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LNTRODUCT TON

Assembly Language Whys and Wherefores

Some of you may ask "What is Assembly Language?” or "Why do I
need  to use Assembly Language; BASIC suits me fine." While
we do not have the space here to do a treatise on the sub-
jeet, we will attempt to briefly answer the above questions.

Computer languages are often referred to as "high level” or
"low level" languag.s.  BASIC, COBOL, FORTRAN and PASCAL are
all high level languages. A high level language is one that
usally uses English-like words (commands) and may go through
several stages of interpretation or compilation before final-
ly being placed in memory. The time this processing takes is
the reason BASIC and other high level languages run far
slower than an equivalent Assembly Language program. In
addition, it normally consumes a great deal more available
memory.

From the ground up, your computer understands only two
things, on and off. All of its calculations are handled as
addition or subtraction but at tremendously high speeds. The
only number system it comprehends is Base 2 (the Binary Sys-—
tem) where a 1 for example is represented by @P@PPggl and a 2
is represented by @@90¢@1@.

The 6519 microprocessor (the 651¢ is equivalent to the 65@2)
has five 8-bit registers and one 16-bit register. All data
is wultimately handled through these registers by a machine
language program. But even this lowest of low-level code
requires a program to function correctly. This “program” is
hard wired within the 6510 itself. The microprocessor pro-
gram functiong in three cycles: it fetches an instruction
from memory in the computer, decodes it and executes it.
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These instructions exist in memory as one, two or three hyte
groups. A byte contains 8 binary bits of data and is usually
notated in hexadecimal (base 16) form. Some early microcon

puters allowed data entry only through 8 front panel
switches, each of which when set on or off would comblone to
produce one binary byte. This required an additional program
in the computer to monitor the switches and store the byte In
memory so that the 6510 could interpret it.

At the next level up, the user may enter his/her data In the
form of a three character mnemonic (the "m" is silent), a
type of code whose characters form an association with the
microprocessor operation. For example: LDA is a mnemonlc
which represents "LoaD the Accumulator”. The Commodore
monitor cartridge add-on has a mini-assembler that permlits
simple Assembly Language programming.

But even this is not sufficient to create a long and compre-
hensive program. 1In addition to the use of a three character
mnemonic, a full fledged assembler allows the programmer (o
use labels, which represent an as yet undefined area of
memory where a particular part of the program will be stored.
In addition, an assembler will have a provision for 1llne
numbers, similar to those in a BASIC program, which in turn
permits the programmer to insert lines into the program and
perform other editing operations. This is what MERLIN Is all
about.

Finally, a high level language such as BASIC is itself an
assembly program which takes a command such as PRINT and
reduces it by tokenlzing to a single byte before storing |1
in memory.

Before using this or any other assembler, the user is expect-
ed to be somewhat familiar with the 651¢ architecture, modes
of addressing, etc. This manual is not intended to teach
Assembly Language programming. Many good books on 6514
assembly programming (which 1is nearly identical to 65¢2
assembly programming) are available at your local bookstore.
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SYSTEM REQUIREMENTS

* 64k Commodore 64
* Disk Drive

OPTLONAL:

* DATA2¢ Videopack8@
* VIC-1@LllA RS232 cartridge

SYSTEM REQUIREMENTS
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BEGINNERS GUIDE TO USING MERLIN

By T. Petersen

Notes and demonstrations for the beginning MERLIN programumer.

Introduction

The purpose of this section is not to provide instruction in
assembly language programming. It is to introduce MERLIN to
programmers new to assembly language programming in general,
and MERLIN in particular.

Many of the MERLIN commands and functions are very similar in
operation. This section does not attempt to present demon-
strations of each and every command option. The objective is
to clarify and present examples of the more common opera-
tions, sufficient to provide a basis for further independent
study on the part of the programmer.

A note of clarification:

Throughout the MERLIN manual, various uses are made of the
terms "mode” and "module”.

In this section, "module™ refers to a distinct computer

program component of the MERLIN system. There are five
HODULES:

1. The EXECUTIVE

2. The EDITOR

3. The ASSEMBLER

4. The SYMBOL TABLE GENERATOR

5. The MONITOR
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Each module is grouped under one of the three CONTROL MODIS:

1) The EXECUTIVE, abbreviated EXEC and indicated by (he
“Z° prompt.

2) The EDITOR, indicated by the “:” prompt.
3) The MONITOR, indicated by the “§° prompt.

EXECUTIVE CONTROL MODE
Executive Module

EDITOR CONTROL MODE
Editor Module
Assembler Module
Symbol Table Generator Module
Monitor Module

The term "mode” may be used to indicate either the current
control mode (as indicated by the prompt) or alternatively,
while 1in control mode and subsequent to the issuance of an
entry command, the system is said to be in “[entry command)
mode” . For example, while typing in a program after issuing
the ADD command, the system is said to be “in ADD mode”.

Terminating ([entry command] mode returns the system to con-
trol mode.

Input

Programmers familiar with some assembly and higher—level
languages will recall the necessity of formatting the 1nput,
i.e. labels, opcodes, operands and comments must be typed In
specific fields or rthey will not be recognized by the
assembler program.

In MERLIN, the TABS operator provides a semi-automatlc
formatting feature.

6



P

Whon
i
An &

4.

b.

T Haers Hanual BEGINNERS GUIDE TO USING MERLIN

cntering programs, remember that during assembly each
¢ ln the source code causes a tab to the next tab field.
demonstration, let”s enter the following short routine.

4 from the very beginning:
LOAD "MERLIN",8 and RUN

When the 47 prompt appears at the bottom of the  EXEC
mode menu, type "E”. This instantly places the system in
EDITOR control mode.

Since we are entering an entirely new program, type A~
at the 7:” prompt and press RETURN (A = ADD). .
appears one line down and the cursor is automatically
tabbed one space to the right of the line number. The
17 and all subsequent line numbers which appear after
the RETURN key is pressed serve roughly the same purpose
as line numbers in BASIC except that in assembly source
code, line numbers are not referenced for jumps to sub-
routines or in GOTO-like statements.

On line 1, enter an “*° (asterisk). An asterisk as the
first character in any line is similar to a REM statement
in BASIC - it tells the assembler that this is a remark
line and anything after the asterisk is to be ignored.
To coafirm this, type the title “DEMO PROGRAM 17 after
the asterisk and hit the RETURN key.

After return, the cursor once again drops down one line,
a “27 appears and the cursor skips a space. Now type a
space, type “ORG™, space, “580@3%3~, RETURN.

On line 3; type “CHROUT”, space, "EQU”, space, “$FFD27,
and RETURN.

On line 4, type “START™, space, “LDA”, space, “#$937, and
RETURN.

Line 5 - type a space, “JSR™, space, “CHROUT ", space, ~;°7
(semicolon), “CLEAR THE SCREEN™, RETURN. Semicolons are a
convention often used within command lines to mark the
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start of comments.

9. Line 6 - “DONE", space, “RIS”, RETURN.

1¢. The program has been completely entered, but the system
is still in ADD mode. To exit ADD, just press RETURN.
The ~“:” prompt reappears at the left of the sereen,

indicating that the system has returned to control mode.

l1. The screen should now appear like this:

1 *DEMO PROGRAM 1

2 ORG 48000

3 CHROUT EQU  $FFD2

4 START LDA #3593

5 JSR  CHROUT ;CLEAR THE SCREEN
6 DONE RTS

Note that each string of characters has been moved to a
specific field. There are four such fields, not including
the line numbers on the left.

Field number...

One is reserved for labels. CHROUT, START and DONE are
examples of labels.

Two is reserved for opcodes, such as the MERLIN pseudo-
ops ORG and EQU, and the 651¢ opcodes LDA, JSR and RTS.

Three is for operands, such as $80@#, SFFD2 and, in this
case, CHROUT.

Four will contain any comments.

It should be apparent from this exercise that it 1s not
necessary to input extra spaces in the source Ffile for
formatting purposes.
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iy summmary, after che line numbers:

1) Do not space before a label. Press space once after
label (or if there is no label, once after the line
number) for the opcode.

2) Space once after the opcode for the operand. Space

once after the operand for the comment. If there is
no operand, type a space and a semicolon.

System and Entry Commands

MERLIN has a powerful and complex built-in editor. Complex
in the range of operations possible but, after a little
practice, remarkably easy to use.

The following paragraphs contain only minor clarifications
and brief demonstrations on the use of both sets of commands.
All System and Entry commands are used in EDITOR Control Mode

immediately after the “:” prompt.

The STOP key or RETURN as the first character of a line exits
the current [entry command] mode and returns the system to
control mode when ADDing or INSERTing lines. STOP exits edit
mode and returns the system to control mode after Editing
lines. :

The other System and Entry Commands are terminated either
automatically or by pressing RETURN.

Inserting and deleting 1lines in the source code are both
simple operations. The following example will INSERT three
new lines between the existing lines 5 and 6.

1. After the ":” prompt, type “I° (INSERT), the number 767,
and press RETURN. All inserted lines will precede

(numerically) the line number specified in the command.

2. Input an asterisk, and press RETURN. Note that INSERT
mode has not been exited.

J.  Repeat step 2.
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4. Type one space, "TYA”, and press RETURN.
On the screen is the following:

116

* o+

TYA

(Y= R i =]

5. Hit RETURN (or STOP) and the system reverts to CONTROL
mode (“:” prompt).

6. LIST the source code.

Hi
1 *DEMO PROGRAM 1
2 ORG  $8¢g¢
3 CHROUT EQU  SFFD2
4 START LDA #5913
5 JSR  CHROUT ; CLEAR THE SCREEN
6 *
7*
8 TYA
9 DONE  RTS

The three new lines (6, 7, and 8) have been Inserted, and the
subsequent original source 1lines (now line 9) have been
renumbered.

Using DELETE is equally easy.

1. 1In control mode, dinput “D8°, and RETURN. Nothing new
appears on the screen.

2. LIST the source code. The source listing is one 1line

shorter. You“ve just deleted the "TYA" line, and the
subsequent lines have been renumbered.

10
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tt Iu pousible to delete a range of lines in one step.
I. In control mode, input “D6,7" and RETURN.
2. LIST the source.

LInes 6 and 7 from the previous example, which contained the
Inserted asterisk comments, have been deleted, and the sub-
sequent lines renumbered. The listing appears the same as in
the subsection on INPUT, Scep 1l1.

This automatic renumbering feature makes it IMPERATIVE that
when deleting lines you remember to begin with highest 1line
number and work back to the lowest.

The Add, Insert, or Edit commands have several sub-commands
comprised of CTRL-characters. To demonstrate, using our
previous routine:

1. After the “:” prompt, enter "E” (the EDIT command) and a
line number (use “6" for this demonstration), and hit
RETURN. One line down the specified line appears in its
formatted state:

6 DONE RTS
and the cursor is over the “D” in “DONE~.
2. Type CTRL-D. The character under the cursor disappears.
Type CTRL-D again, again, and a fourth time, "DONE” has
been deleted, and the cursor is positioned to the left of

the opcode.

3. Hit RETURN and LIST the program. In line 6 of the source
code, only.the line number and opcode (RTS) remain.

4. Repeat step 1 (above).
5. This time, type CTRL-I (or the INSERT key). Don"t move
the cursor with the space bar or arrow keys. Type the

word “DONE”, and RETURN.

6. LIST the program. Line & has been restored.

11
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1f you are editing a single line, hittlng RETURN alone re

stores you to the control mode prompt. 1In step 1 (above), Il
you had specified a range of lines (example: “E3,67) while
1ssuing the EDIT command, RETURN would have called up the
next sequential line number within the specified range. As
the 1lines appear, you have the options of editing using the
various sub-commands, pressing RETURN which will call up the
next line, or exiting the EDIT mode using STOP. NOTE: hit-
ting RETURN will enter the entire line in memory, exactly as
it appears on the screen.

The other sub-commands, (CTRL-characters) used under the EDIT

command function similarly. Read the definitions in Sectlion
3 and practice a few operations.

Assembly

The next step in using MERLIN is to assemble the source code
into object code.

After the “:” prompt, type the edit module system command ASH
and hit return. On your screen is the following;
UPDATE SOURCE (Y/N)?

Type N, and you will see:

ASSEMBLING
1 *DEMO PROGRAM 1
2 ORG $8@¢¢
3 CHROUT EQU §FFD2
80a¢ A9 93 4 START LDA #593
8pp2 20 D2 FF 5 JSR CHROUT ; CLEAR THE SCRELN
8095 69 6 DONE RTS

--END ASSEMBLY, 6 BYTES, ERRORS: ¢

12
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SYMBOL TABLE ~ ALPHABETICAL ORDER
cHroutT =§5FFD2 7  END =580@5
7 START =58000

SYMBOL TABLE - NUMERICAL ORDER
7 START =58000 7 END =5B8@¢5
CHROUT =SFFD2
[f instead of completing the above listing, the system beeps

and displays an error message, note the line number
refecenced in  the message, and press RETURN until the

“IEND  ASSEMBLy..." message appears. Then refer back to the
subsection on INPUT and compare the listing with step 1l.
Look especially for elements in incorrect fields. Using the

editing functions you“ve learned, change any lines in your
listing which do not look like those in the listing in step
11 to what they should, then re—assemble.

If all went well, to the right of the column of numbers down
the middle of the screen is the now familiar, formatted
source code.

To the left of the numbers, beginning on line 4, is a series
of numeric and alphabetic characters. This is the object
coda - the opcodes and vperands assembled to their machine
language hexadecimal equivalents.

Left to right, the first group of characters is the routine”s
starting address in memory (see the definition of ORG in the
section entitled "Pseudo Opcodes — Directives™).  After the
colon are the numbers “A9” and "937. This is the one-byte
hexadecimal code for the opcode LDA and the data byte $93.

NOTE: the label “START” is not assembled into object code;
nelther are commencs, remarks, or pseudo-ops such as ORG.
Such elements are only for the convenience and utility of the
programmer and the use of the assembler program.

L3
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The next byte is a 2@, which is the value for “JSR™. The nexi
two bytes (each pair of characters is one byte) on line 9
bear a curious resemblance to the last group of characters on
line 3; have a look. In line 3 of the source code we told
the assembler that the label “CHROUT™ EQUated with address
SFFD2. 1In line 5, when the assembler encountered “CHROUT™ s
the operand, it substituted the specified address. The
sequence of the high and low-order bytes was reversed, turn
ing $FFD2 into D2 FF, a 651¢¥ microprocessor convention.

The rest of the information presented should explain {tself.
The total errors encountered in the source code was zero, and
six bytes of object code (count the bytes following the
addresses) was generated.

Saving and Running Programs

The final step in using MERLIN is running the program. B
fore that, it is always a good idea to save the source code.
Use the SAVE SOURCE command. Follow that with an OBJECT CODE
SAVE. Note that OBJECT CODE SAVE must be preceded by a suc-
cessful assembly.

1. Return to control mode if necessary, and type “Q° RETURN.
The system has quit EDITOR mode and reverted to EXECUTIVE
(EXEC) mode. If the MERLIN system disk is still in the
drive, remove it and insert an initialized work disk.

After the “%° prompt, type “S” (the EXEC mode SAVE SOURCE
command) . The system is now waiting for a filename.
Type “DEMOL”, and RETURN. After the program has been
saved, the prompt returns.

2. Type ~C” (CATALOG) and look at the disk catalog. The
source code has been saved as a binary file titled
"DEMOL.S™. The suffisx ".5" {13 a file-labelllng
convention which 1indicates the subject file 1is source
code. This suffix is automatically appended to the name
by the SAVE SOURCE command.

L4
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V.o it RETURN  to return to EXEC mode and input “07, for
OBJECT CODE SAVE. The object file should be saved under
the  same name as was earlier specified for the source
[1le, so press "Y" to accept "DEMOL” as the object name.
There ts no danger of overwriting the source file because
the suffix 7.0" is appended to object code file names.

While writing either file to disk, MERLIN also displays the
address parameter, and the length parameter, which is the
first address following the code. It™s a good practice to

take note of these.

Return to EDITOR mode, type "MON™, and RETURN and the monitor
prompt “$° appears. Enter “8@@¢G°, and RETURN. The screen
should clear. The demonstration program was responsible for
1.6

Now you can return to the EXEC by typing “Q° and hitting
RETURN, or you can return to the editor with “R” and RETURN.

15






MIERL TN Usors Manual EXECUTIVE MODE

EXECUTIVE MODE

Mo EXECUTIVE  mode is the program level provided for file
malntenance operatlons such as loading or saving code or
cataloging the disk. The following sections summarize each

command avallable in this mode.

C:CATALOG

lse  the space bar to make the Catalog pause, and any other
key to restart. Use the STOP key to abort the Catalog.

L:LOAD

This command is used to load a source file from disk. You
will be asked for the name of the file. You should not
append  ".8" since MERLIN does this automatically. If you

have hic “L" by mistake, just press the space bar then RETURN
and  the command will be cancelled without affecting any file
ln memory. This also applies to the other EXECUTIVE mode
commands .

After a LOAD SOURCE (or APPEND SOURCE) command, you are
automatically placed in the editor mode, just as if you had
hit "E". Subsequent LOAD SOURCE or SAVE SOURCE commands will
display the last used filename. The curser is placed on the
first character and all the standard Commodore editing
features are in effect. Pressing RETURN will accept the
filename as displayed. The source will be automatically
loaded at the correct address.

17
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S:S5AVE

Use this to save a binary source file to disk. As  in the
load command, you do not specify the suffix ".S" and you can
hit RETURN to cancel the command. As with the LOAD Sourcrk

command above, the filename will then be displayed and you
may type RETURN to SAVE the same filename, or substitute a
new filename.

NOTE: when a SAVE is done in the EXECUTIVE mode (or via the
SAV opcode, or Write, etec.), an error will result 1if the file
already exists. This can be avoided by starting the filename
with "@:" or "@g:", Thus, the replacement file is saved
before the old file is scratched, so there must be room for
the file on the disk.

This syntax may also be used for a LOAD but has no effect
other than making the "@:" part of the default fllename.

CAUTION: occasional serious disk problems may result from
using the "@:" syntax and this is presumably due to a bug 1in
the Commodore operating system. Thus, wunless you have ade-
quate back ups for your files, it is suggested that ¢this
syntax be avoided and, instead, that you scratch files before
re-saving them.

A:APPEND

This loads 1in a specified source file and places it at the
end of the file currently in memory. It operates L{n the same
way as the LOAD SOURCE command, but does not affect the
default file name. It does not save the appended file; you
are free to do that if you wish.

18
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DRIV

it command will select the default disk device. The value
liere must be equal to or greater than eight.

ENTER ED/ASM

This command places you in the EDITOR/ASSEMBLER mode. It
automatically sets the default tabs for the editor to those
appropriate for source files. If you wish to use the editor
to write an ordinary text file, you can type TABS and press
RETURN to zero all tabs.

0:5AVE OBJECT CODE

Ihis command is valid only after the successful assembly of a
source file. In this case you will see the address and
length of the object code on the menu. As with the source
address, this is given for information only.

NOTE: that the object address shown is that of the program”s
ORG  (or $80@@ by default) and not that of the actual current
location of the assembled code (which is $8@@9 or whatever
HIMEM you have used). When using this command, you are asked
for a name for the object file.

This command automatically appends an ".0" to the filename.
Thus you can safely use the same name as that of the source
file (without the ".S" of course). When this object code is
saved to the disk its address will be the correct one, the
one  shown on the menu. When later, you LOAD it using the
LOAD "FILE",8,1 syntax, it will go to that address, which can
be anything (S80@, sSCPPP etec.).

19
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Q:QUIT

This exits to BASIC. You may re-enter ¢ERLIN by issulng the
"SYS 520¢¢" command. This re—entry will be a warm starr,
which means it will not destroy the source file currently 1In
memory.

R:READ TEXT FILE

This reads text files into MERLIN. They are always appended
to the current buffer. To clear the buffer and start fresh,
type "NEW" in the editor. If no file is in memory, the name
glven will become the default filename. Appended reads will
not do this.

When the read is complete, you are placed in the editor. Lf
the file contains lines longer than 255 characters, thege
will be divided into two or more lines by the READ routine.
The file will be read only until it reaches HIMEM, will
produce a memory error if it goes beyond, and only the data
read to that point will remain.

W:WRITE TEXT FILE

This writes a MERLIN file into a text file instead of a
binary file. The WRITE command does not delete or seratch
first. See CAUTION above regarding "@:" syntax.

G:RUN PROGRAM

This command will LOAD and EXECUTE the named program. The
program must “be in machine language (not a BASIC program),
and must have the ".0" suffix as part of the current program
name. This provision is intended for using utilities such as
"STRIP.0", "XREF.0" or for running "SOURCEROR.O".

20
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KiDISE COMMAND
ity wends the command to the "Error Channel”. Examples of
Intended use are:

X then V will do a disk verify

X then S:FILE.O will scratch "FILE.O"
X then R:NEWFILE.S = OLDFILE.S will rename OLDFILE.S

NOTE: the .S or .0 must be entered here, if any, and that
quotes should not be used. Also, to prevent unintentional
luftialization, the N (New) command is not supported.

The address after "SOURCE" and "OBJECT" on the menu give the
start address followed by the address of the byte just BEYOND
the end.  Thus, 4if "SOURCE:$@PA@0,512A5" is indicated, the a
SAVE will save the area $YADP to $1244 inclusive.

NOTE: the command prompt "%" comes up after a Catalog.
Execute any disk commands with the X cowmmand.

21
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FHE B ETOR

Wanleally there are three modes in the editor: the COMMAND
mode,  the ADD or INSERT mode, and the EDIT mode. The main
one b the COMMAND mode, which has a "colon” (:) as prompt.

Command Mode
For many of the COMMAND mode commands, only the first letter

ol the command is required, the rest being optional. This
manual  shows the required command characters in upper case

and the optional cnes in lower case. In some commands, you
must specify a line number, a range of line numbers, or a
range list. A line number is just a number. A range is a
palr  of line numbers separated by a comma. A range 1list

conslsts of several ranges separated by slashes ("/").

Several commands allow specification of a string. The string
must be “"delimited” by a non-numeric character other than the
slash. Such a delimited string is called a d-string. The
usual delimiter is single or double quote marks (7 or ").

LLine numbers in the editor are provided automatically. You
never type them when entering text; only when giving com-
mands. If a line number in a range exceeds the number of the
last line, it is automatically adjusted to the last line
number. The commands are:

HIimem:
Hl: (address)

lHImem: sets the wupper limit fer the source file and
beginning address for the OBJ file.

NEW

Deletes  present source file, resets HIMEM to $8@¢@
and starts fresh. '

23
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PORT

PORT (2,4, or 5)

Selects a printer in specified port for output, but does
not format output as does the PRTR command.

USER

This does a JSR to the routine whose address 1is 1in
$32E,$32F. This vector is reset to its default (kernel)
value when either an Exit to BASIC or an EXECUTIVE wmode
command G (run a program) is done. If this 1s the case,
you may use the USER command to send you to the EXEC
mode . You can reconnect the SUPPLIED USER routines
(CHRGEN 8@, XREF, XREF.XL) by doing an AJ#G from the
monitor. This avoids having to rerun these utilities.

TABS

TABS <number><, number><, ...> <{"tab character">

This sets the tabs for the editor, and has no effect on
the assembler listing. Up to nine tabs are possible.
The default tab character is a space, but any may be
specified. The assembler regards the space as the only
acceptable tab character for the separation of labels,
opcodes, and operands. If you don”t specify the tab
character, then the last one used remains. Entering TABS
and a RETURN will set all tabs to zero.

LENgth

24

This gives the length in bytes of the source file, and
the number of bytes remaining before MERLIN'S HIMEM
(usually $8@0G¢ — not BASIC HIMEM).
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Whene
Where (1ine number)

[Mis prints Iin hex the location in memory of the start of
the speclfied line. “Where ¢" (or "W@") will give the
locatlon of the end of source.

MONILCox

This exits to the monitor. You may re-enter by "Q"
RETURN - This re-establishes the important zero - page
polnters from a save area inside MERLIN itself. "Q"
RETURN will give a correct entry, even if you have messed
up the =zero page pointers while in the monitor. This
facilicy is designed for experienced programmers, and is
not recommended to beginners.

You may re—enter the editor directly with an "R" RETURN
command. This re-entry, unlike the others, will use the
zero page pointers at $¥C - $11 instead of the ones saved
upon exit. Therefore, you must be sure that they have
not been altered. For normal usage, however, "Q" RETURN
should be used to re-enter MERLIN.

TRuncON

This sets a flag which, during LIST or PRINT, will termi-
nate printing of a line upon finding a space followed by
a semicolon. It makes reading of source files easier on
the Commodore 44 column screen. In the assembler, when
used as‘’a. pseudo-op, limits printing of the object code
to three bytes per line and has no effect on comments.

25
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TRun

Quit

ASM
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cOFf

This returns to the default condition of the truncatlon
flag (which also happens automatically upon entry to fhe
editor from the EXEC mode or from the assembler). All
source lines when listed or printed will appear normal.

Exits to EXEC mode.

This passes control to the assembler, which attempts to
assemble the source file. First, however, you are asked
if you wish te "update the source"”. This is to remind
you to change the date or identification number in your
source file. If you answer "N" then the assembly will
proceed. If you answer "Y", you will be presented with
the Ffirst line in the source containing a "/" and are
placed in EDIT mode. When you finish editing this 1line
and hit RETURN, assembly will begin. If you use the STOP
edit abort command, however, you will return to the
EDITOR command mode, and any 1/0 hooks you have estab-
lished, by PORT or PRTR etc., will have been discon-
nected. This will also happen if there is no line with a
"y

Function key F1

26

During the second pass of assembly, typing an F1 will
toggle the list flag, so that listing will either stop
or resume. This will be defeated if a LST opcode occurs
in the source, but another Fl will reinstate ir.



PR Haeen Manaal THE EDITOR

Belote (Hloe number) <range> <{range list>
Delote (range)
Dulote (range list)

This deletes the specified lines. Since, wunlike BASIC,
the llne numbers are fictitious they change with any
Inserctfon or deletion. Therefore, you MUST specify the
higher range first for the correct lines to be deleted!

Replace

lteplace (1ine number)
Replace (range)

This deletes the line number or range, then places you
{nto INSERT mode at that location.

List

List (line number)
List (range)

List (range list)

Lists the source file with added line numbers. Control
characters 1in scurce are shown in inverse, unless the
listing 1is being sent to a printer or other non-standard
outport.

The listing can be aborted by STOP or with “/" key. You
may 4top-the listing by hitting the space bar and then
advance a line at a time by hicting the space bar again.
Any other key will vestarc ic. This space bar pause also
works during assembly and the symbol table print out.

27
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- (period)

/

Lists starting from the beginning of the last specll ol
range. For example, if you type L1@,100 then lines W o
168 will be listed. If you then use ".", listing wil
start again at 1¢ and continue until stopped (the end ol
the range is not cemembered).

/ <line number>

This continues listing from the last line number  1isted,
or, when a line number isg specified, from that 1lne.
This listing continues to the ead of the file or until i
is stopped as in LIST.

Print

Print

Print (line number)
Print (range)

Print (range list)

This 1is the same as LIST except that line numbers are
not added.

PRinTeR

PRinTeR (command)

28

This command is for sending a listing to a printer with
page headers and provision for page boundary skips. The
default parameters may be set up by changing the DATA
line in the BASIC MERLIN program. The syntax of this [s:

PRTR PORT (string) <page headerd>

If the port number is not 2, 4 or 5, then output 1s ment
to the video screen.
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It the page header is omitted, the header will consist of
page numbers only.

THE INITIALTZATION STRING MAY NOT BE OMITTED. If your
printer does not use a special string, use a null string
(""). For example, if the printer is in Port 2 and does
not need an initialization string, PRTR 2 "" would be the
correct syntax. Commodore 1525 uses a null string, while
CTRL-Q is the initilization string for IDS printers.

PRTR ¥ (no strings required here) will send output to the
screen and allow you to see where the page breaks occur.
Mo output is sent to the printer until a LIST, PRINT, or
ASM command is issued.

“ind (d-string)
“fnd (line number) <d-string>
“ind (range) <d-string>

Find (range list) <d-string>

This lists those lines containing the specified string.
[t may be aborted with STOP or “/" key. Since the F7
case toggle works in command mode, you can use it to Ffind
or change strings with lower case characters.

thange

hange (d-string d-string)

hange (line nﬁmber} {d-string d-string>
hange (range) ‘<d-string d-stringd>
Mhange (range list) <d-string d-stringd

This changes occurrences of the first d-string to the
second  d-string. The d-string must have the same de-
Fiwiter with the adjoining ones coalescing. For example,
to change occurrences of "speling” teo "spelling” through-
ol tho range 20,108, you  would type  C29,1¢¢
TapelingTspelling”.  If no range is specified, the entire

29
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source file is used.

Before the change operation begins, you are asked whethe:
you want to change "all" or "some". If you select "somne"”
by hitting the "S" key, the editor stops whenever (he
first string is found and displays the line as it would
appear with the change. Lf you then hit ESCAPE or any
control character, the change displayed will not be made.
Any other key, such as the space bar, will accept the
change. STOP or "/" key will abort the change process.

CoPY

COPY (line number) TO (line number)
COPY (range) TO (line number)

This copies the 1line number or range to just  “below”
(numerically) the specified number. It does not delete
anything.

MOVE

MOVE (line number) TO (line number)
MOVE (range) TO (line number)

This is the same as COPY but after copying, automatically

deletes the original range. You always end up with the
same lines as before, but in a different order.

30
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(d-srring)
(line number) <d-string>
(range) <d=-sktring>

(range list) <d-string>

This presents each line of the line number, range, or
range list line by line to be edited and puts you into
the EDIT mode. If a d-string is appended, only those
lines containing the d-string are presented. See the
discussion later in this chapter concerning the EDIT mode
commands .

ee Conversion

If, din the command mode, you type a decimal number
(positive or negative) the hex equivalent is returned.
Lf you type a hex number, prefixed by "$", the decimal
equlvalent is returned. All commands accept hex numbers,
which 1is mainly convenient for the tlmem: and SYM com-
mands.

This converts ALL spaces in a source file to inverse
spices. The purpose is for use on “text" files so that
it is not necessary to remember to zero the tabs before
printing such a file. This conversion has no effect on
anything except the editor”s tabulation.

31
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FIX

SYM

SYM

32

This undoes the effect of TEXT. It also does a number ol
technical housekeepling chores. It is recommended that
the command FIX be wused on all files from external
sources, after which the file should be saved.

NOTE: the TEXT and FIX routines are written in SWEET 16
and are somewhat slow. Several minutes may be needed for
their execution on large files. FIX or an EDIT will
truncate any lines longer than 255 characters.

(address)

MERLIN normally places the symbol table in the RAM behind
the KERNAL ROM (SEQ@@-SFDUZ). This space is quite ade-
quate for all but gigantic programs. In case this space
is used up, the SYM command glves you a means to diree
the assembler to continue the symbol table in another
area. If you type SYM $9¢@@, for example, and assemble
the program, when and if the symbol table uses up itg
normal space, it will be continued at $9¢@@ until 1t
reaches BASIC HIMEM. It must be noted that the SYM com-
mand will be cancelled by a HIMEM command or by exit to
EXEC mode and re-entry (set HIMEM before setting up a SYM
address).

The SYM address must be above HIMEM and below BASIC
HIMEM. If the symbol table grows beyond the allotted
space, you will get a memory error during the first pass
of assembly.
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Vibeo

Ihlw command togeles the 8@ column mode, provided a Data
M Videopak Bf carcridge is installed. Note that the 8@
column mode uses up 4K of source space (5900p - S9FFF) .
For loug sources it may be necessary to use the 8@ column
madeonly for editing and then switch to the 4@ coluamn
mode  for assembly. This is possible since switching to
the 4@ column wmode automatically retreives the 4K of
space.  Note also that MERLIN does NOT support the
“Videopak 8#" 40 column mode. For technical reasons, the
VID  command sends you back to the EXEC mode after the
switch,

W (Find Word)

FW (d-string)

W (line number) <d-string>

'W (range) <{d-string>

FW (range list) <{d-string> )
This is an alternative to the FIND command. It will find
the specified word only if it is surrounded, in source,
by non-alphanumeric characters. Therefore, FW"CAT" will
find:

CAT
CAT-1
(CAT, X)

but will not find CATALOG or SCAT.

CW (Change wor&)

CW (d=string d-string)

CH (Line number) <d-string d-stringd>
CW (range) <d-string d-string>

CW (range 1ist) <d-string d-string>

This works similar to the CHANGE command with the added
leatures as described under FW.

i3
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EW (Edit word)

EW (d-string)

EW (line number) <d-string>
EW (range) <d-string>

EW (range 1list) d{d-string>

This is to EDIT as FW is to FIND.
NOTE ON DELIMITED STRINGS: For the commands involving de-
limited strings (a d-string), the character """ acts as a
wild card. Therefore, F"Jon"s" will find both "Jones" and
"Jonas".
VAL

VAL "expression”

This will return the value of the expression as the
assembler would compute it.

Examples:

VAL "LABEL" gives the address (or value)
of LABEL for the last assem—
bly done or "unknown label”
if not found.

VAL "Sl@@d/2" returns $@34¢

VAL "%1408" returns SPAQ8

VAL !"a"="¢"! returns S@@L1
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151

(it reads  the error channel on the current disk drive
and prints out the error information. This should be used
It some disk operation makes the drive light blink but
does not produce an error message. There are certaln disk
ervors that the operating systems does not signal back to
the calling program. This provides a means for checking
L hewm.

Add/ Insert Mode

The ADD and INSERT modes in the editor act as if you are in
the edit mode, except that CTRL-R will do nothing, and the
axlt  from ADD mode acts as described. Hitting RETURN, for
example, will accept the entire line as shown on the screen.

adld

This places you in the ADD mode. You may enter lower case
text (useful for comments if you have a lower case adap-—
ter) by hitting F7. This acts as a case toggle, so
another F7 returns you to UPPERCASE mode. The shift key
ianverts the curreat case. Shift lock should not
ordinarily need to be used. To exit from ADD wmode, hit
RETURN as the FIRST character of a line. You may also
exit the ADD mode by CTRL-X or STOP which also cancels
the curreat line.

You may eanter an EMPTY line by typing a space and then
RETURN. This will not enter the space into text, it only
bypasses the exit. The editor automatically removes
extra spaces at the end of lines.
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Insert
Insert <line number>

This allows you to enter text just below (numerically)
the specified line. Otherwlse, it functions the same as
ADD command (above).

Function key F7 (or Control-L)

Toggles the current case. If you are in upper case, F7/
will place you in lower, and vice versa. Upper case is
defaulted to when entering each new line.

To change the case of a word, type F7, then copy over the
word using the right hand cursor control key.

Edit Mode

After typing E in the editor, vyou are placed in EDIT mode.
The first line of the range you have specified is placed on
the screen with the cursor on its first character. The line
is tabbed as it is in listing, and the cursor will jump
across the tabs as you move it with the arrow keys. When .you
are through editing, hit RETURN. The line will be accepted
as it appears on the screen, no matter where the cursor 1is
when you hit RETURN.

The cursor keys do not work as their markings suggest 1in edit
mode. The up/down arrow key works as a move cursor left key
and the left/right arrow key works as a move cursor right
key.
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bt Mo Commands

Control-1 or the Insert Key (insert)
Beping  Insertion of characters. This is terminated by
any control character except the CTRL-L case toggle, such

at the arrows or RETURN,

Control=D (delete)
Deletes the character under the cursor. It can also be
referred to as a backwards delete.

Control=F (find)
Finds the next occurence of the character typed after the
CTRL=F. This is recursive.

Control-0 (insert special)

Functions as CTRL-I, except it inserts any coatrol char-
acter (including the command characters such as CTRL-A).

Control-P (do **#%7g)
i entered as che first character of a line gives 32 *~s.

[f entered as any other character of the line, gives 30
spaces bordered by *7s.

Stop Key (canéel)

Aborts  EDIT mode and returns to the editor’s command
oo, The current line being edited will retain its
oripinal Form.
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Control-B (go to line begin)

Places the cursor at the beginning of the line.

Control-N (go to line end)

Places the cursor one space past the end of the line.

Control-R (restore line)

Returns the line to its original form. (Not available in
ADD and INSERT modes.)

Control-A (delete line right)

Deletes the part of the line following the cursor and
terminates editing.

Return (RETURN key)

Accepts the line as it appears on the screen and fetches
the next line to be edited, or goes to the command mode
if the specified range has been completed.

The editor automatically replaces spaces in comments and
ASCIT strings with inverse spaces. When listing, it
converts them back, so you never notice this. Its pur-
pose 1s to avoid inappropriate tabbing of comments and
ASCIIL strings.
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Liw the case ol ASCLL strings, this is only done when the

dellmlter 1s a quote (") or a single quote (7). You can,
however,  accomplish  the same thing by editing the line,
voplacing  the first delimiter with a quote, hitting
e, then  editing again and changing the delimiter

bacle 1o the desired one.

In a line such as LDA #7 7, you can prevent the extra
tabbing by entering the line with a space before cthe
ilrut quote (LDA # ° “), then typing control-N and cthen
using the cursor control to delete the extra space.
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PR AL S EMBLER

Ity wectlon of the documentation will not attempt to teach
you ansembly language. It will only explain the syntax you
e expected to wse In your source files, and document ctche
fvatures that are available to you in the assembler.

Mumber Format

he  assembler accepts decimal, hexadecimal, and binary
vumerfeal  data.  Hex noumbers must be preceded by “$" and
bloarvy noumbers by “Z", thus the following four instructions
nre all equivalent:

LDA 139 LDA #3564 LDA #%110019¢ LDA #40110910¢

At dndlcated, leading zeros are ignored. The "#" here stands
for "number” or "data", and the effect of these instructions
ia to load the accumulator with the number (decimal) 10¢.

A number not preceded by "#" is interpreted as an address.
Therefore:
LDA 1Y LDA $3E8 LDA %11111¢18¢9

ate  equivalent ways of loading the accumulator with the byte
that resides in memory location $3ES8.
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Use the number Format that is appropriate for clarity. For
example, the data table:

DA $1

DA SA

DA $64
DA S3ES8
DA 52714

is a good deal more mysterious that its decimal equivalent:

DA 1
DA 19

DA Lg¢
DA 19¢d
DA 10U

Source Code Format
A line of source code typilcally looks like:
LABEL 0OPCODZ OPERAND ; COMMENT

A line containing only a comment must begin with “'*", Com~-
ment lines starting with ";" are accepted and tabbed to the
comment field, The assembler will accept an empty line in
the source code and will treat it Just as a SKP 1 instruction
(see the section on pseudo opcodes), except the line number
will be printed.

The number of spaces separating the fields is not important,
except for the editor”s listing, which expeacts Jjust  one
space.

The maximum allowable LABEL length is 13 characters, but more
than 8 will produce messy assembly listings. A label must
begin with a character at least as large, 1in ASCLI value, ag
the colen, and may mot contain any characters less, In ASCI]
value, than the number zero.
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Ploe may contaln a label by itself. This is equivalent to
et by the label  to  the current value of the address

e e

e auwnewmbler  examines only the first 3 characters of the
uicont..  For example, you can use PAGE instead of PAG. The

annembler  listing will truncate the opcode to seven letters
and w1l not look well with one longer than four unless there
Lo no operand.

e maxlmoum allowable combined OPERAND + COMMENT length is 64
characters.  You will get an error if you use more than this.
A comment line by icself is also limited to 64 characters.

Lupressions

To make clear the syntax accepted and/or required by the
ansembler, we wmust define what is meant by an "expression”.
Lwpressions are built up from "primitive expressions” by use
ol arithmetic and logical operations. The primitive expres-—

plons are:

l. A label.

2. A number (either decimal, $hex, or Zbinary).

J. Any ASCII character preceded or enclosed by quotes or
single quotes.

4. The character * (standing for the present address).

ALl number formats accept 16-bit data and leading zeros are
never  required. In case 3, the "value” of the primicive
expression is  just the ASCII value of the character in
Commodore  U/L  case format. The high-bit will be on 1if a
quate (") is used, and off if a single quote (7) is used.

The assembler supporcs the four arithmetic operations: +, —,
/ (integer division), and * (multiplication). It also sup-
ports the three logical operations: ! (Exclusive OR), . (OR),
aned & (AND).
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Some examples nf legal expressions are:

LABEL1-LABEL2 (LABEL2 minus LABEL1)
2*XLABEL+$231 (2 times LABEL plus hex 231)
1234+%10111 (1234 plus binary 19111)

CKU-TANL (ASCLI "K" minus ASCII "A" plus 1)
"@" ILABEL (ASCIL "@" EOR LABEL)

LABEL&STF (LABEL AND hex 7F)

A3 (present address minus 20
LABEL.Z1@¢0d¢d3 (LABEL OR binary 19¢¢¢¢¢g)

Parentheses have another meaning and are not allowed 1in
expressions. All arithmetlc and logical operations are done
from left to right (2+3*5 would assemble as 25 and not 17).

Immediate Data

For those opcodes such as LDA, CMP, etc., which accept im-
mediate data (numbers as opposed to addresses) the immediate
mode is signalled by preceding the expression with "#". An

example is LDX #3. 1In addition:

#<expression produces the low byte of the expression
#>expression produces the high byte of the expression
#expression also gives the low byte (the 651f does
not accept 2-byte DATA) -
#/expression is optional syntax for the high byte

of the expression

The abllity of the assembler to evaluate expressions such as
LAB2~LABl-1 is very useful for the following type of code:

COMPARE LDX fEODATA-DATA-1
Loop cMP DATA, X

BEQ FOUND ; Found

DEX

BFL LOOP

JMP REJECT | ;not found
DATA HEX EJBC3498

EODATA EQU *

b
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Wit thids type of code, you can add or delete some of the
BATA  and the value which is loaded into the X index for the
compat buon loop will be automatically ad jusced.

A enning Modes (for 6518 Opcodes)
Il anuembler accepts all the 6582 opcodes with standard
miemonles. It also accepts BLT (branch if less than) and BGE

(hranch 1l greater or equal) as synonymous to BCC and BCS.

Ihere  are 12 addressing modes on the 651¢. The appropriate
HIERLIN syntax for these are:

Syntax Example
Linpl Led OPCODE CLC
Accumulator OPCODE ROR
lmmediate (datca) OPCODE #expr ADC #5F8
. cMP #7M"
LDX #>LABELL-LABEL2-1
Zero page (address) OPCODE expr ROL 6
Indexed X OPCODE expr,X LDA SE@,X
Indexed Y OPCODE expr,Y STX LAB,Y
Absolute (address) OPCODE expr BIT $309
Indexed X OPCODE expr,X STA $40¢9,X
Indexed Y OPCODE expr,y SBC LABEL~-1,Y¥
Indirece JMP (expr) JMP ($3F2)

Preindexed X OPCODE (expr,X) LDA (6,X)
Postindexed Y OPCODE (expr),Y STA (SFE),Y

MNOTE : There 1is no difference in syntax for zero page and
absolute modes. The assembler automatically uses zerc page
mode when appropriate. MERLIN provides the ability to FORCE
non-zero  page addressing. The way to do this is to add
anything to the end of the opcode. Example:

LA $1#  assembles as zero page (2 bytes) while,

LUA: 518 assembles as non-zero page (3 bytes).
Auo, o the indexed indirect modes, only a zero page expres—
wlon ta allowed, anl the assembler will give an error message

I the "oxpr” does not evaluate to a zero page address.

45




MERLIN Users #anual THE ASSEMBLER

NOTE: The "accumulator mode” does not require an operand (the
letter "A"). Some assemblers perversely require you to put
an "A" iu the operand for this mode.

The assembler will decide the legality of the addressing mode
for any given opcode.

Pseudo Opcodes - Directives

EQU (=)  (EQUate)

Label EQU expression
Label = expression (alternate syntax)

Used to define the value of a LABEL, usually an exterior
address or an often used constant for which a meaningful
name 1{s desired. It is recommended that these all be
located at the beginning of the program. The assembler
will not permit an "equate” to a zero page number after
the label equated has been used, since bad code could
result from such a situation (also see "Variables").

ORG (set ORiGin)
ORG expression

Establishes the address at which the program is designed
to run. It defaults to the present value of HIMEM;
(58009 by default). Ordinarily there will be only one
ORG and it will be at the start of the program. If more
than one ORG is used, the first one establishes the LOAD
addrass. This can be used to create an object file that
would load to one address though it may be designed tao
run at another address.

You cannot use ORG *-1 to back up the object polnters au

is done in some assemblers. This must be done Inutead
by DS -1.
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1

VAR

VAR

(I o text file in assembly)
b oame

U tilename”,  (drive parameter accepted in standard
nyntar) reads the named file and “inserts” it at the lo-
catlon ol che opcode.

HOTE:  "Insert” refers to the effect on assembly of the
location of the source. The file itself is actually
placed  just following the main source. Text files are
tequired by this facility in order to insure memory
protection. A memory error will occur if a PUT file
poes beyond HIMEM: . These files are in memory only one
at a  time, so a very large program can be assembled
uslng the PUT facility.

There are two restrictions on a PUT file. First, there
cannot be MACRO definitions inside a PUT file, they must
L In the main source. Second, a PUT file may mot call
another PUT file with the PUT opcode. 0f course, liok-
fng can be simulated by having the "main program” just
contain the macro definitions and call, in turn, all the
others with the PUT opcode.

Auny variables (such as )LABEL) may be used as “local”
viriables. The usual local variables |1 through ]8 may
be set up for this purpose using the VAR opcode.

The PUT facility provides a simple way to incorporate
mueh  used  subroutines, such as PRINT or PRDEC, in a
program.

(setup VARiables)

BXPL, EXPL; eXPr...
Thia 1s just a convenient way to equate the variables |1
thra |8. "VAR 3;$42;LABEL" will set |L = 3, ]2 = $42,

and |3 = LABEL. This is designed for use just prior to
a rur. Il a PUT file uses ]J1 — |8, except in >>> lines
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SAV

SAV

DSK

DSK

48

for calling macros, there MUST be a previous declaration
of these.

(SAVe object code)

filename
"SAVE filename", (drive parameter accepted) will save
the current object code under the specified name. This

acts exactly as does the EXEC mode object saving
command, but it can be done several times during
assembly.

This pseudo-opcode provides a means of saving portions
of a program having more than one ORG. It also enables
the assembly of extremely large files. After a save,
the object address is reset.

The SAVE command sets the address of the saved file to
its correct wvalue. For example, if your program
contains three SAV commands, then it will be saved in
three pieces. When LOADed later with the LOAD "FILE",
8,1 syntax, they will go to the correct locations, the
third following the second and that following the first.

Together, the PUT and SAV opcodes make it possible to
assemble extremely large files.

(assemble directly to D{iSK)

filename

"DSK filename” will direct the assembler to assemble the
following code directly to disk. 1f DSK 1is already 1in
effect, the old file will be closed and the new one
begun. This is wuseful primarily for extremely large
files.
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(N (END ol source tile)
[
(hin rarely used or needed pseudo opcode instructs the

asnvembler  te ignore the rest of the source. Labels
avcurviog afver END will not be recognized.

LM (DUMmy section)
DUM expression
I'his starts a sectlon of code that will be examined for
value of labels but will produce no object code. The
cipression must give the desired ORG of this section.
It is possible to re-ORG such a section using another

DUMMY  opcode or using ORG. It is legal to use DS op-
codes  In dummy sections but, since the address is not
printed for a DS opcode, it is preferable to use other
lorms (DA, DFB, etc). Note that, although no object code
is produced from a dummy section, the text output of the
assembler will appear as if code is being produced.

DEND ( Dummy EWND)
DEHD
Iiis  ends a dummy section and re—establishes the ORG

address  to the value it had upon entry to the dummy
sectlon.
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Formatting

LST ON/OFF  (LiSTing control)

LST ON or OFF

This controls whether the assembly listing is to be sent
to the screen (or other output device) or not. You may,
for example, use this to send only a portion of the
assembly listing to your printer. Any number of LST
instructfons may be in the source. If the LST condition
1s OFF at the end of assembly, then the symbol table
will not be printed.

The assembler actually only checks the third character
of the operand to see whether or not it is a space.
Therefore, LST FRED will have the same effect as LST
OFF. The LST directive will have no effect on the
actual generation of object code. If the LST condition
is OFF, the object code will be generated much faster,
but this is recowmended only for debugged programs.

NOTE: Function key Fl from the keyboard toggles this
flag during the second pass. .

EXP ON/OFF (macro EXPand control)

EXP ON or OFF

50

EXP ON will print an entire macro during the assembly.
The OFF condition will print only the >>> pseudo-op. EXF
defaults to ON. This has no effect on the object coded
generated.
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1Al

(W

1'At:

WY

DK

alkP

(PAlTe)

O the second pass this causes assembly to pause until
4 ey is hic. This can alsoc be done from the keyboard
by hictting the space bar.

(new PAGe)

Ihis sends a formfeed (S@UC) to the printer. It has no
effeet on  the screen listing even when wusing an 8§-
column  cartridge. MNote that the Commodore 1525 printer
docs  not recognize a form feed. If PRTR is in effect,
however, this character will be intercepted and acted
upon properly.

(send a line of ASTerisks)

" expression

This sends a number of asterisks (*) to the 1listing
cqual to the value of the expression. The number format
Is the usual cre, so that AST 1§ will send (decimal) 19
asterisks, for example. The number is treated modulo 256
with ¥ being 256 asterisks!

(SKiP lines)
expression

This sends "expression” number of carriage returns to
the listcing. The number format is the same as in AST.
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TR ON/UFF (TRuncate control)

TR ON or OFF

TR ON 1limits object code printout to three bytes per
source line, even if the lipe generates more than three.
TR OFF resets it to priant all the object bytes.

Strings

TXT

TXT

The opcodes in this section also accept hex data after
the string. Any of the following syntaxes are
acceptable:

ASC "string"878Dp¢¢
ASC "string",878D@¢@
ASC “string”,87,8D,¢¢

(define TeXT)
d-string

This puts a delimited Commodore ASCII string into the
object code. The oaly restriction on the delimiter 1is
that it does not occur in the string itself. Different
delimiters have different effects. Any delimiter 1less
than (in ASCII code) the single quote (7) will produce a
string with the high-bits on, otherwise the high-bitsg
will be off. For example, the delimiters 1"#$%& will
produce a string in "negative” ASCII, and the delimiters
“()+? will produce one in “positive"™ ASCII. Usually the
quote (") and single quote (7) are the delimiters of
choice, but other delimiters provide the means of
inserting a string containing the quote or single quote
as part of the string.
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(Dt ral Character Inverted)

=nleing

Ihia 14 the same as TXT except that the string 1is put
buto memory with the last character having the opposite
ligh blt  as the others. All choices for delimiters
otherwlse have the same effect as TXT.

(define ASCii text)

Pd=string

I'his is the same as TXT except that it uses standard
ASCLL annotation.
(define AScii Inverted text)
d-string
Ihis 1s the same as ASC except that the string is put
into memory with the last character having the opposite
high bit to the others. ASI is to ASC as DCI is to TXT.
(define REVerse text)
destring
This puts the d-string in memory backwards. Example:

IV "ih\(..‘l'{{_jAR" gives "RACECAR"
(maybe thac wasn”t such a good example)

REV "COMMODORE" gives "ERODOMMOC”

Dellmiter choices are the same as with TXT. HEX data
cannot be added after the string teminator.
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STR

(define text with length byte for STRings)

STR d-string

This 1is the same as TXT but places a leugth byte
preceding the string. The syntax will accept hex data
aftar the string only, but the length will not ignclude
any hex bytes.

In summary:

Cummand Inpur  Apnotacion Assembles as fhex)

TXT
DCI
REV
ASC
ASIL

Data

DA

“Abc” Conmodore ASCIT 61 42 43
“Abe” Commodore ASCII 61 42 c3
“Abe” Conmodore ASCII 43 42 61
“Abe” Stanuard ASCII 41 62 63
“Abc” Standard ASCII 41 62 E3

and Allocation

(Define Address)

DA expression

DDR

DDB

54

This stores the two-byte value of the operand, usually
an address, in the object code, low-byte first. For
example, DA SFDFP will generate F@ FD. Also accepts
multiple data (e.g. DA 1,18,1¢¢)

(Pefine Double Byte)
expression

As above, but places high-byte First. Also accepts
multiple data (e.g. DDB 1,10,14@).
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D

e n

HEX

HEX

(Dellne Bytes)
wprenn lon

(lils puts  the byres specified by the operand into the
abject code. It accepts several bytes of data, which
munt be separated by commas and contain no spaces. The
standard number format is used and arithmetic is done as
lI'.II.ll..

The "#" symbol is acceptable but ignored, as is “<".
The ">" symbol may be used to specify the high-byte of
the label, otherwise the low-byte 1s always taken. The
“»" symbol should appear only as the first character of
an  expression or immediately after #. That is, the
Instruction DFB >LABL-LAB2 will produce the high-byte of
the value of LABL-LAB2.

il Le:

DFB $34,100,LAB1-LAB2,%1611,>LABL1-LAB2

ls a properly formatted DFB statement which will gen-
erate the object code (hex):

34 64 DE @3 @9

agsuming that LABL=$81lA2 and LAB2=§77C4.

(define HEX data)
hex-data

Ihis is- an alternative to DFB which allows convenient
Insertlon of hex data. Unlike all other cases, the "§"
lv not required or accepted here. The operand should
contgist of hex numbers having two hex digits (e.g. @F,
not ). They may be separated by commas or may be
ad jacent . An  error message will be generated i1if the
operand  contains an odd number of digits or ends in a
comma, or, as in all cases, contains more than 64
charactuars.
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DS

(Define Storage)

DS expressiaon.

56

This reserves space for storage data. It zeros out this
space if the expression is positive. DS 1f, for exam—
ple, will set aside 1¥ bytes for storage. Because DS
adjusts the object code pointer, and instruction like
D5 -1 can be wused to back up the object and address
pointers one byte.
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K

L b |

Lur

LA

(detine label from KeyBoarD)
KD Cdestring>

This allows a label to be equated from the keyboard
durfng  assembly. Any expression may be inputted,
fneludlng  expressions referencing previously defined
labels,  however a BAD INPUT error will occur 1if the
Input cannot be evaluated. If the operand is empty, then
the message  “Give value for: ", followed by the the
lubel, is printed on the screen. If the operand contains
a dellmited string then this string is printed instead.
HSee MACRO LIBRARY and KEYMAC for examples of this.

(bepin a loop)

expression (Loop)
(end of LUP)

The LUP  pseudo-opcode 1s used to repeat portions of
source between the LUP and the ==" "expression” number
ol times. An example of the syntax for this is:

LUP 4
ASL

-~

Which will assemble as:

ASL
ASL
ASL
ASL

and  will show that way in the assembly listing, with
tepeated line numbers.
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CHK

CHE"

ERR

ERR

58

Perhaps the major use of this is for table building. As
an example:

1A = ¢
LUP $FF

1A = A+
DFB |A

will assemble the table Ly 24 345 s, 8FF,

The maximum LUP value 1s $80¢¢ and the LUP opcode will
simply be ignored if you try to use more than this.

(place CHecKsum in object code)

This places a checksunm byte into object code at the
location of the CHK opcode (usually at the end of the
program).

(force ERRor)
expression

"ERR expression” will force an error 1f the expression
has a non-zero value and the message BREAK IN LINE 777
will be printed.

This may be used to ensure your program does not exceed,
for example, $95FF by adding the Final line: '

ERR  *-1/5960¢

NOTE: This would only alert you that the program is too
long, and will not prevent writing above $96(¢ during
assembly, but there can be no harm in this. The errvor
occurs only on the second pass of the assembly and does
not abort the assembly.
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Another available syntax is:
LR (5398)-84C

whileh will produce an error on the first pass and abort
aunembly  if  location $3Y¢ does not contain the wvalue

)

i (U4ell definable opcode)
st optional expressions

Iils  1s a user definable pseudo opcode. It does a JSR
41159, To set up your routine you should RUN it with the
EXEC mode "G" command. Your routine can start at address
4144 with an RTS at that location, so that, effectively,
the  "G"  command simply loads the remainder of the
propgram  to §$335. The following flags and entry points
miny be used by your routine:

USRADS = $335 ;start of your routine
PUTBYTE = SB726
EVAL = $B729
PASSNUM = §4 ;contains assembly pass number
ERRCNT = 51F ;error count
VALUE = $55,56 ;value returned by EVAL
OPNDLEN = 5§21 ;contains combined length of
;operand and comment
HOTFOUND = $3D ;see discussion of EVAL
WORKSP = 398¢  ;contains the operand and
;comment in positive ASCLI
Your routine will be called by the USR opecode with A=0,,
Y4 amld carry ser, To direct the assembler to put a
byt (n the object code, you should JSR PUTBYTE with the
bytw In A.
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[§18]

PUTBYTE will preserve Y but will scramble A and X. 1t
returns wlth the zero flag clear (so that BNE always
branches). On the FEirst pass, PUTBYTE adjusts the

object and address pointers, so that the contents of the
registers are not important. You MUST call PUTBYTE the
SAME NUMBER OF TIMES on each pass or the polnters will
not be kept correctly and the assembly of other parts of
the program will be incorrect!

If your routine needs to evaluate the operand, or part
of it, you can do this by a JSR EVAL. The X register
must point to the first character of the portion of the
operand you wish to evaluate (put X=@ to evaluate the
expression at the start of the operand). On return from
EVAL, X will point to the character following the ev-
aluated expression. The Y register will be @, 1, or 2
depending on whether this character is a right paren-
thesis, a space or a comma.

Any other character not allowed in an expression will
cause assembly to abort with a BAD OPERAND error. 153
some label 1in the .expression is not recognized then
location NOTFOUND will be non-zero. On the second pass,
however, you will get an UNKNOWN LABEL error and the
rest of your routine will be ignored. On return from
EVAL, the computed value of the expression will be in
location VALUE and VALUE+l, lowbyte first. On the First
pass this wvalue will be insignificant if NOTFOUND is
non-zevro.

Your routine may use zero page locations §6@-$6F for
scratch work but other zero page locations should not be
altered. Upon return from your routine (RTS), the USR
line will dbe printed (on the second pass).

When you use the USR opcode in a source file, it {s wise
to include some sort of check (in source) that the

required routine is in memory. 1f, for example, your
routine contains the byte §3 at location $348 then:

ERR ($34@)-53

will test that byte and abort assembly if it 1s not
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R Sl tarly, if you know that the required routine
ahoe b ansemble exactly two bytes of data, then you can
Croaphty)y check for it by the following code:

LA USR  OPERAND
ERR  *-LABEL-2

(e will Torce an error on the second pass if USR does
wol produce exactly two object bytes.

[t iu ponsible to use USR for several different routines
fn the same source. For example, your routine could
checle  the first operand expression for an index to the
dewlred  routine and act accordingly. Thus "USR 1,
whatever”™ would branch to the first routine, "USR
oututl™ to the second, etc.

(DO il true)

(proession
Ihis, together with ELSE and FIN are the conditional
astembly PSEUDO-0PS. If the operand evaluates to ZERO,.
thea  the assembler will stop generating object code
(unt il it sees another conditional). Except for macro
fnamees it will not recognize any labels in such an area
ol code. 1f the operand evaluates to a non-zero number,
then  assembly will proceed as  usual. This 1is very
uselul for MACROS.

It tw also wuseful for sources designed to generate
slighely different code for different situations. For
example 1l you are designing a program to go to on a
oM chitp, you would want one version for the ROM, and
, with small differences to create a RAM version
Lo debuapping purposes.

Ao b
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ELSE

ELSE

ILF

By wusing conditional assembly, modification of such
programs becomes much simpler, since you do not have to
make the modification in two separate versions of the
source code. Every DO should be terminated somewhere
later by a FIN and each FIN should be preceded by a DO.
An  ELSE should occur only inside such a DO/FIN struc-
ture. DO/FIN structures may be nested up to eight deep
(possibly with some ELSE”s between). If DO condition is
of f (value §), then assembly will not resume until its
corresponding FIN is encountered, or an ELSE at this
level occurs. Nested DO/FIN structures are valuable for
putting conditionals in MACROS.

(ELSE do this)

This inverts the assembly condition (ON becomes OFF and
OFF becomes ON) for the last DO.

(IF so then do)

IF char,]var (ILF char is the first character of )var)

FLIN

FLN
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This checks to see if char is the leading character of

the replacement string ]Jvar. Position is importcant:
the assembler checks the first and third characters of
the operand for a match. If a match is found then the

following code will be assembled. As with DO, this must
be terminated with a FIN, with optional ELSEs between.
The comma is not examined, so any character may be used
there. For example, IF (=]1.

(FINish conditional)

This cancels the last DO or IF and contlnues assembly
with the next highest level of conditional assembly, or
ON 1f the FIN concluded the last (outer) DO or IF.
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Fwampde of the wae of conditional assembly:
(8] 1AL
Lbha )1
1A ]2
HOV T MAC
MOV )1;]2
LF (.11 ;Syntax MOVD (ADR1l),Y;?77?7
[NY
Ir o (,)2 ; MOVD (ADR1),Y;(ADR2),Y
MOV J1l;]2
ELSE ;  MOVD (ADR1),Y;ADR2
MOV |1;]2+1
FIN
ELSE
IF ) A ;Syntax MOVD ?777;(ADR2),¥Y
INY
1F #,]1L ;  MOVD #ADR1;(ADR2),Y
MOV JL/S10@;]°?
ELSE ; MOVD ADRL;(ADR2),Y
MOV ]1+1;])2
FLN
ELSE ;Syntax MOVD ?777;ADR2
r 4,1 :  MOVD #ADRL;ADR2
MOV ]1/$108@;]2+1
ELSE ;  MOVD ADR1;ADR2
MOV 1415 ]2+1
LN ;MUST close ALL
FIN ;jconditionals, Count DOs
FIN ;& IFs, deduct FINs. Must
<< ;yield zero at end.

4 Caldl nyhluxus supported by MOVD:

MOVD ADR1;ADR2

MOVD (ADRL),Y; ADR2
HOVD ADRL; (ADRZ),Y
MOVD (ADRL),Y;(ADR2),Y
HOVD #ADRL; ADR2

MOVD #ADRY; (ADR2),Y
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Macros

MAC

(begin MACro definition)

label MAC

This signals the start of a MACRO definition. It must
be 1labeled with the macro name. The name you use is
then reserved and cannot be referenced by things other
than the >>> pseudo-op (things like DA NAME will not be
accepted if NAME is the label on MAC). See the section
on MACROS for detalls of the usage of macros.

<L (end of macro)
<<
This signals the end of the definition of a macro. It
may be 1labeled and used for branches to the end of a
macro, or one of its copiles. :
> (include macro)
22> macro-name
This 1instructs the assembler to assemble a copy of
the named macro at the present location. See the
section on MACROS. It may be labeled.
Variables
Labels beglnning with "]" are regarded as VARIABLES. They
can be redefined as often as you wish. The designed purpose

of variables is for use in MACROS, but they are not confined
to that use.
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[l relerence to a variable is impossible (with correct
peanttn) bot the assembler will assign some value to it.
it to, a vartable should be defined before it is used.

It tu  poualble ro use variables for backwards branching,
duloge the same label at numerous places in the source. For
L] I||||l|l

I Lby #¢

S pLoor LDA TABLE, Y

| BEQ NOGOOD

] JSR DOIT

"y LNY

f BNE ]JLOOP ; BRANCH TO LINE 2

/ HOGOOD  LDX #-1
ol ILoopr  INX

9 STA DATA,X
1 LDA TBL2,X
I BNE ]JLOOP ; BRANCH TO LINE 8
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MACROS

Defining a Macro
A macro definition begins with the line:

Name MAC (no operand) =
with Name in the label field. Its definition is terminated
by the pseudo-op <<<. The label Name cannot be referenced by
anything other than »>> Name.

The conditionals DO, ELSE and FIN may be used inside a macro.

Labels inside mwacros are updated each time >>> is encounter—
ed.

Error messages pgenerated by errors in macros usually abort
assembly, because of possibly harmful effects. Such messages
will wusually indicate the line number of a >>> rather than
the line inside the macro where the error occurs.

Nested Macros
Macros may be nested to a depth of 15.
Here is an example of a nested macro in which the definition

itself is nested. (This can only be done when both defini—
tions end at the same place.)

TRDB MAC
55> TR.]141;]2+1
TR MAC
LDA }1
STA ]2
<<«

In this example >>> TR.LOC;DEST will asseuble as:

LDA LOC
STA DEST
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i hil PO oL, DEST will assemble as:

LA L0 H]
SUA DESTH)
LA LK
SN DEST

WL o n lorm  of I\Esting is illustrated by these two
mac b detinttions (where CH = $D3):

PO MAL
LA 1) 2
ara |1

NIAN MAL
POKE.CH; )1

FACIO names may also be put in the opcode column, rather than
the »o0, with the following restriction:

Ihe (lrst three characters of a name must not coincide
with any regular opecode. It is acceptable if two MACRO
names have the same first three characters.

lwception:  The Ffourth character of an opcode or MACRO
wame modilfies the recognition of the name if it is a
I This a MACRO name INCD will not conflict with the

opeode [NC.

Mote  that  the  »>> syntax is still available and is not
b ject to this restriccion. The seven character limitation

han bewn removed .,
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Special Variables

Eight variables, named ]l through |8, are predefined and are
designed for convenience in MACROS. These avre used in a »>>
statement. The instruction:

22> NAME exprl;exprl;exprd...

will assign the value of exprl to the variable |1, that of
expr2Z to ]2, and so on. An example of this usage is:

TEMP EQU 514
SWAP MAC
LDA 11
STA 13
LDA ]2
STA 1
LbA 13
STA 12
<<
202 SWAP $6;57;TEMP
>3 SWAP 51008;56; TEMP

This program segment swaps the contents of location $6 with
that of $7, wusing TEMP as a scratch depository, then swaps
the contents of $6 with that of $1¢@g@.

If, as above, some of the special variables are used in the
MACRO definition, then values for them must be specified 1in
the >»> statement. In the assembly listing, the special
variables will be replaced by their corresponding
expressions.

The number of values must match the number of variables in
the macro definition. A BAD OPERAND error will be generated
if the number of values is less than the number of variables.
No error messape will be generated, however, if there are
more values than variables.
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I fenpmbler Wi bl aecept some other characters in place of
e e e hobwevine the waero name and the expressions in a D>
LY Por ccample . you may use any of these characters:
/ {
the mvmbeodonn ave required, however, and no extra spaces are
TR
Madin  will  aceept literal data. Thus the assembler will

ept the tollowing type of macro call:

MUY MAL
1A |1
R1'A )2
MUV.(PNTR),Y;DEST
MUV. 473 FLAG, X
11 wtll mlao lecepts

PFHINI FEAL
L SENDMSG
INT )1
AL

PRINT. ! "quote"!
I'RINT. This is an example”
P'RINT. "So”s this, understand?”

LIREEATION: 11 such strings contain spaces or semicolons,
Choy B be delimited by quotes (single or double). Also,
Piteraln wuch as >>5 WHAT."A" must have the final delimiter.
(Ihts fo only true in macro calls or VAR statements, but it
Lo good practiee {n all cases.)
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The Macro Library’

A macro library with two example macro programs 1s included
in source file form on this diskette. The purpose of the
library is to provide some guidance to the newcomer to macros
and how they can be used within an assembly program.

NOTE: All macros are defined at the beginning of the source
file, then each example program places the macros where they
are needed. Conditionals are used to determine which example
program is to be assembled. The KBD opcode allows the user
to make this selection from the keyboard during assembly.

10
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FREEVNEL AL PMEEEIA T DN

Pl movier ba placed art SAPL when loaded, regardless of 1its

Pt il
Fhe Lmportant polinters are:

FAILE OF SouRCE in $C,8D (always set SA@L)
WERTEM in SE,SF (defaults to $B8@@@)
FHD OF SOURCE in 519,511

When vom wult to BASIC or to the monitor, these pointers are
waveid o oal UABIR-SABRD. They are restored upon re—entry to
MERELEN

el ITolormation

[t 40 enter MERLIN after going to BASIC, wuse the SYS 5200¢

il

Hemoty orpanlzation, for ordinary sized files is of no con-
ot to the user,  but it is important to understand certain
conatealnts ftor the handling of large files. MERLIN™S HIMEM
(uhileh defaules  to $80@@) is an upper limit to the source
i1le [t i also an upper limit for PUT files. If a memory
Gitod occurn during assembly, indicating a PUT line, it means
the U tile exceeded HIMEM and that HIMEM will.have to be

Invresanail

[he detanlt ORG address equals the present value of HIMEM. If
dur Lo annembly,  the object code exceeds BASIC HIMEM (or the
At addiens, i one has been specified) then the code will
fiot b wieltten to memory, but assembly will appear to proceed
vl Lt ountpat sent to the screen or printer. The only clue
Chat thbs has happened, 1if not intentional, 1is that the
b et SAVE command is disabled in this event. Therefore, if
Lt dog tor a very lonpg file is desired, without actually
Crweatbog codie, the user can assemble over MERLIN itself.

T3
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SFFFF

SOFFF
SCFFF

$N000
$UFFF
END OF OBJECT CODE: -—#

MERLIN HIMEM: 8000

END OF SOURCE: —

BEGINNING
OF SOURCE —» tanD

TIFF

TECHNLCAL

INFORMATLON

MERLIN 64 MEMORY MAP

SYMBOL TABLE AND i
HMI PATCH (RAM) |
KERMAL PAICH

I/O LOCATIONS

MERLIN 64

OBJECT CODE 1

SOURCE FILE

L

L4

MISC. USAGE
MAY BE USED BY THE EXEC G
COMMAND FOR ONETIME
UTILITIES BUT #9FF SHOULD
HOT BE CHANGED.

UNUSED
MISC. USAGE

SCREEN MEMORY
UNUSEC BUT DESIGNAIED FOR
J USR OPCODE ROUTINES
i

g o S o g

(USR DOES A ISR §325)

] UNUSED - MAY BE USED FOR RIS
BY USR OPCODE ROUTINES

f
L.

KERMAL FLAGS AMND MISC,
MERLIN FLAGS §32EF 15 THE
EDITOR'S USER VECIOR

1]

UHUSED

B et
Ly

STACK AMD OIHER USAGE

ZERO PAGE COMPLETE USAGE

LT

il

57743

S2u67

40960

apose

32768

2960

2559

2303

2207
20n13
2047

1023

820

B8i9

&00

CAN ALSO BE FOUND
WITH "WQO" COMMAND
FRROM ECIT MODE
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Wbt Talila

1 cibc bbb b printed after assembly unless LST OFF has
Bpen fnvakal It comes first in alphabetical order and then
e e onder. The symbol table is flagged as follows:
M Havto Delinition
I Label wdelined in a macro (LOOP and OUT in the
eoimple) 2
1 Variable (symbols starting with ])

A uymbol that was never referenced

Fiternnl by, these are flagged by setting bits 7 to 4 of the
s ymbin L onnigst h hyte:

it/ Mbhebit 5 M=bit 4

Vi, bl 6o dw set during the alphabetical printout to flag
prdnted aymbols,  then  removed during the numerical order
0 Lot Ihe symbol printout is formatted for an 8¢ column
pidntor, o1 tor one which will send a carriage return after
AW eulumng

ol HERLIN Wich 88 Column Cartridges

Oily the DATAZY Videopack 8§ is supported as of this release.
ety 1o the VID command in the section on the EDITOR for
detatln on how to use 8Y column boards with MERLIN.

the Contlegvre ASM Program

Hod b byable  contipuration parameters are given in the DATA
Flpe boothe BASIC program called "MERLIN™. These values are
poled Into doeations  SAPU6-3AB22. These parameters are
i vibad an tollows:
L ATLON MRS ENT : PURPOSE

X)) VALUE 3 AND COMMENTS
AV ] : Speed of output to printer.

[ntended for use with the
R5232 port to fine tune oulb=—
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put speed. It can be used to
compensate for the lack of
printer handshake without
having to lower the baud
rate. The fastest speed is
given by @ and this should be
used for the Commodore
printers on the serial port.

ADPBT : @ : 80 column flag for initial
entry. Selects DATA2( 80-
column mode if card is

: present and this flag is 128
(=580).
AGD8 ,ADPS : @,19 (sapad) : Default source address — must
: ) not be below SA@@.
APPA,ADGB : §,128 (5800@) : Default HIMEM and object
: address.

APOC,ABPD : ¢,10 (5A00) : End "6f source pointer. Must
equal default source address
upon entry.

AQPE : 94 ($S5E) : Editor"s wild card.

AQPF 4 : Number of fields in symbol
table printout.

ALY 47 (S$2F) : Search character "/" for
“"Update source” question.

ABLL 15 {§F) Border color.

APL2 15 (§F) Background color.

AB13 144 (599) Character color.

ABL4 6 : RS232 control register.

ABL5 16 (51¢) : RS232 control register.

AdLG,ABL7 @ §,9 : RS232 optional baud rate
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\WiN

wmiy

AVIA

TRl

1K

AL

AL

;\‘,1[ |

a\'ﬂ I'r"

A2 Y

Ml

LA (5B

(5 )

Hy (55¢8)

[

97 (561)

14,20,31]
(ab,814 SLF)

TECHNICAL INFORMATION

Repeat all keys if $88, but
not if @.

Number of lines per page (for
PRTR) .

Number of lines to skip at
page end. If this is a @ a
formfeed (SC) is sent to the
printer (for PRTR).

Number of characters per line
(for PRTR).

Should be 128 if printer does
its own C/R after printing
the number of characters in
SAPLR, else @.

Sends a linefeed after C/R if
this is $D=13 and not if .
Values other than 13 or @

: must not be used.

1f this is 32=%29 then Commo-
dore ASCII will be converted

to standard ASCII upon output
to the printer. This is used

mainly for 3rd party printers
on the RS5232 port.

I1f this is 97 then characters
sent to a printer will be
echoed to the screen. If @
then there is no echo. Other
values must not be used.

Default tabs for editor and
assembler
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Error Messages

BAD OPCODE

Occurs when the opcode is not valid (perhaps wisspelled)
or the opcode is in the label column.

BAD ADDRESS MODE

The addressing mode is not a valid 651¢ instruction; for
example, JSR (LABEL) or LDX (LABEL),Y.

BAD BRANCH

A branch (BEQ, BCC, etc) to an address that is out of

range, i.e. further away than +127 bytes.

NOTE: Most errors will throw off the assembler”s
address calculations. Bad branch errors should be
ignored until previous errors have been dealt with.

BAD OPERAND

76

An illegally formatted operand. This also occurs 1f you
"EQU” a label to a zero page number after the label has
been used. It may also mean that your operand is longer
than 64 characters, or that a comment line exceeds 64
characters. This error will abort assembly.
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PP LEATE BY MOl
(e Gl liat pass,  the assembler finds two identical
| TR Y

MEY 1

(flitn  In nsually caused by one of three conditions;
Goniee code too large, symbol table too large, or a PUT
{4l extending beyond HIMEM. See "Special Note" at the
il ol this section.

HNKEHOWN  LAREL

(oni program  refers to a LABEL that does not exist.
(liis also occurs if you try to reference a MACRO defini-
tlon by anything other than >>>. It can also occur if
ihe  referenced label is in an area with conditional
aunembly  OFF. The latter will not happen with a MACRO
el inftion.

NHOT MALIRO

[tulerence by >»> to a label that is not a MACRO.

MICHT NG ERROR

Miacron  nested more than 15 deep or conditionals nested
more than 8 deep.

HAD "o

fliin  Iw caused by a PUT inside a wmacro or by a PUT
i lde anocher PUT file.

17




MERLIN Users Manual TECHNICAL LNFORMATION

BAD "SAV”

This is caused by a SAV inside a macro.

BAD INPUT

This results from either no input (RETURN alone) or an
input exceeding 37 characters in answer to the KBD op-—
code”s request for the value of a label.

BREAK

This message is caused by the ERR opcode when the ex—
pression in the operand is found to be nonzero.

BAD LABEL

This is caused by an unlabeled EQU or MAC, a label that
is too long or one containing illegal characters.

Special Note — Memory Full Errors

There are four common causes for the "memory full" error
message. A more detailed description of this problem and
some ways to overcome it follow.

ERROR MESSAGE: “"ERR: MEMORY FULL". Generated immediately.
after you type in one line too many. CAUSE: The source code
is too large and has exceeded MERLINs HIMEM (normally $80d9)
REMEDY: Raise MERLIN"s HIMEM (see the section on the HIMEM
command) or break the source file up into smaller sections
and bring them in when necessary by using the "PUT" pseudo-

op -

ERROR MESSAGE: "MEMORY FULL IMN LINE: n”. Generated during
assembly. CAUSE: Too many symbols have been placed into the
symbol table, causing it to exceed availible space. REMEDY :
Make the symbol table larger by using the SYM command Lo
lower its beginning address.
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PR B SBAGE S Mo, but no  object code will be pgenerated
f bl Il b one object information displayed on the EXEC
"I CAN thject code penerated from an assembly would
Wave veceded the nymbol table or BASICs HIMEM. Also can be

gised By U e beding too large. REMEDY: Lower MERLIN s
WA e v bte the object code directly to disk, wusing the
UK el o

Whett  an eiror oecurs on the first pass and while the
aauemliler  Iw processing a PUT file, the error message will
bbb nte the Line number preceded by ">" in the PUT file. To
fhud wlideh dine of the main program is in effect (which will
et U 1 ine),  simply type "/"<RETURN> and quickly stop

bhe il lng Ihe first line listed will be the active line.
BN T
P!

Apoetal Commodore Key
AL COMMENTS

L1 A G : Note that the proper entry format is
byte—-space-byte etc.

WA Disassemble 2@ lines beginning at
S1@@@. ASCII indicated at right.

AR Disassemble 4y lines beginning at
$10¢@. ASCIT indicated at right.

Mud b dple 1w Continues disassembly at current
address.

AR Does a hex dump of 8 bytes at $100@.
ASCLL indicated at right.

h h alone continues the dump from
current address.
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Multiple h™s

1098, 11¢¢n

S1PPR<——20¢¢,201Fm

$199¢,20002
S1P0P<--2009 ,201Fv

$100dg

S

$q

80

TECHUNICAL INFORMATION

Dumps multiple 8 byte blocks.

Does a hex dump of the designated
range. Note comma is used here.

Moves range $20P¢-S$2PLF to $1¢0@¢.
This supports both upward and
downward moves. .

Zeros this range.

Compares the range $20@@-$2¢1F with
that starting at $10@@ and displays
contents of both when differences
are found.

Jumps to program at $1P@@. Return by
RTS. A BRK will also return with a
reglister display.

Returns to editor.
Returns to EXEC mode. This is a

"safe" return even if the zero
page locations have been changed.
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PR MO

gupcr ot e o sophisticated and easy to use disassembler
fewtpied an a subsldliary to create MERLIN source files out of
Bdiary propgrams,  usually in a matter of minutes.

Ua b SOURCEROR

SOURCEROR can be LOADed and RUN from BASIC or can be run
dnlng  MERLIN'S  "G" command. It requires the standard
Commodore 4% column screen to be in use when it is run.

SOURCEROR may also be run as follows:

LOAD "SOURCEROR.0™,8,1
HYS 12%4(906

SOURCEROR  overwrltes part of MERLIN and, after exit, a
Sy S will re—enter SOQOURCEROR not MERLIN, MERLIN

munt be reloaded.

\ i entry  you are asked 1if you want to load an object
(11e. You must supply the full file name, including the
S0 1t any. If this option is selected then the object
f11e will be loaded to a particular location ($A@GP), and
(e wouree  address will be placed just following that.
MI N s menu  format will inform you of the range of
memoty  normally occupled by the program. You should
dtart disassembly at this beginning address.

You will be told that the default address for the source
[l In $250. This was selected becuase 1t does not
contller with the addresses of most binary programs you
mny wlah to disassemble. Just press RETURN to accept
ihln deltaule address. Otherwise, specify (in hex) the
wiliddvenn you want.

h Mewt . you will be asked te hit RETURN if the program to

b diwnunenbled s ar its original (running) location,
e you munt speclily in Hex, the present location of the
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code to be disassembled. Finally, you will be asked to
give the ORIGIMAL location of that program.

When disassembling, you must use the ORIGINAL address of
the program, not the address where the program currently
resides. It will appear that you are disassembling the
program at 1its original location, but actually,
SOURCEROR is disassembling the code at its present loca-
tion and translating the addresses.

b Lastly, the title page which contalns a synopsis of the
commands to be used in disassembly will display. You
may now start disassembling or using any of the other
commands . Your first command must include a Hex ad-
dress. Thereafter this is optional, as we shall
explain.

At this point, and until the final processing, you may
hit RUN/STOP and RESTORE to return to the start of the
SOURCEROR program. If you hit RUN/STOP-RESTORE once
wore, you will exit SOURCEROR and return to BASIC.
Using RESET assumes you are using the Autostart monitor
rom.

Commands Used in Disassembly

The disassembly commands are very similar to those used by
the disassembler in the MERLIN monitor. All commands accept a
4-digit hex address before the command letter. If this
number 1s omitted, then the disassembly continues from 1ts
present address. A number must be specified only upon
initial entry.

I1f vyou specify a number greater than the present address, a
new ORG will be created.

More commonly, you will specify an address less than the
present default value. 1In this case, the disassembler checks
to see 1if this address equals the address of one of the
previous lines. If so, it simply backs up to that point. 1f
pnot, then it backs up to the next used address and creates a
new ORG. Subsequent source lines are “"erased”. It is gen-—
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crally hent to avold new ORGs when possible. If you get a
pew ot aed don” b wane it,  try backing up a bit more until
G bonper pet a new ORG upon disassembly.

pomd Descriptions

(lils &5 the main disassembly command. It disassembles 2§
Ilnes  of code. 1t may be repeated (e.g. 2¢@PLLL will’
divnannemble 6@ lines of code starting at $20@@).

It an illegal opcode is encountered, the bell will' sound
il opecode  will be printed as three question marks in
[lanhing format. This is only to call your attention to
the sltuation. In the source code itself, wunrecognized
opeodes are converted to HEX data, but not displayed on

the screen.

I (Hex)

I'hls  creates the HEX data opcode. 1t defaults to one
byte of data. 1f you insert a one byte (one or two
dipits) hex number after the H, that number of data bytes
will be gpenerated.

' (et )

Ililss attempts to disassemble the data at the current
addrenss  as an ASCIL string. Depending on the form of
(he data, this will (automatically) be disassembled
ey the  pseudo opcode TXT cr DCI. The appropriate
delimliter ™ or © is automatically chosen. The disassem—
by will end when the data encountered is inappropriate,
Whet 62 characters have been treated, or when the high
it ol the data changes. In the last condition, the TXT
apeade I auntomatically changed to DCI.
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Sometimes the change to DCI is inappropriate. This
change can be defeated by using TT instead of T im the
command .

NDccasionally, the disassembled string may not stop at the
appropriate place because the following code looks 1like
ASCII data to SOURCEROR. In this event, you may limit
the number of characters put into the string by inserting
a one or two digit hex number after the T command.

W (Word)

This disassembles the next two bytes at the current
Jocation as a DA opcode. Optionally, if the command WW
is wused, thaese bytes are disasseuwbled as a DDB opcode.
Finally, if W- is used as the command, the two bytes are
disassembled in the form DA LABEL-1. The latter is often
the appropriate form when the program uses the address by
pushing it on the stack. You uay detect this while
disassembling, or after the program has been dis-
assembled. In the latter  case, it may be to your advan-—
tage to do the disassembly again with some notes in hand.

Housekeeping Commands

/ (Cancel)

84

Thic essentially cancels the last commaud. More exactly,
it re-establishes the last default address (the address
used for a command not necessarily attached to an

address). This is a useful convenience which allows you
te dgnore the typing cf an address when a backup 1is
desired. As an example, suppose you type T to dis-
assemble some text. You may not know what to expect
following the text, so you can just type to L to look at
it. Then 1if the text turns out to be followed by some

Hex data (such as $@D for a carriage return), simply type
/ to cancel the L and type the zppropriate H commaad ,
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AT

Il codadbsansembly and goes to the final processing
Wil ba antomatte.  If you type an address before the Q,
fhe wliliens polnter is backed to (but not including) that
podnt hetoare  the processing. If, at the end of the
Honnnembily, the disassembled lines include:

T WG @43 EQ JMP  SE@@3

Y] AY O OBE 94 LDA §$94BE,Y

vl the last lline 1s just garbage, type 2344Q. This will
Caeel the last line, but retain the first.

Finnl Mrovennlng

abber the O command,  the program does some last minute pro-
wulup ol the asnsembled code. If you hit RUN/STOP-RESTORE

ab thitw tdme, you will return to BASIC and lose the dis-

A procennltog may take from a second or two for a short
propt i, b weveral minutes for a long one. Be patient.

Uhen the processing is done, you are asked 1f you want to
HAVE e wource. If so, you will be asked for a file name.

auperore wi bl append the suffix ".S" to this name and save
1y 1wk

e e v e will be the one used to RUN SOURCEROR. Replace
Pl dbale tiywt 11 you want the source to go on another disk.

oo boal ni the disassembled source, RUN MERLIN.
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Dealing with the Finished Source

In most cases, after you have some experience and assuming
you used reasonable care, the source will have few, 1if any,
defects.

You may notice that some DA"s would have been more appro-
priate in the DA LABEL-1 or the DDB LABEL formats. In this,
and similar cases, it may be best to do the disassembly again
with sowme notes in hand. The disassembly is so quick and
painless, that it is often much easier than trying to alter
the source appropriately.

The source will have all the exterior or otherwise un-
recognized labels at the end in a table of equates. You
should look at this table closely. It should not contain any
zero page equates except ones resulting from DA"s, JMP s or
JSR”s. This is almost a sure sign of an error in the disas-
sembly (yours, not SOURCEROR s). It may have resulted from
an attempt to disassemble a data area as regular code.

NOTE: If wyou try to assemble the source under these con-
ditions, you will get an error as soon as the equates appear.
If, as eventually you should, you move the equates to the
start of the program, you will not get an error, but the
assembly MAY NOT BE CORRECT. It is important to deal with
this situation first as trouble could occur if, for example,
the disassembler finds the data AD @@ 8D. It will disassem-—
ble it correctly, as LDA $@@8D.

The assembler always assembles this code as a =zero page
instruction, giving the two bytes A5 8D. Occasionally you
will find a program that uses this form for a =zero page
instruction. In that case, you will have to Insert a char-
acter after the LDA opcode to have it assemble identically to
its original form. Often it was data in the first place
rather than code, and must be dealt with to get a correct
assembly.
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e Memory Fall I-It:.".sage

When the source  file reaches within $6@@ of the start of
SOUREEROR you  will see "MEMORY FULL" and "HIT A KEY" in
fnveine  lormat. When you hit a key, SOURCEROR will go
dtyectly to the final pro-cessing. The reason for the $6@@
fop bwothat SOURCEROR needs a certain amount of space for
thiln processing. It is pos-sible (but not likely) that part
b HOHRCEROR will be overwritten during final processing, but
flile whould not cause problems since the front end of
SORIEEROR will not be used again by that point. There is a

secret™ override provision at the memory full point. If the
by vou  hit is CTRL-0 (for override), then SOURCEROR will
teturn lfor another command. You can use this to specify the
dewlred ending point. You can also use it to go a little
farther  than SOURCEROR wants you to, and disassemble a few
more lines.  Obviously, you should not carry this to extremes.

femember,  after exiting to BASIC a SYS 52¢¢¢ will reenter
SOURCEROR (not MERLIN, which has been overwritten).

Ihe LABELER program

tmeob - the nicest features of the SOURCEROR program is the
automatle assignment of labels to all recognizable addresses
I the hinary file being disassembled. Addresses are recog-
nlveod by  beiong found in a table which SOURCEROR references
durdng  the disassembly process. This table is on the disk

wiler the  name LABELS.O. For example, all JSR S$FFD2
Pintruettons within a binary file will be listed by SOURCEROR
an BRI CHROUT.  This table of address labels may be edited by
unlog the program LABELER.

NV |.I|Jl'|l'?'. RUN LABELER.

Laboler Commands

17
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Q:QuUI1T

When finished with any modifications you wish to make to the
label table, press "Q° to exit the LABELER program. 1f you
wish to save the new file, press 75 . Otherwise, press

ESCAPE to exit without saving the table, for instance, if you
had only been reviewing the table.

L:LIST

This allows you to list the current label table. After L7,
press any key tc start the listing. Pressing any key will go
to the next page; CTRL-C will abort the listing.

D:DELETE LABEL(S)

Use this option to delete any address labels you do not want
in the list. After entering the D command, simply enter the
NUMBER of the label you want to delete. If you want to
delete a range, enter the beginning and ending label numbers,
separated by a comma.

A:ADD LABEL

Use this option to add a new label to the list. Simply tell
the program the hex address and the name Yyou wish to
assoclate with that address. Press RETURN only, to abort
this option at any point.

F:FREE SPACE

This ctells you'how much free space remains in the table for
new label entries.
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LB ARY

ARGt

AT

AT

ALttt

ALLDCAL

AN L]

WA

IWENARY

nii

NIANC

ny e

CANNY

e

R

Mpern Manaal

1M

GCLOSSARY

—terminate an operation prematurely.

—locate or retrieve data.

-a memory location.

—a method of solving a specific problem.

-set aside or reserve space.

—industry standard system of 128 computer
codes assigned to specified alpha~numeric
and special characters. The Commodore
uses a somewhat non-standard ASCII. The
main difference is the reversal of upper
and lower case letters.

-in number systems, the exponent at which
the system repeats itself; the number of

symbols required by that number system.

~the base two .number system, composed
solely of the numbers zero and one.

—one unit of binary data, either a zero or
a one.

-resume execution at a new location.
—-large temporary data storage area.

~Hex representation of eight binary bits.
~flag in the 6510 status register.

~tiny piece of silicon or germanium con-
taining many integrated circuits.

slang  for data or machine language in-
structions.

89



MERLIN Users Manual

CTRL

CURSOR

DATA

DECREMENT

DEFAULT
DELIMIT

DISPLACEMENT
EQUATE
EXPRESSION

FETCH

FIELD

FLAG

HEX

HICH ORDER
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GLOSSARY

-abbreviation for control or control
character.

-character, wusually a flashing inverse
space, which marks the position of the

next character to be typed.

-facts or information used by, or in a
computer program.

-decrease value In constant steps.

-nominal value or condition assigned to a
parameter if not specified by the user.

~separate, as with a: 1in a BASIC program
line.

—-constant or variable used to calculate
the distance between two memory
locations.

-establish a variable.

—actual, implied or symbolic data.

-retrieve or get.

-portion of a data input reserved for a
specific type of data.

-register or memory location wused for
preserving or establishing a status of a
given operation of condition.

-the Hexadecimal (BASE 16) number system,
composed of the numbers $-9 and the let-
ters A-F.

~the first, or most significant byte of a
two-byte lex address or value.
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Wi ~vector address to an 1/0 routine or port.
ORI ~increase value in constant steps.

ENTE AL LA -set all program parameters to zero, nor-—
mal, or default condition.

/0 —input/output.

LHTEHEALCT —method of idinterconnecting peripheral
equipment.

LIV —change to the opposite state.

L AR —name applied to a variable or address,
usually descriptive of its purpose.

Lk -slang; see table.

O DI -the second, or least significant byte of
a two—byte Hex address or value.

(L —~least significant (bit or byte) one with
the least wvalue.

AL ~in assemblers, the capability to "call” a
code segment by a symbolic name and place

it in the object file.

HECHOPROCESSOR —heart of a microcomputer. (In the
Commodore the 651@ chip).

M ~algorithm returning the remainder of a
division operation.

M ~particular sub-type of operation.

MO portion . of a program devoted to a spec-
ific function.

MBI symbolic abbreviation wusing characters
helpful in recalling a function.
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MSB -most significant (bit or byte), one with
the greatest value.

NULL -without value.
OBJECT CODE -ready to run code produced by an assem—
bler program.

OFFSET -value of a displacement.

OFCODE ~-instruction to be executed by the 651@.

OPERAND -data to be operated on by a 651¢¥ instruc-
tion.

PAGE -a 256-byte area of memory named for the

first byte of its Hex address.

PARAMETER -constant or value required by a program
or operation to function.

PERIPHERAL -external device.

POINTER -memory location containing an address to
data elsewhere in memory.

PORT -physical interconnection point to per—
ipheral equipment.

PROMPT -a character asking the user to 1nput
data.

PSEUDO —artificial, a substitute for.

RAM . -random access memory.

REGISTER -single 6510 or memory location.

RELATIVE ~branch made using an offset or displace-
ment.

ROM -read only memory.
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HIGN BT

e E cobl,

AL

TN

LR RLALRE

HYNTAX

FARLIL

el

VARTANBLIS

VECTON

Manual GLOSSARY

-bit seven of a byte; negative if +Jalue
gpreater than $8@.

-data entered into an assembler which will
produce a machine language program when

assembled.

—temporary storage area in RAM used by the
651¢ and assembly language programs.

-a group of ASCII characters usually en-
closed by delimiters such as = or ".

—-symbolic or mnemonic label.
~prescribed method of data entry.

-list of values, words, data referenced by
a program.

-switch from one state to the other.

—alpha-numeric expression which may assume
or be assigned a number of values.

~address to be referenced or branched to.
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ELLETIES

Faosvbima b Lt

(htn poopram is provided to enhance the use of MERLIN as a
peneial  text  editor. It will automatically format a file
futo parvagraphs using a specified line length. Paragraphs
tie nepnrated by empty lines in the original file.

I wne FORMATTER, run it from the EXEC mode "G" command.
(e It Is dintended for use with general purpose text files
i wlll overwrite the assembler portion of MERLIN. To
donemble a file MERLIN will have to be reloaded. To format a
[1le which 1is in memory, dissue the USER command from the
willltor.

I lormatter program will request a range to format. If you
[t npecify one number, the file will be formatted from that
It to the end. Then you will be asked for a line length,
wlitele must  be less than 25@. Finally, you may specify
vhother  you want the file justified on both sides (rather
than just on the lefr).

e flrst thing done by the program is to check whether or
wot each line of the file starts with a space. If not,. a
npee du dnserted at the start of each line. This is to be
dned o pive a left margin using the editor™s TAB command
belove walng the PRINT command to print out the file.

Formatter uses inverse spaces for the fill required by two-
wlidid Justification. This is done so that they can be lo-
coated and vemoved if you want to reformat the file later. It
Fo twportant that you do not use the FIX or TEXT commands on
i Lile after it has been formatted (unless another copy has
e woaved) . I'or files coming from external sources, it is
dintiabde to flrst use the FIX command on them to make sure
they  have  the  form expected by FORMATTER. For the same
Ao, It v advisable to reformat a file using on{)pp<5ft
Ikt L Leont Lon I lor to any edit of the file.
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Don"t forget to use the TABS command before printing out a
formatted file.

CHRGEN 80

CHRGEN B¢ 1is a B8@-column character generator which 1is de-
signed specifically to allow the use of MERLIN with a 8¢
column by 24 line display on the Hi-Res screem.

TV sets do not provide sufficient resolution for use with
CHRGEN 8@, thus requiring use of a display monitor for
satisfactory results.

To use CHRGEN 8@, vyou must first RUN it from MERLIN s EXEC
mode with the "G" command. This will reset the source address
to S$4@9@ (above the Hi~Res screen which must be used by
CHRGEN B8§). This, of course, will delete any source flle in
memory at the time. Once it has been RUN, you can invoke it
at any time by typing "USER" from the editor. ¢

To exit CHRGEN 8@, simply use "Q" to return to the EXEC Mode.
Upon return to the editor, you can reconnect it by typing
"USER" again. To permanently remove CHRGEN 8@ in order to
free up the area normally used by long source listings, you
will have to RUN MERLIN again.

If the USER vector has been written over by some other USER
routine, it «can be reset to point to CHRGEN 8§ either by
RUNing CHRGEN 8@ again, or by going to the Monitor (use the

MON command) and typing in AG@G. The latter assumes, of
course, that CHRGEN B is still intact at $SA@H.

CHRGEN 8¢ includes a version of the FORMATTER program. To
implement FORMATTER when CHRGEN 8¢ 1is connected, just type
CTRL-F or F3 from the editor”s command mode. NOTE: This
command may not be accepted unless something has been 1listed
previously.

CHRGEN 8@ also includes some keyboard macros. Typing the F5
key followed by certain other keys will produce the keyboard

macros. These are presently defined for these keys as:

x>+
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27 3XYDHPERBLS-0CAE

CALTEON When CHRGEN 8@ is up, you must not load any source
F1l longer than 96 sectors or it will overwrite MERLIN and
b the system.  Text files do not present this danger since
(lwy are never allowed to go beyond HIMEM.

Hey, XREF.XL and STRIP

ity programs XREF, XREF.XL and STRIP provide a convenient
mieann ol penerating a cross-reference listing of all labels
guedd within  a MERLIN @ assembly language (i.e., source)
0 am .

wih oo llsting can help you quickly find, identify and trace

ilven  throughout a program. This becomes especially im-—
portant  when attempting to understand, debug or fine tune
gt bons of code within a large program.

[he  MERLIN assembler by itself provides a printout of its
iymbol  table only at the end of a successful assembly (pro-—
vl that you have not defeated this feature with the LST
e pseudo op code). While the symbol table allows you to
v what the actual value or address of a label is, it does
ot allow  you to follow the use of the label through -the

thin In where XREF, XREF.XL and STRIP come in.

W plves you a complete alphabetical and numerical printout
b dabel  usape within an assembly language program with a
lenpt o of up to approximately 1,P0¢@ lines (heavily commented)
a0 L Tines. (lightly commented). '

B st hindles "extra-large” files of up to three or four
thien the size of those handled by XREF by storing the gen—

ciabedl wrons reference  table on disk and printing it  out
Tl

iy provides o method of reducing file size by removing
el n from sonrce code.
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Sample MERLIN Symbol Table Printout:
Symbol table - alphabetical order:

ADD =$F786 BC =5F7B@ BK =$F706
Symbol table - numerical order:

BK =$F706 ADD =5F786 BC =SF7R¢@

Sample MERLIN XREF Printout:

Cross referenced symbol table - alphabetical corder:

ADD =$F786 141 185%

BC =$F7B¢ 98 207

BK =$F706 10Q4 121%*
Cross referenced symbol table - numerical order:

BK =SF7¢6 104 121%*

ADD =$F786 1@1 185*

BC =5F7/B¢9 9§ 207
As you can see from the above example the "definition” or
actual value of the label is indicated by the "=" sign, and

the 1line number o¢f each line in the source file that the
label appears in is listed to the right of the definition.
In additioen, the line number where the label is either de-
fined or used as a major entry point is suffixed ("flagged")
with a "*",

An added feature is a special notation for additional source
files that are brought in during assembly with the PUT pseudo
opcode: "134.82", for exemple, indicates line number 134 of
the main source file (which will be the line contalning the
PUT opcode) and line number 82 of the PUT file, where the
label is actually used. g
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HEY Tnmtract tons

\ Cetobnto MERLINT s Executive Mode, make sure you“ve S)aved
(he file that you're working on and select the D)rive no.
fhat the MERLIN disk is 'in.

Fypee 767 and then "XREF™ <RETURN> (Your file in memory

will now he erased.)

| lte Lyoad  your file. Initialize your printer with the
ippropriate  PORT or PRTR command (XREF is usually, but
ol necessarily, a printer oriented command). Use PRTR ¢
LT you just want screen output.

i Iypo tn the appropriate USER command:

Uore @4 ~print  assembly 1listing and alphabetical cross
reference  only. (USER has the same effect as

USER $).

Ul 1 ~Print assembly listing and both alphabetical and
mimerically sorted cross reference listings.

HLri 2 =bo  not  print assembly listing but print alpha-
hetical cross reference only.

sk 4 ~ho  not  print assembly listing but print both
alphabetical and numerical cross reference
lfatings.

ol commands #W=3 (above) cause labels within conditional
tunelily  nrean with the DO condition OFF to be ignored and
ok pednted dn the cross reference table.

NI e additional USER commands (4-7) that function the
fame e s @3 except that they cause labels within con-—
diibopil  awnembly  areas to be printed no matter what the
whate ol the DO gecting is. The only exception to this 1is
that  dabels detined in such areas and not elsewhere will be

b e wil

HU iy change the USER command as many times as  you
Ll (weps, Trom USER | to USER 2). The change is not per—
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manent until you enter the ASM command (below).

5. Enter the ASM command to begin the assembly and printlog
process.

CAUTIONS for the use of XREF

XREF works by examining the listing output of the assembler.
On the second assembly pass, it builds a cross reference list
beginning at HIMEM instead of creating object code there.
(If direct assembly to disk is selected by the DSK opcode,
however, the object code will be generated). The list uses
six bytes per symbol reference which can use wup available
memory very quickly. Thus, on long files, you should set
ilIMEM  as low as possible. (The W@ command can be wused to
find the end of the source file, which represents the lowest
position you can sat HIMEM).

Since the program requires assembler output, code in areas
with LST OFF will not be processed and labels in those areas
will not appear in the table. 1In particular, it is essential
to the proper working of XREF that the L3T condition be ON at
the end of assembly (since the program also intercepts the
regular symbol table output). For the same reason, the F3
flush commnand must not be used during assembly. The program
attempts to determine when the assembler is sending it an
error message on the first pass and it aborts assembly in
this case, but this is not 1@@% reliable.

Macros require special consideration. Since the syntax in
these structures can become very complicated, = XREF may get
confused and cause assembly to stop. This usually happens
when lines containing the >>> pseudo opcode are followed by
string literald or parentheses and you have chosen to
suppress printing the expanded form of the macrn in  your
assembled listing with the ENP OFF pseudo opcode. You can
get around this problem by printing out the assembly listing
" first in the usual manner (with the symbol table suppressed
by the LST OFF pseudo opcode) and then printing out just the
cross reference table with EXP ON and using USER 2 or 3.

Another cthing to look out for when using macros is the fact

Lo
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thnt dahels defined within macro definitions have no global

Wby amdd are therefore not cross-referenced.
(LINE MAC {—=—-Macro definition
cMp o #)1
BNE  DONE
ASL
NONI, <<

———————————————————— {-—-Beg. of program
»>>> DEF.GLOBAL {—=--Macro call

fiv  the  above example, variable GLOBAL will be cross ref-
sionced, but loecal label DONE will not.

ey X1, Instructions

%, is designed to handle files three to four times as
lavpe  an those handled by XREF.

I e YREF.XL, just follow the same five steps in the XREF
fintructions explained previously, substituting "XREF.XL" for
KILLE" An step 2.

CIEE LML works  in a manner similar to XREF, except that it
Gy lien  the  cross reference label table to disk in a file
called  ¥.R.FILE (You can delete this file when you are done
ulth the table). At the end of assembly, this file is loaded
from dink and placed in memory, overwriting your source file.

A wwplatned 1o step 1, make sure that you've saved your
sotece flle flrst, because the source file will be deleted
oo memory when you return to the editor.
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CAUTIONS for the use of XREF.XL

~The source file will be deleted from memory as explained
above when you return to the editor. take sure that you
have saved your file first.

-Consider wusing a blank disk when using XREF.XL. The disk
file generated, X.R.FILE, can become quite latge.

-The cross reference label table X.R.FILE is written on the
disk in the disk drive last used. If your source file
contains PUT directives, you will have to make sure XREF.XL
can find the additional source files by either moving the
files.onto the blank disk or by specifying a drive parameter
in the PUT directive.

-Certain things can cause the XREF program (or CHRGEN 8¢) to
be "disconnected”. They can be reinitialized by going to the
monitor and entering A@@G.

-Unlike XREF, the setting of HIMEM does not affect XREF.XL.
While building the cross reference table, XREF.XL checks to
see if it will fit in the space from the source address
(approximately) to the SYM address, if specified, or to
SAP@P if not. If it is too large, XREF.XL will quit with an
QUT OF MEMORY message.

-XREF.XL will quit with an ILLEGAL DEK ATTEMPTED error
message 1if it finds a DSK pseudo op code ‘in your source
file. A handy way of avoiding this problem while at the
same time maintaining the same line numbers in the source
file 1is to use the editor to change any DSK directives into
comments.

XREF A and XREF A.XL

These are ADDRESS cross reference programs and are handy when
you have lots of PUT files. Since these need only four bytes
per cross reference Instead of six; they can handle con-
siderably larger sources. Also the "where delfined” reference
is not given here because it would equal the value of the
label except for EQUated labels where it would just indicate
the address counter when the equate is done. This also saves
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conetderable space in the table for a larger source.

ety

Viry  long source files, or ones that contain numerous com—
went s, may require too much memory for the cross reference
{able to be generated. In this case, assembly will stop with
{ e OUT OF MEMORY error message.

[l utility program STRIP allows you to cross reference files
appioximately  twice as large by removing comments from the
nnree file.

i oune STRIP, follow the following procedure:

Male sure that you have a copy of your commented source
{{le in memory and that you have S)aved a copy of it on
(i uk .

Inter the E)ditor, put a LST OFF at the end of your source
[1le and ASM ic.

|, lemove the LST OFF statement at the end of your program
(tmportant!).

A0 )ult the editor, select the D)rive with MERLIN in it and
type "G" then STRIP <RETURN>.

. You mayv now use the XREF and XREF.XL procedures as
out lined above.

EYCLE TIMER

(htn wiflity causes a machine cycle count to be displayed
it Lige annembly. To use it you must run CYCLE TIMER using the
Pl mede "G" command. This must be done PRIOR to loading the
Wit flle, since it resets the file pointers. You must Cype
Pl destced PTR command,  then USER and then ASM. The cycle
flmes wldl e printed to the right of the comment field and
will Fivinke Nt this:
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5,8326 or 573326 or 5",¥326

The first number displayed is the cycle count for the current
instruction and the last is the accumulated total (in
decimal). The single quote indicates a possible added cycle,
depending on certain conditions. 1f this appears on a branch
instructlon then it indicates that one cycle should be added
if the branch occurs. For non-branch instructicns, the single
quote indicates that one cycle should be added 1if a page
boundary 1is crossed. A double quote occurs only on branch
instructions and indicates that two cycles should be added if
the the branch 1is taken. (The CYCLE TIMER program has
determined that the branch would cross a page boundary in
this event.)

There are four locations, $AB3-$A@6, that can be adjusted by
the user. You may adjust the position at which the count will
be printed, the number (2, 4, or 6) of digits in the
accumulated total, the averaging default, apd the USR enable
flag.

The byte at $A@3 contains a number 2 less than the column in
which the c¢ycle count will start printing. The count,
however, is always printed after the comment. To have the,
count printed as far to the right as possible this byte
should be set to the total number of columns minus the number
(2,4 or 6) of digits in the accumulated total less 5. This is
presently set to $47 which is appropriately for a 8§ column
printer.

The byte at $AQP4 should contain $8@, $4@ or @ depending on
whether you want 2, 4, or 6 digits in the accumulated total
count.

The byte at $A#S5 should contain either @ or $8¢ depending on
whether you want the indeterminable added cycles averaged in
the total count or not.

The byte at SAP6 should be elther @ or §8¢ depending on
whether you want the internal USR routine to be enabled or
not . If the USK routine is enabled then the USR opcode will
reset the accumulated total to zero. If $A¥6 contalns $8¢
then the USR opcode is handled just as 1f CYCLE TIMER is not
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T RAT e

i1 i prdater allows it,  we suggest using CYCLE TIMER with
i pdnter set at 96 characters per line rather ' than the
ook e This will  allow assembly of files orvdinarily
vt for 3% columns without having the timer dacta

culbow the lines. Of course, the byte at 3A#3 must be set
covdingtye o You must also set the number of columns for the
P command to 96 (location $AGLB).

EONY L

Il program can be wused to do the major portion of
giveralon of  a  source file from the CBM ASSEMBLER64 to
W format.  To use it, read the file into MERLIN with the
i I5k¢ command. Then wuse the EXEC "G command to run
LONELI I'he main conversion done by the program is to change
i “character set 1" (UC/graphics) wused by the  CBM
LHnLErGS  (which becomes lower case in MERLIN) to the
chatacter  serc 2" (UC/LC) used by MERLIHN. Lower case
chovacters  are  converted to UC until a comment or literal
tulngle quotes) is met. Note that although WMERLIN would
voept lower case for opcodes and labels, it requires upper
caue lor hex digits A-F. Literals (eg. LDA #7a”) which are in
[ (n the CBM ASSEMBLER64 are properly lower case in MERLIN
o aunemble the same code so they are not converted.

e puewdo opeodes BYTE, .DBYTE, .PAGE, .SKIP, .END, .MAC,
DU, DD, PAG,  SKP,  END, MAC, <K<, and DA. Other pseudo

gpeodes and the "% =" lines will have to be hand converted
tiew thelr syntax is substantially different from that used
by HEIE IR Also the macro name in a .MAC definition will have

for b movedd to the LABEL column.

Lot doea ehange the macro variables ?1-78 to J1-]8 but the
e munt change macros and macro calls to reflect the fact
that MEREIN wses ovrdinary labels to label lines in a macro

bbbt ton  (they ave local) and the commas used to seperate
bl tandpomentys o macro calls will have to be changed to
bhe sl eolons used by MERLIN.
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This resets source pointers to the wusual value of 5A00 and
moves any source in memory down te that point. This utilicy
is intended for use after one of the XREF programs or CHRGEN
80, if desired. To use it just run it via the EXEC mode “G“
command .

MISCELLANEOUS ROUTINES

A number of subroutines are on the disk as SEQ files. These
are often wused routines and are intended as PUT files or to
be appended to programs and modified’ as desired. Most of
them require certain equates to have been defined, or local
variables declared in a VAR statement. Read them for detalls
on their usage. '

MERLIN AND THE C64 LINK

MERLIN contains a version called MERLIN.L which is compatible
with the Richvale Telecommunications C64 LINK. To use it you
must run the RELOCATOR 5.5 program on the C64 LINK disk and
select "PET EMULATOR" mode. The Pet emulator itself should
NOT be run. Then type DLOAD "MERLIN.L" and RUN.

If the C64 LINK is used with a disk drive on the SERIAL port
there is total compatibility except for the lesser memory and
the DATA 20 80-column card, which is not compatible with the
C64 LINK.

If the C64 LINK is used with NON~SERIAL disk drives then some
MERLIN functions such as the ERR (in the editor), CATALOG,
and disk error reporting in general will not be available.
To do a catalog you must exit to BASIC and issue the C64 LINK
CATALOG command; then return to MERLIN with a SYS 52000.

The USR opcode cannot be used with the C64 LINK due to memory
conflicts.

SOURCEROR will work IF it is run using MERLIN s RUN command ,
but will be considerably limited in memory available for its
use. Also, there is some possibility of overwrite of the. Ché
LINK code, in which case the system will crash. Therefore,
it is NOT advisable to force continuation of disassembly with
the Control-0 override.
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r— MELIN 64

By Glen Bredon

What kind of assembler would you
expect from a company recognized as
the programming utility experts? Simply
the best, of course, MERLING4 is more
than just an assembler. Itis an extremely
powerful yet easy to use macro
assembler, with a very sophisticated
editor, combined with many additional
files and programming utilities into a
truly remarkable package.

In addition to all of the common features
you would expect, the MERLING4
assembler allows such enhancements as
the optional wiiting of object files to
disk, and linking files to assemble source
listings otherwise too large to fit into
memory at once. MERLING4 can read
and write text files as well as binary
source files.

The macro feature of MERLING4 allows
you to give a simple name to often used
routines in a source listing. Then you
need only enter the name of the macro
when entering further text.

MERLING4 contains a Beginner's Guide
tutorial to familiarize the novice with
assembly language programming using
MERLINGA. MERLING4's five modules,
(Executive, Editor, Assembler, Symbol
Table Generator, and Monitor) contain
over 100 commands to speed program
development and simplify your
programming needs.

In addition to the versatile MERLING4
assembler, the package also contains
many additional utilities, including:

SOURCEROR:
Generates pseudo source code from

raw binary data. Automatically asslgns
labels to all recognizable aclcdresses in
a binary file. Addresses are found In a
table which SOURCEROR references
during the disassembly process. The
label file can also be edited (o Include
your own labels as you desire.

MACRO LIBRARY:

A library of commonly used macro
definitions and fundamental operations.
Sample macro programs provide
guidance to the novice on macros and
how they can be used with an assembly
program.

XREF:

A utility program that provides a
convenient means of generating a cross-
reference listing of all labels used with
a MERLING4 source program.

CHRGEN 80:

An optional 80-column character
generator designed specifically to allow
the use of MERLING4 with an 80 column
by 24 line display. Because of resolution
requirements, this feature is for use with
display monitors only, not television
sets.

FORMATTER:

Enhances the use of MERLING64 as a
general text editor. FORMATTER
automatically formats a file into
paragraphs using specified line lengths.

The MERLING4 user manual [s easy to
read, contains an Index, Memory Map
information, and a complete Clossary
for quick and easy reference.

MERLING4 requires a Commodore 64 and a disk drive.

ISBN 0-927796-05-8




