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Section 1

LEARNING GUIDE

INTRODUCTION

This Learning Guide gives an overview of features and functions of the Tektronix Assembler,
Linker, and Library Generator. It also presents a simple demonstration for hands-on
experience. The Learning Guide is divided into the following topics:

® About This Manual. Explains how to use this manual with your assembler.

e System Overview. Describes the functions of the assembler, linker, and library
generator. Shows how these system programs interact with each other and with other
programs in the operating system.

® Features of the Assembler, Linker, and Library Generator. Lists features of these
programs that make them especially useful and powerful.

® Demonstration Run. Shows how to enter and assemble a simple program and
subroutine, and how to prepare the resulting object modules for leading into memory.

® For Continued Learning. Helps you decide where to go next in this manual to
accomplish your own tasks.

ABOUT THIS MANUAL

The Tektronix Assembler, Linker, and Library Generator are fundamentally the same for
every microprocessor supported. Each assembler recognizes a different instruction set,
different registers, and different addressing modes; however, you may use the same
assembler directives, operand expressions, symbols, constants, and advanced programming
features with any assembler provided.

The Assembler Specifics section of this manual gives the instruction set and other processor-
dependent information for your microprocessor. The information in the rest of this manual
applies to all microprocessors supported. Once you have used one version of the Tektronix
Assembler, Linker, and Library Generator, you can program for any microprocessor
supported, as soon as you learn that microprocessor’'s instruction set.

The Demonstration Run in this Learning Guide demonstrates the 8080A assembler.
Demonstration Runs for microprocessors other than the 8080A are found in the Assembler
Specifics section.

Programming examples in the Learning Guide and Assembler Specifics sections are specific
to each microprocessor. Ali examples in other sections of this manual are completely
processor-independent. Some examples use 8080A instructions, but similar instructions for
any other microprocessor may be substituted without changing the validity of any example.

11
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e

SYSTEM OVERVIEW

Figure 1-1 shows how an executable program is produced from assembly language source
files.

An assembly language source program is created in one of three ways:
1. It may be written by a programmer.
2. It may be produced by a compiler, such as MDL/u.

3. It may be translated from a similar program written for the manufacturer’s assembler.
For this purpose, Tektronix provides converter programs for some microprocessors.
See the Assembler Specifics section of this manual.

The assembler translates assembly language statements (source code) into machine
instructions (object code) and stores the resulting object module on a disc file called an
object file.

The linker collects object modules from specified files and determines where in memory each
section of object code will reside. The load file produced by the linker contains the
executable program, which you may copy into memory using the TEKDOS LOAD command.
{Under certain conditions you may load object modules without linking them. See the Linker
section.)

Commonly used subroutines can be developed and assembled separately. Their object code
can then be stored with other useful object modules in a library file. When you include calls
to library routines in your source program, the linker inserts the necessary object modules
into the load file. The library generator creates and modifies library files.

1-2
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Fig. 1-1. Assembler programming process.

The assembler translates assembly language programs (source code) into relocatable machine
language (object code). Commonly used object modules may be stored together in library files created
by the library generator. The linker combines object modules from specified object files and library files
into a load file of executable object code. The TEKDOS command LOAD copies object code from load
files into program memory.

1-3
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ASSEMBLER FEATURES

Here are some important features of the assembler:

® Macros provide a convenient and powerful means for inserting and modifying
frequently used segments of source code.

® Conditional assembly allows a sequence of source code to produce object code that
varies according to specified conditions. This feature reinforces the assembler’'s macro
capabilities.

® Linker-related assembler directives allow you to specify in your source code how the
object code will be arranged in memory.

® Operand expressions may contain bit and string manipulations and special assembler
functions as well as the standard arithmetic operations. .

® Data constants may be entered as numbers in binary, octal, decimal, or hexadecimal
notation, or as strings of ASCIl characters enclosed in quotes.

® Each error message contains a brief description of the error, plus an error number that
helps you refer to this manual for more information. You may also write your own error
messages for use in conditional assembly.

® The assembler listing shows your source code, and the object code, error messages,
and symbol table produced by the assembler. Listing directives allow you to select
which segments of code or types of code are listed.

1‘4 @»
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LINKER FEATURES

Here are some important features of the linker:
® You may link object modules from any number of object files or library files.
® You may define or change any of the following attributes at link time:
— the relocation type of a section of object code;
— the exact or approximate location of a section in memory;
— the values assigned to global symbols;
— the address of the first instruction to be executed.

® You may specify simple linking operations with a single LINK command line. Special or
complex operations can be specified with linker commands entered from the system
terminal or from a command file.

® Each error message contains a brief description of the error and gives the severity of the
- error (WARNING, ERROR, or FATAL ERROR). When you enter an illegal command, the
linker indicates which word or parameter is erroneous.

® The linker listing gives a detailed account of linker activity, showing the commands
executed, local and global symbols, memory maps, and statistics.

LIBRARY GENERATOR FEATURES

Here are some important features of the library generator:
® You may create libraries of up to 100 modules from any number of object files.
® You may modify libraries by inserting, deleting, or replacing object modules.
® You may extract individual object modules onto disc files.

® You may enter library generator commands from the system terminal or from a
command file.

® Each error message contains a brief description of the error. When you enter an illegal
command, the library generator indicates which word or parameter is erroneous.

® The library generator listing shows the commands executed, global symbols, and a
summary of library generator activity.

15
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DEMONSTRATION RUN

Introduction

This Demonstration Run shows you how to enter, modify, assembile, link, and load a simple
program and subroutine. This demonstration uses the 8080A assembler. If you have an
assembler other than the 8080A, refer to the Assembler Specifics section of this manual for
a Demonstration Run ‘that is parallel to this one.

The purpose of this demonstration is to give you the basic information and experience you
will need to begin using the assembler, linker, and library generator.

For your convenience, the sample program and subroutine are short and trivial. Only a few
features of the assembler and linker are demonstrated, and the library generator is not
discussed.

This Demonstration Run uses the following conventions:

1. Underlined—Underlined characters in a command line must be entered from your
system terminal. Those characters not underlined are system output.

2. <CR>—Each command line ends with a carriage return. When a carriage return is to
be entered, the symbol <CR> is used.

Preparation

To do this Demonstration Run you should have a basic understanding of the 8002A
uProcessor Lab and the TEKDOS Editor. If you need to review how the 8002A and its editor
work, refer to the Learning Guide in the 8002A System Users Manual.

You will need about 60 minutes to complete this Demonstration Run.

Start up your 8002A system. Make sure your system disc has a write-enable tab and is
inserted into disc drive O.

Examine your disc directory to make sure you have at least 10 blocks available for the files
created during this demonstration:
> LDIR <CR>

FILE NAME BLKS

TEKDOS 16
. 170
COPYSYS 1
NEWDISC 1
TOTAL FILES 4

TOTAL BLOCKS USED 188
BLOCKS AVAILABLE 106 -=-s—— Must be at least 10 blocks.

TOTAL BAD BLOCKS 0

>
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If there are not at least 10 blocks available on your system disc, you must make some room
by copying some of your non-system files to another disc;

1. Insert another write-enabled disc into disc drive 1.
2. Repeat the following three commands until you have at least 10 blocks available.

> COPY filename/0 filename/1 <CR>
> DELETE filename/0 <CR>
> LDIR 0 <CR>

(filename represents any non-system file.)

Examine the Sample Subroutine and Main Program

Figure 1-2 lists the subroutine and program you will enter, assemble, link, and load in this
Demonstration Run.

The subroutine performs a trivial task: it outputs the ASCIl character stored in the
accumulator to the port whose number is specified by the symbol PORTN.

The main program stores a character in the accumulator, calls the subroutine to output the
character, and then halts.

You can think of the subroutine as a carefully prepared component of a major programming
project. The main program can be viewed as a quickly written test for the subroutine.
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Subroutine OUTSUB:

TITLE "SAMPLE SUBROUTINE"
“NAME SUBSMOD
GLOBAL PORTN,OUTSUB
SECTION SUBSt
; SUBROUTINE OUTSUB -- OUTPUTS A CHARACTER.

OUTSUB OUT PORTN ; OUTSUB STARTS HERE.
RET ; RETURN TO PROGRAM.
END

Main Program:

GLOBAL PORTN,OUTSUB
PORTN EQU 15 ; PORT = 15
START MVI A,m2n CHARACTER = "2"

“e s e e

CALL OUTSUB SEND "?" TO PORT 15...
HLT ... AND STOP.
END START

3454-2

Fig. 1-2. Source code for the sample subroutine and program.

Subroutine OUTSUB outputs a single ASCIl character to port number PORTN. The main program
specifies a port number and a character and calls OUTSUB to output the character. The subroutine and
main program are discussed in more detail later in this section.

Assembly Language Statements

An assembler source module is made up of assembly language statements. There are three
types of assembly statements:

e An assembly language instruction is translated by the assembler into an 8080A
machine instruction.

e An assembler directive indicates a special action to be taken by the assembler .
Assembler directives define data items, constants, and variables; provide information to
the linker; control macros and conditional assembly; and specify options for the
assembler and linker listings.

@ A macro invocation is replaced by statements of the macro it invokes. (Macro
invocations are not discussed in this demonstration.)

Each assembly language statement has four fields. Each field may vary in width, and certain
fields may be blank. However, the fields always occur in the following order:

1. The label field. The label field always begins in column 1 of the statement. The label
allows the statement to be referenced by other statements. The label usually
represents the address of the instruction or data item represented by the statement.

2. The operation field. The word in the operation field indicates the type of action to be
taken by the assembler. The word may be an assembler directive, an 8080A
mnemonic, or the name of a macro. If the word is an 8080A mnemonic, the assembler
translates the statement into a machine instruction.

Learning Guide—8002A: Assembler Users Manual
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3. The operand fieid. The operand fieild compietes the assembiy language statement.
Most assembler directives and 8080A instructions contain one or more operand
expressions. The type and number of operands depend on the operation.

4. The comment field. Comments are used for program documentation only; they are
ignored by the assembler. A semicolon (;) indicates that the remainder of the line is a
comment. A comment may follow the operand field, or may begin with a semicolon in
column 1 and take up an entire source line.

Explanation of the Subroutine Source Code

The following text explains each statement in the sample subroutine (shown in Fig. 1-2). The
two statements preceding the END statement are 8080A instructions. The rest of the
statements are assembler directives.

TITLE "SAMPLE SUBROUTINE"

The phrase "SAMPLE SUBROUTINE” will appear in the heading on each page of the
assembler source listing.

NAME SUBSMOD
When the subroutine is assembled, the resulting object module will be named “SUBSMOD".

GLOBAL PORTN,OUTSUB

PORTN and OUTSUB are declared as global symbols, since each symbol is given a value in
one module and referred to in another module. For example, OUTSUB is defined in the
subroutine and referred to in the main program. PORTN is called an unbound global because
it is not defined anywhere in this module. OUTSUB is a bound global.

SECTION SUBS1

Each object module is composed of one or more sections. The linker treats each section as a
separate unit: sections from the same module may be placed in different ends of memory.
The one section in object module SUBSMOD will be called SUBS1. (If you were to add other
sections to this source module, they might be called SUBS2, SUBS3, and so on.)

The assembler directives SECTION, COMMON, and RESERVE each declare a different type of
section, and may also specify restrictions on the relocatability of the section. When no
restriction is specified, the section is byte-relocatable; that is, the section may begin at any
byte in memory. The Linker section of this manual contains an explanation of the five
attributes of a section: name, section type, relocation type, size, and memory location.

; SUBROUTINE OUTSUB -- OUTPUTS A CHARACTER.
This is a comment.
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OUTSUB OUT PORTN ; OUTSUB STARTS HERE.

This 8080A instruction outputs the contents of the accumulator to port number PORTN. The
symbol OUTSUB becomes defined as the address of this instruction, which is the first
instruction in the subroutine. A program that contains the instruction CALL OUTSUB can
execute this subroutine.

RET ; RETURN TO PROGRAM.
This 8080A instruction returns control to the calling program.

END
This assembler directive marks the end of the source module.

Explanation of the Main Program Source Code

The following text explains each statement in the sample main program (shown in Fig. 1-2).
The program contains three assembler directives (GLOBAL, EQU, and END) and three 8080A
instructions (MVI, CALL, and HLT).

GLOBAL PORTN,OUTSUB
As in the subroutine, PORTN and OUTSUB are global symbols. However, in this module
PORTN is a bound (defined) global while OUTSUB is an unbound {undefined) global. The
GLOBAL statements allow the two modules to share the number of the port and the address
of the subroutine.

PORTN EQU 15 ; PORT = 15
This assembler directive assigns the value 15 to the symbol PORTN. "PORTN"” becomes
synonymous with the constant “15”.

START MVI A,n2n ; CHARACTER = "2"

This 8080A instruction stores the hexadecimal value 3F (the ASCIl code for question mark) in
the accumulator. This statement is given a label, “START", so the END statement may refer
to it

CALL OUTSUB ; SEND "?"™ TO PORT 15 ...

This 8080A instruction transfers control to the instruction labeled OUTSUB in the subroutine
module. The subroutine sends the question mark to port 15.

HLT ; ... AND STOP.
Control returns from the subroutine to this 8080A instruction. The HLT instruction halts
program execution.

END START

This assembler directive terminates the source module and indicates that program execution
should begin with the instruction labeled "START"”. START is called the transfer address.
The transfer address is passed through the assembler and linker to the TEKDOS commands
LOAD and GO.

1-10 @
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Notice that this program source moduie does not contain a TITLE, NAME, or SECTION
directive. The following default conditions result:

® No special title will appear in the page heading of the source listing.

® The object module will be called *NONAME*,

® The one section in *NONAME* will be given a default name, section type, and
relocation type.

Naming Files

This Demonstration Run produces several files. To give each file a name that reflects its
contents and importance, we will use the file naming standards described in the File
Management section of the 8002A System Users Manual:

® The last character of the file name is a letter that rebresénts the type of file.

® The next-to-last character is either a percent sign (%) or a semicolon {;). The percent
sign signifies a file that cannot be readily replaced. The semicolon signifies a temporary
or readily replaced file.

® The first part of the file name is a descriptive name.

‘The following files will be produced:

File Name Explanation How Created
DEMSUB%S DEMonstration SUBroutine Source file by you
DEMSUB;O DEMonstration SUBroutine Obiject file by assembler
DEMSUB;A DEMonstration SUBroutine Assembler listing by assembler
DEMPRO%S DEMonstration PROgram Source file by you
DEMPRO;0 DEMonstration PROgram Obiject file by assembler
DEMPRO;A DEMonstration PROgram Assembiler listing by assembler
DEMPRO;L DEMonstration PROgram Load file by linker
DEMPRO;K DEMonstration PROgram linKer listing by linker

Create the Subroutine Source File
The TEKDOS Editor helps create and modify source files. The Editor Dictionary section of the
8002A System Users Manual contains a complete explanation of the editor.

How to Correct Typing Mistakes in the Editor
To delete the last character typed, use the BACKSPACE, RUBOUT, or DELETE key:

® The BACKSPACE key on a CRT terminal cancels the character and backs the cursor over
it

e The RUBOUT key on a CRT terminal cancels the character and echoes the cancelied
character on the terminal.

o The DELETE key on a hard-copy terminal cancels the character and echoes the
cancelled character on the terminal.

To delete the entire line being typed:
® Press the ESC (escape) key once. You may then reenter the line.
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Start Editing

The EDIT command invokes the TEKDOS Editor. The file name in the EDIT command
indicates the file to be edited. Enter the following line to begin the editing session that
creates DEMSUB%S, the subroutine source file:

> EDIT DEMSUB%S <CR>

¥% EDIT VER x.x *¥
¥XNEW FILE**
*

The asterisk (*) is the editor prompt character. When you see the asterisk, you may enter the
next editor command.

An assembly language program is easier to read if the statement fields are aligned as in Fig.
1-2. The editor has tab stops at columns 8, 16, 24, 32, 40, 48, 56, and 64, which are
convenient for aligning assembly language text. For example, in Fig. 1-2, the operation field
begins in column 8, the operand field begins in column 16, and the comment field begins in
column 24,

Enter the following command to declare the dollar sign as the editor tab character:
*TAB $ <CR>

The editor will interpret every dollar sign you enter as a skip to the next tab stop.

Enter input mode and type in the subroutine. Be sure to misspell "GLOBAL" in the third line
of text. This deliberate typing error will be used to illustrate features of the assembler and
editor.

*INPUT <CR>

INPUT:

$TITLE$"SAMPLE SUBROUTINE" <CR>

$NAME $SUBSMOD_<CR>

sGLOABL$PORTN, OUTSUB <CR>

$SECTION$SUBS1 <CR>

- SUBROUTINE OUTSUB -- OUTPUTS A CHARACTER. <CR>
OUTSUB$OUT$PORTNS; OUTSUB STARTS HERE. <CR>
$SRET$$; RETURN TO PROGRAM. <CR>

$END <CR>

<CR>

*

len

When you enter the carriage return on the empty line, input mode is terminated and the
editor prompt (*) appears.

1-12
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The text you entered is stored in the editor workspace. Each dollar sign you entered has been
replaced by spaces up to the next tab stop. To display the workspace contents from beginning
to end, enter the following command:

*TYPE B-E <CR>
TITLE "SAMPLE SUBROUTINE"
NAME SUBSMOD
GLOABL PORTN,OUTSUB
SECTION SUBS1
; SUBROUTINE OUTSUB -- OUTPUTS A CHARACTER.

OUTSUB OUT PORTN ; OUTSUB STARTS HERE.
RET ; RETURN TO PROGRAM.
END

*

Now enter the FILE command to copy the text in the workspace out to the new source file
and end the editing session:

¥FILE <CR>
¥DOS¥ EOJ

>

The TEKDOS prompt (>) indicates that you are out of the editor and may enter another
TEKDOS command.

Assemble the Subroutine and Examine Any Errors

The TEKDOS command ASM invokes the assembier and specifies the source file(s) to be
assembled and the object and listing files to be produced. The ASM command has the
following format:

ASM,obijfile,lisfile,soufile [,soufile]...

’oi)j:file — name of objeét file to be produced
lisfile — name of listing file to be produced
soufile — name(s) of source file(s) to be assembled

To scan source file DEMSUB%S for errors, enter the following command:
> ASM,,,DEMSUB%S <CR>

Omitting the names of the object and listing files has two advantages:
1. The assembler runs faster because it produces no object code or listing.
2. The ASM command line is shorter.

You may want to omit these files from your ASM command line whenever you suspect that
your source code contains errors.
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The assembler responds as follows on your system terminal:

Tektronix 8080/8085 ASM Vx.x
¥%X%¥% pPass 2

00003 0000 000000 GLOABL PORTN,OUTSUB

¥#%%% FRROR 039: Invalid operation code

00006 0000 D300 OUTSUB OUT PORTN ; OUTSUB STARTS HERE.

k¥%%%%¥ ERROR OT4: Undefined symbol
8 Source Lines 8 Assembled Lines 47718 Bytes available
2 ERRORS 2 UNDEFINED SYMBOLS

¥ASM¥* EOJ

>

The assembler’'s response can be interpreted as follows:

Tektronix 8080/8085 ASM Vx.x
The assembler announces itself as it begins executing. The assembler reads through your
source file twice. The first time through (Pass 1), the assembler makes a list of symbols that
appear in the source code and tries to assign an address or other value to each symbol.

®¥%X%% Pass 2

The assembler begins its second pass through your source file. During Pass 2, the assembler
produces the object and listing files and displays error messages and statistics.

00003 0000 000000 GLOABL PORTN,OUTSUB

®#%#%%% ERROR 039: Invalid operation code
The assembler cannot translate the above statement because "GLOABL" is not an 8080A
mnemonic, an assembler directive word, or the name of a macro. The erroneous source line
and the error message would appear in the listing (if any) just as they appear on the system
terminal. The three numbers to the left of the statement will be explained when you examine
an assembler listing later in this demonstration run.

00006 0000 D300 OUTSUB OUT PORTN ; OUTSUB STARTS HERE.
#%%%% FRROR O74: Undefined symbol

Because the assembler did not understand the GLOBAL statement, it does not know that
PORTN is a global symbol. The assembler expects PORTN to be defined in this module.

8 Source Lines 8 Assembled Lines 47718 Bytes available

2 ERRORS 2 UNDEFINED SYMBOLS
These lines summarize the assembler’'s activities. There are eight lines of code in your
source file. The number of assembled lines differs from the number of source lines only in
programs that contain macros or conditional assembly.

The "Bytes available” message indicates the amount of Program Memory not used by the
assembler. If the "Bytes available” figure is ever less than 1000 or so, you may need to divide
your source module into smaller modules before you add any more statements.

The two errors, already discussed, produced the two undefined symbols GLOABL and
PORTN.
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Correct the Error in the Subroutine Source Code
Both errors detected by the assembler arose from the misspelling of "GLOBAL” in iline 3 of
the source file, DEMSUB%S. Invoke the editor so that you may correct the misspelling:

> EDIT DEMSUB%S <CR>

¥%¥ EDIT VER x.x *¥
*

The editor command GET brings text into the workspace from the file being edited. Specify a
large number of lines (99) to assure that the entire file is brought into the workspace:

¥GET 99 <CR>
¥FEOFFF

The message **EOF** indicates that the end of the input file has been reached.

Enter the following command line. The BEGIN command moves the workspace pointer to line
1. Starting at that line, the FIND command searches for the character string “GLO” and
moves the pointer to the first line that contains the string.

¥BEGIN. :FIND /GLO/ <CR>
GLOABL PORTN,OUTSUB

Now the workspace pointer is at the line you want to modify. Use the SUBSTITUTE command
to reverse the letters "A” and "B” in "GLOABL":

*SUB /AB/BA/ <CR>
L L PORTN,OUTSUB

The modified line is displayed.

As before, the FILE command copies the edited source code to the source file and closes the
editing session:

¥FILE <CR>
*FTOF* %
*¥DOS* EOJ

>

Re-Assemble the Subroutine

Enter the following command to create an object file (DEMSUB;0) and an assembler listing
file (DEMSUB;A) from the subroutine source file:

> ASM DEMSUB;0 DEMSUB;A DEMSUB%S <CR>

Tektronix 8080/8085 ASM Vx.x
¥%%¥% pPass 2
8 Source Lines 8 Assembled Lines 47710 Bytes available
>>> No assembly errors detected <<<
*ASM#* EOJ

>

This time the assembler finds no errors.
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Examine the Subroutine Listing

In order to examine the assembler listing stored on file DEMSUB;A, copy the file to your line
printer:

> COPY DEMSUB;A LPT1 <CR>

If you have no line printer, enter the following command to list the file on your system
terminal. (Remember that you may use the space bar to suspend or resume display on a CRT
terminal.)

> COPY DEMSUB;A <CR>

Figure 1-3 shows the listing of the sample subroutine.

assembler user-defined
identification title
D e U P, S W
Tektronix 8080/8085 ASM Vx.x SAMPLE SUBROUTINE Page 1
00002 NAME SUBSMOD
00003 GLOBAL PORTN,OUTSUB
fotiree {0000k SECTION SUBST’
9 00005 ; SUBROUTINE OUTSUB -- OUTPUTS A CHARACTER.
00006 0000 D300 > OUTSUB OUT PORTN ; OUTSUB STARTS HERE.
00007 0002 C9 RET ; RETURN TO PROGRAM.
00008 END
S e —TT T e N
source object source code comments
file code
line
number
address
Tektronix 8080/8085 ASM Vx.x Symbol Table Page 2
Scalars
bol A meeee 0007 B ~==-- 0000 C =-=mmu= 0001 D -==w- 0002 E ===== 0003
fz:I‘e H -==-- 0004 L -=-=-- 0005 M —a—-- 0006 PSW --- 0006 SP ---- 0006
SUBS1 Section (0003)
OUTSUB - 0000 G
PORTN Unbound Global
L. 8 Source Lines 8 Assembled Lines 47710 Bytes available
statistics
>>> No assembly errors detected <<< .
3454-3

Fig. 1-3. Assembler listing for the sample subroutine.

The command ASM DEMSUB;O DEMSUB;A DEMSUB%S produces this listing file from the subroutine
source file. The command COPY DEMSUB:A LPT1 copies the listing file to the line printer.

Every assembler listing has two parts: the source listing and the symbol table. Each page of
the listing begins with a standard page heading.
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The Source Listing

Page 1 of your assembler listing contains the source listing. The heading includes the words
"SAMPLE SUBROUTINE"”, which you supplied with the TITLE directive.

Each line of the source listing contains the following information:

. the line number (decimal);

. the memory location {hexadecimal) of the object code generated (if any);
the assembled object code (hexadecimal);

. a relocation indicator (>) if the object code may be adjusted by the linker;

oA W N =

. a text substitution indicator {+) if the assembler has modified the source statement
(this demonstration gives no examples of text substitution);

»

. the source statement.

If any statement contains an error, the appropriate error message appears directly after the
statement.

Examine each line of your source listing:
e Line 1 (the TITLE directive) is not printed because it is a listing control directive.

e lines 2, 3, 4, and 8 are assembler directives that produce no object code. The
information they provide is stored in special areas of the object module.

® Line 5 is a comment.
® Lines 6 and 7 are 8080A assembly language instructions:

— The 8080A instruction OUT PORTN produces the two-byte machine instruction D300.
D3 is the hexadecimal operation code for the OUT instruction. The dummy value 00
will be used for the port number until the linker supplies a value for PORTN. The
machine instruction D300 is stored in bytes 0000 and 0001 of section SUBS1.

— The 8080A instruction RET produces the one-byte machine instruction C9, which is
stored in byte 0002 of section SUBS1.

The Symbol Table

Page 2 of your listing contains the symbol table, which indicates the value and type of each.
symbol in your source code.

The assembler symbol table is divided into the following categories:
1. Strings and macros
2. Scalars (numeric values other than addresses; includes undefined symbols)
3. Sections {(and addresses within each section)
4. Unbound globals
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Examine the symbol table in your listing:

1. The strings and macros table is omitted, since the sample subroutine uses neither
string variables nor macros.

2. The scalars table lists every scalar in the symbol list and the value associated with
each scalar. The sample subroutine defines no scalars, but the names of the 8080A
registers are pre-defined symbols and thus always appear in the symbol list.

3. SUBS1 is the only section in the sample subroutine. The line
SUBS1 Section (0003)

tells you the following attributes of section SUBS1:
® its name: SUBST;
® its section type: SECTION (as opposed to COMMON or RESERVE);

® its relocation type: byte-relocatable (the default relocation type is implied when no
other relocation type is specified);

® its length: 3 bytes.

OUTSUB has the value 0000 because OUTSUB is the address of the first byte in
section SUBS1. The letter "G"” indicates that OUTSUB is a global symbol.

4. PORTN is the only unbound (undefined) global symbol in the subroutine.

The statistics at the bottom of the symbol table are the same statistics that appeared on the
system terminal when the assembler finished execution.

When there are errors in your source code, the two most useful parts of your listing are the
source listing and the scalars table. The source listing contains the error messages and
shows the erroneous lines in context with the rest of the program. The scalars table flags
undefined symbols with the value "****”,

Create the Main Program Source File

Now that you have created, corrected, and assembled the sample subroutine, it is time to
create the main program that uses the subroutine. Enter the following command to begin the
editing session that creates the main program source file, DEMPRO%S:

> EDIT DEMPRO%S <CR>

¥% EDIT VER x.x *¥
EENEFW FILE*#®
*
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Declare the editor tab character and type in the source code, just as you did for the
subroutine. (This time, however, don’t inciude any typing errors.)

¥TAB $ <CR>

*INPUT <CR>

INPUT:

$GLOBAL$PORTN, OUTSUB <CR>
PORTN$EQU$15%; PORT = 15 <CR>
START$MVIS$A,"?"$; CHARACTER = "2?2" <CR>
$CALLSOUTSUB$; SEND "?" TQ PORT 15... <CR>
$HLT$$; ... AND STOP. <CR>

$END$START <CR>

<CR>

*

inspect the text you have entered to be sure there are no errors:

¥TYPE B-E <CR>
GLOBAL PORTN,OUTSUB

PORTN EQU 15 ; PORT = 15

START MVI A,n2n ; CHARACTER = "2"
CALL OUTSUB ; SEND "?" TO PORT 15 ...
HLT ; AND STOP.
END START

Enter the FILE command to save the text onto the source file and return to TEKDOS:

*FILE <CR>
¥DOS¥* EOJ

>

Assemble the Main Program

Enter the following command line to create an object file (DEMPRO;0) and a listing file
(DEMPRQO;A) from the main program source file:

> ASM DEMPRO;0 DEMPRO;A DEMPRO%S <CR>

Tektronix 8080/8085 ASM Vx.x
#¥%%% Pass 2
6 Source Lines 6 Assembled Lines 47733 Bytes available
>>> No assembly errors detected <<<
¥ASM¥* EOJ .

>

The main program contains no errors.
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Examine the Main Program Listing
Copy the assembler listing to the line printer or to the system terminal:
> COPY DEMPRO;A LPT1 <CR>

or
> COPY DEMPRO;A <CR>

Tektronix 8080/8085 ASM Vx.x Page 1
00001 GLOBAL PORTN,OQUTSUB
source /00002 000F PORTN EQU 15 ; PORT = 15
listing < 00003 0000 3E3F START MVI A,"?"  ; CHARACTER = "?"
00004 0002 CD0O0OOO > CALL OUTSUB ; SEND "2?" TO PORT 15...
00005 0005 76 HLT H . AND STOP.
00006 0000 > END START
Tektronix 8080/8085 ASM Vx.x Symbol Table Page 2
Scalars
A —ceu- 0007 B -===-=- 0000 C --=——= 0001 D -==-- 0002 E --=-- 0003
symbol £ — 0004 L ----- 0005 Mmoo 0006 PORTN - 000F G PSW --- 0006
table SP ---- 0006

4DEMPRO (default) Section (0006)
START -~ 0000

OUTSUB Unbound Global

. . 6 Source Lines 6 Assembled Lines 47733 Bytes available
statistics

>>> No assembly errors detected <<<

3454-4

Fig. 1-4. Assembler listing for the sample main program.

The command ASM DEMPRO:0 DEMPRO;A DEMPRO%S produces this listing file from the main
program source file. The command COPY DEMPRO;A LPT1 copies the listing file to the line printer.

Compare the listing of the sample main program (Fig. 1-4) with the listing of the sample
subroutine (Fig. 1-3).

The Source Listing

Page 1 of your assembler listing contains the source listing. Notice that there is no user-
defined title for the program listing: the source code contains no TITLE directive.

Examine each line of the program source listing.

1. As in the subroutine, the GLOBAL statement produces no object code.

2. The EQU statement assigns the value 15 (OOOF hexadecimal) to the symbol PORTN.
The symbol PORTN and its value are stored in the global symbol block of the program

object module. At link time, the value of PORTN will be substituted into the OUT
instruction in the subroutine.
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3. The 8080A assembly language instruction MVI A,”?” generates the machine
instruction 3E3F. 3E is the operation code for "MVI to A” and 3F is the ASCIl code for
the question mark. The machine instruction 3E3F is stored in bytes 0000 and 0001 of
the main program.

4. The 8080A assembly language instruction CALL OUTSUB generates the machine
instruction CDOOOO in bytes 0002 through 0004. CD is the operation code for the
CALL instruction. 0000 is a dummy value: the address of OUTSUB will be provided at
link time.

5. The 8080A assembly language instruction HLT produces the one-byte machine
instruction 76 in byte 0005 of the main program.

6. The END statement specifies that the transfer address is 0000, the address of the MVI
instruction. The transfer address will be adjusted if this section of object code is not
loaded at the beginning of memory.

The Symbol Table

1. The strings and macros table is again omitted because it is empty.

2. The scalars table lists the usual pre-defined scalars, plus the symbol PORTN. The
value of PORTN is OOOF hexadecimal. The "G” indicates that PORTN is a global
symbol.

3. Because the main program source code contains no SECTION directive, the section
produced by this assembler run is given the following default attributes:

® name: %DEMPRO (derived from the name of the object file);
® section type: SECTION;
® relocation type: byte-relocatable.

Section %DEMPRO contains six bytes of code. START is the address of the first byte of
the section.

4. OUTSUB is the only unbound (undefined) global symbol in the main program.

The statistics at the bottom of the symbol table are the same statistics that appeared on the
system terminal when the assembler finished execution.
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Link the Object Modules

Now both the subroutine and the main program have been translated into machine language.
In order for the subroutine and main program object modules to communicate with each
other, they must be linked. The linker performs the following tasks in creating a load file of
executable object code:

e It finds a block of memory for each section in the specified object files.
® It adjusts addresses to reflect relocation of sections.
e It provides values for unbound globals.

Enter the following command to create a load file (DEMPRO;L) and a linker listing file
(DEMPRO;K) from your two object files:

> LINK DEMPRO;L DEMPRO;K DEMPRO;0 DEMSUB;0 <CR>

The linker responds as follows:

NO ERRORS NO UNDEFINED SYMBOLS
2 MODULES 2 SECTIONS
TRANSFER ADDRESS IS 0000

¥LINK* EOJ

>

Examine the Linker Listing
Copy the linker listing file to the line printer or system terminal:

> COPY DEMPRO;K LPT1 <CR>

or
> COPY DEMPRO;K <CR>

Figure 1-5 shows the linker listing.
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TEKTRONIX 8080/8085 LINKER V x.x GLOBAL SYMBOL LIST PAGE 1
#DEMPRO 0000 OUTSUB 0006 PORTN 000F SUBS1 0006
TEKTRONIX 8080/8085 LINKER V x.x MODULE MAP PAGE 2
FILE: DEMPRO;O0
MODULE: *¥NONAME#*
#DEMPRO SECTION BYTE 0000-0005
FILE: DEMSUB;0
MODULE: SUBSMOD
SUBS1 SECTION BYTE 0006-0008
OUTSUB 0006
TEKTRONIX 8080/8085 LINKER V x.x MEMORY MAP PAGE 3
0000-0005 %DEMPRO SECTION BYTE
0006-0008 SUBS1 SECTION BYTE
NO ERRORS NO UNDEFINED SYMBOLS
statistics 2 MODULES 2 SECTIONS
TRANSFER ADDRESS IS 0000
3454-5

Fig. 1-5. Linker listing.

The command LINK DEMPRO;L DEMPRO;K DEMPRO;0 DEMSUB;O produces this linker listing file. The

command COPY DEMPRO;K LPT1 copies the listing file to the line printer.

The linker listing contains three parts:

1. The global symbol list (page 1 of your listing) lists the value assigned to each global
symbol. The name and starting address of each section are included. Undefined

globals are flagged with the value "*****,

2. The module map (page 2) provides the following information for each object module

being linked:

® the name of the object file or library file supplying the object module;

® the name and attributes of each section in the module. Any entry points (addresses
declared as global symbols) for each section are also listed.

The module map allows you to verify that each section of your program has been

assigned a place in memory.

3. The memory map (page 3) lists the sections in the order they occur in memory.
Conflicting (overlapping) memory allocations are indicated with an asterisk (*).

Linker statistics appear at the bottom of the memory map.
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An optional feature of the linker listing, the internal symbol list, is useful for program
debugging. The internal symbol list is not demonstrated here but is discussed in the Linker
section.

The Memory Map

The memory map (page 3 of your listing) provides the most concise summary of the load file
produced by the linker.

The memory map shows that bytes 0000 through 0005 of memory will contain section
%DEMPRO (the main program) and that bytes 0006 through 0008 will contain section
SUBS1 (the subroutine).

The memory map also gives the section type (SECTION) and relocation type (byte-relocatable)
for each section.

Notice that the transfer address remains unchanged because the section containing the
transfer address is located at the beginning of memory.

The Module Map

The module map (page 2) shows much the same information as the memory map. The
module map, however, reports the sections by module rather than by memory location.

The first object file, DEMPRO;0, contains the object module called *NONAME*. (Recall that
the main program source code contains no NAME directive.) The main program consists of
the single section %DEMPRO, whose attributes you already know from the memory map.

The second object file, DEMSUB;O, contains the subroutine object module, SUBSMOD.
SUBSMOD consists of the single section SUBS1. The single entry point to SUBS1 is
OUTSUB, whose adjusted address (after relocation) is 0006.

The Global Symbols List

The global symbols list (page 1) shows the two symbols declared in GLOBAL statements
(OUTSUB and PORTN) and the two section names (%DEMPRO and SUBS1).
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Load the Executable Object Code into Memory

Before you load the object code, use the TEKDOS command FILL tc fili the beg
program memory with zeros. Later, when you examine memory, the zeros make it easy to
identify the end of your code. Enter the following command to fill memory locations 0000

through OOOF with zeros:
> FILL O F 00 <CR>

J

innina A
iy U

=

Now copy the executable object code from the load file into program memory:

> LOAD DEMPRO;L <CR>
TRENSFER ADDRESS: 0000
*LOAD¥* EOJ

>

Bytes 0000 through 0008 of program memory now contain the nine bytes of machine
language that form the executable program.

The TEKDOS command DUMP displays the contents of a specified section of memory. Each
byte is displayed as a two-digit hexadecimal number and as the ASCIl character it represents
(if any). Enter the following command to display the contents of memory locations 0000
through OOOF:

> DUMP 0 F <CR>

0000=3E 3F CD 06 00 76 D3 OF C9 00 00 00 00 00 00 00 D AP
! I l | l
address of main subroutine rest of memory corresponding
first byte program not affected ASCII characters
displayed by LOAD command

Compare the relocatable object code produced by the assembler with the executable object
code produced by the linker. (The addresses and object bytes adjusted by the linker are

underlined.)
RELOCATABLE OBJECT CODE EXECUTABLE OBJECT CODE
(from assembler listings) {from DUMP output)
Object Source Object Source
Address Code Code Address Code Code
0000 3E3F MVI A,"?" 0000 3E3F MVI A,"?"
0002 CDO000 CALL OUTSUB 0002 CDQ600 CALL OUTSUB
0005 76 HLT 0005 76 HLT
0000 D300 OUT PORTN 0006 D30F OUT PORTN
0002 Cc9 RET 0008 C9 RET
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Note the adjustments made by the linker:

® The subroutine is relocated from byte 0000 to byte 0006.
® The address of the subroutine is substituted into the CALL instruction.
® The port number is substituted into the OUT instruction.

Summary of Demonstration Run
Enter the following command to list the files on your system disc:
> LDIR <CR>

FILE NAME BLKS

TEKDOS 16
. 170
COPYSYS 1
NEWDISC 1
DEMPRO%S 1
DEMSUB ;0 1
DEMSUB;A 1
DEMSUB%S 1
DEMPRO;0 1
DEMPRO; A 1
DEMPRO;L 1
DEMPRO;K 1

TOTAL FILES 12
TOTAL BLOCKS USED 196
BLOCKS AVAILABLE 98
TOTAL BAD BLOCKS 0

>

Recall the eight files you have created in this Demonstration Run:
® the two source files (DEMSUB%S and DEMPRO%S) you created using the editor;

® the two object files (DEMSUB;O and DEMPRO;0) and the two listing files (DEMSUB;A
and DEMPRO;A) generated by the assembler;

® the load file (DEMPRO;L) and the listing file (DEMPRO;K) generated by the linker.

You have now finished the Demonstration Run. it emphasized how to:
® create a source file, using the editor;
e create an object file from a source file, using the assembler;
® create a load file from object files, using the iinker;
® copy the load file into memory, using the LOAD command;
® interpret listings generated by the assembler and linker.

The Demonstration Run in the Learning Guide of the 8002A System Users Manual shows
you how to execute and monitor the program you have loaded into memory.

1-26 @



Learning Guide—8002A: Assembler Users Manual For Continued Learning

L~

FOR CONTINUED LEARNING

This Learning Guide explained the basic concepts needed toc use the assembler and linker.
Understanding these same concepts will help you learn to use the library generator. To
obtain a more detailed explanation of how to use these system programs, refer to the
following sections:

Section 2, Procedures. Gives you step-by-step instructions for accomplishing common tasks
in assembling, linking, and library maintenance.

Section 3, Assembler Introduction. Shows the use of the TEKDOS command ASM; reviews
the notational conventions used throughout this manual; explains the assembler listing in
more detail.

Section 4, Assembly Language Elements. Describes the fundamental elements of an
assembly language statement; gives rules for creating symbols, constants, and expressions;
describes special characters and assembler functions.

Section 5, Assembier Directives. Describes the function and use of each assembler
directive. Each description is accompanied by one or more examples. Directives are arranged
in alphabetical order.

Section 6, Macros. Shows how to create and use assembler macros; demonstrates the
macro features of the Tektronix Assembler.

Section 7, The Linker. Describes the function and use of the TEKDOS command LINK, and
of each command in the linker subsystem; explains the linker listing in more detail.

Section 8, The Library Generator. Describes the function and use of the TEKDOS command
LIBGEN, and of each command in the library generator subsystem; explains the library
generator listing.

Section 9, Programming Exampies. Demonstrates and expiains useful applications of the
assembler, linker, and library generator.
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Section 10, Tables. Summarizes reference information in tabular form.

Section 11, Technical Notes. Provides information on special applications of the assembler,
linker, and library generator.

Section 12, Assembler Specifics. Provides information that varies with each
microprocessor: registers, instruction sets, special error messages, etc. Section 12 also
contains Demonstration Runs for microprocessors other than the 8080A. An Irregularities
paragraph for each microprocessor lists exceptions to the standard reference material in this
manual.

Section 13, Error Messages. Lists the error messages for the assembler, linker, and library
generator. Each error message is accompanied by a description of the problem and possible
solutions.

Section 14, Glossary. Defines special terms used in this manual.

8002A System Users Manual. Describes how to use the 8002A uProcessor Development
Lab and its operating system, TEKDOS.
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Section 2

PROCEDURES

INTRODUCTION

In the previous section, the Learning Guide, you were presented with the basic concepts of
the TEKDOS Assembler and Linker. In this section, Procedures, you are shown procedures
for using the assembler, the linker, and the library generator.

Each procedure in this section is simply a series of one or more command entries or actions

for you to perform.

Most of the procedures contain parameters (places for values) that you

will supply when you perform the procedure.

Each procedure is presented in the following format:

Description:

Procedure:

Parameters:

Comments:
Examples:

See Also:

A summary of the operation(s) performed by the procedure.

The information entered or displayed at the system terminal. The
following conventions are used in the procedure description:

Underlined: The character sequence that you will enter. The sequence
may consist of the exact characters to be entered, or parameters for
which you must substitute your values.

No underline: A character sequence that is displayed by TEKDOS.

UPPERCASE: An exact character sequence; if these characters are
underlined, enter them exactly as shown. (lf they are not underlined,
you will see these characters displayed by TEKDQOS))

lowercase: A parameter for which you will supply a value when you
perform the procedure.

(Parentheses): A comment, or an action for you to perform at the
indicated time.

The filenames or options that you provide. If a filename is used, a slash
"/ followed by a digit will specify the drive number. If no drive number
is specified, TEKDOS assumes the file is on the system disc.

The operating limits and options for this procedure.

One or more demonstrations of the correct entry format.

Cross-references to related procedures.

For a fuii description of any given command, refer to Assembier Directives, Linker, or Library
Generator section in this manual, as appropriate.
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ASSEMBLING YOUR PROGRAM

Invoking the Assembler

Description: This procedure generates an object file (in machine language) from an
assembly language source file.

Procedure: > ASM objectfile listirg sourcefile
Parameters: objectfile—The name of the file where the assembled object code will
be stored.

listing—The name of the listing file or device.

sourcefile—The file containing the assembly source code for the
program.

Examples: > ASM MYFILE;0/0 MYFILE;A/1 MYFILE;S/0

This command line assembles the source code present in the file
MYFILE;S on drive 0. The resulting object code is placed in the file
MYFILE;O on drive 0. The assembler aiso produces a program listing and
a list of defined symbols. This listing is placed in the file MYFILE;A on
drive 1.

See also: ® Invoking the Linker )
® Displaying Internal Symbols in the Linker Listing

Combining Source Files During Assembly

Description: This procedure assembles code from several source files into a single
object module.

Procedure: > A'SM. objfile listirg asrcfile bsrcfile csrcfile

Parameters: objfile—The name of the file in which the object code will be stored.
listing—The name of the listing file or device.
asrcfile—The first source file to be assembled.
bsrcfile—The second source file to be assembled.
csrcfile—The third source file to be assembled.

Comments: The command line assembles the source files in left-to-right order. An

END statement should appear only in the last source file to be
assembled (in this case, csrcfile).

22
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Assembling Your Program

Exampie:

See also:

> ASM SUMOBJ;0/0 LPT1 ASORCE;3S/0 BSORCE;S/1 CSORCE;3/1

The three source files are assembled left-to-right: ASORCE;S on drive O,
then BSORCE;S on drive 1, and then CSORCE;S on drive 1. The object
code is placed in the SUMOBJ;0 file on drive O. The program listing is
output on the line printer (LPT1).

® Invoking the Assembler

Displaying Internal Symbols in the Linker Listing

Description:

Procedure:

This procedure adds the internal symbol list to the linker iisting. The
internal symbol list contains all of the symbols in the source file and
their final values. These internal symbols include: scalars, section
labels, and labels for unbound globals. This listing is useful for
debugging high-level and assembly language programs.

(Invoke the editor and include the LIST DBG option at the beginning of
the assembler source file.)

> EDIT yourfile

¥¥ EDIT VER X.X
¥*INPUT
INPUT:
tLISTEDBG <er>
<cr>
(t represents a tab or control-l key)
*FILE

¥EDIT¥* EOJ

(Assemble the yourfile source file)

> ASM objectfile,,ycurfile

(Link the objectfile object file)

> LINK lcadfile listirg cbjectfile

(The loadfile may now be LOADed into program memory. The linker
listing will show the memory addresses and the values of all symbols
used in the program.)

2-3
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Parameters:

Comments:

See also:

objectfile—The name of the file where the assembled object code will
be stored.

yourfile—The name of the assembly source file that will have the LIST
DBG option added.

loadfile—The name of the resulting load file.

listing—The name of the listing file or device. This listing includes a
global symbol list and optional internal symbol or map listings. Refer to
the Linker section of this manual for more information on the listing
options.

When you insert this listing control directive at the beginning of your
assembly code the linker will list the values assigned to the internal
symbol table. You may then examine or modify the program by using the
linker listing to find the memory locations of symbols.

® Invoking the Assembler
® invoking the Linker (Simple Invocation)

LINKING YOUR PROGRAM

Invoking the Linker (Simple Invocation)

Description:

Procedure:

Parameters:

Comments:

24

This procedure converts the contents of object files (produced by the
assembler) into a single file that is suitable for loading.

> LINK loadfile listirg objectfile library

loadfile—The name of the resulting load file.

listing—The name of the listing file or device. This listing includes a
global symbol list and optional internal symbol or map listings. Refer to
the Linker section of this manual for more information on the listing
options.

objectfile—The name of the object file from which the load file is
generated.

library—The name of the library file to be linked. You may omit this
parameter.

Additional object files may be linked by entering additional objectfile
parameters.
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Examples: > LINK MYFILE;L MYFILE;K MYFILE;O LIB(YOUR;Y)

This command uses the object code stored in the file MYFILE;O and anv
object modules selected from the YOUR;Y library file to generate a load
file named MYFILE;L. The linker also produces a listing file named
MYFILE;K. All files are located on the system drive, since no drive
number was specified.

> LINK LOADFL;L LSTFIL;K HERFIL;O0 HISFIL;O0 ITSFIL;O

The object code stored in the file HERFIL;O is linked first, then the file
HISFIL;O, then last of all the file ITSFIL;O. The resulting load file is
named LOADFL;L. The linker also produces a listing file named
LSTFIL;K. Ali files are iocated on the system drive, since no drive
number was specified.

See also: ® |nvoking the Assembler
® Invoking the Linker (Interactive Invocation)

® Displaying internal Symbols in the Linker Listing

Invoking the Linker (Interactive Invocation)

Description: This procedure converts the contents of object files (produced by the
assembler) into a single file that is suitable for loading. This form of
invocation also permits a series of additional commands to be given to
the linker.

Procedure: > LINK
*L0G
*NAP
¥[,OAD loadfile
#[IST listirg
¥LINK objectfile
¥LINK library

(Enter one linker command per line)

*END

Parameters: loadfile—The name of the resulting load file.

listing—The name of the listing file or device. This listing includes a
global symbol list and optional internal symbol or map listings. Refer to
the Linker section of this manual for more information on the listing
options.

objectfile—The name of the object file from which the load file is
generated.

library—The name of the library file to be linked.



Linking Your Program Procedures—8002A. Assembler Users Manual

0

Comments: This form of linker invocation allows you to enter commands line-by-line
to specify: the listing format, the output file, the listing device or file, the
input file, and several other options. These optional commands LOCATE
sections, provide TRANSFER addresses for modules, and DEFINE values
for symbols. If you wish to link more than one file, repeat the LINK
command on the following line with the additional file as its parameter.
The END command begins linker execution. For more information about
linker invocation, see the Linker section of this manual.

Example: > LINK
*1.0G
¥MAP
*LOAD OURFIL;L/1
*¥LIST LPT1
¥ INK MYFILE;O/1
¥LINK YRFILE;O/1
¥LINK LIB(HILVL;Y)
¥DEFINE INITSP=8000
¥END

The object code stored in the two files MYFILE;O and YRFILE;O (both on
drive 1) is linked with selected object modules from the library file
HILVL:Y. The global symbol INITSP is assigned a hexadecimal value of
8000 and the linked body of code is placed in a load file named
OURFIL;L. The line printer (LPT1) records the linker commands, the
values of symbols, and the locations of sections.

> LINK

*1.0G

¥MAP

¥ OAD OUTFIL;L

¥LIST LSTFIL;K

¥LINK INFILE;O

¥, OCATE SECTNAME,BASE(0Q)
¥END

The input file INFILE;O contains a section named SECTNAM. The BASE
attribute of the LOCATE command positions the starting address of this
section at address 0. The resulting load file is named OUTFIL;L. The list
file LSTFIL;K records the linker commands, the values of symbols, and
the locations of sections.

See also: ® Assigning Object Code to an Address Range
® Reserving an Area of Memory

2-6



Procedures—8002A: Assembler Users Manual Linking Your Program

Assigning Object Code to an Address Range

Description: This procedure assigns an object code section to a specified address
range.

Procedure: > LINK
¥L.OG
¥MAP

*L0AD loadfile

¥ IST listirg

¥ TNK objectfile

¥LOCATE secticrrame,RANGE (startaddr,erdaddr)
¥END

Parameters: loadfile—The name of the resulting load file.

listing—The name of the listing file or device. This listing includes a
global symbol list and optional internal symbol or map listings. Refer to
the Linker section of this manual for more information on the listing
options.

objectfile—The name of the object file from which the load file is
generated. Repeat this line for each additional object file to be linked.

sectionname—The name of the object section that is relocated into the
specified address range.

startaddr—The lower bound of the allowed relocation range. This
address is specified in hexadecimal.

endaddr—The upper bound of the allowed relocation range. This
address is specified in hexadecimal.

Comments: The object files to be LINKed are scanned for the section name specified
by the LOCATE command. This object section is relocated within a
RANGE bounded by the specified starting and ending addresses. All
other object sections may be relocated anywhere within the processor’s
address range (this includes the specified RANGE). The LOAD command
specifies the name of the load file. The listing may be sent to either a file
or device.

Example: > LINK

*L.0G

®MAP

¥LOAD OUTFIL;L

¥LIST LSTFIL;K

¥LINK INFILE;O

¥ LOCATE SECTNAM,RANGE(O,FF)
¥END
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The input file INFILE;O contains an object section named SECTNAM.
The LOCATE command assigns the object section SECTNAM within a
range of addresses O to FF. This range is specified by the RANGE
parameter. Any object sections remaining in INFILE;O are relocated
within the address range of the processor. The resulting linked object
code is sent to the load file OUTFIL;L. The linker commands are recorded
in the file LSTFIL;K, along with the values of symbols and the locations
of sections.

See also: ® Reserving an Area of Memory
® Invoking the Linker (Interactive Invocation)

Reserving an Area of Memory

Description: This procedure prevents relocation within a predefined address range.
Procedure: (Create a dummy source file with an absolute section:)
Label Operatior Operanrd
SECTION dummyrame, ABSOLUTE
ORG startaddr
BLOCK areasize
END

(Assemble an object file from the dummy source file:)

> ASM skipobject,,skipscurce

{Link skipobject and your object file:)
> LINK locadfile listirg skipcocbject yourocbject

Parameters: dummyname—The name of the dummy section. The SECTION
statement includes an ABSOLUTE option. This option directs the linker
to use the address specified by the ORG directive as the starting address
in memory. The operand of the BLOCK directive specifies the size of the
reserved block of memory.

startaddr—The starting address of the reserved area.
areasize—The size of the reserved area.
skipsource—The name of the dummy sourceé file.
skipobject—The assembled dummy file.
yourobject—The object file containing your program.

listing—The name of the listing file or device. This listing inciudes a
global symbol list and optional internal symbol or map listings. Refer to
the Linker section of this manual for more information on the listing
options.

loadfile—The name of the resulting load file.

2-8
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Comments: A dummy file is linked with the object file containing your program. The
ABSOLUTE option within the dummy section directs the linker to start
the section at the address specified by the ORG directive. The BLOCK
directive specifies the size of the reserved area. The object sections of
your program are then relocated around the reserved area occupied by
the dummy section. This reserved area may be used for ROM storage or
memory-mapped 1/0.

Example: (Create a source file SKIP;S with the text editor:)
Label Operation Operard Comment
SECTION SKIPSEC,ABSOLUTE;
ORG 0 ; Base Address
BLCCK 100H ; Reserved Memory
END H

{Assemble the source file SKIP;S:)
> ASM SKIP;0,,SKIP;S

(Link SKIP;O and your object file)
> LINK YRFILE;L LPT1 SKIP;0 YRFILE;O

The dummy file SKIP;S is assembled and renamed SKIP;0. This object
file is linked with the object file YRFILE;O. The ABSOLUTE option within
the dummy section SKIPSEC directs the linker to start the section at
address O (as specified by the ORG directive). The BLOCK directive then
reserves a specified area of 100 (hexadecimal) bytes.

The linker relocates the remaining object sections around the SKIPSEC
dummy section, leaving the first 256 bytes of memory unused by this
program. The resulting load file is named YRFILE;L. The listing device is
the line printer (LPT1).

See also: ® Invoking the Linker (Interactive Invocation)
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T

BUILDING AND MAINTAINING A LIBRARY

Invoking LibGen

Description: This procedure shows the general format for invoking the library
generator (LibGen).
Procedure: > LIBGEN rewlib listirg oldlib

¥ (Enter one LibGen command per line)

*¥END

Parameters: newlib—The name of the file that will contain the new version of the
library.

listing—The name of the listing file or device.
oldlib—The name of the old library file.

Comments: When you invoke LibGen you may use one or more commands to
INSERT, EXTRACT, REPLACE, or DELETE library modules. If these
commands are not entered, oldlib will be copied into newlib without
modification. The END command must always terminate the invocation.
For more information, see the Library Generator section of this manual.

Example: > LIBGEN BIGLIB;Y LSTLIB;N SMLLIB;Y
¥INSERT BIG;0/1
¥END

The library file SMILLIB;Y is copied into a new library file named
BIGLIB;Y. The object module in file BIG;O on disc drive 1 is inserted at
the beginning of the BIGLIB;Y library file. The LSTLIB;N file lists the
modules within the output library, the global symbols within each each
module, and the actions performed by the library generator.

> LIBGEN,,LSTLIB;N ADLIB;Y
¥END

The module names in the library file ADLIB;Y are sent to the listing file
LSTLIB;N. This file may be copied to the system terminai (CONO) or a
line printer (LPT1).

See also: Creating a User-Defined Library
Adding a New Library Module
Examining a Library Module

Replacing a Library Module

Combining Libraries

2-10
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Creating a User-Defined Library

Description: This procedure creates a new library from object modules.
Procedure: > LIBGEN rewlib listinrg

¥TNSERT cbjectfile (repeat as necessary)

¥END
Parameters: newlib—The name of the new library file.

listing—The name of the listing file or device.

objectfile—One of the files containing the object modules to be included
in the library. Enter one INSERT command for each object file to be
inserted.

Comments: Each object module in the library should be uniquely named (with the
NAME directive) at assembly time. If you do not name the object
modules, you will not be able to modify or maintain the library.

For more information about naming modules, refer to the NAME
directive in the Assembler Directives section of this manual.

Example: > LIBGEN MYLIB;Y LSTLIB;N
*INSERT AFILE;0/1
*INSERT BFILE;0/1
*INSERT CFILE;0/1
*INSERT ZFILE;0/1
*END '

The library file MYLIB;Y is created on the system disc. The library file
contains object modules from files AFILE;O, BFILE;O, CFILE;O, and
ZFILE;O (all on drive 1). The LSTLIB;N file lists the modules within the
new library, the global symbols within each module, and the actions
performed by the library generator.

See also: ® Adding a New Library Module
® Combining Libraries

@ 2-11
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Adding a New Library Module

Description: This procedure copies a library and inserts an object module from a file
into the new library.

Procedure: (Add a module at the beginning of a library)

> LIBGEN rewlib listirg oldlib
*INSERT addfile
*¥END

Parameters: newlib—The file that will contain the new version of the library.
listing—The name of the listing file or device.
oldlib—The name of the old library file.

addfile—The name of the file containing the object module that is added
to the library.

Comments: Each object module in the library should have a unique name given at
assembly time. If you do not name the object modules, you will not be
able to modify or maintain the library.

Example: > LIBGEN ADLIB;Y LPT1 MYLIB;Y
®*INSERT DFILE;O/1
¥END

The MYLIB;Y library is copied into ADLIB;Y. The object module within
DFILE;O (residing on disc drive 1) is inserted at the beginning of the
library. The LSTLIB;N file lists the modules within the output library, the
global symbols within each each module, and the actions performed by
the library generator.

See also: ® Examining a New Library Module
® Replacing a Library Module
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L .

Extracting a Library Moduie

Description: This procedure copies a library module into an object file.
Procedure: > LIBGEN,,listirg 1ib

¥E XTRACT medlib TO rewfile

¥END
Parameters: listing—The name of the listing file or device.

lib—The name of the library file.

modlib—The name of the library module that will be copied into a new
file.

newfile—A new file used to store the extracted library module.

Comments: You may use additional procedures to examine the code within the
object file newfile. Refer to the Procedures section of the 8002A System
User’'s Manual.

Example: > LIBGEN,,LPT1 ADLIB;Y
¥*EXTRACT AMOD TO XFILE;0/1
¥EXTRACT BMOD TO YFILE;0/1
¥END

Two modules are copied from the library file ADLIBY into two object
files. AMOD is copied into the object file XFILE;O on drive 1; BMOD is
copied into the object file YFILE;O on drive 1. The line printer (LPT1) lists
the modules within the library, the global symbols within each each
module, and the actions performed by the library generator.

See also: ® Adding a New Library Module
® Replacing a Library Module

Replacing a Library Module

Description: This procedure replaces an existing library module with a new one.
Procedure: > LIBGEN rewlib listirg cldlib

*REPLACE modlib EY rewfile

¥END
Parameters: newlib—The file that will contain the new version of the library.

listing—The name of the listing file or device.
oldlib—The name of the old library file.

modlib—The name of the library module that will be replaced by the
new module.

newfile—The file name of the new module.
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[

Comments: The new library is scanned for modlib, which is then deleted and
replaced by the object module within newfile.

Each object module in the library should have a unique name given at
assembly time. If you do not name the object modules, you will not be
able to modify or maintain the library. For more information about
naming modules, refer to the NAME directive in the Assembler
Directives section of this manual.

Example: > LIBGEN NULIB;Y LSTLIB;N ACLIB;Y
¥*REPLACE AMOD BY XFILE;0/1
¥*REPLACE BMOD BY YFILE;O/t
¥END

The ADLIB;Y library is copied into NULIB;Y. The object module within
XFILE;O (on drive 1) replaces AMOD, and the object module within
YFILE;O (on drive 1) replaces BMOD. The listing file LSTLIB;N lists the

contents of the new library and the actions performed by the library
generator.

See also: ® Examining a Library Module
® Adding a New Library Module

Combining Libraries

Description: This procedure adds the contents of a small library to a larger library.
Procedure: > LIBGEN,,o0ldlistinrg smallib

*EXTRACT mod1 TO filel

* mo ile

*EXTRACT modx TO filex
*END

(All of the modules in the smaller library have been copied into
individual files.)

> LIBGEN rewlib rewlistirg biglib
#INSERT filel
¥INSERT file?

*INSERT filex
*END

2-14 @
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Parameters: oldlisting—The name of the listing file or device that shows the
contents of the old library.

smallib—The name of the smaller library file.

mod1, mod2, ..., modx—The library modules extracted out of the
smaller library.

file1, file2, ...,filex—The individual files used to store the modules
extracted from smallib.

newlib—The name of the new library created from the combination of
smallib and biglib.

newlisting—The name of the listing file or device that shows the
contents of the new library.

biglib—The name of the larger library file.

Comments: This procedure copies all of the modules mod1, mod2, ..., modx from
the smallib library into individual object files file1, file2, ..., filex. The
biglib library is copied into the new library file newlib. The files file1,
file2, ..., filex are then inserted into the beginning of the newlib library.
The first listing shows the contents of the smallib library and the second
listing shows the contents of the newlib combined library.

Example: > LIBGEN,, OLDLST;N MYLIB;Y
¥EXTRACT AMOD TO AFILE;0/1
¥EXTRACT BMOD TO BFILE;0/1
¥EXTRACT CMOD TO CFILE;0/1
*¥END

> LIBGEN NULIB;Y NEWLST;N YRLIB;Y
¥INSERT AFILE;O/1

*INSERT BFILE;0/1

¥INSERT CFILE;O0/1

¥END

Modules AMOD, BMOD, and CMOD are copied from the MYLIB;Y library
into intermediate object files AFILE;O, BFILE;O, and CFILE;O. These
intermediate files are on drive 1. The YRLIB;Y library is copied into a
new library named NULIB;Y. The intermediate files are then inserted at
the beginning of the NULIB;Y library. The listing file OLDLST;N lists the
contents of the old library and the actions of the first LIBGEN command;
the listing file NEWLST;N lists the contents of the new library and the
actions of the second LIBGEN command.

See also: ® Examining a Library Module
® Adding a New Library Module
® Invoking LIBGEN
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Section 3

ASSEMBLER INTRODUCTION

INTRODUCTION

The assembler translates assembly language statements (source code) into machine
instructions (object code). The resulting object module, stored on a disc file, is suitable for
input to the linker or to the library generator (LibGen).

This section describes the Tektronix Assembler, and is divided into the following subsections:

® Syntax Notation. Describes the syntax conventions used throughout this manual.

® Assembler Invocation. Describes how to invoke the assembler with the TEKDOS ASM
command.

® Assembler Input. Describes how the source module is used as input to the assembler.
® Assembler Execution. Describes the operations performed by the assembler.

® Assembler Output. Describes the output of the assembler: the object module and the
assembler listing. Includes an annotated assembler listing of a sample program.

SYNTAX NOTATION

Introduction .
This manual uses syntax blocks to present:

® TEKDOS commands,

® linker commands,

® LibGen commands,

® assembler directives, and

® assembler functions.

The conventions used in the syntax blocks are described in this subsection. Figure 3-1
illustrates a sample syntax block.

SYNTAX

PA ]| param2
COMMAND param1[/par-one] | ,PB ] |param3]}...

3454-6
Fig. 3-1. Sample syntax block.

This figure illustrates a syntax block for a sample TEKDOS command line.
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In this fictitious example, COMMAND represents a command name. PA, PB, paraml,
param2, param3, and par-one represent the command parameters.

Delimiters (usually spaces or commas) separate the parameters from the command name
and from each other.

Command Name

A command name is a word that represents a TEKDOS command or assembler directive.
Uppercase characters in the command name must be entered exactly as shown. When part
of the command name is underlined, you may enter that shortened form. In Fig. 3-1, the
short form of the command is COM. '

Parameters

Parameters specify or modify how the command is executed. Parameters may be names,
addresses, devices, numbers, characters, or symbols. Capitalized parameters and any special
characters, such as the comma, parentheses, “at” sign (@), slash {/), and equals sign (=),
must be entered exactly as they appear in the syntax block.

Lowercase parameters are descriptive terms that identify the type of information to be
entered. Allowable entries appear in the PARAMETERS explanation for each command. In
this manual, parameters are sometimes represented in a syntax block by two words, joined
with a hyphen. The hyphen shows that they are not two separate parameters. In the
example, “par-one” represents one parameter.

Parameters may be required or optional in the command line. Required parameters appear in
the command line without braces or brackets. For example, "param1” is a required
parameter.

Optional Parameters
Optional parameters are enclosed in brackets [ ] in the syntax block. In Fig. 3-1 "/par-one” is
an optional parameter. The special character slash (/) is required if “par-one” is used.

Chqice of Parameters

Parameters are stacked one above another when there is a choice of two or more
parameters. If the parameters are stacked within braces {}, one of the parameters must be
selected. In the example, either "param2” or "param3” must be selected. If the parameters
are stacked within brackets [], the selection is optional. In the example, you may select either
"PA"” or "PB” or neither. Notice that if either “PA" or "PB” is selected, it must be preceded by
a comma.

B)
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Repeated Parameters

When three dots follow a parameter, the parameter may be repeated any number of times up
to the end of the current line. The choice of “param2” or “param3” may be repeated as many
times as the line permits.

ASSEMBLER INVOCATION
The assembler is invoked by the TEKDOS command ASM.

SYNTAX
ASM [object] [listing] source...
PARAMETERS
object The name of the file or device on which the object module is to be

written. If this parameter is omitted, no object module is created. When
the object is a file, the following syntax is used:

file-namel/disc-drive]

If the disc-drive is not specified, the system disc is assumed.

listing The file or device on which the assembler listing is to be written. If this
parameter is omitted, no listing is created. When the listing is a file, the
following syntax is used:

file-name[/disc-drivel

If the disc-drive is not specified, the system disc is assumed. The listing
can be printed directly to the line printer, by specifying LPT1 as the
listing device.

source The name of the file or device from which the source code is read. If the
source is a file, the following syntax is used:

file-namel[/disc-drivel

If the disc-drive is not specified, the system disc is assumed.

EXPLANATION

The ASM command invokes the Tektronix Assembler. The source code residing on one or
more files is translated into object code (machine language), which is stored on the specified
object file or device. An assembler listing is generated and written on the specified file or
device. If either the object or listing is omitted, you must enter two commas. If both are
omitted, you must enter three commas. (See the Examples.)

The assembler makes two passes through the source code. (See the Assembler Execution

subsection in this section.) If you are entering the source code from a device, you must enter
the source code twice, once for each assembler pass.
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EXAMPLES

ASM MYPROG;O MYPROG;A MYPROG;S

This example assembles the source file MYPROG:;S, creating the object file MYPROG;O. The
assembler listing is stored in the file MYPROG;A. All files reside on the system disc.

ASM, ,LPT1 MYPROG;S

This example assembles the source file MYPROG;S but does not generate an object file. The
assembler listing is output to the line printer.

ASM, , ,MYPROG; S/1

This example assembles the source file MYPROG;S that resides on disc drive 1, but does not
generate an object file or an assembler listing. This form of invocation might be used when
errors are suspected in the source file. The errors are listed on the system terminal.

ASSEMBLER INPUT

Assembler input consists of assembly language statements, as defined in the Language
Elements section of this manual. There are three types of assembler language statements:

® assembly language instructions,
® assembler directives, and

® macro invocations.

Blank lines and comment lines (lines beginning with a semicolon) may be included in the
input, but have no effect on the assembler. Any other assembler input will cause an error.

If the assembler input resides in one or more source files, each file name must be specified
in the ASM command line. If the input is read from a device, the statements must be entered
twice. When the assembler is ready to read the source code a second time, it displays the
following message on the system terminal:

¥%%% pass 2

if the statements entered on the second pass are not identical to those entered on the first
pass, assembly errors will result.
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ASSEMBLER EXECUTION
Two Passes
The assembler makes two passes over the input. During the first pass, the assembler:

® examines each statement, records any symbol it encounters in a symbol table, and
assigns a value to each symbol. That value is used in the second pass.

When the END statement or the end of the last source file is encountered, the assembler
reads the input again. During the second pass, the assembler:

® generates an object module,
® generates a listing file, and

® lists on the terminal any error messages generated. (See the LIST directive in the
Assembler Directives section of this manual.)

Forward Referencing
Since the assembler generates a symbol table on the first pass, your programs can include
forward referencing. For example:

JMP DOWN

DOWN CALL 0UTsS

The symbol DOWN can be referenced before it is defined. If any symbol has a different value
during the second pass, a phase error resuits.

Execution Sequence
As the assembler reads each statement of the source program, it performs the following
steps:
1. Makes any necessary text substitution. The assembler replaces any text substitution
construct, such as ‘1’, ‘@’, or 'VARNAME', with the parameter, symbol, or string that
the construct stands for. (See the Language Elements section of this manual.)

2. Performs the indicated action according to the type of statement:

a. assembly language instruction—The assembler translates each assembly
language instruction into the corresponding machine instruction.

b. assembler directives—Performs the action specified by the directive. Not all
assembler directives produce object code. (See the Assembler Directives section
of this manual for the effect of individual directives.)

For example, some directives may simply define assembler symbols, while some
may alter the processing order of the statements. An IF directive causes a block
of code to be assembled or skipped depending on the true/false value of the IF
condition. When a MACRO directive is encountered, the assembler simply stores
the macro definition.



Assembler Output Assembler Introduction—8002A: Assembler Users Manual

c. macro invocation—The assembler processes each statement within the
previously defined macro. (See the Macros section of this manual.)

The REPEAT directive within a macro causes a block of statements to be
assembled more than once. (See the REPEAT directive in the Assembler
Directives section of this manual.)

ASSEMBLER OUTPUT

The assembler generates an object module and an assembler listing. Any assembler errors
are displayed to the system terminal.

Object Module

The assembler generates an object module which is stored in binary format. This assembler-
created object module is suitable for one of the following uses:

e It may be linked with other modules to form an executable load file. (See the Linker
section of this manual.)

® It may be inserted into a library file. (See the Library Generator section of this manual.)

® It may be loaded into program memory and executed provided that the module does not
contain any unbound global symbols and does not contain any sections that must be
relocated. (See the Linker section of this manual for information on relocatable
sections.)

Assembler Listing

The assembler generates an assembler listing consisting of two parts: the source listing, and
the symbol table. Figure 3-2 shows the assembler listing of a sample program. Both the
listing and the sample program that generates it are examined in more detail later in this
section.

The assembler listing shown in Fig. 3-2 consists of three pages: pages 1 and 2 show the
source listing, which includes the source program and the object code generated for each
statement; page 3 shows the symbol table. Refer to Fig. 3-2 as you read the following
descriptions.

Source Listing
Each line of the source listing contains the following information:

. the line number (decimal).
. the memory location (hexadecimal) of the object code generated (if any).

1

2

3. the assembled object code (hexadecimal).

4. a relocation indicator (>) if the object code is to be adjusted by the linker.
5

. a text substitution indicator (+) if the assembler has modified the source statement.
6. the source statement.

If any statement contains an error, the appropriate error message appears directly after the
statement.

36
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Symboi Tabie

The assembler symbol table displays the value and type of each symbol. The symbol table is
divided into the following groups:

1. Strings and Macros—Symbols that are declared as string variables or defined as
macro names are listed in this group. The letter "S” after the symbol indicates a string
variabie and “M” indicates a macro. A number (in hexadecimal) follows each symbol.
That number represents the number of bytes required by the assembler to store the
character string or macro definition.

2. Scalars—Scalar symbols are listed in this group. The letter "G" following the symbol
indicates a global symbol. The letter "V” indicates a variable defined with the SET
directive. The number that follows the symbol is the value assigned tc the symbol. The
value for each variable is the last value assigned to the variable during assembly.
"x*xx indicates an undefined symbol.

3. Sections—Each section of the program is listed alphabetically in this group. The
following information appears with each section:

® Section type—SECTION, RESERVE, or COMMON. See the Linker section of this
manual for the definition of section types.

Relocation type—PAGE, INPAGE, ABSOLUTE, or, if not specified, byte-relocatable.
Length of section—the number of bytes of object code generated (in hexadecimal).

All address symbols within the section—each with its address relative to the
beginning of the section. "E” indicates that the ENDOF function is used to
determine the address. "H” indicates that the HI function is used and “L” indicates
that the LO function is used.

4. Unbound Globals—Symbols used in this module but defined elsewhere are listed in
this group. Any symbols based on an unbound global are listed below that global.

B. Statistics—Two summary lines of statistics appear at the end of the symbol table. The
first line shows the number of source lines, the number of assembled lines, and the
number of available bytes. The number of available bytes indicates the amount of
space remaining in the assembler for storage of string variables, macros, and labels.
The second line indicates the number of errors and undefined symbols, if any. These
lines of statistics also appear on the system terminal at the end of the assembly
process.
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Tektronix 8080/8085 ASM Vx.x SAMPLE PROGRAM Page 1
object
code
memory relocation
location indicator (>)
line
number text substitution source
indicator (+) statements

00002 LIST TRM
00003 STRING VOTERS(20) ,MYSELF(20)
00004 STRING SENTENCE (40)
00005 03E8 SEATS SET 1000
00006 MYSELF SET "KEN DEDATE"
00007 VOTERS SET "ENGINEERS"
00008 00C6 CONTRIB SET 198
00009 ; DEFINE RESERVE SECTION "SEATING".
00010 FFFF IF HI(CONTRIB) = 0O
00011 WARNING ; CONTRIBUTION TOO SMALL
E¥2%¥% CRROR 001:
00012 01F4 SEATS SET SEATS - 500
00013 ENDIF
00014 RESERVE SEATING, SEATS
00015
00016 ; DEFINE MACRO "PROMISE". iw
00017 MACRO PROMISE
00018 3 THIS MACRO CONCATENATES ALL PARAMETERS INTO
00019 ; A SINGLE SENTENCE.
00020 SENTENCE SET nn
00021 PARAM SET 1 ; POINT TO FIRST PHRASE. macro
00022 REPEAT PARAM <= '#' 5 REPEAT > definition
00023 SENTENCE SET SENTENCE:" ":'PARAM' ; FOR
00024 PARAM SET PARAM + 1 ; EACH
00025 ENDR s PHRASE.
00026 ASCII "ISENTENCE'"
00027 ENDM J
00028
00029 0000 000000 DELIBERATE ERROR
#%%%% FRROR 039: Invalid operation code
00030 ; DEFINE PROGRAM SECTION "CAMPAIGN".
00031 GLOBAL SPEAK,KISSBABY
00032 SECTION CAMPAIGN
00033 0008 > ELECTION EQU ENDOF(CAMPAIGN)
00034 0001 > NEXTBABY EQU KISSBABY + 1
00035 0000 CDOOOO > FIRST CALL SPEAK
00036 0003 CDO0OOO > THEN CALL KISSBABY
00037 0006 C30100 > LAST JMP NEXTBABY
00038 ; DEFINE COMMON SECTION "SPEECH".
00039 COMMON SPEECH, ABSOLUTE
00040 0100 ORG 100H
00041 0100 0080 APPLAUSE BLOCK 80H
00042 0180 MESSAGE EQU $ macro
00043 PROMISE VOTERS,"WILL ALWAYS HAVE" ———— invocation

0180 20454EUT + ASCII " ENGINEERS WILL ALWAYS HAVE"

0184 4QHEULSUS

0188 52532057

018C u4g94cucza0

0190 414C5741

0194 595320u8

0198 415645
00044 PROMISE "A FRIEND IN",MYSELF,"."

0198 20412046 + ASCII " A FRIEND IN XEN DEDATE ."

3454-7

Fig. 3-2. Sample Assembler Listing (Sheet 1 of 3).

This sample assembler listing, and the source program that generated it, are discussed in the text.
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Tektronix 8080/8085 ASM Vx.x SAMPLE PROGRAM Page 2

019F 524945LE

01A3 UU204Q4E

01A7 204BUSHE

01AB 20444544

01AF 41544520

01B3 2E

00045 PROMISE "TELL YOUR FELLOW",VOTERS

01B4 2054454C + ASCII " TELL YOUR FELLOW ENGINEERS"
01B8 U4C20594F

01BC 555220u6

01CO USUCHCUF

01C4 5720454E

01C8 UTUJUELS

01CC 455253 N
00046 LIST ME ; SHOW FULL MACRO EXPANSION
00047 PROMISE  "TO VOTE FOR",MYSELF,"."
SENTENCE SET nn
0001 PARAM  SET 1 ; POINT TO FIRST PHRASE.
FFFF + REPEAT  PARAM <= 00003 : REPEAT
+ SENTENCE SET SENTENCE:" ":"TO VOTE FOR" ; FO
0002 PARAM  SET PARAM + 1 ; EACH
ENDR ; PHRASE.
FFFF + REPEAT  PARAM <= 00003 ; REPEAT
+ SENTENCE SET SENTENCE:" ":MYSELF ; FOR complete
0003 PARAM gggﬁ PARAM + 1 ; Esgiss. macro expansion
FFFF + REPEAT PARAM <= 00003 ; REPEAT listed
+ SENTENCE SET SENTENCE:" ":7." ; FOR
0004 PARAM  SET PARAM + 1 ; EACH
ENDR ; PHRASE.
01CF 20544F20 + ASCII " TQ VOTE FOR KEN DEDATE ."
01D3 564F54145
01D7 2046LF52
01DB 204BYSUE
01DF 20444544
01E3 41544520
01E7 2E
00048 END s

3454-8

Fig. 3-2. Sample Assembler Listing (Sheet 2 of 3).

This sample assembler listing, and the source program that generated it, are discussed in the text.
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Tektronix 8080/8085 ASM Vx.x Symbol Table Page 3
Strings and Macros .
strings
MYSELF - 0014 S PROMISE 0135 M SENTENCE 0028 S and macros
VOTERS - 0014 S
Scalars
S 0007 C ~mmmme 0001
CONTRIB 00C6 V DELIBERA *###% scalar
------ 0003 L ------ 0005 s
M ceccaaa 0006 PARAM -- 0004 V PSW ---- 0006
SEATS -- 01F4 Vv SP =eea= 0006
% (default) Section (0003) ™
CAMPAIGN Section (0009)
ELECTION 0008 E FIRST -- 0000 LAST --- 0006
THEN --- 0003 Psections
SEATING Reserve (01F4)
SPEECH Common Absolute (01E8)
APPLAUSE 0100 MESSAGE 0180 /
KISSBABY Unbound Global
NEXTBABY 0001 unbound
globals
SPEAK Unbound Global
48 Source Lines 108 Assembled Lines 47025 Bytes available L.
statistics
2 ERRORS 1 UNDEFINED SYMBOLS
3454.9

Fig. 3-2. Sample Assemblier Listing (Sheet 3 of 3).

This sample assembler listing, and the source program that generated it, are discussed in the text.
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Sample Source Program
Figure 3-3 shows the sample source program that generated the assembler listing shown in

Fig. 3-2. The program has no practical application, but is purposely contrived to illustrate a
variety of listing features.

TITLE "SAMPLE PROGRAM"
LIST TRM

STRING VOTERS (20) ,MYSELF(20)
STRING SENTENCE(40)

SEATS SET 1000
MYSELF SET "KEN DEDATE"
VOTERS SET "ENGINEERS"
CONTRIB SET 198
; DEFINE RESERVE SECTION "SEATING".
IF HI(CONTRIB) = 0
WARNING ; CONTRIBUTION TOO SMALL
SEATS SET SEATS - 500
ENDIF

RESERVE SEATING,SEATS

; DEFINE MACROC "PROMISE".
MACRO PROMISE
; THIS MACRO CONCATENATES ALL PARAMETERS INTO
; A SINGLE SENTENCE.
SENTENCE SET nn

PARAM SET 1 ; POINT TO FIRST PHRASE.
REPEAT PARAM <= '#°' ; REPEAT
SENTENCE SET SENTENCE:" ™":'PARAM' ; FOR
PARAM SET PARAM + 1 ; EACH
ENDR ; PHRASE.
ASCII "'SENTENCE'"
ENDM

DELIBERATE ERROR

; DEFINE PROGRAM SECTION "CAMPAIGN".
GLOBAL SPEAK,KISSBABY
SECTION CAMPAIGN

ELECTION EQU ENDOF(CAMPAIGN)
NEXTBABY EQU KISSBABY + 1
FIRST CALL SPEAK

THEN CALL KISSBABY

LAST JMP NEXTBABY

; DEFINE COMMON SECTION "SPEECH".
COMMON SPEECH, ABSOLUTE

ORG 100H
APPLAUSE BLOCK 80H
MESSAGE EQU $

PROMISE VOTERS,"WILL ALWAYS HAVE"
PROMISE "A FRIEND IN" MYSELF,"."
PROMISE "TELL YOUR FELLOW",VOTERS

LIST ME ; SHOW FULL MACRO EXPANSION.
PROMISE "TO VOTE FOR"™,MYSELF,"."
END

3454-10

Fig. 3-3. Sample 8080A Source Program.

This source program generated the sample assembler listing that was shown in Fig. 3-2. The text
discusses each line in this source program, and the object code that it generates.
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Sample Source Listing
Let's compare the source program {Fig. 3-3) with the assembler listing (Fig. 3-2). The first
line of the source program is:

TITLE "SAMPLE PROGRAM"

The TITLE directive creates a title on each page of the assembler program listing. The TITLE
directive itself does not appear on the program listing and does not generate any object code.

Tektronix 8080/8085 ASM Vx.x SAMPLE PROGRAM Page 1
— —

title

The next statement in the source program is:
LIST TRM

The LIST directive controls various features of the assembler listing. This particular use, with
the TRM option, prints the assembler listing in a 72-character width instead of the default
132-character width. Although this line appears in the assembler listing, it does not generate
object code.

STRING VOTERS(20) ,MYSELF(20)
STRING SENTENCE (40)

The next two lines of source code declare the symbols VOTERS, MYSELF, and SENTENCE as
string variables. These lines do not generate object code. The variables appear in the symbol
table of the assembler listing (Fig. 3-2, sheet 3). The “S” following each symbol indicates a
string variable.

SEATS SET 1000

MYSELF SET "KEN DEDATE"
VOTERS SET "ENGINEERS"
CONTRIB SET 198

The SET directive assigns a value to a variable. In the first of these four SET statements, a
numeric value is assigned to the numeric variable SEATS. The value 1000 (decimal) appears
in the object code column (line 00005 in the assembler listing) as O3E8 hexadecimal. No
memory location appears on the line because the value is not stored in the object program.
MYSELF and VOTERS require string values enclosed in double quotes (" ”) since they are
string variables. The numeric value 198 (OOC6H) is assigned to the numeric variable
CONTRIB.

; DEFINE RESERVE SECTION "SEATING".

The semicolon (;) designates this line as a comment line. Comment lines appear in the
assembler listing, but have no effect on the object code.

D
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IF HI(CONTRIB) = 0

WARNING ; CONTRIBUTION TOO SMALL
SEATS SET SEATS - 500

ENDIF

These four statements are a conditional assembly block. The IF directive causes the block of

statements between the IF and ENDIF to be assembled if the condition is true. In this case,

the condition "HI{CONTRIB) = 0” is evaluated. The current value of the variable CONTRIB is:
00C6H (198 decimal)

——

high byte

The function HI{CONTRIB) returns the high byte of CONTRIB (00). Since the condition value
of the IF statement is true, the block is assembled and the statements appear on the
assembler listing. The WARNING directive generates a user-defined error message. This
message appears both on the terminal display during assembly and in the assembler listing.

The SET directive changes the value of the symbol SEATS from O3E8H (1000 decimal) to
01F4H (1000-500 decimal). See line 00012 of the assembler listing.

RESERVE SEATING, SEATS

This statement is an assembler directive that reserves a section in memory. The section is
named “SEATING"” and has 01F4H bytes (the current value of SEATS). The section SEATING
appears in the symbol table of Fig. 3-2, with the word "Reserve” identifying the type of
section.

Next, notice the blank line in the sample program. A blank line has no effect on the object
code, but it does generate a line in the source listing.

; DEFINE MACRC "PROMISE".

Although this comment line appears in the assembler listing, it has no effect on the object
code.

MACRO PROMISE
; THIS MACRO CONCATENATES ALL PARAMETERS INTO
; A SINGLE SENTENCE.
SENTENCE SET "

PARAM SET 1 ; POINT TO FIRST PHRASE.
REPEAT PARAM <= '#' ; REPEAT
SENTENCE SET SENTENCE:"™ ":'PARAM' ; FOR
PARAM SET PARAM + 1 ; EACH
ENDR ; PHRASE.
ASCII "'SENTENCE'™
ENDM

This block of source code is a macro definition. The statements in a macro definition (with
the exception of full comment lines) are stored by the assembler. When the macro is invoked,
the statements within the macro are assembled, generating any indicated object code. The
macro will be explained later, when it is invoked.
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Another blank line in the program code improves the readability of the program, setting the
macro definition apart, but has no effect on the assembler.

DELIBERATE ERROR

This line is an invalid statement because DELIBERATE, which appears in the operation field,
is not an assembly language instruction, an assembler directive, or a macro invocation. An
error message is printed on the terminal and listed in the assembler listing.

; DEFINE PROGRAM SECTION "CAMPAIGN".

This line is another comment line and has no effect on the object code.

GLOBAL SPEAK,KISSBABY

The assembler directive GLOBAL declares SPEAK and KISSBABY to be global symbols. They
are unbound globals. That is, they are used in this module, although they are defined
elsewhere. No object code is produced.

SECTION CAMPAIGN

The assembler directive SECTION begins the definition of program section CAMPAIGN. The
lines of source code following this statement define the section.

ELECTION EQU ENDOF(CAMPAIGN)

The assembler directive EQU assigns a value to the symbol ELECTION. The ENDOF function
returns the address of the last byte of a section. The assembler listing for this source line is:

00033 0008 > ELECTION EQU ENDOF(CAMPAIGN)

relocation indicator

The relocation indicator (>) shows that the object code for this source line (an address) will be
adjusted by the linker at link time. Since the section CAMPAIGN is relocatable, the address of
the last byte is undetermined until link time. The 0008, which is the value assigned to
ELECTION, tells us that there are nine bytes {0000 through 0008) in the section. (The
beginning address of every relocatable section is 0000 at assembly time.)

NEXTBABY EQU KISSBABY + 1

The assembler directive EQU assigns a value to the symbol NEXTBABY. The value assigned
{KISSBABY + 1) is dependent on the address value of the unbound global KISSBABY. In the
assembler listing (Fig.3-2, line 00034), the relocation indicator again shows that the object
code will be adjusted by the linker. The 0001 indicates that the ad;usted address will be +1
relative to the address of KISSBABY.

214 @
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FIRST CALL SPEAK

This statement is an 8080A assembly language instruction which calis the subroutine
SPEAK. The assembler listing shows the object code that is generated:

00035 0000 CD0OOOO > FIRST CALL SPEAK
—r 7

address of subroutine SPEAK
OP code of the instruction CALL

memory location

Since this is the first statement in section CAMPAIGN that produces object code, the memory
location assigned is 0000. CD is the OP code for the instruction CALL. Since SPEAK is an
unbound global variable, it does not have an address in this module. (The dummy value 0000
appears in the object code.) The ">” indicates that the object code (the address of the
subroutine SPEAK) will be adjusted by the linker.

THEN CALL KISSBABY

This statement calls the subroutine KISSBABY, another unbound global. In the listing of this
statement (line 00036), the memory location is 0003, since the previous instruction (CALL
SPEAK) occupies bytes 0000-0002.

LAST JMP NEXTBABY

This statement is an 8080A assembly language instruction. The object code generated is
“C30100”. (See line 00037 in the assembiler listing.) C3 is the OP code for the instruction
JMP. NEXTBARY has the value 0001 (the 8080A stores two-byte numbers in low-byte/high-
byte order). This value will be adjusted by the linker, depending on the address of the section
KISSBABY.

; DEFINE COMMON SECTION "SPEECH".
This is another comment line.

COMMON SPEECH, ABSOLUTE
ORG 100H

The assembler directive COMMON declares the next block of statements to be a new section
of type COMMON. The name of the section is SPEECH and it is an absolute section. The
location of the first byte of the section is defined to be 100H by the ORG statement.

APPLAUSE BLOCK 80H
This statement generates the first byte of the common section SPEECH. The memory location

of the first byte is O100H.

00041 0100 0080 APPLAUSE BLOCK 80H

~—
memory location

This BLOCK directive reserves a block of 80H bytes. The symbol APPLAUSE represents the
address of the first byte of the block (0100).
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MESSAGE EQU $

This statement is an assembler directive that assigns a value to the symbol MESSAGE. The
dollar sign ($) in the operation field returns the value of the location counter. The assembler
listing shows that the value 0180 was assigned to MESSAGE.

ooou2 0180 MESSAGE EQU $

The location counter was advanced to 0180H when the directive "BLOCK 80H"” was
assembled. MESSAGE represents the address of the next byte of object code to be
generated.

PROMISE VOTERS,"WILL ALWAYS HAVE"

This statement invokes the macro PROMISE, which was previously defined. There are two
macro parameters: (1) the symbol VOTERS and (2) the character string "WILL ALWAYS
HAVE". This single source line generates eight lines in the assembler listing:

00043 PROMISE VOTERS,"WILL ALWAYS HAVE"
0180 2045UELT + ASCII " ENGINEERS WILL ALWAYS HAVE"

0184 HOUEL545

0188 52532057

018C 494ciuc20 N
text substitution indicator

0190 414C5TU1
0194 59532048
0198 415645

ASCIl representation of “ ENGINEERS WILL ALWAYS HAVE”

When the macro is invoked, the assembler processes the lines of the macro definition. The
assembler listing shows us only the one source line that generates object code, namely:

ASCII " ENGINEERS WILL ALWAYS HAVE"

Let's look at the other statements in the macro definition:
SENTENCE SET "

This SET directive assigns the null string (") to SENTENCE.

PARAM SET 1 ; POINT TO FIRST PHRASE.
This SET directive assigns the value 1 to the numeric variable PARAM.

REPEAT PARAM <= '#' ; REPEAT
SENTENCE SET SENTENCE:" ":'PARAM' ; FOR
PARAM SET PARAM + 1 ; EACH

ENDR ; PHRASE.

This block of statements (a repeat block) is assembled repeatedly until the REPEAT operand
(PARAM <= ‘#') is false. When a macro is assembled, the '#' is replaced with the number of
parameters passed from the macro invocation. In this statement, the '#' is replaced with 2
(two parameters), so the block of statements is repeated twice. (See "Determining Parameter
Count” in the Macros section of this manual))
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The first time the block is assembled ‘PARAM'’ is replaced with VOTERS, since PARAM has
the value 1 and VOTERS is the first parameter. The second statement in the block
concatenates the current value of the string variable SENTENCE (””), a space (" ”), and the
value of VOTERS ("ENGINEERS”); the resulting string is assigned to SENTENCE. SENTENCE
now has the value of:

" ENGINEERS"

The next statement increments the current value of PARAM by one. PARAM now holds the
value 2. Since the repeat condition (PARAM <= '#') is still true, the block of statements is
repeated. This time, ‘'PARAM’ is replaced with “WILL ALWAYS HAVE”, the second
parameter. The statement concatenates the current value of SENTENCE (” ENGINEERS"), a
space (" "), and the character string "WILL ALWAYS HAVE"”. SENTENCE now has the value

of:
" ENGINEERS WILL ALWAYS HAVE"

PARAM is incremented to 3. The repeat condition is no longer true, so the assembly
continues with the statement following the ENDR:

ASCII "'SENTENCE'"

This statement generates object code and is therefore listed in the assembler listing. The
object code generated is the ASCII representation of each character of the string in the
operand field. The assembler first makes the text substitution indicated by the single quotes
("'). "SENTENCE” is replaced with “ENGINEERS WILL ALWAYS HAVE”. Notice that the text
substitution is shown on the source listing, along with the text substitution indicator (+).

Assembly continues with the statement following the macro invocation.

PROMISE "A FRIEND IN", MYSELF,"."

This statement invokes the macro PROMISE again. This invocation has three parameters: (1)
the character string “"A FRIEND IN”, (2) the symbol MYSELF, and (3) the string ".”. The
resulting object code is the ASCIl representation of “ A FRIEND IN KEN DEDATE .”

PROMISE "TELL YOUR FELLOW", VOTERS

This next statement invokes the macro PROMISE with two parameters, the string “TELL
YOUR FELLOW” and the symbol VOTERS. The resulting object code is the ASCII
representation of:

" TELL YOUR FELLOW ENGINEERS"

The next statement in the sample program is:
LIST ME ; SHOW FULL MACRO EXPANSION.

The LIST directive turns on various features of the assembler listing. This statement sets the
ME/MEG option to the ME setting: When a macro is invoked, the assembler listing shows all
of the assembled statements of the macro expansion. (Comment lines within a macro are not

listed because they are not saved with the macro definition.)
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PROMISE "T0 VOTE FOR",MYSELF,"."

This macro invocation returns the ASCII representation of ” TO VOTE FOR KEN DEDATE .”
Notice in the assembler listing (following line 00047) that the text substitution indicator
appears on seven lines. The '#’' is replaced by "00003” and 'PARAM’ is replaced by the
appropriate parameter.

Also notice in the assembiler listing that a character is missing from the end of the line:
+ SENTENCE SET SENTENCE:" ":"TO VOTE FOR" ; FO

In the source program, the comment was ”; FOR"”. The “"R” does not appear on the source
listing because the LIST TRM directive had previously trimmed the listing to 72 characters.

The last statement of the source code is:
END

This statement marks the end of the source program.

Sample Symbol Table

Now let’s examine the symbol table for the sample program (Fig. 3-2, Sheet 3). Listed under
Strings and Macros are four symbols: MYSELF, PROMISE, SENTENCE, and VOTERS. The
"S" indicates that MYSELF, SENTENCE, and VOTERS are string variables. The “M” indicates
that PROMISE is a macro. The number of bytes required to store the macro definition is
0135H.

Listed under Scalars are not only the numeric symbols used in the program (CONTRIB,
PARAM, and SEATS), but also 8080A register names, since they are also symbols with
scalar values. Each variable is listed with the last value assigned to it.

“"DELIBERA” is listed in this section of the table. The four stars (****) flag it as an undefined
symbol. When the assembler examined the statement "DELIBERATE ERROR"”, the word was
treated as an undefined symbol since it was not an assembly language instruction, an
assembler directive, or a defined macro. (Only the first eight characters of a symbol are
recognized.) This error also explains the next line of the symbol table:

% (default) Section (0003)

When there are statements in an undefined section, the assembler assigns them to the
default section. (See the SECTION directive, in the Assembler Directives section of this
manual, for a description of the default section.) In our sample program, the assembler
generated three bytes of zeros in response to the "DELIBERATE ERROR" line and created a
defauit section.
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There are four Sections in our program: the default section, CAMPAIGN, SEATING, and
SPEECH.

CAMPAIGN Section (0009)

ELECTION 0008 E FIRST -- 0000 LAST --- 0006
THEN --- 0003

In this section summary, the name of the section is CAMPAIGN, which is of type “Section”.
The section is 0009 bytes long. The addresses of the four symbols, ELECTION, FIRST, LAST,
and THEN, are relative to the base address of the section and are subject to relocation, since
the section is byte-relocatable. The “E” that follows the symbol "ELECTION” indicates that
the ENDOF function is used to determine the value.

Section SEATING is a “Reserve” section that is 01F4 (hexadecimal) bytes long. Section
SPEECH is a "Common” section that is not relocatable (absolute) and is O1E8H bytes long,
including the 100H-byte gap at the beginning of the section.

In our sample program, the symbols KISSBABY and SPEAK are the only unbound globals.

Let’'s look at the lines of statistics:
48 Source Lines 108 Assembled Lines 47025 Bytes available

2 ERRORS 1 UNDEFINED SYMBOLS

There are more Assembled Lines (108) then Source Lines (48) because the macro
invocations and REPEAT biock cause some of the source iines to be assembied more than

once.

The statistics also include the number of Bytes Available in the assembler for further
storage of labels, string variables, and macros.

There are two Errors listed for this sample program: (1) the user-defined warning, and (2) the
error generated by the line "DELIBERATE ERROR"”. "DELIBERA" is the Undefined Symbol.
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Section 4

LANGUAGE ELEMENTS

INTRODUCTION

This section provides reference information about the Tektronix Assembler language
elements. The section discusses the following topics:

® Statement Fields—Explains the four fields in an assembler source statement: label,
operation, operand, and comment.

® Symbols—Explains how symbols are used in assembler source programs.

® Values—Describes numeric and string values used by the assembler.

® Text Substitution—Describes the use of text substitution.

® Expressions—Describes the type of permitted expressions, and their required formats.
Describes the use of operators in expressions. Defines and gives the results of
assembler functions. The functions are listed alphabetically for reference.

STATEMENT FIELDS

An assembly language source program consists of statements. Each statement occupies one
line of text. Each statement may contain up to 127 characters; the line ends with a return
character (ASCll code 13). Blank lines can be used within the program for readability and
have no effect on the assembly.

A statement consists of four fields. Each field may vary in width, and certain fields may be
omitted, but the fields always occur in the following order:

LABEL OPERATION  OPERAND COMMENT

Readability is improved when each field has a constant width on each line. This columnar
format can be implemented with tab settings. Fig. 4-1 is an example of a formatted 8080A
source file.

Label Operation

GLOBAL PORTN,OUTSUB
PORTN EQU 15 ; PORT = 15
START MVI A,mren ; CHARACTER = "2"
CALL OUTSUB ; SEND "?"™ TO PORT 15...
HLT ; ... AND STOP.
END START

Operand Comment

3454-11

Fig. 4-1. Formatted Source File.

Each field has a constant width in this 8080A source program, making it easier to read.

4-1
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4.2

Label Field

The label field, when used, must begin in the first character position of a line. A space or tab
terminates the label field. A statement’s label allows the statement to be referenced by other
statements.

The label is a user-defined symbol. The symbol must follow the rules for constructing
symbols (described later in this section). Embedded spaces are not permitted within a symbol.
Every label must be unique within each assembler source program. The assembler generates
an error message when duplicate labels are used.

A label is permissible in all statements, including assembler directives, assembly language
instructions, and macro invocations.

The meaning of the label in an assembler directive statement depends upon the particular
directive. For most directives the label is optional and not always meaningful. However,
labels are always required with the EQU and SET directives. See the Assembler Directives
section of this manual for the specific meaning in each directive.

Label Operation Operand Comment

PORTN EQU 15 ; PORT = 15

In this example, the constant symbol PORTN is given the value 15.

A label used in an assembly language instruction or macro invocation represents the
memory address of the first byte of the instruction.

Label Operation Operand Comment
START MVI A,nen ; CHARACTER = "?"

In this line, the label START represents the address of the first byte of the MVI instruction.

An address is relative to the base address (beginning address) of the section in which it
appears. At link time, relocatable sections are assigned a new base address. Therefore, any
symbol representing an address is relocated relative to its base address at link time. (See the
Address Values discussion in this section for more information on relative addresses.)
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Operation Field
The operation field begins immediately after the label field. If the label is omitted, the

operation fieid may begin anywhere after the first character position in the iine. The

operation field is terminated by a space, a tab, a return character, or a semicolon (indicating
the beginning of a comment field).

The word in the operation field indicates the type of action to be taken by the assembler. The
word may be an assembly language instruction mnemonic, an assembler directive, or a
macro invocation.

If the word in the operation field is an assembly language instruction, the assembler
translates the statement into a machine instruction.

Label Operation Operand  Comment
START MVI aA,nom y CHARACTER = "7"
MV! {an 8080A mnemonic) is translated intc a machine instruction by the assembler.

An assembler directive in the operation field specifies certain actions to be performed during
assembly. Assembler directives may or may not generate object code.

Label Operation Operand Comment

GLOBAL PORTN,OUTSUB

In this example, the assembler directive GLOBAL in the operation field declares PORTN and
OUTSUB as global symbols.

NOTE

The name of an assembly language instruction for a particular
microprocessor may be identical to an assembler directive. In this case, the
name of that assembler directive is changed. A list of any changed assembler
directive names are found in the appropriate Assembler Specifics section for
your microprocessor.
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A macro name in the operation field specifies the macro definition block to be expanded.

Label Operation Operand Comment

MACRO Q0 . MACRO QQQ DEFINED
ENDM
o . INVOCATION OF MACRO QQQ

In this example, the macro QQQ is invoked when QQQ appears in the operation field.

If the operation field does not contain an assembly language instruction, an assembler
directive, or a macro name, the assembler rejects the entire statement and prints an error
message. See the Assembler Specifics section of this manual for a list of your processor’s
instruction mnemonics. Assembler directives are presented alphabetically in the Assembler
Directives section of this manual. Macros are described in the Macros section of this manual.

Operand Field

The operand field specifies values required by the assembly language instruction, the
assembler directive, or the macro invocation in the operation field. The word in the operation
field determines the required type, number, and order of operands. For example:

Label Operation Operand  Comment
START  MVI Amm ; CHARACTER = "?"

The 8080A MVI instruction requires two operands: a register, followed by a value. In this
example, register A (a predefined symbol) and a string value are used.

The value in the operand field may be represented by an expression. (See the Expression
discussion in this section.) An expression may consist of the following:

® a numeric or string constant,
® a symbol, or
® a combination of constants and symbols with operators and functions.

Symbols appearing in the operand field may be predefined or user-defined. (See the Symbols
discussion in this section.) If a symbol appearing in the operand field is not predefined, it
must be defined in one of the following ways:

e the symbol must appear in the label field of an assembly language instruction, or of an
ASCII, BLOCK, BYTE, EQU, SET, or WORD directive; or

® the symbol must appear in the operand field of a GLOBAL, STRING, SECTION,
COMMON, or RESERVE directive.

4-4
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The operand field may contain spaces to improve program readability. The spaces must not
be within symbols.

Label Operation Operand
BYTE 5,35,45,55
BYTE 5, 35, 45, 55

Both of the above statement lines produce identical results.

Comment Field

The comment field is optional, but may be included in any statement line. The comment field
begins with a semicolon (;) and ends with a return. All characters following the semicolon
are considered a part of the comment. Comments are used for program documentation and
have no effect on the object code produced by the assembler. If no other fields are used, the
comment field may begin anywhere in the statement line.

Label Operation Operand Comment

; SUBROUTINE OUTSUB -~ OUTPUTS A CHARACTER
OUTSUB OUT PORTN ; OUTSUB STARTS HERE

In this example, the first statement has no effect on the object code produced, because the
semicolon (;) in the first column causes the entire line to be treated as a comment. In the
next line, the semicolon causes "OUTSUB STARTS HERE” to be treated as a comment.

Text substitution is the only type of action performed by the assembier within the comment
field. Text substitution is discussed later in this section. The single quote (') signals
substitution. Therefore, to include a single quote (') character within a comment, you must
precede the ' character with an up-arrow (A) character.

NOTE

The up-arrow (N) character cancels the special significance of the
immediately following character.
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SYMBOLS

A symbol is a user-defined or predefined word that represents a value or an instruction.
Symbols make a program easier to read, and reduce the risk of error when the program is
modified.

User-defined Symbols

A user-defined symbol is a word or mnemonic that you create to represent a numeric value
(scalar or address), a string value, or a macro name. By using symbols you can refer to a data
value or a memory address without using the specific value.

For example, if you need to refer to a data value frequently within a program, that value can
be assigned to a symbol. Then, if you need to change that value, you only need to modify the
defining statement, rather than modify each statement that references the value.

PORTN EQU 15

In this statement the symbol PORTN is defined by the EQU directive to have the value of 15.
PORTN can be used throughout the program.

Constructing Symbols
A symbol consists of one or more characters beginning with a letter and containing only
letters, digits, periods, underscores, or dollar signs. Only the first eight characters are
considered significant; any additional characters are discarded. Some examples of valid user-
defined symbols are:

PORTN

OUTSUB

LOOP

LOOP.5

A123456%

TO DO

AVERYLONGSYMBOL (same as AVERYLON)

Defining Symbols

User-defined symbols are defined when they appear in: (1) the label field of assembly
lanugage instructions, macro invocations, and assembler directives, or (2) the operand field
of GLOBAL, SECTION, COMMON, RESERVE, MACRO, or STRING directives. User-defined
symbols are assigned values during the assembler’s first pass. When the symbols are
encountered in the second pass, they are replaced by the assigned values.

4-6 @
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A symbol in the label field of an assembly language instruction represents the address of the
first byte of that instruction. A label symbol allows you to transfer control to an instruction
without knowing its absolute address. For example, a destination address for a jump
instruction (JMP in 8080A) can be represented with a symbol.

LOOP  INC A

JI*:IP LOOP
LOOP is a user-defined symbol representing the address of the instruction INC (Increment).

When a symbol is used in the label field of an assembler directive, its meaning depends upon
the directive. Generally, the symbo! represents a data constant or the memory address of
data. See the Assembler Directives section of this manual for the specific meaning in each
directive.

Generally, a symbol may not be redefined within a program. However, the SET directive may
be used to redefine a symbol previously defined by the SET directive. This allows you to
temporarily assign a value to an assembler variable during assembly.

Predefined Symbols
Predefined symbols include:
® assembler directives and options,
® assembly language instruction mnemonics, and

® processor register names and symbols.

The assembler directives and options are listed in the Assembler Directives section of this
manual. See the Assembler Specifics section of this manual for the list of instruction
mnemonics and reserved words for your processor.

VALUES

The assembler recognizes two kinds of values: numeric and string.

Numeric Values

The assembler uses two types of numeric values: scalars and addresses. All numeric values
are treated as 16-bit (2-byte) numbers. Scalars are signed values. Addresses are unsigned
values.

Scalar Values

Scalar values are signed integers ranging from -32768 to 32767. (The two’s complement of
a positive number represents the corresponding negative integer.) Scalar values can be used
as numeric data within an assembly language program.
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Address Values

An address value specifies a memory location. An unsigned 16-bit address takes a value in
the range O to 65535.

An address is defined relative to the beginning of the section in which it appears. The
assembler generates an object module (made up of one or more sections) with address
values relative to the beginning of each section. At assembly time, the beginning (base
address) of each relocatable section is zero. At link time, the linker relocates the individual
sections. (See the Linker section of this manual for a discussion on section relocation.) The
base address of each section is then redefined by the linker. The actual address of a byte is
unknown until after the linking process is complete.

During assembly, a location counter (which simulates the processor program counter) holds
the address of the object code being generated. The dollar sign ($), when used in the operand
field, represents the current value of the location counter (the address of the machine
instruction or data item currently being generated). For example:

Label Operation Operand
IF $ > OFFH

In this statement the current value of the location counter is compared with the value OFFH.

Numeric Constants

Numeric constants may be entered in decimal, binary, octal, or hexadecimal notation. The
assembler assumes that a number is in decimal unless a suffix letter identifies it as binary,
octal or hexadecimal. The following suffix letters are used:

® B denotes binary numbers.
1010B and 11111111B are binary numbers

® O (capital letter O, not zero) or Q denotes octal numbers.
377Q and 1777770 are octal numbers

® H denotes hexadecimal numbers.
1A2CH and OFFFFH are hexadecimal numbers.

NOTE

Numeric constants must begin with a numeric character. Any hexadecimal
number that has an alphabetic character in the first digit must be preceded
with a zero.

A numeric constant may be assigned to a symbol with the EQU directive.

4-8 @
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PORTN EQU 15
In this example, PORTN is made synonymous with the constant 15.

Numeric Variables

During assembly, a numeric value may be assigned to an assembler variable with the SET
directive. An assembler variable allows temporary assignments to be made to a symbol.
When the variable is encountered, the current value is used. Rules for creating an assembler
variable follow the rules for creating a user-defined symbol. (See User-defined Symbols in
this section.) A symbol used as an assembier variable must not have been previously defined.

COUNT SET 1

In this example, the symbol COUNT is an assembler variabie and may be assigned various
numeric values with the SET directive. When the symbol COUNT is encountered by the
assembler, the current value is used. If another SET directive reassigns ancther value to
COUNT, the reassigned value is used.

String Values

Character strings are accepted by the assembler. Individual characters are translated into
their ASCIl representation (8 bits).

String Constants
String values entered as constants in an assembler program are enclosed in double quotes
("):

"STRINGS"

"o

The null string (") contains zero characters. Any ASCIl character, with the exception of the
return character, may be included in a string constant. To include special characters, such as
a double quote (”) or a single quote ('), precede the special character with an up-arrow ().

NOTE

The wup-arrow character (N\) cancels the special significance of the
immediately following character.
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String Variables

A character string may be assigned to a string variable with the SET directive. The symbol to
be used as the string variable must be declared with the STRING directive before being used.
The STRING directive specifies the maximum length of the string variable. The maximum
length (which defaults to 8) is enclosed in parentheses. For example:

STRING STVAR(10)
STVAR SET "CHARACTERS"

In this example, the symbol STVAR is a string variable. The maximum length for any string
assigned to the variable STVAR is ten.

The length of the string variable is the length of the character string currently assigned to the
variable. If the length of the character string is longer than the declared length of the
variable, the character string is truncated and an error message is generated.

Conversions
A string constant may be assigned to a symbol with the EQU directive.

Label Operation Operand
SYM1  EQU "AB"

The string is converted to a two-byte numeric value. The numeric value is the ASCII
representation of the string. If the string is longer than two characters, the first two
characters are converted and an error message is generated. If the string length is one
character, the high-order byte of the resulting value is zero. The value of the null string ("") is
zero. For example:

Character String Numeric Value
0000H
"A" 0041H
e OO03FH
"AB" 4142H
"ABC" 4142H (error message 085 is generated)
"12" 3132H

For an ASCIlI-to-hexadecimal conversion table, see the Tables section of this manual.

If a numeric value is assigned to a string variable, the numeric value is converted to its string
representation. The string representation is six characters long. The first character is a zero
or minus (-) depending on the sign of the number. The remaining five characters are the
decimal representation of the value, padded with leading zeros (if necessary). The following
table shows how values are converted to their string representation.

Language Elements—8002A: Assembler Users Manual
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X R

Value String
0 "000C00”
-1 "-00001”
400 "000400”
200H ”000512”

For example:

STRING STRVAR(10)
STRVAR SET -1

STRVAR now has the value “-00001".

TEXT SUBSTITUTION

String values can be substituted within a statement line during assembly by the use of string
variables. The single quote (') is the substitution delimiter. When the assembler encounters a
string variable enclosed within single quotes ('variable’), the variable is replaced by the
current string value assigned to that string variable.

When processing a statement, the assembler first performs all indicated text substitutions.
For example:

Label Operation Operand Comment

STRING opP
OP SET "WORD"
10P* 1,2,3 ; DO 'OP' TO 1,2,3

When the assembler scans the line "'OP’ 1,2,3", it first performs the following substitution:

WORD 1,2,3 ; DO WORD TO 1,2,3
The statement line then contains the assembler directive WORD.

During assembly, the percent sign (%) represents the current section name. With the use of
text substitution, the current section name can be inserted into the assembly language
program. For example:

Label Operation Operand Comment

STRING SECNAME(8)

SECNAME SET mgen ; SAVE CURRENT SECTION NAME
SECTION «Q ; SWITCH TO NEW SECTION
R!::SUME 'SECNAME' ; SWITCH BACK TO PREVIOUS SECTION

Parameter substitution performed during macro expansion is a form of text substitution. See
the Macros section for information on parameters.
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EXPRESSIONS

Introduction

An expression is a combination of constants, variables, or functions connected by operators
that yields a numeric or string value. The assembler accepts expressions in the operand field.
An operand expression is evaluated at assembly time, and the numeric or string value is
used. Table 4-1 lists the operators and functions that can be used in expressions.

Table 4-1
Expression Operators and Functions

Type Operator/ Function Meaning
Unary Arithmetic + Identity

- Sign inversion
Binary Arithmetic * Multiplication

/ Division

+ Addition

- Subtraction

MOD Remainder

SHL Left shift

SHR Right shift
Unary Logical AN NOT (bit inversion)
Binary Logical & AND

! Inclusive OR

n Exclusive OR
Relational = Equal

<> Not equal

> Greater than

>= Greater than or equal

< Less than

<= Less than or equal
String : Concatenation
Logical Functions BASE Base address comparison

DEF Symbol definition
Numeric Functions ENDOF End of section

Hi High byte

LO Low byte

SCALAR Conversion to scalar
String Functions NCHR Number of characters

SEG Substring

STRING Conversion to string
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Hierarchy

In an expression involving more than one operator, the operators are performed according to
a predefined order of precedence. Tabie 4-2 shows the operator hierarchy.

Table 4-2
Hierarchy of Operators

Precedence | Operators

BASE DEF ENDOF HI LO NCHR SCALAR SEG STRING (functions)
: (concatenation)

+ - (unary plus and minus) \ (logical NOT)

* / MOD SHL SHR (mulitiplication, division, shifts)

+ — {addition, subtraction)

= <> > >= < <= (relational)

& (logical AND)

1 1l (logical OR, exclusive OR)

N R

Expression operators at the top of the table have the highest precedence and are performed
first. Operators at the bottom have the lowest precedence and are performed last. Operators

on the same line have equal precedence, and are performed from left to right within the
expression.

Parentheses may be used to override the order of precedence. The most deeply nested
subexpressions are evaluated first. It is possible to create an expression that is too complex
for the assembler to evaluate. If the expression entered is too complex, an expression error
message is displayed.

Operators

An operator within an expression acts upon one or more terms. The operators and types of
terms permitted for each operator are discussed in the following paragraphs.

If an operator requires a numeric operand and a string operand is provided, the string

operand is converted to a numeric value, as described in String Conversions (earlier in this
section).
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Arithmetic Operators

Arithmetic operators act on numeric values.

+ Unary plus Identity operator: does not change the value of the term. May be
applied to scalar or address values.

- Unary negative Indicates sign inversion. (Two's complement.) May be applied to
scalar values only.

*  Multiplication Multiplies two scalar values.
/  Division Divides two scalar values.
+ Addition Adds two terms (scalar or address), as follows:

Scalar + Scalar = Scalar
Scalar + Address = Address
Address + Scalar = Address
Address + Address = error

- Subtraction Subtracts two terms (scalar or address), as follows:
Scalar - Scalar = Scalar
Address - Scalar = Address
Address - Address = Scalar (addresses must have same base)
Scalar - Address = error

MOD Remainder The remainder that results from dividing the first term by the
second. The sign of the returned value is determined by the sign of
the second term. For example:

X Y X MOD Y
2 2 0

5 2 1

5 -2 -1

-5 2 1

-5 -2 -1
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SHL Left shift

SHR Right shift

The first term is shifted to the left the number of bit positions
specified by the second term. Both terms must be scalar values.
The second term (the number of bits to be shifted} must be a non-

negative scalar value. For example:
1 SHL 1 results in 2

Lofoofofofofofoo]ofofofo]o]o]1 |

=TT
(0]0[0O]

oJofojofo]ofojofofo]o]1]o |

When the bits are shifted, the leftmost bits are discarded; the
vacated bit positions on the right become zeros. For exampie:

OFOFOH SHL 1 results in OE1EOH

L1l2]4f1]olo]olof+[1]1]1]0]ofo]o |

[+]1]+]ofofofo[+[1]1]1]o]ofojo]o |

If the second term is greater than 16, the result is zero, and an
error message is generated.

The first term is shifted to the right the number of bit positions
specified by the second term. Both terms must be scalar values.
The second term (the number of bits to be shifted) must be a non-
negative scalar value. For example:

2 SHR 1 results in 1
[oJoJo[oJoJofoJofo[o]oJofo]o]1 o]

[oJofoJofo[o]ofo]o[ofo]ofo]o]o]1]

When the bits are shifted, the rightmost bits are discarded; the
vacated bit positions on the left become zeros. If the second term is
greater than 16, the result is zero, and an error message is
generated.
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Logical Operators
The logical operators, NOT (\), AND (&), OR (!), and exclusive-OR (!!), correspond to their
Boolean algebra equivalents, as shown in the following truth table.

X Y \ X X&Y XYy Xy

0 0 1 0 0 0

0 1 1 0 1 1

1 0 0] 0 1 1

1 1 0] 1 1 0

\ NOT Returns the one’s complement of the following term by complementing

each bit in the term. (Returns a 1 if the bit is O, and returns a O if the bit
is 1.)

\OFOFH results in OFOFOH
Lolofofof1[1]1]1]ofo]ofofa]a]1]1]

L1l1]1]1]ofofofof1]1]1]1]ofo]o]o]

& AND Returns the logical AND of two terms. Compares the terms bit-by-bit,
returning a 1 if both bits are 1, otherwise returns a O.

Example:
DVAL EQU OFOFOH & OCCCOH

1{1f1]1|j0|0|OfOj1|1(1]1]|]0|0O]|O|O
110j1j0|1}j0}|1}j0|1|0|1|0O|0|O0O(O]|O

DVAL is assigned OCOCOH

[1]o]1]ofoofofo]1]o]1]ofo]o]o]o]

! OR Returns the logical OR of two terms. Compares terms bit-by-bit; returns
a 1 if either bit is 1, returns a O if both bits are O.

Example:
RVAL EQU OFOFOH ! OCCCOH

1/1]1][1(0|0f[0|O0O}{1|1|1|1]|0|0]|0]|O
i1l]o|t|(of1j0|1(O0f{1|0|1|O0O|O|O|O|O

RVAL is assigned OFCFOH

[ala]s]+]afofv]of1]1]1]1]ofo]o]o]
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It Exclusive-OR Returns the logical exclusive-OR of two terms. Compares terms bit-by-
bit and returns a 1 when the bits are different, and a O when the bits are
the same.

Example:
ERVAL EQU OFOFOH !! OCCCOH

1/1|1|1]0{0jO0|O]1]1[1]|1]0[0]0]|O
1/o011|0(1|0j{1]0f{1]0|1(0]|0|0]O!O

ERVAL is assigned 5A50H
[of1]o]1]1]o[1]0]o]1]0]1]0|0]0]0]

Relational Operators
Relational operators compare two terms and return the value -1 for a true expression and O
for a false expression.

= Equal

<> Not equal

> Greater than

>= Greater than or equal
< Less than

<= Less than or equal

Relational operators allow comparison of scalar values, address values, and string values.

Scalar values are compared as signed numeric values. For example:

Label Operation Operand

COUNT SET 1
IF COUNT < 5
IF COUNT > -1
F EQU T = COUNT

The relational operators in this example compare signed numeric (scalar) values.
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Address values are compared as unsigned numeric values. Address values are compared as
offsets from their base address. Address values from different sections cannot be compared.

START MVI A,
NEXT MVI H,0000
T EQU START < NEXT

The less than (<) operator in this example compares two unsigned numeric (address) values
within the same section.

If only one term is an address, a relational operator performs an unsigned numeric
comparison between the scalar and the address offset.

String values are compared numerically according to the ASCII collating sequence. (See the
Tables section of this manual.) Comparison proceeds left to right, character-by-character.
Two strings are considered equal if they have the same length and contain identical
character sequences. If they are identical in sequence but one string is longer than the other,
the longer string is considered greater. The following examples show the results of various
string comparisons:

"AB" = "AB" results in -1 (true)

“A" > "B” results in O (false) A less than B

"ABC” > "ABC " results in O (false) the right term is longer
"ACB” > "ABC" results in -1 (true) C greater than B

If only one term is a string, the first two characters of the string are converted to a scalar
value and a numeric comparison is performed.

The types of comparisons are summarized in Table 4-3.

Table 4-3
Types of Comparisons with Relational Operators
) Right Operand
Left Operand -

String Scalar Address
STRING String Signed Numeric Unsigned Numeric

Comparison Comparison Comparison
SCALAR Signed Numeric Signed Numeric Unsigned Numeric

Comparison Comparison Comparison
ADDRESS Unsigned Numeric Unsigned Numeric Unsigned Numeric

Comparison Comparison Comparison

@
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String Operator
Concatenation Combines two strings into a single string. For example:

Label Operation Operand

STRING STR1(5),STR2(6),STR3(11)
STR1  SET '"HELLO"
STR2  SET " THERE"
STR3  SET STR1 : STR2

STR3 now is "HELLO THERE".

If the resulting string is assigned to a variable, the length of the
resulting string must not exceed the length specified for that variable by
the STRING directive.

Numeric values may not be concatenated.

Functions
The following predefined functions return a value when used in an expression:
® Logical Functions
BASE—Determines whether two values have a common base.
DEF—Determines if a symbol has been defined.

e Numeric Functions

ENDOF—Returns the address of the last byte of a section.
HI—Returns the high byte of an address.

LO—Returns the low byte of an address.
SCALAR—Converts an address value to a scalar value.

® String Functions

NCHR—Returns the current length of a string variable.
SEG—Returns a substring of a string.
STRING—Converts a scalar value to a string.

Each of these functions is described in detail in the following pages. The same conventions
as described in the Assembler Introduction section of this manual are used in these

descriptions.
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Determines whether two values have common base

e
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SYNTAX
BASE(numvaiue1,numvaiue2)
PARAMETERS
numvalue Any expression that evaluates to a numeric value. Usually a label

symbol.

EXPLANATION

The BASE function compares two numeric values to see if they have the same base. The
BASE function returns a -1 (true) if the values have the same base. The BASE function
returns a O (false) if the values do not have the same base.

All addresses within a section share the same base. All scalar values share the same base.
Scalar values and address values do not have the same base. Each SECTION, COMMON, and
RESERVE directive defines a new address base. The default section (any statements not
preceded by a SECTION or COMMON directive) has a separate base. All unbound globals are
assumed to have unique bases.

The BASE function is typically used to compare label symbols in a conditional assembly
statement.

EXAMPLES

Label Operation Operand

Q EQU 5
) both scalars
R EQU 15
IF BASE(Q,R)
. Statements assembled
} because Q and R share
commeon base

ENDIF

In this example, the two scalar values Q and R are compared. Since both Q and R represent
scalar values, they share a common base. The function BASE(Q,R) returns a -1 (true} and the
statement lines between IF and ENDIF are assembled.

Language Elements-—8002A: Assembler Users Manual
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Function: BASE

Determines whether two values have common base

\ -~~~ ]

Label Operation

SECTION
HERE  BLOCK
THERE BLOCK

IF

ENDIF

Operand

SEC1
100H
100H
BASE (HERE , THERE )

because HERE and THERE

Statements assembled
are in the same section

In this example, the statements between IF and ENDIF are assembled because HERE and
THERE share the same base.

Label Operation
SECTION
BLOCK
COMMON
BLOCK

HERE

THERE

TF

ENDIF

Operand

SEC2

100H

WKSPACE

100H

BASE (HERE, THERE )
Not assembled
because HERE and THERE
not in same section

in this example, the statements between IF and ENDIF are not assembled because HERE and

THERE do not share the same base.

Label Operation Operand
THERE BLOCK 100H
IF BASE ($,THERE)
. Only assembled if
THERE is in the
. current section
ENDIF

In this example, the statements between IF and ENDIF are assembled if THERE is in the
current section. The dollar sign ($) represents the current value of the location counter.
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Determines if symbol is defined
S PR 5775

SYNTAX
DEF{symbol)
PARAMETERS
symbol Any user-defined symbol.

EXPLANATION

The DEF function tests whether a symbol has been defined during the current assembler
pass. (See the Assembler Introduction section of this manual for a description of the two
passes of the assembler.) A value of -1 (true) is returned if the symbol is defined. A value of O
(false) is returned if the symbol is not defined.

EXAMPLES

Label Operation Operand

; Q EQU 0
IF DEF(Q)
WORD 15
BYTE 5
ENDIF

In this example, the semi-colon (;) in the first line flags the line as a comment and the line is
not assembled. Therefore, the statements after the IF directive are not assembled, since Q
has not been defined in the current assembler pass. If the semicolon is removed, the IF
condition becomes true and the statements are assembled.
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Returns end address of section
o ]

SYNTAX
ENDOF(section-name)
PARAMETERS
section-name The name of a section defined in the assembler source program.

EXPLANATION

The ENDOF function returns the address of the last byte of a section. The linker may relocate
the individual sections during linking. Therefore, the ENDOF function is evaluated at link
time. (The Linker section of this manual discusses how sections are relocated.) Further
arithmetic operations may not be performed on the result of an ENDOF function.

EXAMPLES

Label Operation Operand

RESERVE STACK, 100
LXI SP, ENDOF (STACK)

This 8080A example reserves 100 bytes for the stack (STACK) and loads the stack pointer
register (SP) with the address of the end of the stack. The stack pointer register holds the
address of the high byte of memory reserved for STACK.
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Returns high byte of numeric value
L~

SYNTAX

Hi(numeric-expression)

PARAMETERS

numeric-expression  Any expression that returns a numeric value, either scalar or address.

EXPLANATION

The HI function returns the most significant byte of a numeric expression. The result is a
one-byte numeric value. The numeric expression may be either an address or a scalar value.
If the expression is an address, further operations may not be performed on the result.

EXAMPLES

Label Operation Operand

SECTION TABLE, INPAGE

Q BLOCK 50
R BLOCK 50
SECTION MAIN
MVI H,HI (TABLE)
MVI L,L0(Q)
MOV AM
MVI L,LO(R)
MOV M,A

In this 8080A example, the high byte of the beginning address of the section TABLE is loaded
into the H register. Both Q and R will have the same high byte because INPAGE defines the
section to be within one page. (See the Assembler Directives section for more information on
the INPAGE relocation-option for sections.) The low byte of the addresses for Q and R is
loaded into the L register. Data can be transferred without changing the H register.
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Function: LO
Returns low byte of numeric value

SYNTAX

LO(numeric-expression)

PARAMETERS

numeric-expression  Any expression that results in a numeric value, either scalar or

address.

EXPLANATION

The LO function returns the least significant byte of a numeric expression. The result is a
one-byte numeric value. The numeric expression may be either an address or a scalar value.
If the expression is an address, further operations may not be performed on the result.

EXAMPLES

See the H! function example.
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Returns number of characters in string

SYNTAX

NCHR(string-expression)

PARAMETERS

string-expression  Any expression that returns a string.

EXPLANATION

The NCHR function returns the current number of characters in the specified string. The
result is a numeric value.

NOTE

The current length of a character string is not necessarily the same as the
maximum length of a string symbol as declared with the STRING directive.
See the Assembler Directives section of this manual for information on the
STRING directive.

EXAMPLES

The following example shows one use of the NCHR function within a macro repeat block:

Label Operation Operand

STRING STR(5)
STR SET "HELLO"
Q SET 1
REPEAT Q <= NCHR(STR)
ASCII SEG(STR,Q,1)," "
Q SET Q+1
ENDR

The repeat loop is repeated for Q = 1, 2, 3, 4, and 5. When Q = 6, the REPEAT condition is
false and the assembiy continues with the statement following ENDR. The ASCI
respresentation of the individual characters "H E L L O ” are stored in consecutive bytes.
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Converts address to scalar
- - -]

SYNTAX
SCALAR({addressj
PARAMETERS
address Any expression that returns an address value.

EXPLANATION

The SCALAR function converts an address (unsigned numeric) value into a scalar (signed
numeric) value.

The only arithmetic operations that can be performed directly on address values are: addition
with a scalar value, and subtraction. To perform any other operations on address values, you
must first convert the addresses to scalar values with the SCALAR function.

EXAMPLES
Label Operation Operand
TABLE BLOCK 100
XXX EQU SCALAR(TABLE) / 2 + TABLE

This example shows an arithemetic operation (division by 2) performed on an address value.
The address value is converted to a scalar value by the SCALAR function.
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Returns substring

SYNTAX
SEG(string, start-position,char-count)
PARAMETERS
string Any expression that returns a character string.
start-position A numeric expression that indicates the position in the string of the first

character of the substring.

char-count Any numeric expression that evaluates to the number of characters to
be returned.

EXPLANATION
The SEG function returns a substring of a character string. The first character in the
substring is the character in the start-position. Each successive character is included until
char-count characters are included or the end of the string is encountered.

The following table shows various substrings returned by the SEG function:

Expression Substring
SEG("ABCDE",2,2) "BC”
SEG("ABCDE",4,3) "DE”
SEG("ABCDE",6,1)
SEG{"ABCDE",1,6) "ABCDE"

EXAMPLES
Label Operation Operand
STRING STR(12), LST(1)
STR SET "CHARACTERS"
LST SET SEG (STR,NCHR(STR), 1)

{NCHR function returns the
number of characters in STR)
— character string

L number of characters
to be returned
first character of substring

Although the character string STR has a maximum length of 12, NCHR(STR) returns the
current length which is 10. The start-position of the substring is the tenth character. The
char-count is 1. Thus, the tenth character "S” is assigned to the string variable LST.
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Converts scalar to string
\ - _______________________________________________________________|]

SYNTAX
STRING(scalar)
PARAMETERS
scalar Any expression that evaluates to a scalar value.

EXPLANATION

The STRING function converts a scalar value to its string representation. The string
representation is six characters long. The first character is a zero or minus (-) depending on
the sign of the number. The remaining five characters are the decimal representation of the
value, padded with leading zeros (if necessary). The following table shows how values are
converted to their string representation.

Value String
0 ”000000"
-1 "-00001"
400 ”000400”
200H "000512"

EXAMPLES
Label Operation Operand
STRING MATSIZE(6), DIGIT4(1)
XVAL  SET 4
YVAL  SET 50
MATSIZE SET STRING(XVAL * YVAL)
DIGIT4 SET SEG(MATSIZE,4,1)

This example converts the value of XVAL times YVAL (4 * 50 = 200) to the string “000200".
DIGIT4 is defined to be the fourth character in the string MATSIZE ("2")
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Section b

ASSEMBLER DIRECTIVES

INTRODUCTION

This section describes the directives you may use when programming for the Tektronix
Assembler. The directives are arranged in alphabetical order for easy reference. A functional
index appears at the front of this section to help you when you do not know a directive by
name.

Each assembler directive description consists of the following parts: a syntax block,
parameter definitions, an explanation of the use and limits of the directive, and one or more
examples of its use.

The syntax block shows the required format of the directive. Assembler directive statements
may contain information in any of the four fields: label, operation, operand, and comment.
Since the comment field is strictly optional for any directive, it does not appear in the syntax
block.

The syntax blocks in this section use the notation conventions explained in the Assembler
Introduction section of this manual.

Label Operation Operand

[symbol] DIRECT string-expression[,string-expression]...

The above example shows the syntax for DIRECT, a fictional directive. You may interpret this
syntax block as follows:

® A label is optional for this directive.
® The operation field must contain the word "DIRECT”.

® The operand field must contain at least one string expression. If two or more string
expressions are entered, they must be separated by commas. The number of string
expressions is limited only by the maximum line length (127 characters).

B
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LABELS

For each assembler directive, a label may be required, optional, or prohibited, depending on
the directive.

e Only the EQU and SET directives require labels. EQU and SET each assign the value in
the operand field to the symbol in the label field.

® Only the ENDM directive must not have a label.

® The following directives generate object code and therefore often have labels. The label
is assigned the address of the first byte of code generated.

ASCII BLOCK BYTE WORD

® The following directives affect the location counter but do not generate object code, so
they do not normally have labels. The value assigned to the label depends on the
directive.
COMMON ORG RESERVE RESUME SECTION

® All other directives (listed below) do not even affect the location counter and so do not
normally have labels. The label, if any, takes the current value of the location counter.
In the dictionary entry for each of these directives, the label is shown as optional but is
not discussed as a parameter.

ELSE EXITM LIST PAGE STRING
END GLOBAL MACRO REPEAT TITLE
ENDIF IF NAME SPACE WARNING
ENDR INCLUDE NOLIST STITLE
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Generates ASCII data

SYNTAX
Label Operation Operand
[symbol] ASCII string-expression[,string-expression]...
PARAMETERS
symbol A user-defined label representing the address of the first character in
the string.

string-expression  Any expression that yields a string value.

EXPLANATION

The ASCIH directive stores the ASCIl codes for the characters of the specified string(s) in

consecutive bytes of the object program. Refer to the Tables section of this manual for an
ASCIl conversion table.

EXAMPLES
Label Operation Operand
CHESSMEN ASCII "PAWN ROOK KNIGHT"
ASCII "BISHOP","QUEEN " ,"KING "

These two statements generate 36 consecutive bytes of ASCIl code: one 18-character string
and three 6-character strings, stored as a single 36-character sequence. CHESSMEN is the

address of the first character from the first string. The following hexadecimal object code is
generated:

source: P A W N R O O K K N I G H T
object: 50 41 57 4E 20 20 52 4F 4F 4B 20 20 4B 4E 49 47 48 54

source:. B I S H O P Q U E E N K 1 N G
object: 42 49 53 48 4F 50 51 55 45 45 4E 20 4B 49 4E 47 20 20
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Reserves block of memory

SYNTAX
Label Operation Operand
[symbol] BLOCK byte-count
PARAMETERS
symbol A user-defined label that represents the address of the first byte of the
block.
byte-count The number of bytes to be reserved: any positive scalar expression.
EXPLANATION

The BLOCK directive reserves a specified number of bytes. BLOCK is used primarily to
allocate memory for data that may change during program execution.

The byte-count expression must yield a positive scalar value. Every symbol in the expression
must have been defined previously.

EXAMPLES
Label Operation Operand
LASTNAME BLOCK 20
. SSN BLOCK 1
AGE BLOCK 1
SALARY BLOCK 2

These statements allocate space for a 20-character name, an 11-character social security
number, an age in the range O to 255, and & salary in the range 0 to 65535.
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Generates byte(s) of data
"W

SYNTAX
Label Operation Operand
[symbol] BYTE byte-value[,byte-value]...
PARAMETERS
symbol A user-defined label that represents the address of the first byte of data.
byte-value Any expression that yields a scalar in the range -128 to 255.

EXPLANATION

The BYTE directive stores the specified values in consecutive bytes of the object program. If a
value is outside the range -128 to 255, it is truncated to 8 bits and the following message is
displayed:

#%x%%%® ERROR 035: Value truncated to byte

EXAMPLES
Label Operation Operand
MONTHS BYTE 31,28,31,30,31,30
BYTE 31,31,30,31,30,31

Twelve bytes of object code are generated. The Nth byte contains the number of days in the
Nth month. MONTHS is the address of the first byte.
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Deciares common section
-

SYNTAX
Label Operation Operand
[symbol] COMMON section-name[,relocation-type}
PARAMETERS
symbol A user-defined label (usually omitted) that represents the address of the

first byte of the common section.
section-name The name assigned to the section.

relocation-type An option to direct the relocation of the section at link time. You may
specify one of the following relocation types:

PAGE—The common section is relocated to the beginning of a page of
memory. See the Assembler Specifics section of this manual for the
page size for your microprocessor.

INPAGE—The common section may be relocated to any address, so
long as the entire section lies within one page of memory.

ABSOLUTE—The section is not relocated.

If you do not specify PAGE, INPAGE, or ABSOLUTE, the relocation type
defaults to byte-relocatable: the relocated common section may begin at
any byte in memory.

EXPLANATION

The COMMON directive declares a section of type COMMON and defines the name and
relocation type of the section. The contents of the section are defined by the statements
following the COMMON directive, up to the next SECTION, COMMON, RESERVE, or
RESUME directive.

Different source modules may declare the same common section, and thus share the
contents of that section. (See Example 1.) The relocation type of the section must be the
same in every module in which the section is declared.

The linker assigns the same starting address to all common sections with the same name.
Memory is allocated for the largest section with that name. (See Example 2.)

You may use the directives ASCII, BYTE, or WORD to initialize values in a common section.
(See Example 3.) If two or more modules specify values for the same location in a common
section, the module linked last takes precedence; neither the linker nor the LOAD command
flags the error.

Y
=2
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Declares common section
RIS 2 e e S e e e

The name of a common section is a global symbo! whose value is the address of the first byte
of the section. A section name should not be declared with a GLOBAL directive in any

moduie in which the section is defined with a COMMON directive
moauie ! nich the section s detined with a COMNON direclive.

EXAMPLES

COMMON Example 1

This example illustrates how program modules can communicate with each other through
values stored in a common section.

Assume that source modules A, B, and C each contain the following common section

definition:
Label Operation Operand
COMMON CUSTOMER
CNAME BLOCK 30
ADDRESS BLOCK 30
CITY BLOCK 16
STATE BLOCK 2

During program execution, module A might define the customer’s name, module B might
define the address, and module C might define the city and state. All 78 bytes of customer
information in the common section may be used or changed by any of the three modules.
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Declares common section

COMMON Example 2

A common section may also be used as a scratch area. Some subroutines use blocks of
memory for temporary storage. If all modules use the same common section for temporary
storage, less memory is required than if each module uses a different block of memory.

This example illustrates:
® how a common section may be used as a scratch area by one or more modules; and

® how the linker treats common sections with the same name but different lengths.

In source module A, the following statements define common section SCRATCH:

Label Operation Operand
COMMON SCRATCH

X1 BLOCK y

X2 BLOCK 6

In source module B, SCRATCH is defined as follows:

COMMON SCRATCH
Y1 BLOCK 5
Y2 BLOCK 10

At link time, one area of memory is allocated to section SCRATCH. The size of the areais 15
bytes, which is the length of the larger section named SCRATCH. Both subroutines may use
this area of memory.

A B
X1 1 Y1
4 2
bytes 3 5
bytes
4
X2 5
6 Y2 \
6 7
bytes 8
9
10 ? 10
11 bytes
12 ‘
13
14
15 J

3454-12
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Declares common section
.

COMMON Example 3
This example demonstrates how you may initialize data in a common section.

Source moduie A defines common section CALENDAR and provides text for array DAYS:

Label Operation Operand
COMMON CALENDAR
MONTHS BLOCK 36
DAY ASCII "SUNMONTUEWED"
ASCII "THUFRISAT"

Source module B also defines CALENDAR and provides text for array MONTHS:

COMMON CALENDAR
MONTHS ASCII "JANFEBMARAPR"

ASCII "MAYJUNJULAUG"

ASCII "SEPOCTNOVDEC"
DAYS BLOCK 21

A and B both specify the same length for common section CALENDAR (57 bytes).

When the section is loaded into memory, its contents will be as follows:

bytes source J A N F E B M A R A P R M A Y J U N)

1-18  object: 4A 41 4E 46 45 42 4D 41 52 41 50 52 4D 41 59 4A 55 4E
* MONTHS
bytes source: J U L A U G $ E P O C T N O V D E C

19-36 opject: 4A 55 4C 41 55 47 53 45 5O 4F 43 54 4E 4F 56 44 45 43

bytes sourcee. S U N M O N T U E W E D T H U F R I )
37-54 object: 53 55 4E 4D 4F 4E 54 55 45 57 45 44 54 48 55 46 52 49

DAYS
bytes source: S A T (
55-57 object: 53 41 54
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~

SYNTAX

Label Operation Operand
[symbol] ELSE

EXPLANATION

The ELSE directive separates the branches of an IF...ELSE...ENDIF block.

If the conditional expression in the IF directive is nonzero (true), the statements between the
IF directive and the ELSE directive are assembled. Otherwise, the statements between the
ELSE directive and the ENDIF directive are assembled.

EXAMPLES

Label Operation Operand Comment

IF YEAR MOD 4 = O ) )
NDAYS  EQU 366 : LEAP YEAR --——QSS.e!;'b'id 'ZYEAR is
ELSE ivisible by 4.
. Assembled if YEAR is
NDAYS gﬁgn_ 365 ; NOT LEAP YEAR —a———Assembied i@ e

If the value of YEAR is evenly divisible by 4, the first EQU directive is assembled and the
symbol NDAYS is assigned the value 366. Otherwise the second EQU directive is assembled
and NDAYS takes the value 365.
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Ends source module
RSN S S e

SYNTAX
Labei Operation Operand
[symbol] END [transfer-address]
PARAMETERS

transfer-address The address of the first instruction to be executed.

EXPLANATION

The END directive marks the end of the source module. If the source module contains no
END directive, assembly continues to the end of the last source file named in the ASM
command line.

The transfer address, if present, is the address of the first instruction to be executed when
the program is run. The transfer address is usually specified in a source module, often in the
module that contains the main program. However, the transfer address can also be defined
or changed at link time. (See the TRANSFER command in the Linker section of this manual.)
If more than one module contains a transfer address, the transfer address in the first medule
linked is used.

EXAMPLES
Label Operation Operand
START XRA A
END START

In this example, END is the last statement in the main program source module. START is the
transfer address: program execution starts with the 8080A instruction XRA A.
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Ends IF block

SYNTAX

Label Operation Operand
[symbol] ENDIF

EXPLANATION

The ENDIF directive marks the end of an {F...ENDIF or IF...ELSE...ENDIF block of statements.
See the IF directive. '
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Ends macro definition

SYNTAX

EXPLANATION

The ENDM directive marks the end of a macro definition. See the MACRO directive.

The ENDM directive must not have a label.
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Ends REPEAT block

SYNTAX

Label Operation Operand
[symbol] ENDR

EXPLANATION

The ENDR directive marks the end of a REPEAT.. ENDR block of statements. See the REPEAT
directive.
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EQU

Assigns vaiue to symbol
A

SYNTAX
Label Operation Qperand
[symbol] EQU numeric-value
PARAMETERS
symbol A user-defined symbol to be assigned a value by this statement.
numeric-value Any numeric expression. Each symboi in the expression must have been

defined previously.

EXPLANATION

The EQU directive assigns a value to a symbol. The symbol cannot be redefined in the same
source module.

A symbol defined in an EQU directive may be used by any statement in the module, with the
following restriction: a BLOCK, EQU, IF, ORG, REPEAT, SET, or STRING directive that refers
to the symbol must not precede the EQU directive that defines the symbol.

EXAMPLES
Label Operation Operand Comment
MVI B, ROWS ;s NUMBER OF ROWS TO B REGISTER.
MVI C,COLS ; NUMBER OF COLUMNS TO C REGISTER.
ROWS EéU 10 ; DEFINE NUMBER OF ROWS...
COLS EQU 3 ; ... AND NUMBER OF COLUMNS.
TABLE BI:OCK ROWS*¥COLS ; ALLOT SPACE FOR A 30-BYTE TABLE.

The symbol ROWS is assigned the value 10 and the symbol COLS is assigned the value 3.
Note that the two 8080A MVI instructions may refer to ROWS and COLS, even though the
symbols are not defined until later in the module. On the other hand, the BLOCK directive
that refers to the symbols must follow the EQU directives that define the symbols.
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Stops macro expansion

SYNTAX

Label Operation Operand
[symbol] EXITM

EXPLANATION

The EXITM directive terminates the current macro expansion; EXITM does not mark the end
of a macro definition.

EXITM is valid only in macros. It is generally used to stop macro expansion in the middle of
an IF block or REPEAT block.

EXAMPLES
Label Operation Operand Comment
MACRO TESTBYTE
PARAM SET 1 ;3 POINT TO FIRST PARAMETER.
REPEAT PARAM <= '#' ; DO FOR EVERY PARAMETER:
IF 'PARAM' < O ; IF PARAMETER IS BAD...
WARNING ; NEGATIVE PARAMETER
EXITM ; ... ABORT MACRO EXPANSION.
ELSE 7 OTHERWISE STORE THE VALUE.
BYTE 'PARAM'
ENDIF
PARAM SET PARAM + 1 ; INCREMENT PARAMETER POINTER...
ENDR ; ... AND REPEAT.
ENDM

Macro TESTBYTE generates one BYTE directive for each parameter in the macro invocation.
The variable PARAM counts from 1 to the number of parameters passed ('#’). The construct
'PARAM’ is replaced by the parameter pointed to by PARAM. If a negative parameter is
encountered, the WARNING and EXITM directives are assembled and macro expansion ends
before all parameters have been processed.

The macro invocation
TESTBYTE 10,20,-1,-2,30
vields the following macro expansion:

BYTE 10
BYTE 20
WARNING ; NEGATIVE PARAMETER

If the EXITM statement were omitted, macro expansion would continue until all parameters
were processed:

5-16

BYTE
BYTE
WARNING

WARNING

BYTE

10
20
; NEGATIVE PARAMETER
; NEGATIVE PARAMETER
30
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Declares global symbol(s)

SYNTAX
Labei Operation Operand
[symboi] GLOBAL globai-sym[,giobai-sym]...
PARAMETERS

global-sym A symbol to be declared global.

EXPLANATION

The GLOBAL directive declares one or more symbols to be global. A global symbol defined in
one moduie may be referred to by other moduies. Both the module that defines the symbol
and the module that refers to it must declare the symbol to be global. The linker will make
the value of the global symbol available to all modules that declare it.

The GLOBAL directive that declares a symbol must precede the statement that defines that
symbol. The symbol may not be defined more than once in any group of modules to be linked.

A global symbol that is given a value in the current module is called a bound global. A bound
global that is also an address is called an entry point, since it often represents an instruction
that is jumped to from outside the module.

A global symbol that is not defined in the current module is called an unbound global; its
value must be provided at link time, either by another module or by the linker command
DEFINE.

A section name (defined by a COMMON, RESERVE, or SECTION directive) is a global symbol;
it should not be declared with a GLOBAL directive in the same module in which the section
is defined.
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EXAMPLES
This example demonstrates the use of global symbols in three modules;: MYMQOD, HISMOD,
and HERMOD.
Label Operation Operand
NAME MYMOD
GLOBAL HIM,HER,VALUE
VALUE EQU 3
CALL HIM
CALL HER
CALL MYSELF
MYSELF XRA A

In module MYMOD, HIM and HER are unbound globals, but VALUE is a bound global, since it
is assigned a value by the EQU directive. MYSELF does not need to be declared global, since
it is defined in MYMOD (as the address of the 8080A XRA instruction) and is not used in any
other module.

NAME HISMOD
GLOBAL HIM,VALUE

HIM MVI A,VALUE

In module HISMOD, VALUE is an unbound global. HIM is defined as the address of the MVI
instruction, so HIM is an entry point (a bound global address).

NAME HERMOD
GLOBAL HER,HIM
HER CALL HIM

In module HERMOD, HIM is an unbound global. HER is defined as the address of the CALL
instruction, so HER is an entry point.

In summary:
® HIM is defined in HISMOD and used in MYMOD and HERMOD;
® HER is defined in HERMOD and used in MYMOD;
® VALUE is defined in MYMOD and used in HISMOD.

Each symbol is declared to be global wherever it is defined or used. Since MYSELF is defined
in MYMOD and used only in MYMOD, it does not need to be declared global.
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Begins conditional assembly block

L

D)

&

SYNTAX
Label Cperation Operand
[symbol] IF condition-value
PARAMETERS
condition-value Any expression that yields a numeric value. The condition is considered

false if the value is zero and true if the value is nonzero.

EXPLANATION

The IF directive marks the beginning of an IF...ENDIF or IF...ELSE...ENDIF block of statements.
The value of the expression in the IF directive determines which statements (if any) in the
block are assembled.

IF...ENDIF

An IF..ENDIF block has the following structure:
IF condition-value
(statements to be assembled if condition-value is true)
ENDIF

If the condition-value is true (nonzero), the statements between the IF directive and the
ENDIF directive are assembled. If the condition-value is false (zero), those statements are
skipped. (See Example 1.)

IF...ELSE...ENDIF

An IF...ELSE...ENDIF block has the following structure:
IF condition-value
(statements to be assembled if condition-value is true)
ELSE
(statements to be assembled if condition-value is false)
ENDIF

If the condition-value is true (nonzero), the statements between the IF directive and the ELSE
directive are assembled. Otherwise, the statements between the ELSE directive and the
ENDIF directive are assembled. (See Example 2.)

NOTE

A relational expression (for example, J < O) yields the value -1 (16 1-bits)
when true and the value O (16 0-bits) when false. Thus the bit manipulation
operators &, !, and !! may be used as the conjunctions AND, OR, and
exclusive-OR, respectively, in complex relational expressions. (See Example
3.) The Language Elements section of this manual explains expressions and
operators in detail.
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Each |F directive must have a corresponding ENDIF directive and may have one
corresponding ELSE directive.

An IF block may be nested inside a REPEAT block or another IF block. Blocks may be nested
as deep as available memory in the assembler permits. An IF block may not lie partially inside
and partially outside a REPEAT block, another IF block, a macro expansion, or statements
from an INCLUDE file. See Fig. 5-1, which illustrates the allowed forms of nesting for IF
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blocks.
Allowed NOT Allowed
REPEAT IF — REPEAT
— IF —— REPEAT — IF
—— ENDIF —— ENDR ENDR
ENDR ELSE \— ENDIF
— IF
L— ENDIF
ENDIF
start of macro
IF expansion IF
start of_ macro IF start of macro
[~ expansion expansion
end of macro
expansion ENDIF ENDIF
end of macro end of macro
ENDIF expansion — expansion
IF start of IE
[ INCLUDE file
start of IF start of
INCLUDE file e [ INCLUDE file
end of
—— INCLUDE file —— ENDIF ENDIF
end of L end of )
ENDIF INCLUDE file INCLUDE file
3454-13

Fig. 5-1. Allowed forms of IF block nesting.

An IF block may not lie partially inside and partially outside a REPEAT block, another iF block, a macro
expansion, or statements from an INCLUDE file.
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Begins conditional assembly block

@

EXAMPLES

IF Example 1

in this example, a warning is displayed at assembly time if the object code for section ASEC
occupies more than one page of memory. The dollar sign represents the current value of the
iocation counter.

Label Operation Operand

PAGESIZE EQU 100H
SECTION ASEC, INPAGE

IF $ >z PAGESIZE
WARNING ; SECTION ASEC TOO LONG
ENDIF
IF Example 2
This example shows the use of an IF...ELSE..ENDIF block in a macro.
Label Operation Operand Comment
MACRO WORDS
Il':' nryen o nw ; IF FIRST PARAMETER IS ABSENT...
WORD 0 ; ... STORE A WORD OF ZEROS.
ELSE
WORD " s OTHERWISE STORE FIRST PARAMETER.
ENDIF
ENDM

The construct ‘1’ is replaced by the first parameter. If there is no first parameter, ‘1’ is
replaced with the null string (nothing); since the expression " = "" is true, the statement
WORD O is assembled and the statement WORD ‘1’ is skipped. On the other hand, if the
parameter exists, the second WORD directive is assembled, taking the parameter as its
operand.

IF Example 3
Label Operation Operand
IF M>N & N<P & P=Q
WARNING ; TROUBLE
ENDIF

in this example, the conditional expression of the IF statement contains three relational
subexpressions: "M>N", "N<P”, and "P=Q". Each subexpression yields the value -1 {true) or
O (false). The three subexpression values are ANDed together to yield the value (-1 or O) to be

used by the IF directive. (& is the logical AND operator.) Thus the WARNING directive is
assembled only if:

® M is greater than N, and
o N is less than P, and
® P is equal to Q.
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ssembles source coge from ano He

SYNTAX
Label Operation Operand
[symbol] INCLUDE filename-string
PARAMETERS
filename-string An expression that yields a string with the format filename or

filename/n, where filename is any TEKDOS file name and n is the disc
drive number. If no drive is specified, the system disc is assumed.

EXPLANATION

The INCLUDE directive causes the assembler to process the statements in the specified file
as if they were part of the current source file.

The INCLUDE file may not contain an INCLUDE directive.

If the INCLUDE directive is contained in a macro, the file is included at macro expansion time.
However, statements in the INCLUDE file cannot use the special text substitution constructs
usually allowed in macros ('N’ for the Nth parameter, '#' for the number of parameters, '@’
for a unique label). See the Macros section for information about these constructs.

EXAMPLES
Label Operation Operand Comment
NAME MAINMOD
INCLUDE "MACROS™" ; DEFINE STANDARD MACROS.
INCLUDE "COMMON/1" ; DEFINE COMMON BLOCK.

In this example, the statements in file MACROS on the system disc and file COMMON on

disc 1 are assembled at the beginning of module MAINMOD. MACROS contains macro
definition blocks; COMMON defines a common section. '

522 @
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Turns on listing options

SYNTAX
Label Operation Operand
i{symbol] LIST [listing-option[,iisting-option]j...]
PARAMETERS
listing-option One of the following listing options:

CND—Lists statements that are not assembled because of unsatisfied
IF or REPEAT conditions. Defaults to OFF: only those statements that are
actually assembled are listed.

CON—Lists assembly errors on the system terminal as well as in the
source listing. Defaults to ON.

DBG—Causes the linker listing to inciude an internal symbols list for
this module at link time. Defaults to OFF.

ME—Sets the ME/MEG option to the ME setting: lists all macro
expansion statements that are assembled. The ME/MEG option defaults
to MEG.

MEG—Sets the ME/MEG option to its default setting, MEG: lists only
those macro expansion statements that generate object code.

SYM—Lists the symbol table. Defaulis to ON.

TRM—Trims the assembler listing to 72 characters. The listing width
defaults to 72 characters wide if the listing device is CONO; otherwise
the width defaults to 132 characters.

If no option is specified, the source listing is turned ON.

EXPLANATION

The LIST directive turns on the listing option(s) named in the operand field. If no option is
named, the master option (which controls the source listing) is turned on. The NOLIST
directive may be used to turn any of these options off.

Each option controis a different listing feature and may be turned on or off anywhere in the
source module. If an option is changed during a macro expansion, its previous setting is
restored when the expansion ends.

B)
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An assembler listing contains two parts: the source listing, which shows the source code
and object code for each statement assembled; and the symbol table, which lists the
symbols used in the source module. The master option, CND option, and ME/MEG option
determine which lines of code appear in the source listing, and are discussed in the following
paragraphs. The SYM option controls display of the symbol table, and is discussed with the
CON, DBG, and TRM options under the heading Other Options.

Source Listing

Master Option. The master option is normally ON. The directive NOLIST (without operands)
turns the master option OFF, suppressing display of all statements except erroneous ones.
When the master option is OFF, PAGE and SPACE directives are suppressed and the CND
and ME/MEG options are overridden. The directive LIST (without operands) turns the master
option back ON.

CND. Normally the CND option is OFF, and any statement that is not assembled because of
an unsatisfied IF or REPEAT condition is not listed. When the CND option is ON, even
unassembled statements are listed.

ME/MEG. The ME/MEG option controls the display of statements in macro expansions. It
has three settings: ME, MEG, and OFF. At the default setting, MEG, only those statements
that generate object code (assembly language instructions and ASCIl, BLOCK, BYTE, and
WORD directives) are listed. Note that other directives that directly affect the object module
(COMMON, EQU, GLOBAL, NAME, ORG, RESERVE, RESUME, SECTION) are not listed.

The directive LIST ME changes the ME/MEG setting to ME, causing every assembled
statement in a macro expansion to be listed. The directive NOLIST ME or NOLIST MEG turns
the ME/MEG option OFF, suppressing display of all macro expansion statements except
erroneous ones. The directive LIST MEG returns the ME/MEG option to its default setting.

Summary. The following table shows how the master option and CND option control the
display of statements outside macro expansions.

Option Settings
Master CND Type of Statements Listed
OFF a errors
ON OFF assembled statements (default)
ON ON all statements
“don’t care

5-24 @



Assembler Directives—8002A: Assembler Users Manual LIST

Turns on listing options

The following table shows how the master option, ME/MEG option, and CND option control
the display of statements in a macro expansion.

Option Settings
Master ME/MEG | CND Type of Statements Listed
OFF a a errors
ON OFF 8 errors
ON MEG a statements that generate object code (default)
ON ME OFF assembled statements
ON ME ON all statements
®don’t care

Other Options

CON. Normally the CON option is ON, and every erroneous statement and its accompanying
error message are displayed on the system terminal (CONO) as weli as in the source listing.
When the CON option is OFF, erroneous statements and their error messages appear only in
the source listing.

DBG. If the DBG option is left at its default setting (OFF), the linker listing will contain no
internal symbols list for the current module when the module is linked. If the DBG option is
ON when assembly ends, an internal symbols list will be created, and it will list all symbols
in the module. The internal symbols list is described in the Linker section of this manual.

SYM. If the SYM option is left at its default setting (ON), the assembler listing will contain
the symbol table as well as the source listing. If the SYM option is OFF when assembly ends,
no symbol table is listed. The symbol table is described in the Assembler Introduction section.

TRM. Normally, the TRM option is OFF, and the assembler listing contains lines of up to 132
characters. When the TRM option is ON, all lines are truncated to 72 characters. (Source
lines that contain more than about 50 characters are truncated, since the source listing
displays 20 to 25 characters of information—depending on your microprocessor—to the left
of each source line.) If TRM is ON when assembly ends, the symbol table is rearranged to fit
a 72-character format.

When the listing device is the system terminal (CONO), the TRM option is automatically

turned ON before assembly starts. The directive NOLIST TRM restores the 132-character
format. .
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EXAMPLES

Label Operation Operand
LIST DBG

This statement causes the linker to display an internal symbols list for this module when it is
linked.

LIST CND,ME

This directive causes all statements (assembled and unassembled, mainline statements and
macro expansion statements) to appear in the source listing.

NOLIST

LIST
The NOLIST directive turns off the source listing and the LIST directive turns it back on.

While the source listing is suppressed, the settings of other options may be changed;

however, changes to the CND and ME/MEG options do not become apparent until the listing
is turned back on.

NOLIST SYM
This statement suppresses display of the symbol table.

o
N
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MACRO

Begins macro definition

Labe! Operation

MACRO

Qperand

[symboi] macro-name

SYNTAX

PARAMETERS

macro-name

The name of the macro being defined.

EXPLANATION

The MACRO directive marks the beginning of a macro definition block. The macro consists of
all statements between, but not including, the MACRO directive and the next ENDM

directive.

The Macros section of this manual describes macros in detail.

EXAMPLES

The following macro converts the number in the specified 8080A register to its two's

complement:

Label Operation Operand

MACRO NEGATE
SUB A
SUB "
MOV "1',A
ENDM

The macro invocation
NEGATE B

yields the following macro expansion:
SUB A
SUB B ;
MOV B,A ;

Comment

; SET A TO ZERO.
; SUBTRACT '1' FROM ZERO.

; STORE RESULT BACK INTO '1°'.

; SET A TO ZERO.

; SUBTRACT B FROM ZERO.

STORE RESULT BACK INTO B.

Every occurrence of the first formal parameter ("1’) is replaced by the first actual parameter
(B). The 8080A instruction SUB A clears the A register; SUB B subtracts the contents of the
B register from the A register;, MOV B,A moves the result back into the B register.

5-27



NAME Assembler Directives—8002A: Assembler Users Manual
Declares object module name

SYNTAX
Label Operation Operand
[symbol] NAME module-name
PARAMETERS
module-name A name for the object module being created: any symbol.
EXPLANATION

The NAME directive gives a name to the object module created by this assembly. If more than
one NAME directive appears in a module, only the first name specified is used. If the source
module contains no NAME directive, the default name *NONAME* is assigned to the object
module.

The library generator (LibGen) requires that each module in a library file have a unique
name.

EXAMPLES

Label Operation Operand
NAME SUBSMOD

This statement assigns the name SUBSMOD to the object module being created.
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Turns off iisting options

[symbol] NOLIST

Labei Operation Operand

SYNTAX

[listing-option],listing-option]...]

listing-option

PARAMETERS

One of the following listing options:

CND—Suppresses listing of statements that are not assembled because
of unsatisfied IF or REPEAT conditions.

CON—Suppresses display of assembly errors on the system terminal.
DBG—Suppresses the internal symbols list for this module at link time.
ME—Suppresses display of all macro expansion statements.
MEG—Suppresses display of all macro expansion statements.
SYM—Suppresses listing of the symbol table.

TRM—Changes the listing width from 72 characters to 132 characters.

If no option is specified, the source listing is turned off.

EXPLANATION

The NOLIST directive turns off the listing option(s) named in the operand field. These options
are explained in detail under the LIST directive.
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SYNTAX
Label Operation Operand
address
[symbol] ORG /address-mod
PARAMETERS
symbol A user-defined label (usually omitted) that is assigned the value of the

updated location counter.

address A new value for the location counter: any expression that yields an
address. Each symbol in the expression must have been defined
previously.

address-mod Any numeric expression. The location counter is advanced to the next

address that is a multiple of the address-mod. Each symbol in the
expression must have been defined previously.

EXPLANATION

The ORG directive sets the location counter to the specified address.

If the / (slash) operator is used, the location counter is set to the next address that is a
multiple of the address-mod. If the current value of the location counter is already a multipie
of the address-mod, the location counter is unaffected. If the address-mod is zero and the
value in the location counter is even, the location counter is set to the next odd value.

The location counter is an internal counter maintained by the assembler that holds the
address, relative to the beginning of the current section, of the next byte of code to be
assembled. The location counter starts at zero for each section and is automatically updated
as object code is generated.

The ORG directive is generally used to initialize the program counter for an absolute section,
or to begin the next block of object code on a new page of memory. Avoid using ORG in a
byte-relocatable or inpage-relocatable section, since the conditions you use ORG to create
are likely to be lost when the section is relocated.

if, through use of the ORG directive, you break your section into noncontiguous blocks of
code, the linker may place other sections in the gaps between these blocks. (See Example 1.)
Every byte in a section retains its position relative to the beginning of the section even if the
section is relocated.

If you use ORG incorrectly, you may end up specifying more than one value for the same byte
of object code. (See Example 2.} Such a situation is not detected by the assembler, linker, or
LOAD command.

o
W
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EXAMPLES

ORG Example 1
Label Operation Operand Comment

; DEFINE SECTION ABS (AN ABSOLUTE SECTION).
SECTION ABS,ABSOLUTE

ORG 100H ; START ON PAGE 1.
ABS1 BLOCK 80H ; 128 BYTES OF MEMORY

ORG /100H ; GO TO BEGINNING OF NEXT PAGE.
ABS2 BLOCK 40H ; 64 BYTES

ORG 400H ; GO TO PAGE 4, -
ABS3 BLOCK 80H ; 128 BYTES

; DEFINE SECTION REL (A BYTE-RELOCATABLE SECTION).
SECTION REL

REL1 BLOCK 40H ; 64 BYTES
ORG /100H ; GO TO BEGINNING OF NEXT PAGE (?)
REL2 BLOCK 80H ; 128 BYTES

In the example above, two sections of object code are genérated. Section ABS is divided into
three blocks and section REL is divided into two blocks. The layout of the two sections is
shown below. .

ABS REL

0000 0000
REL1

0100 0100

ABS1 REL2
0200

ABS2
0300
0400

ABS3

3454-14
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The linker will arrange the two sections as shown below.

0000
0100
ABS1
0200
ABS2
REL1 \
0300 > Section REL is relocated as a whole
to the first gap of sufficient size.
REL2
J
0400
ABS3
3454-15

Notice that section REL is placed between blocks ABS2 and ABS3 of section ABS. Notice also
that block REL2 began on a page boundary before it was relocated, but not after.

ORG Example 2

Label Operation Operand
ORG 400H
ASCII "A LINE OF TEXT"
ORG 405H
ASCII nHEREEEN
yields the same object code as:
ORG 400H
ASCII "A LINBESRETEYXTY
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Skips to new page in listing

SYNTAX
Label QOperation Operand

[symboll PAGE

EXPLANATION
A PAGE directive causes the next source line listed to appear at the top of a new page. The
PAGE directive itself is not listed.
If the source listing is suppressed by a NOLIST directive, the PAGE directive has no effect.

EXAMPLES

Label Operation Operand Comment

TITLE "THIS IS THE TITLE"
PAGE ; SKIP TO A NEW PAGE TO
SECTION MAIN ; BEGIN CODE FOR MAIN.

These statements cause the source code for section MAIN to begin on a new page. The top of
the new page looks like this:

Tektronix xxxxxxxxx ASM Vx.x THIS IS THE TITLE Page X

XXXXX SECTION MAIN - ; BEGIN CODE FOR MAIN.

@ 5-33



REPEAT Assembler Directives—8002A: Assembler Users Manual
Begins repetitive assembly

SYNTAX
Label Operation Operand
[symbol] REPEAT condition-valuel,limit]
PARAMETERS
condition-value Any expression that yields a numeric value. The condition is considered

false if the value is zero and true if the value is nonzero.

limit The maximum number of times the block may repeat: any non-negative
scalar expression. Defaults to 255.

EXPLANATION

The statements between a REPEAT directive and its matching ENDR directive are assembled
repeatedly until the condition-value becomes false (zero). A REPEAT...ENDR block is valid
only within a macro.

If the condition-value is still true (nonzero) after the repetition limit has been reached, the
assembler responds

##%%% ERROR 017: Iteration limit exceeded
and skips to the statement following the ENDR directive.

If the condition-value is false before the first repetition, the REPEAT...ENDR block is not
assembled at all.

The condition-value may be a relational expression (for example, J < 0). See the IF directive
for a note on the relationship between numeric and relational expressions.

A REPEAT block may be nested inside an IF block or another REPEAT block. Blocks may be
nested as deep as available memory in the assembler permits. A REPEAT block may not lie
partially inside and partially outside an IF block, another REPEAT block, a macro expansion,
or statements from an INCLUDE file. See Fig. 5-2, which illustrates the allowed forms of

mAT

nesting for REPEAT biocks.

¢Tl'l
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®

Allowed NOT Allowed
REPEAT IF REPEAT
— IF —— REPEAT —IF
L—ENDIF — ENDR ENDR
—— REPEAT ENDIF —ENDIF
L— ENDR
ENDR

start of macro

start of macro

expansion expansion REPEAT
. start of macro
REPEAT REPEAT [~ expansion
L—— ENDR another ENDR
macro
end of macro expansion end of macro
expansion expansion
ENDR '
end of macro
expansion
f
| REPEAT —— MCLODE file  REPEAT
start of ~ start of
[ INCLUDE file - — REPEAT " INCLUDE file
L___ end of ‘
INCLUDE file ENDR ENDR
end of L end of
ENDR INCLUDE file : INCLUDE file

3454-16

Fig. 5-2. Allowed forms of REPEAT block nesting.

A REPEAT block may not lie partially inside and partially outside an IF block, another REPEAT block, a
macro expansion, or statements from an INCLUDE file.
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Begins repetitive assembly

EXAMPLES

Label Operation Operand

MACRO LOOP
COUNT SET 1

REPEAT COUNT <= "1

BYTE 12
COUNT SET COUNT + 1

ENDR

ENDM

The statement
LOOP 3,0

invokes the above macro and produces the following expansion:

COUNT SET 1
REPEAT COUNT <= 3
BYTE 0

COUNT SET COUNT + 1 (COUNT is incremented to 2.)
ENDR
REPEAT COUNT <= 3
BYTE 0

COUNT SET COUNT + 1 (COUNT is incremented to 3.)
ENDR
REPEAT COUNT <= 3
BYTE 0

COUNT SET COUNT + 1 (COUNT is incremented to 4.)
ENDR

This sequence generates three bytes of zeros. Note that with the listing options at their
default settings, only the BYTE directives would appear in the listing:

BYTE 0
BYTE 0
BYTE 0

See the LIST directive for more information on listing options.

&
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Reserves section of memory
R I T T T o T S T e L S AR

SYNTAX
Label Operation Overand
[symbol] RESERVE section-name, section-length[.relocation-type]
PARAMETERS
symbol A user-defined label (usually omitted) that represents the first byte of

the relocated reserve section.

section-name The name assigned to the section.
section-length The number of bytes in the section: any non-negative scalar expression.
relocation-type An option to direct the relocation of the section at link time. You may

specify one of the following relocation types:

PAGE—The section is relocated to the beginning of a page of memory.
See the Assembler Specifics section of this manual for the page size for
your microprocessor.

INPAGE—The section may be relocated to any address, so long as the
entire section lies within one page of memory.

If you do not specify PAGE or INPAGE, the relocation type defaults to
bvte-relocatable: the relocated section may begin at any byte in
memory.

EXPLANATION

The RESERVE directive creates a section with the specified name, length, and relocation
type. Different modules may allocate space for the same reserve section; the linker
concatenates all reserve sections with the same name intc a single section.

Since you can specify the length, but not the contents, of a reserve section, RESERVE is used
chiefly to set aside memorv for a workspace or stack.

A reserve section may not have the relocation type ABSOLUTE; however, you may use the
linker command LOCATE to place the section at the desired position in memory. See the
Linker section of this manual.

The RESERVE directive has no effect on the section currently being defined.

The relocation type of.a reserve section must be the same everywhere the section is
declared. A section must not be declared more than once in the same module.

The name of a section is a global symbol whose value is the address of the first byte of the

section. A section name should not be declared with a GLOBAL directive in any module in
which the section is defined with a RESERVE directive.
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EXAMPLES

Label Operation Operand Comment

NAME MOD1
SECTION SEC1

; BEGIN DEFINITION OF SEC1.

RESERVE STACK, 40 ; SET ASIDE 40 BYTES FOR STACK.
. ; RESUME DEFINITION OF SEC1.

In the above example, 40 bytes are allocated to a byte-relocatable reserve section called
STACK. The statements on either side of the RESERVE directive refer to section SEC1.

NAME MOD2

RéSERVE STACK, 20 ; SET ASIDE 20 BYTES FOR STACK.

When modules MOD1 and MOD2 are linked, reserve section STACK will occupy 60 bytes of
memory: 40 bytes from MOD1 and 20 bytes from MOD2.

5-38
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Resumes definition of section
& ____________________________________________________________ ]

SYNTAX
Label Operation Operand
[symbol] RESUME [section-name]
PARAMETERS
symbol A user-defined label (usually omitted) that is assigned the current value

of the location counter of the resumed section.

section-name The name of the section to be resumed. If no name is given, the default
section is resumed.

EXPLANATION
The RESUME directive stops definition of the current section and resumes the definition of
the specified section.

If no section name is given, the definition of the default section is continued. The default
section is described under the SECTION directive.

Once a section is defined, it may be resumed any number of times.

EXAMPLES
Label Operation Operand Comment
SECTION MAINPROG ; BEGIN DEFINITION OF MAINPROG.
STA TEMP ; USE A TEMPORARY LOCATION.
SECTION RAM ; SWITCH TO RAM ...
TEMP BLOCK 1 ; ... TO ALLOT SPACE FOR TEMP.
’

RESUME MAINPROG GO BACK TO ORIGINAL SECTION.

In this example, the definition of section MAINPROG is interrupted to reserve one byte for
temporary storage. The RESUME directive continues the definition of section MAINPROG.
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Declares program section

SYNTAX
Label Operation Operand
[symbol] SECTICN section-namel,relocation-type]
PARAMETERS
symbol A user-defined label (usually omitted) that represents the address of the

first bvte of the section.
section-name The name assigned to the section.

relocation-type An option to direct the relocation of the section at link time. You may
specify one of the following relocation types:

PAGE—The section is relocated to the beginning of a page of memory.
See the Assembler Specifics section of this manual for the page size for
your microprocessor.

INPAGE—The section may be relocated to any address, so long as the
entire section lies within one page of memory.

ABSOLUTE—The section is not relocated.

If you do not specify PAGE, INPAGE, or ABSOLUTE, the relocation type
defaults to byte-relocatable: the relocated section may begin at any byte
in memory.

EXPLANATION

The SECTION directive declares a section of type SECTION and defines the name and
reiocation type of the section. The contents of the section are defined by the statements
following the SECTION directive, up to the next SECTION, COMMON, or RESUME directive.

Any section that contains instructions (as opposed to data) should be of type SECTION.

NOTE

In this discussion, the word "SECTION” (all uppercase) refers to a section
declared with a SECTION directive, rather than with a COMMON or RESERVE
directive.
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Declares program section

Unlike a common or reserve section, a SECTION must be defined entirely in one module. Use
the RESUME directive to add code to a section that has already been defined in the current
module. If the linker encounters more than one SECTION with the same name, the linker

issues an error message and links only the first SECTION with that name.

The name of a section is a global symbol whose value is the address of the first byte of the
section. A section name should not be declared with a GLOBAL directive in the same module
in which the section is defined with a SECTION directive.

The default section of a module contains all object code generated before the first SECTION
or COMMON directive is assembled. The default section is a byte-relocatable SECTION; its
name is derived as follows:

1. Take the first seven characters of the name of the object file.
2. Eliminate all characters except letters and digits.
3. Add the prefix "%".

For example, the default section for object file MYPROG;O is %MYPROG. When no object file
is generated, the default section is called %.

EXAMPLES

Label Operation Operand

SECTION MAINPROG
{source code for section MAINPROG)

SECTION  TABLE, INPAGE
(source code for section TABLE)

SéCTION INTERRUP,ABSOLUTE
ORG 100H
(source code for section INTERRUP)

In this example, section MAINPROG may be relocated by the linker to any address. TABLE is
relocatable to any address, so long as the entire section lies within one page of memory.
INTERRUP, which is not relocatable, begins at address 100H.
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SYNTAX
Label Operation Operand
string-variable SET string-expression
or
numeric-variable SET numeric-expression
PARAMETERS
string-variable A user-defined label for a string variable.
numeric-variable A user-defined label for a numeric variable.
string-expression Any expression that yields a character string.

numeric-expression  Any expression that yields a numeric value.

EXPLANATION

The SET directive assigns a value to a symbol. The symbol is called a variable because it may
be assigned a new value with a subsequent SET directive. A variable may be used anywhere
the value it represents is permitted.

A variable must not be a global symbol. SET may not redefine a symbol unless that symbol
was originally defined with a SET directive.

There are two types of variables: string and numeric.

® A string variable represents a character string. A string variable must be declared with
a STRING directive before it may be assigned a value.

® A numeric variable represents a scalar or address. A numeric variable need not be
declared; it becomes defined the first time a SET directive assigns it a value.

if the type of the variable does not match the type of the value assigned to it, the value is
converted to match the type of the variable.

e If you assign a string value to a numeric variable, the variable takes the 16-bit value
formed by the first two bytes of the string. If the string exceeds two characters, the
assembler responds

#A%%#% FRROR 085: String value too large
:If the string contains only one character, its ASCIl code is copied to the low-order byte
,of the variable and the high-order byte is set to zero.

® if you assign a numeric value to a string variable, the STRING function is automatically
invoked to convert the number to a six-digit string.
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Assigns value to variable
- |

Text substitution (signaled by single quotes ' ') often involves variables. A string variable in
single quotes (e.g., 'STVAR’) is replaced by the string the variable represents. The substituted
siring is not enciosed in quotes. A numeric variabie in quoies {e.g., 'N’) is iegai oniy in
macros, and is replaced by the Nth parameter in the macro invocation.

EXAMPLES

Label Operation Operand Comment

MACRO BYTES
N SET 1 ; SET POINTER TO FIRST PARAMETER.

REPEAT N &= '#! ; REPEAT FOR EACH PARAMETER:

BYTE 'N',-'N"' ; ALLOCATE TWO BYTES FOR THE NTH PARAM.
N SET N+1 ; INCREMENT PARAMETER POINTER.

ENDR

ENDM

In this example, N is a numeric variable that counts from 1 to the number of parameters in
the macro invocation (‘#'). The construct ‘N’ is replaced by the Nth parameter. The invocation

BYTES 10,20,MAX

yields the macro expansion
BYTE 10,-10 s ALLOCATE TWO BYTES FOR THE NTH PARAM.
BYTE 20,-20 ; ALLOCATE TWO BYTES FOR THE NTH PARAM.
BYTE MAX, -MAX s+ ALLOCATE TWO BYTES FOR THE NTH PARAM.

In the example below, string variables FILE and DISC are assigned values and then
concatenated to form the name of an INCLUDE file.

Label Operation Operand

STRING FILE(8),DISC(2)
FILE SET "INCFILE"
DISC SET nyqn

INCLUDE  FILE:DISC

The statements from file INCFILE on disc 1 are assembled following the INCLUDE directive.
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Iin the following example, the name of the current section ('%’) is stored in string variable
SECNAME and is later substituted into the RESUME directive.

Label Operation Operand
STRING SECNAME (8)
SECTION  MAINPROG

SECNAME  SET migom
RESUME "SECNAME '

The above lines are assembled as follows:

STRING SECNAME (8)
SECTION MAINPROG

SECNAME SéT "MAINPROG"

.

RESUME MAINPROG
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