with 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
will correct the mistake:

KEY 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



Command: DELETE
Format: Dn

Description: This command deletes n lines from the text
pbuffer 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: 0& 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
[INE

i =
—\O 0O \N

15



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:

LINE
LINE
LINE
LINE
LINE
LINE
LINE

~N oYUl =N =

10
11
12
13
14
15
16

And the command
displayed 4s line 15 and the screen will look as below:

1 LINE
2 LINE

15
16

BLOCKS LEFT: 04 COMMAND;

"F5" was executed, the first text line now

BLOCKS LEFT: O0O& 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 opfions.

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:
1 LINE 1
2 LINE 2
3 LINE 3
4 LINE 4
5 LINE 5
6 LINE 6

And the command "H3" was executed, the screen will remain
the same and the insert buffer will be changed to

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 automatically
~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

Ul =W —
Ul =N —

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): A

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:
1 LINE 2
2 NOW IS THE TIME
3 FOR ALL GOOD MEN
4 TO COME TO THE AID
5 LINE 3
6 LINE 4
7 LINE 5

20



Command: LOAD
Format: Lx

Description: Loads a file from cassette tape into the text
puffer. 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 1is loaded.starting 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 before a load
is complete, you will get an error saying TOO MUCH. If upon
loading, a cassette error occurs, you are given a SUMCHECK
FRROR message and you must reload.

21



Command: MODIFY
Format: Ml

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 old
string. If it is found, that old ASCII string 1is replaced
with the new string.

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

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

RLOCKS LEFT: 04 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



Command: NORMAL MODE
Format: N

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 1is typed in
Wwith this command followed by a carriage return. After
that, the top line of the screen will change to:

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

replace the old one (the new string) followed by a carriage
return. ‘

24



Command: RUN

Format: R

Description: This command jumps to the assembler and
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 bumpe all characters displayed on
the screen to upper case. It coes not affect what is stored

in the text buffer, only what you see. Upper case mode is
off 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 1is 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

And the command

BLOCKS LEFT: 04 COMMAND:

LINE
LINE
LINE
LINE
LINE

ONE
WO
THREE
FOUR
FIVE

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

BLOCKS LEFT: 04 COMMAND:
1 THIS IS LINE
2 THIS IS LINE
3 THIS IS LINE

THREE
FOUR
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).



Y

Command: FORWARD 15 LINES--IMMEDIATE ACTION

Format: space

Description:
the command

This command functions exactl
HF‘]SH.
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Command: BACKWARD 15 LINES--IMMEDIATE ACTION

Format: /

Description:
as the command

This command functions in exactly the same way
"R15", .
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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 general—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 reasgn, 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 previously
made for the editor:

Address Function Value
H2003 Text buffer start H4A
H2004 Insert buffer start HS5B
H2006 EFnd 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 BlKk. 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 allocgating
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
Rinary 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 BSB 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.
Fach 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 be followed
by a comma and an index code 1f 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, 3
dollar sign (3$) 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
T00A-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  STRA4,3 DATAX
SUBRT, 3 1
™I, 3 40
RCTR, 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 s 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 & 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
ORST 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 data input.
This means that the assembler wants to go through the whole
program again so you must rewind the tape recorder and 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 0.
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.

39

PN



Operation: DEFINE ADDRESS CONSTANT

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

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 1in
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 pof 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 RINARY AS ASSEMBLED

P

Format: BLKS ON or OFF s

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 1literals
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 s

,f" RN

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 eqguated 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 1is

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:

Format:

Description:
expression.

operand,

LABEL

register,

expression.

EQUATE A SYMBOL'S EQUIVALENCE

EQU EXPRESSION

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

or condition just as if it were the
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Operation: SET PROGRAM COUNTER

Format: label ORG EXPRESSION

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.

ug
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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 4 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 ;J

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 1if
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 0OBEST. When the OEST 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 program 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 gre
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 changedq 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 located after the editor/assembler,
both programs are present at the same time. Remember,
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 tc 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
available. 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 1is
incremented during emulation just as it would be if the 2650
were executing the program. Because the program counter is
now external to the 2650 chip, however, new possibilitijes
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 progranm
would start exactly where it left off. No 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 he 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 function
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 I/0 operations. Normal
simulation will allow the program to be emulated until an
I/0 operation is to be performed. If that I/0 operation s
programmed for REALTIME or preset mode, the debugger will
execute it with no operator message. If it 1is 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 coption, 2 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. In this mode, register
contents are not displayed during emulation prior to single
step. If no number is entered, a default value of 0 is
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 the 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 bhits of

data throughout the entire track. In fact, only slow speed
peripheral devices which use handshezking signals in
microprocessor interaction should be accessed in REALTIME
mode during program emulation. Data trensfer to and from
speed sensitive peripherals can sometimes be avoided through
use of one or more of the other 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 is 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 normal
I1/0 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 displaved 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 2ll 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 to the
simulated output mode listed above. The only difference is
that the output 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 hexadec¢imal
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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 handshezking 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 has fto 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 e:ecution. That doesn't mean
the debugger can't be used with sour 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 1s 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 debugging. The commands used 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
Ssingle-step mode is entered.

Space bar 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
. 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 1is fairly simple.

A potential problem exists which the programmer should be
made aware of; executing breakpoints destroy the return
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. 1In
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 byte>}...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 -

“KEA...all outputs ASCII

AP...all inputs preset

AR...all I/0 realtime

AS...all I/0 simulated

IP <port number>, <datad>...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

EMULATICN 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 byte>}

The value of a specified register heing 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

_ e e O OO

O~ ZW N —

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 is 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 is given of the following form: <l1st block addr> =
<data>, <2nd block addr> = <data>.
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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.

62



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 1is
located at the upper-left hand corner and can be moved to
any space of the display through the use of the following
keys:

IR

u I 0
~t— HOME —p
J K L

z%
»

(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. VWhen 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 "hegin
program emulation at.
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COMMAND: RE print out registers

F~
FORMAT: RE N
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 R2 B3 RO=hd, R1=zhd, R2=hd, R3=hd, Ri=hd, R5=zhd,
R6=hd, PSL=zhd, PSU=hd, 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
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

A1l 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 1s 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 I/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:

QUTPUT 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). _
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COMMAND: 1IP input preset
FORMAT: IP <port number>,<{data value>

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: OA <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
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
sSixteen, then the display scrolls up with the newest
instruction appearing on the bottom line. 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: BR breakpoint

FORMAT: BRR <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 appear as
follows:

BREAKPOINT X REACHED AT AAAA

Where ¥ is the breakpoint number and AAAA is the address of
the breakpoint.
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COMMAND: CL clear breakpoint
FORMAT: CL <breakpoint number> ~

This command is used to clear a breakpoint if the address
was never reached and the breakpoint is no longer desired.
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 reached
(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,
Naturally, no I/0 modes in the debugger program are
available when the user program is being executed. If
executicn is begun inside a subroutine, do not expect 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.
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"ALP° A4S ASSEMBLED BY SYSTEM ON 11-€3-78
ATIR B EZ E3 B4 LAFIL OPCCDE CPERAND  COMMENTS
eece he
ecen EXEC 2eee
2eee CRG ceee
2¢23 4] U 3
ceie Rl QU 1
2g02 R2 U 2
2gee R3 EQU 3
2002 -
zeee -
2ece .
2309 IC EQU e
2eee GT U 1
2eee LT QU 2
2¢ee N ECT 3
zeze NE 100 ee
2220 LE iCU 51
20¢8 GE QU a2
2009 z ECU 2
22¢8 N QU 2
zece -
2eee .
2cee be
zoee CRY ECU 1 PSL
zzee ceM ECU 2
22¢9 OVF EQU 4
2¢22 c EQU 8
2eed RS QU 1e
2220 15C EQ0U 29
2ees COND KO ce
2eee SP ECU ? £ST
cze 11 ECO 28
2002 FLAG  EQU 40
2g08 SENSE  FQU ee
22e¢ *
2e¢e .
z209 *
ceee £sC U 12
zeep BS ECU 8
2022 CR EQ b}
22¢2 CRCD  EQU D .
2e¢e c EQU 10
2028 CTRLX ECQU 18
2eee- b3 EQU z
ze2? c EQU T
2cen c QU 18
eer - ¢ ECT E
2eee [shs: QU 19
2eed c QU 18
2ece — A QU 9
228¢ *
2ee? *
2228 LF QU 24
2e¢0 FCRMF  FQU. 2c
2gee -
2eee SERO  EQU @24F
ALP” A5 ASSEMBLED BY SYSTEM ON 11-23-78
ADLR E1 B2 B3 24 LABEL OPCCIE OPEIAND  COMMENTS
zeee SERI  EQU Q219
ze2d CELAY EQU @278
zeee -
2cee 1F 22 38 BCTA,UN ECITCR
2823 4A BSTART TATA 44
20e4 5@ IEST  DATA 5¢
zees ¢ OFST  TATA 5C
202c €9 ENIEAM DATA €2
2227 07 TLES  DATA 7
zezs 12 DATA 12
z2209 1% DATA 1B
2egn *
20¢A 1F EC 46 DPRINT BCTA,UN %6246
222D *
2eep e¢ ¢3 2 e¢ YEUF  RES 18
CCHS  RES 1
NAME  RES 12
TMPS  RES 1
TEMP  RES 1
-
-1 QU 83
=
*
*
IDITCR 82
42
OR3PTR+1
=
F3DN

corD
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LINE
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Pory beoes

P R R W W
LR R R Y RN SR L

sy

€410 RY RYPD RY Y RY B

€147

n (8 LR (0 LN D Wb

P R o
DRSSO SRR,
S @

)
n
N

RN RN

2ite

¢
S
<

3
&
£
€
8
<
2
1
2
2
4
S

XEDEPae I Sbe

P T o S
N R

R RY A RY R T

e e
L

eze?

o
o

TALPT &S 4

ADIR Bl 3Z B3 B4 IAREL CPCCIE
2067 ¥ 12 7% LON
22€F € 1T \R2
2271 et ¢ R
2073 IF <4 4C TL,UN
2276 €5 T LOTI,R1
ze7e IF <2 CA BSTA,UN
‘i RL1 RICL,RE
RCTR,LT
ESTA,TN
1CIl,Ee
2222 @% 12 Lot e
cees 2% il 1057, k2
2ee7 IF 4% 67 BSTA, TN
ZBEA 9C 20 4F FCPLLEC
2@ep ec ¢3 1D LCT4A,R2
22%e 37 47 8C ESTA,UN
@5 ¥ z1 2€ BSTA,UN
20c€ 22 ICKEZ,RO
2227 C1 STRZ,R1
2e58 €7 ¥F¥ LOTI,P3
2% 20 1E NI 10TA,R2
18 26 BCTP,EQ
7 1e COMILRY
g4 2C FCFR,LT
T4 Z¢ cCcMILRE
14 26 BCTX,LT
4 39 Co™
16 22 BCTF
21 1077
eE €9 LODILR2
el ONE ATDZ,R1
372 81 TFSL
18 ¢ EC
FA 79 D
1 3
er 0
A4 NY
381 AT
c: €T
22 T
&
[ 255
(4.4
TS
EALD
ALF’ AS ASSTMELED BY SYSTEM CN
ADD® Bl E2 B3 34 TABETL CFCCIT
€7 ee ceL, P2
cr 21 STRR,E3
1® 28 ®CTRLUN
28 2€ COMTRL LCCN
2z 21 LCON
ZF 24 ACON
22 DS FCCN
2¢ 82 €& CO TAT
zz e7 ACON
e €3 ACON
R LCON
z 22 s¢ LCCN
2¢¥8 X5 53 100X
20F8 22 4% ACCN
2¢%4 27 1Y co
20¥C Z°¢ 8B ACON
20FE 21 16 ACCN
212¢ z2 43 ATON
ziez 28 €2 LCCN
2124 Z2 4% . ACCN
212€ 2% €8 ACON
2124
212¢
z
z

21 4F
z1

21

z

2 33
Z12E ¥4 20
z127 L0 22 53
2132 T4 22
213z 17 22 e5
2128 Y& 27
2127 1C 21 ¥F
128 17

2123

2

INEREN
[rpei gy

o * e

EMBLID 37 SYSTEM CK 11-€3-78

CPERAND COMMENTS

11-23-78

OPIDPANT

COMMINTS

T BUFFIR AFTER LINE X

TO DERUGEP
LT X LINES
SERET LINES

oMF 7o OZEEUG

¥CTIFY PRTTERNS

“

ot

1741}



o e Ry ©

NRRHERR LM ® G
R TN T
QOD IO UGN

Ca (A CACA 73 (A (R (g (A (A 73

IS
-

2322
€23
2lz4
el25
328
elz?
er2e
232¢
eIze

PO

-
R R

ENESESENESNSESESESES)
I A e R C R R ¥R ST

21%

ASSIMBIED BY SYSTEM CN 11-03-78

Bz 23 P4 LABIL OFCCIE OFERAND COMMINTS

e3

45 LINENO
23

D e N (D
YR N
D ® s QD

I3

E4 @2

TWOCH

WR2ND

WRT
WRETEL
*DUMA, T
CLREND

NXTC

NAL
A1D4
CLRIND
CR
LINENO

NAL

wRT
NXTC
ERASE
*CUFRIT
CLREND
D OLICR

CLREND LOTA,RE #CURIT
™I .R¢ ¥
FrTC,:C
D OLFCR
CLREIND
1
MTCA

L 23 3 DUMA+1
EA €2 NXTCHR LODA,R2 *DUMA,L

ASSEMBLED EY SYSTEM ON 11-23-78

B2 33 P4 LABEL CPCCIE OPERANT COMMENTS

1D
6%
11
21 D9
2C
23 73
F§
s £3
I FA Q2
LE]
3] CRCK
2D
62 .
33
21 03 ENDFY
21 AIDA
C exr 02
er e2
¢e 04
RETC,UN
.
*
e? EINDF  BSTR,UN FINTND
22 IF BITA,UN MTCA
21 LODI.R1 1
3 ECTR,UN BACK
22 64 FINDND ESTA, OGN MII4
FF FNDND2 LODI,R1 F?
21 AC ESTA,UN FWDX2
8r 92 LOTA,RP@  ®DUMA
RETC,LT
2L 93 DUMA+1
T 72 FNIND2
£ 2F P
2zz: 3B 87 EACKX
22¢3 13 €5 FeRED
228 2% @F F
2207 IF 21 A9 F¥DX
22¢4 3B 2 MICA
220C 1T 22 48 FEIN
220F 2F 22 €4 MTIA
2ziz C2
2213 2¢
2714 CC 24 @3 DUMA+1
2217 85 @1 1
2215 13 @3 R, CHEK
221% €F CA €2 SUBL  LODA,R2  *DUMA,-
221 €2 CEEK  STRI,E3
2217% I6 23 . COMI,E2 ]
2z21 95 23 TIFR,EQ NOSU
2222 2F 23 73 ESTA,UN S1TA
2228 EC 22 @3 COMA,ED BSTART
2229 1A 22 ) ECTR,LT BEGN
2222 E7 @D NOST  CCOMILR3 [:3
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¢ FILY 'ALP  AS ASSE¥BLED BY SYSTEIM ON 11-¢3-78

LINE ATDR B1 B2 B3 B4 LABIL OPCODE OFERAND  COMMENTS
staL
SUBL
°
A1DA
1
A1D4
DUMA+1
ac MTCA DUMA
5C CTRA
e DUFA+L
ce CURA+L
17
*
-
*
CREATE BSTR,UN  BICIN
10DI,R¢  EBC
STRA,RG  *CURA
*
BEGN  ESTA,UN  EBEGIN
ECTA,UN  TBOW
BIGIN 1OIA,R8  ESTART
CURA
CORA-1
CURA
DUvA
SETERY
DU 1
DECOUT COMI.R3 62
BCFR.CT  NOLe@
loni,re 1
8T BETALTN  WRT
SUBILR3 €4
Nolge L1CDI,R2 ¢
sUBle CCMI,FZ 9
BCFR,CT  TENIN
SUBI A
1 1
£ 1: 75 ®C SUB1E
2286 @2 TENIN  1C
2280 &4 10 10% ‘¢’
2223 3F 45 8T BS ¥RT
2281 03 10IZ,R3
2237 €4 32 16RI.P2 ‘@’
2201 IF 45 8D 3STA,UN  WRT
2284 17 FETC.UN
zzst *
2255 -
2255 3F 21 €2  INST  BSTA,UN  ERASE
SILE "ALP’ AS ASSEMBLED BT SYSTIM ON 11-03-78
LINE ADDR Bl B2 33 B4 LAREL CPCODE OPERAND  COMMENTS
g8 ar 23 ¢ 1BAIC
eze7 3F 21 49 FaDX
ezea 37 22 3F MTCA
ezss 1 2F 21 EF FINDND
R s ce
2321 37 47 23 NEXI
gxc2 Is 02
e3¢3 1C 23 M4
eas B4 29
eacs 1 24 22
e3cE 1123
e3s? 13 @8
€358 3F 26 €8
gzcs 14 64
esce Cr EA @¢  BIPAS
ee2y E4 22
eee2 2201 18 3T
2403 2203 14 2L
geza 2005 2T 45 (9
ga2s 22CE 23 22
2426 Z2CA 1B SA
2427 22CC *
0sig 2200 04 21 INSTS 1OTI,P8 1
cees 22CE €6 €2 L 2
e41@ z2IC IT 24 06 ADDANTY
2411 2202 X0 02 04 1BST
2412 2ZDE 1A R INC?
€413 2208 3F 23 73 S1TA
es Ti FI
ccoes e3 DUmA+L
13 1¢ INDINS
39 2: RITCUN
& Tl 1
80 ot 24 e
5008 € i
ch 2a s
ccoen o4 T
17
24 21 1
2€ 22 2
S 3T 23 B8 STRANY
es FF ¥¥
es 02 £TX
CL EA 24 *THPA, ]

ec er a2z
CC ¢h 24
eF ¢4 23
JF 21 iE

2D oA 23

ITmMA
THMFA
TUMA+1
FINDND
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DOWN
)
ec
18
-
45 NOCK
g2 ES
¢gs3 2231 GE
474 2322 % 2
2425 213E IC 2
¢4s€ 2239 14
gss7 232B A7 €1 NS1TA
2458 233D 17 FF
245G ZI3F S5 58
¢4rc 2241 2C €2 €4
45 Q1
CC 24 04
1B 4%
IF 22 S9 INSTIN
IF 22 64
c1
ze
CC 24 @3
27 ¥¥
3 2 CY AA 24 INSERT
ga7z 22°R ¥4 22
@472 235D 18 €F
¢474 2325F CD IA 02
g47e 22£2 E7 FF
¢476 2284 30 23 CC
247 z287

INSTE
*

e S1TA
z
g4€
2456
e4E7 *
¢428 2370 2T @n 23 SDCA
2429 237 AC ¢A €1

gace 238z CC ¢A @7

TUMA+L
CURA+1
FSAL+Y

cics 23EA AC BA 08

04ca 2360 CC 2A 86

gecs 2350 75 28

FILE ‘ALP’ AS ASSEIMBLED EY SYSTIY ON 11-€3-78

L
ADDR ®1 B2 B3 34 LABEL C?CODE

22¢Z 24 €1 10II.E2
2254 25 85 L0L1.R2
226 1F 24 €6 BCTALUN
2388 *
229¢ eC ¢e o4 IBATLT
23cC CC 84 @4
22GF 2@
2x:¢ CC @4 @5
2242 17
224h4 *
2344 IF 45 18 BACKN
23IA7 1E 22 A5
¢4 81
26 e2
IF 23 ES
1T 22 A€

4

&
€c1€
2517
ecig
(4S80
(3
ecel
ez
0823
¢5z4
€525
ggze 2
? 22
€ 23
4 22
geze 2l
ezl 22
ezlz z
ezl 2
este 2
0e3s T
€ 2
¢ z

2422

OPERAND COMMENTS

THPA+L

EAlTL
NEXI

THPA+L
DUMA+L
#TomA LT
wTps 1

€3 e €1 ra
ERROE

FAGE

el
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SSIMBLED BY SYSTI¥ ON 11-€3-78 FAGI @211

i
1INT ADDR Bl B2 B3

24 LABTL OPCODE OPERAND  COMMENTS
2E7C, 0N
&
eA €1 ADDANT ADDA.R2 CURA+1.LIT
I 6A 21 CURA+1,1
e ¥
64 22 CURALIT
84 ¢ CURA,I
2 '
oF es
45 <1 IEROE
")) e
45 21 ERROR
gs€8 2422 IF 24 3 TABO  BSTA,OUN TABSUB
(569 2425 1C 22 46 BCTALEQ KEXI
ge7e 4z 24 22 L3 10DI,Re ’
cc71 2sIh CL EA 24 sTaA, Bl *THPALI
pe72 242D 3F 45 3D BSTA,UN WRT
¢273 2432 3F 22 oC E3TA,UN INSTS
ge74 2432 FE 72 BDRR, K2 T3
ge7s 2225 1F 22 46 ECTA,ON NEXT
ge76 2433
es77 2438 €7 FF
@c78 2434 @ 2k V4
¢:75 2:31 CC 24 26
gcc2  zed CD LA v7
(21 2443 BT €1
gre2  214% 24 01
2283 2447 26 @6
27 23 25
IC 00 ©4
14 e7
ec 84 @6
14 €D
FENS
g€ FF
ei 2¢ ©7
16 @3
14
i3
55 77
23
17
IF 22 64 MTTA
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.
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15€E ERRW3 LODA,R3 MSGLE .+
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Z€42  I7A2 FY IAT4 34




FILE ‘ALF’ AS ASSEMBLED BY SYSTEM ON 11-23-78

LINT AITR BL B2 BX E4 LAZEL OFCOTE OPERAND  COMMENTS
274G Z2 2@ 43 4F MSGB ALIT © INVALID EIX YALUE’
2 SE 41 4C 49
2 44 22 48 45
37 53 22 6 41
ITES 4C S5 45
2 TATA ¥
3 LIT ‘BLOCKS LEFT:
b
B
2
3 DATA Tr
3 ALIT ‘700 MUCE’
27 TATA 133
27 ALIT “NOT FOUND’
=
37
< 270D DATA 33
2 37 47 44 49 MSGF  ALIT =MODIFY STRING “=
z 27 55 29 £
< 27 £2 40 4E
2662 7 28 27
ZEET 7 e¢ ©¢ 28 MNAME RES 1e
iEEe 27 ez g2 29
2EEE 27 as 28 ¢¢
2E6E 37 20 22 29
2677 7 2¢ 54 4F ALIT =’ 10 ’= '
zeFe 2F 27
: 2 DATA ¥F
z 43 MSGi1e  ALIT “SUMCEECK ERROR”
7 43
H 5
2
z DATA FP
2 83 MSG11l ALIT ‘PASS 17
DATA F¥
53 MSG12 ALIT “PASS 27
TATA 133 B
42 MSC13  ALIT ‘STMBROL OVERFLOW
4¥
4€
: * DATA ¥F
ZE65 3213 22 45 52 52 MS5Gl4 ALIT “ ERRCRS’
ZEE? 3E3T 4F 2 €3 T -
2€e3 3834 FF DATA F¥
2683 3533 44 55 52 4C _MSGi5 ALIT “DUPLICATE LABLE:
ZECE  IEIF 46 4T 41 S47
2661 284% 4% 28 4C 41
2EG2 1347 42 4C 45 3A
2¢53 1843 20
€54 234C ¥ TATA 133
2ECE 254D 4F S€ 43 4F MSG1€ ALIT “OPCODE”

FILE “ALF” AS ASSEMBLYD BY SYSTEM ON 11-03-78

LINE ADDR Bl B2 B3 B4 LABEL OPCOLE OPERAND  COMMENTS
2351 44 4%
RERSR 3 TATA b33
3254 40 41 42 4C MSC17  ALIT ‘LABLE USED TWICE’
3358 45 2¢ 53 53
22EC 4% 44 28 4
860 57 4G 43 45
2854 FF DATA 23
3EE5 4F 5¢ &5 52 MSG1G  ALIT “OPERAND’
3EEG 41 4T 44
TEEC TY IATA 33
386D 52 45 47 45 MSG19 ALIT “REGISTER FIELD”
1871 S2 54 45 82
2708 IE7E 2@ 4E 49 4%
2785 3675 4C 44
z7e B DATA F¥
z711 C 53 E@ MSG1A ALIT “DISPLACEMENT®
2712 2 42 45
2712 : 4T 54
2714 DATA TF
2715 47 45 MSG1E ALIT “PAGEING
271€ 49 4T 47
2717 DATA 33
2718 4F 41 MSGIC ALIT “BINARY OUTPUT’
271% €5 29 20
272 £4 59
VA2 £
27 3 TATA ¥F
4T 4D MSG1D ALIT “COMMAND: °
44 34
DATA F¥
27 41 MSGLEI ALIT ‘DATA INPUT’
27 ¢
g
27 TATA F¥
z? i MSGLF ALIT ©oox’
hd 3 TAT FF
i 2 *essanttssanrnnkaesnRdod®s SIMULATCOR “t"l“t‘0’.“““."‘t.t““t"“.
7 : *
I 2 [ INEEZ  LCLI,R1 [}
z7 3 37 46 7 BSTA,UN PSTENG “INVALID OPCODE™
2 33EF 1F 22 4B BCTA,UN COMD
7 zatz *
27 3ec2 o2 IR RES 1
27 282 .
3673 €C 99 8e GETOP Ll0TA,RE  *PC
27 IHCE 2F IA S BSTA, TN PCINC
2743 2609 L& 77 STRR,RE 1%
cTéa 2303 27 @2p ) LoD, B3 24
2745 28CC IF 56 92 VALID CGMA,R3 INVAL,- CEECX FOR VALID OPCODE
274€  eI2 1€ 68 INER
2747 2272 5B 78 VALID
2746 28D4 C1
2745 3IBL5 Cz
2782 3216 44 €3 e3

— e —

PAGE €049

PAGE geg<e

P

~

-~



PACE eest !

“FILT CALP’ AS ASSEMELED BY SYSTEM ON 11-03-78
Pl B2 B3 B4 LABIL OPERAND  COMMENTS
CC 14 7E REGIND STORY RECISTER BITS (BITS 1 AND @)
<
)
21
44 @3 e3
cz
CZ 19 7F ADRMD STORF ADDRESS MOTE EITS (BITS 2 AND 3)
e
48 CF 13
44 €1 c1
ST XS 453 ERANCE PEANCHE IF BRANCE BIT SET IN INSTRUCTION
£ i Ce NCNB ce TEST FCR KCP
2 1C 42 12 KCP
BF2 1f 42 42 TEST YOR EALT
EYE 1C ZB 9B EALT
8F¥8 @F 76 €1 TARL,I SET UP REGISTERS
8FF C2
E¥C FF A 2% JAIDL
8%F 2% 18 C2 Ir SET UP OPCODE
oz 47 1 X
oe4 67 @1 (39
SRE CB 2A NON2 cTHP
ces Co 39 CTHP+1
ceh C es CCDE
SeC eC 17 e6 SPSL .
caF ¢z
c1e 23 2 CTMP+l
S12 ¢=2 2 CTHP
S14 ee COLE 1 IXEICUTE CPCODE
215 C¢ 2C CTMP+1
¢17 C8 29 CTHP
s1e 1%
14 Ce 28 CTHP+2
21C ¢4 g2 e2
S1E 23
€1F 2C 1€ C2 12
c22 44 FC c .
24 T4 T8 c8
“2€ 18 ¢9 NONBE BRANCH IF¥ STORE RELATIVE
9ze E4 CC cc
SZh 12 €5 HONEZ BPANCH IF STORE ABS.
C ¢ 16 CTMP-2
I CF 1f e6 sPel STOKE CUT TEE CC.
1 ¢F 15 7F NONB@ ADRMD STORE ALL REG.
4 ¥ 7€ €5 TABZ,I
7 c2
5 28 @3 CTHP
L eg e CTMP+1
C EY 34 @2 JADD2
T lr 42 13 ECTA,UN or?T
2 L
2 v ¢2 ee CTHMP RES 3
) -
oy
FILE “ALP” 45 ASSEMBLED BY SYSTEM ON 11-83-78 FAGE 2277
LINE ADLR El Ez E3 B4 LABEL CPCCIE CPIRAND COMMENTS
*
€r 7€ €S ERANCE LCL4,R3 T482,1 GET™ MAR SET UP USINC ADDRESS MODE
g cz STEZ,R3
Y 3B 27 BSXA JADDZ
€T 18 C2 10D4,R2 1r
2T 1Y 26 LODA,R1 SFSL
2C 1A 7E REGIND
S5 FE 42 42
57 1C 39 D7 BREG BRANCH IT IR=REZ. BRANCE
Sk Te @2 e3
£C 1C 35 84 BRUN ERANCE IF UN
SF 952 TEST CONDITION OF BRANCH
€e c2
€1 21
62 C1
€3 T1
£4 €1
2 22
1T 42 13 [oleks OUT TF NO BPANCH
3% 3B CE Jurpe INDIR?T SEL IF INDIREICT
2¥ 18 C2 JUmMP IR
¥? 20 29 TLST FOK SUBROUTINE
32 24 B6 PUSH
€3 ¢ JUMPY MAR
e 2 MAR+Y
C= 2% ?C SET PC TO NEW ADDPRESS
cs es PC+1
IF 42 13 0U?T
N *
2 ADRMD 1
ez ee ¥ 2
22 eQ MAR 2
.
22 BRUN
Sk 62 JuMEe IF (B2T?,UN) TREN RRANCE
g 7€ AZRMD
¥4 @2 2z
18 17 227R BRANCH USING (ZB?R,
® IF NOT ERANCE USING (E2XA)
I *F @T INDIRT
. IF 34 6D LRIG
c1
2¢
. > &S 6C AR+
CS €4 MAR+1
7”7 ge ¥
gg <t VAR
Ce 63 MAR
vE 22 ¥
17 35 6C JUNE
z 2c cB - ZI2?R PCal
2 ez =3 PC
3 s 2z FISAY
3ShA 03 zA FCSAY+1
3 A5 21 1




2% 34 €3 EREG
HRY)
18 €7
ce
10 42 1
SF 3¢ €S
i5 2@ BIEGE
1€ €2
ag 02
24 €1 BREG1
T3k e3
o
1042 13
IF 33 2F
ec 15 €2
oL 15 &
1F 36 74
*
JADD2
*
bl
OUTAES
CL ¢ €2 OUTREL
cuTIM
OF 1A 7E _SREC
18 €9 -
of 17 €5
4€ 12
16 22 -
87 ¢3
CF 78 FI  REG1
17
-
b4

2¢16 A1 CE €S CTZERD
24
3 Fr
2
3 *
3 ZTEM
A *
=
JADT1
*
* .
*
3F 33 €A INABS
eC 19 &2
44 8¢
2L 16 82
4% 17
61
CC 15 82
IF 3E O
oC 24 el
16 392
e€ @8
E4 €0
16 e7
L}
14 02
ge ez
AE 21 LDABS1
2F 34 6D LTABSO
82
3F 3A €3
EC 16 E3
CC 19 €3
77 €2
z
2 INABSE
z LREG
z
¢
2
2 RECe

; 11-23-78

CEERAND
wC
e
e
FC
PCel
“PC
PCINC
PC
PC+1
GRELZ
PCSAV
PC
! PCSAT+1
STRA,E2 PC+1
JuMPe
2 .
BSTA,UN LREG
™I ,R2 €e
BCTR,EQ BREGO
077,88
BCTA,EO ouT
ECTALUN JuMpe
™1 ,R2 2¢
ECTR,EC FIEC1
AITI, P2 22
SUSI.RO o1
BSTA, UN SREC
1017,Re
ECTA,EC ouT
ESTA,UN INDIRT
1CTA, RO MAR
LCTA,R1 MAR+1
BCTA,UN JUMEL
Q0 $
EQY 4
STRA,R1  ¥MAR
ECY $
LODA,R3 REGIND
ECTR, EC R¥G1
LOTA,R2 SPSL
ANTI, P2 18
BCTR,EQ REG1
ADDI,R3 e3
STRA,R3 CPURIG,I
RETC, UN
11-23-78
CPCOLE OPERAND
STRR,RE ITEM
L0DZ,R1
BSTR,UN SREG
LCIR, P2 ZTEM
STRA,RE CPURES
RETC,UN
RES 1
EQU $
BSTA,UN CABS
LODA,EO ?C
ANZI,RE &e
LCTA,RY MAR
ANTI,R1 17
10RZ,R1
STXA,R2 MAR
BSTA,UN INTIRT
LOLA,®2 PAGE
BCTR,FQ INAESE
LOTI,R2 ee
COMI,R2 6¢
1LDABSE
DABS1
02
e1
LREG
SREG
MAR+1
MAR+1
MAR
vC
HAR
1F
se
MAR
re
e REGIND
Rl *MAR
R3 RIGCIND
£ RECD
F2 SPSL
re ie
£ RIGC
‘-;‘ ei

COMMINTS

BRANCH IF INC. CR DEC. REG.

JUMP IF REG NOT ZERO

IF ZTERO, NO JUMP
DO THE JUMF

COMMENTS

BRANCH IF INDTX-ONLY
BRANCE IF AUTC-LECREMENT

SINCE INDFXED, Re WILL BE USED

)

€



“FILE "ALF’ AS ASSEMELIT BV SYSTE™ ON 11-03-78

LTINE ©I® BL BZ BZ P4 LABEL CF{CDE

&3

P OGO 0
OO e 0
o
[N

A AR RY R R

I INESESESENES]

7
e
2
2
21
vz
ez
4
= *
2€ PUSHE
ev
¢a
es
1e
1l
12
ot
s
1€ C 15 9
17 CT 74 I8
8 zC 19 31
< C: 74 22
e [
1 7E 12
2 17
z *
4 22 2@ ¢ 2¢ STACK
5 22 ¢2 g2 Ae
FTIIT “ALF’ AS ASSEMBIEL EY SYS
TINT ADDR Bl B2 3 E4 LAZEL
2222 22 @2 @0 e¢
ez 22 20 ee 22
lecze *
29zS 77 1@ POP
eie c2
1221 32 1F 27
2ez2 c2
el c1
2274 ) S
2225 4% 27
26 44 ¥6
ze? €1
22386 CC 1F @7
ol 45 27
24
1
a
2

ME QDR e

R N N N N

PR R SR NN
e (0 M D GERY D D Y (hn s (AN O

Choam OF OB om0 00 (D o LR (r o

(A CA PR €A €A 3 A CACA 7N (AL CACH

R e M

3

3 CI 16 &2

2 7 18

3 2e

N cs 67
I N 7
2y 2
CREFE
e I
lege B 2C 56 &8
leg? B 2F 2a S8
22€e 3B c1
ef9 2 44 82
e 2 cr 1® @D
ety 7 1
e 2 T4 40
[ SV 18 1¢
2274 2 4¢ 3F
275 3 e
e 2 £EL 15 BL
077 2 L 16 82
27g T 725
7e T =T 15 e
VR ¥ ol4

FEGIND
.o

INIM

*
INREL

*
INDIPZ
=

INCIRT

R R R R R ]

n
]
v

NS

OFERAND COMMINTS

~

FC+1

¥C+2S

SPSU

PC
STACK,I
PC+1
STACK+1,I

RS

12

TE¥ ON 11-€2-78

CPCCDE

RES

LCTDR,R

REITC,EQ

S T n e e

e O

e

OPTRAND COMMINTS

sPSU

21

e?

T8

SPSy

27
STACK,T
STACK~1,1
EC+1

BS

1

IKDIRG

*PC
PCINC

INIIBR

FACE 22°¢



Fi F2 22
3 19 31
< Y
2z IF
IF 21
3
2 C 16 &3
2 e8
5 19 82
3 (49
N 1¥
2 19 82
2 &2
3
2 1g g2
z 2a
N
2
2 a2
2 sa
N
2
2D
L 2C
82
a2
L G3
€3
€3
B3
7E
E2
c7
€2
2
2
2 7E
z
:4
2
2
2 es
3
z

FILE “A1P° AS ASSE™B

=
-
z
=1
-
9
£y
0
o
-
%
IN
o

=
3

m A

DAL G R (0 F G

z€
ee
L 68

(X

o
N

[43]

D VT IO NI DN R T D n i 0

)
LIS B~ LS
CA bwt =2 34 (D)

€D
"
2

A SE

S MmN
B GO 05 ©T 1 Mn s (AR Q0 W A G0 =% 0 m-a O ra 0 QO

P4 LABEIL

RELM

REL

GABS

EXA
PRR ,RI
LOTA, KL
STRZ,R3
BXA

LOTI,R1

ANZI, RS
ANDI, RL

LED BY SYSTEIM ON

E4 IABEL

CPS

Masrce

CPCCTE

CCMZ,R1
BCEA.EQ
RSTA,TN
RETC,UN

LGIA,RE
STPZ,R3
ENDI,R3
STRZ,R1
TORI,R2

1°0T4 B3
12I8 RS

16ZA, 52
ESTA,UN
™I LRl
*CTR,EC
EORI,R2
ANIZ,RZ
ECTR,UN
ICRZ,R2
STEA,RD
FCTA,UN

1CCA,RY
ANTI,R1
IORI, F1
LCIA, K1
BCTR,UN

E L UN
L WR2
B JUN
2 WE2
I 2
3 ST
L RO
St

I0C4A,R1
2 R2
A WF1

AS ASSEXELED BY SYSTE™ ON 11-22-78

CPERAND COMMENTS

PC+1
¥

MAR
%C

*FC
PCINC

8e
INDIR®

6¢
PLGE
¥
MAR
*PC
PCINC
FMAR+L

TABEXZ, I
JEX®

TABEX1,I
JEX1
"PROGRAM RALTED"

n
PSTRNG
DCOMD

REGIND

11-¢3-78

OPERAND COMMENTS

CcUT
PCP

O
e o

PACT Q%7

PACE 2283



TILT "ALP’ AS ASSEMBIID BY SYSTEM CN 11-23-78

IINE ADIE Bl EZ ED
< €1
T CC 17 26
3 1% 42 13
N

-
2
M
:
2 3
1¢5 3 I
e 2
21¢e 3
21¢5 3°
lzee 3
Jzer T
tzez %
rced I
liesa Ul
22¢f ICZF BT IC €S
322€ T2 T 14
3227 3Cl4 C2
lcee £ 12
2229 C 2T 1T 26
lzie S 44 C
izt 4€ IF
1 3
ol CC 1F ¢6
21 el
21 37 A €3
21 17 42 12
21

Ve ga
e
s
INE®]

€A LA A €A FACA £0 (4 7a (2 (e (A0

3 3A 98
22
c
Soac e
3 oIv ez
: ac 75 s
22 oz
2zt
3
222
2zz

QO e (AT = R (0 (D= T G R € 10 W~ Oy (R s LA R

A A

€G3 (A (A (0 G A

(s (A O M

3F 34 €T
T4 22

17

¥ 2D 7z
18 24

22 FF

1z ez

25

cs

es

z 37 4€ C7

Ize2 28 61
2264 IF 47 4F
2268 24 3T
20€e 37 45 €D
267 3% 34 €D
lzee ¢t ec
3zEC ¢ 4% €D
I27¢ 1T 47 &F
2e71
3272 ez
3273
2274
327%
7o
3o
227
Ie7 3¥ 3K 6D
z 2c 21
2 CI 18 7F
2z CF 18 C2
N 47 rC
N 13 33 g8
: gr 13 2

2 .

z el 12 C2

£ 4% g1

7 25 ¢l

ec it ¥
CIL 7F¥ 2%
1T 42

P

4

IAEEL

IRED

REDCC

:
E
STRZ.R3
®
'

ESTA,UN
¥&TE,P0

LIDAVRL

OPIRAND CCMMENTS

RETTX-1
14
170
RETETS, I

¥RTS1+1
/¢

WRTETR,I

WRTEX
cuT

¢

ce

[ "INPUT PCRT
FSTRNG

RECEX+1

KLY IN

PRESET
ce

OPEIRAND COMMENTS

1 "CUTFUT ECRT
FSTENG

¥ATS1+1

XOT

¥ET
LRES
TYLAG
w3T
aAxoT

1

PACE 22%9

e ———— e —————



FACE edri
ASSI~ELED BY SISTEM ON 11-€2-78 rav

T2 B3 B4 LASEL CPCODE OPERAND  COMMINTS
e * .
2382 43 REZC c
27ed s el el
Tled 24 REDIT
aags " REDD ‘D
R s ee
2307 16 C2 REDIT 12
T8 5C ¢
2209 10 REIDO
13:e 21 e1
KRS 2C EOLD
22 =8 ee
3213 3t 82 1/0
2214 76 81 REDTAB,I
Tae
anie 22 K3STC
2D ec EEIDIT REL
IC 34 REDCC
1B BESTR,UN IRR
7€ BCTR,UN EREDI
*
REZ¢  EEID,R2
ce crsL ce
RETC,UN
*
ee REDL  LODI,K1 ¢ "INPUT PORT
4€ C7 BSTA,U PSTRNG
2 LOIR,RO HOLD .
45 &D ESTA,UN WET
2c 75 BCTA,UN REDA
1T 70 LOD4A,RE PRESET
s Co CPSL ce
RETC,UN
*
BEOLD  RES 1
R3ISTG RES 1
¥
33 IRE ®
46 CA PRING A
78 R3STG
*
43 WRTC ¢’
(2 €1
@4 WRTIT
44 ¥RTD D’
ee ce
1€ €2 ¥RTIT IR
FC b
1D 85 - ¥RTO
el 21
€2 EOLD
22 [sF]
3D 82 ESTA,UN 1/0

FILE “ALP” AS ASSTMBLEID BY SYSTEM ON 11-83-78 FACE 2262

IINE ADIR F1 22 E3 P4 LABIL OPCODE OPERAND COMMENTS
LODA ,R? . WRTTB,I
STRZ,R3
BSXA WRT1

BCTA,UN ouT

wRT1 BSTA,UN LREG
¥RT2 ¥RTD,F2

RETC,UN
1021,R1 ee
STES,P1 TFLAG
LODI,EL 1 “CUTPUT BCRT
BSTA,ON PSTRNG
. LODE, k@ EOLD

BSTA,UN WRT

2y BCTA,UN  WRTALL
3372 -
293 ¥ET4  BSTR,UN  OFKEGA
T4 RCTE,IG WRTS
3375 IDED €5 FF Lo3I,RL  FF
3276 IDEF 1F 30 59 BCTA,UN  WRT3 .
3377 272 *
3372 207z 3F 34 €D OKREGA BSTA,UN  LREG
z 7S © STRZ, B2
2 £ :31 e
z 8 N
K E (B2 88
z B RETC, UN
2 ? -
¢ *
TIMPC RIS 2
TEVP3  RTS 2
TIMPL  RES 2
*
*
* INPUT OUTPUT
1/0 STRR,R8  TEMRC
STRR,R1  TEMPC+y Pe= HI ADLREISS OF 1/0 R@= COTE
ADZI.RI  NEUFT Ri= 1OV ADTDEESS OF 1/0 R3- PRISET DATA
T TEMPB+1 R2= COMANT (SEE BELOV)
* R3= PRESET DATA
wC
ADDI,Re  TNEUFT 7= INPUT CCDES
STRR, %2 TEMPB 6= CIANGT 2-R
s CTR,El  TIMPCel 2= E1 COTI BIT 2-p
3 LODR, B8 TEMEC 1= L0V CODE BIT 1=
< CESL CRY 2=A
e ERR RO
1 FE? LRI
2 KER ,R2
7< C?sSL wC
22 10127, R2
o 42 gB EIFAEC  INCOMD
IS Co¥ILEL 81
1T 42 €3 BCTA,CT  INCCMD

Y



4S ASSIMELED EY STSTEM ON 11-23-76 PACE 22€%
B1 z2 BZ CPIEAND  COMMINTS
aTas 83 1 METFF
Itre 77 ee ; we
2748 20 )3 o
xmac 84 48 2 2
] 7% ce c
z ce €1 STFFR,RE
2TAF CS 50 STER,EL
IRl 08 C 1309, 78 _
arrz iE el ™1 B2 TEST FOR UPPER/LCWER
ITES ECFRLEQ
2057 8¢ FIE L EQ
212 <@ RER P
aDEc e TER LB
I0EL S REP
ITEE FE 40 1/08  TFL,R 42 TEST FOR IN/OUT
2LED S5 22 3 1/01
21T £R B
ance =2 E
InCi FE /61 T 20 TEST FOR CHANGE
aICa CE < 1/CTE™
2008 ¢ E 1/04
3107 FE 62 T 62
IDCE 2 el 1/0
ancE CF 9D 7E *TE¥PB
i 01 1/0%
In0F 22
ITIe &t FC e .
2002 4403 [
3 23TT¢ €1
22 315 TE 40 40
1 arIvoca ez 1/C2
z 3005 DY
% 3Tra re
cq 2 e 1/02 g8
ez 58 C4 1/C3
6 IDIF DC
2 3 re
e 1 I2
< 3 I
¢ 2 ccoop 8¢ 1702 *TEMP)
1oz e 2% 1/0TEM
: oz 14 @3 1/ ea
1 2irz £F 9D 7K #TEFPS
iz CE €1 PRESET
5 17
E *
7 02 PEESTT RES 1
7428 *
2256 1/0TEM EIS 1
3552 *
1481 3¢ ¢¢ 22 2PTAFL RES 28
2ac2 22 e ee
2563 » ¢¢ ee 2 BPTAER RIS 10
2afe 22 ¢z 22
2465 ¢o ee ¢
D BY SYSTEM ON 11-23-78 PAGT 2264
CFEXAND  COMMENTS
e2

AKEwkkEREt Rk RRRRERFR KK REEE COMMANTS AEFSFSAFASRRBEETERSBERKRLESERURSHEE KR

*
e1 CLEAR e1 RE= ERLAX POINT NUMETR
74 EFTIMP
To o2l 23
17 42 &3 INCOMD
c3
Lz
2r 7L ¥2 BETARL,]
cC 1D €2 TIVPA
2F 70 F3 3 \
cC 1l el PO
A3
76 e2 Pz e2
¢r 7T D "3 BPTAR2+3,1
3 14 0
z ¢F 72 ¥C F2 BFTAE2+2,1
2 0 FI €2 K2 FAL1
= 27 7L FE P3 d
2 Il 8¢ R?
M 70 FA R3
2 CE D &2
2 22
2 CF 7D FT EPTAB2+3,1
2 ce g1 [}
} 17
x *
2 *
3 31 47 52 CLIT  ESTA,ON GETNUM  es3s®COMMAND
z SC 4z €3 INCOMT
2 ec
z oC 42 €% INCOMD
Trir 3F 3 20
1C 42 s¢
I2e T 2z @2 "BREAK FOINT
2 2 IF 42 C7
2 2 eC 1E ¢4
-—~. 2 z g4 @1
s z IF 47 4F
2 3 ¢n 22 " CLEAREL™
- 3 : 27 4€ CA
2 N 11 42 5@
2 2 -
x -
e 37 47 32 BR BSTA,UN GCETNUM  $&$#8COMMARD
2 SC 4z €3 ALVEQ INCOMD
s g
N ST 42 BB INCOMD
M e1
N 2T 2E 20 CLEAR
3 ¢4 FF TF




“FILE ‘ALF’ AS ASSIMBLED BY SYSTIM CN 11-¢7-78 FAGE €265

GPCOTE CPERAND COMMENTS

Il ¥L STRA,RS TFTARZA3.I

e 2F STFA,PD EPTE“P+1 °

IE23 2 €2 TSTA,UN GLTNUM

2tes <] EE BCFALXQ IKCOMD

2528 ] 233 LODA,RD BPTEMP+1

3826 c e STRA, RO TEMPA

2827 C 21 STRA,RL TEMEA+1

lczs (23 LOTDA,R2 BPTEMP

9 RRL ,R2 .-

STRA,RZ BPTABL, I -
10IZ,R1

STRA,R2 BPTABL+1,I
10DA,R0 *TIMPA
STZRA,R3 BFTABZ,I
10TI,Re e2

L1004 ,R1 FTEMPA ,+
STRA,R3 BPTABRZ,+
LCTA, R ®TIMPA,*
STRA,R3 EPTAR2,+
LODI,Re 17
STRA,RO *TEMPA
LCTI,R1 ENTER
LOLI,RE ENTER
LOTA,R2 EPTEIMP

[ IR AN

RFL ,R2
L T2 RRL ,R2
2 KEL ,R2 ‘
¢ ez ADDZ,R2
T 77 e8 PPSL ¥e
¥ .85 @8 ADDI,RL 1]
172 28 CPsL ¥C
2 cz STRZ,R2
421 LCDZ,R1
5 @720 10DI,R3 %)
7 C¥ BD 8¢ STRA,R3  *TIMPA,+
A 02 LOTZ,RE
B CF BL &¢ STRA,R3  *TEMFA,+
T 1F 22 5@ BCTA,UN DCOMD
3850 1 *
zere 1 * :
R 1027 47 92 X BSTA,UN GETNOM  ***%%COMMAND
2882 4 62 28 BCFR,EQ IXXe )
2CE3 £ CC 19 €9 STRA, k€ PC
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ASSEMBLED BY SYSTIM ON 11-23-78

B2 33 E4 LABEL

Ik N2
21

42 G@
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2 1s
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4@ OR
42 Qs

44 oA
21 INI/C

@2 INI/08
(23 INI/O1

42 g9¢e

CPCODE

STRE,E2

U8

1031 ,83

LCDR,E2

BCTA, DN

*x
¢@ 88 22 INTEMT RES
*

7D AINI/O

s el AING/O

STRR,R3
STER,R2
LOTI,R®
LCDI,RY
STUERI,R1
P"C

PSL
SUZI,R2

OPERAND

*TEMFD
el

TEMPD+1
TIMPL+1
¥l
TEMPD
TEMFD
¥e
TEMPE
INE
DCCMD
TEMPE+1
INg
Dcewe

INTEMP
GETNOM
INCOMD
INTEMP+L
INTEMP+2
GETNUM
INI/CO

INI/O1
ec
INTEMP
INTEME+1
INTEMP+2
1/0
TCOMD

4
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ez
el
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ASST™BLED BY SYSTEX ON 11-83-78
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30 82
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*
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42 83
(2]

I 42 8E

x

47 92
4z B3

42 83
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¥y &2
41 €6

CPCODE
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RES

ESTA,UN

OPERAND
Wi

INTEMP+1
INTEMP+2
INTEMP
INTEMP+3
1/0
INTEMP+1
INTEMP+2
AINZ/0

GETNUM
INCOMD

INCOMD

GETNUM
RI

INCOMD
ese
INCGMD
CETIM
GETNUM
INCOMD

INCOMD
CETEM
*1CPO,!

CE

1

CCMMINTS

#ss#COMMAND
#x&akCOMMAND
*$%4XCOMMAND
&k COMMAND
€+ S HCOMMANT

*E&XECOMMAND

COMMENTS

*&&52COMMAND

sxx&XCOMMAND

*ESSXCOMMAND

**$8XCOMMAND

XK SCOMMAND
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I1TE ALEC AS ASSEMPLED 37 SYSTTM ON 11-23-78 PAGE 2272
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“4IF° AS ASSYMBLED BY STYSTEM ON 11-23-78 PAGE 2073

IINE AIIR E1 ®2 23 E4 LAXEL CFCODE CFTERAND COMMINTS
CPSL vl
STRE,RE STSTOR
STRR,R1 STSTOR+1

- CEMOD IQCLZ,Re

CACa (A Crae

CBST LOII,R2 es
STRK,F2 *ODE
BCTA,UN 0UT1

3s71 ? * .
3972 SS BSTA,UN REQ
2873 3 SS1 BSTA,UN PAUSEL
574 & BSTA,UN PAUSE
1675 ¢ E CO™1,Re CTRLX
N BCTZ,EQ ICCMD
23 COMI,Ee ESC
BCTR,EQ DCOMD
SI BCTA,UN GETOP
*
CMDTB  ACON COMTB2
*

INCOMD LOZILRI 3
BSTA,UN PRING

DCOMD  EORZ,RZ
STRK, KB MODE
LCLI,RE 22 .
LPSL
LCDI,RL 6
2STA,UN PSTRNG
LCDILR2  TCOMSTG
10DI,R1 COMSTS
10TI,%R2 2e
ESTA,UN ARROV
BCFR,LEQ DCOMD
LOLI,R3 6C
ECTH,UN NCTOKD

NCTOK LCIR,R3 COMPTR+1
SUBI,RY ¢4

4008 4%k NOTCXZ STER,R3 COMPTR+1

age ) BCTR,LT INCOMD

4ge2 LODR, R COMSTG

422 ¢ BSTA,UN 170U

4ze4 d COMA,R3 *CMITB.1

40eS B BCFR,EQ NOTOK

4ges g LOIR,F@ COMSTG+1

4097 42 — ESTA,UN LTOY ’

4ces CCMA,R3 *CMDTB,+

4geg c _ BCFR,EQ NOTCK

4 LOTA,R3  *CMDTB,+

4211 STRR, k€ JTEM

4212 LCTA,R3  *CMDTB,+

se2 c I STRR,RE JTEM+1

4 FORZ, K2

4215 n1 STER,RZ CCMETR

FILE “A4LP° AS ASSEMELED BY SYSTEM ON 11-23-78 PAGE 2274
1INE ADLR Bl P2 B3 E4 LABEL OPCOTE CPERAND  COMMENTS

4€16 4202 3F 47 7B CECCMD BSTA,UN ~GSTCOH

LOCZ,Re
BCTE,EQ *JTEM
COoMI,R8 2e

ECTE,EQ  *JTEM
ESTA,UN  CANTM
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LODR,R®  COMPTR
SUEI,Re €1
STRR,RZ  COMPTR
BCTR,UN  *¥JTIM
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JTIM RIS 2
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COMSTG RES 21
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4226 432A 0 20 @2 23
4€39  43¢E e¢
4040 43¢ &
4241 432 *
4842 432F 24 01 CcsI LOTCI,R8 21 *EREECOMMAND
4043 4311 CC @2 3 STRA,R® MODE
4044 4714 1F 42 32 BCTA, TN cST2
4245 431 *
4046 4317 3F 47 92 csT BSTA,UN GETNUM  **%x&COMMAND
4847 4314 9C 42 €E ¢ CEST
STSTCR
4 STSTOR+1
47
4 csT1
4
4 CsT1
4 04
4 csT2
4 CST1 ez
422F (C 27 52 csT2 shal 3
4222 3F 47 92 csTe GETNUM
§73E GT 42 13 cuT
4328 CC B1 A cPC STPA,R8  *IPC
4223 CD 61 8&C STRL,R1  *IPC
4231 1F 42 13 ECTA,OUN ouT
5741 *
4141 3} 47 G2 PCIT CETNUM $2438COMMAND
4344 9C 42 &2 INCOMD
4247 12 EX crC
4746 *
4243 3F 47 G2 CTR GETNOM FEIBECOMMAND
4340 CC 42 6L CHST
434F CC 22 30 TRSTCR
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BY SYSTIM ON 11-23-78

DPAGER

POINT
CCRSTA
*
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ILDIS

CPIRAND CCMMEINTS

=28 3COMMAND
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VA T

GETNUM™ *ER£2COMMAND
INCOMD
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POINT+1
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PAGE ee?7

IINT AIDR Bl B2 33 B4 LAREL CPCODE OPIRAND  COMMENTS
4 *
4 PTEMP RIS 2
4
4 x
4 CURPLT LCTA, R CURSTA
41 $187,81
< 1CTA,R3  DIST
4 c78,L7 CURFD
4 LODA,R1 CURSOR*1
4 CCRFG ANLI,R1  @F
4 ANTI,R® Fe
4 STRZ,RZ
5 1,82 ¢e
M CFSL CRY
4 FESL Ve
FRL ,R@
£167 FRL ,R2
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4z¢e 50
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sze2 we
5203
4z¢4
szcs SETCCR TROLD
422 CURSCR
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12
1 4 *
4 =
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RETC,EC
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BCTA,EQ CUREDX

COr1,R8 59
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FILT “ALP’ AS ASSEMEIED BY SYSTEM CN 11-22-78 FAGE @278
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FILT "ALF” AS ASSTMELED BY SYSTEM ON 11-£3-78 PACT 2e81

LINE ADIR F1 B2 EJ B4 LAPEL CPCOCE CPERAND COMMENTS
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T2 *CURSOR .
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45 28 CLRLIN
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FILE "ALF’ AS ASSEMBLED BY SYSTEM ON 11-£3-78 PACE 22¢2
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