


























































































































































































































































































Assembler Listing Format 

The Listing Line 

The heading is followed by a blank line and the listing information. Each source program 
line is translated and output in the following sequence: 

1) a line number, 

2) the memory location of the instruction or data, 

3) the translated object code, 

4) a relocation indicator if relocation occurs on the line, 

5) a substitution indicator if substitution occurs on the line, and 

6) the original source line. 

The listing line may be 72 or 132 characters wide, dependent upon whether the TRM 
option for the LIST and NOLIST directives is active. The first listing line field is a 
five-character decimal line number. Line numbers are not listed for macro expansion I ines. 
The second listing field is a four-character hexadecimal location counter. This field may 
also represent a symbol value for an EQU directive. Both the line number and the location 
counter are right justified with leading zeros when necessary, and are separated from each 
other by one space. 

The object field follows the location counter field, and the fields are separated by one 
space. The object code is left justified and may be a maximum of eight hexadecimal 
characters wide. If an instruction generates more than eight hexadecimal characters, all 
additional object code is listed on subsequent lines. 

If relocation occurs in a line, the greater-than character(>) follows the object field. Actual 
relocation is performed at link time. 
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Asse!llbler Listing Format 

If a substitution occurs in a line, the plus character(+) follows the relocation indicator or 
the object field. All substitutions occur before the line is listed. The example that follows 
shows the plus sign preceding a line where a substitution occurs. 

00001 0000 030502 + BYTE 3,5,2 ;ALLOCATE ONE BYTE OF 

;MEMORY FOR EACH OF THE 

;CONSTANT VALUES 3 AND 5, 

;AND FOR THE VALUE DEFINED 

;TO SUBSTITUTE FOR '1' (IN 

;THIS CASE THE VALUE IS 2) 

The source code follows the relocation or substitution indicator or the object code field, 
and the fields are separated by one space. If the TAM option is ON when entered with 
the LIST directive, 52 spaces remain in the listing line for the source code. Any source 
code exceeding the 52-character limit is truncated. If the TAM option is OFF, either by 
default or when entered with the NOLIST directive, 112 characters remain in the listing 
for the source code. Any source code exceeding the 112-character I imit is truncated. 

Any non-printing character, other than the space, tab, or ~arriage return characters, is 
represented by a question mark (?) in the I isting. The assembler translates the character 
replaced by the? to the original character form. 

To summarize, the listing line appears as follows. 

XXXX LLLL D D D D D D D D > + SSSSS ..... 
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Each field is represented as follows: 

X = Line number, right justified 

L = Memory location (or EOU statement symbol value) 

D = Object code 

> = Relocation indicator (relocation is performed at link time) 

+ = Substitution indicator (substitution has occurred before listing) 

S = Source line 

Error Response 

If an error occurs in an instruction, the line containing the error is followed by an error 
response. This is also true when the instruction generates more than one line of object 
code. The error response takes the following form: 

*****ERROR code 

The "code" in the above error response is replaced by a three-digit number indicating 
the type of error detected. For a description of all error codes and their corresponding 
messages, refer to Appendix F. 

If the error response precedes an additional message, "FATAL ERROR; ASSEMBLY 
ABORTED AT LINE XXXX", the severity of the error is such that the Assembler cannot 
continue execution. 
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Assembler Listing Format 

THE SYMBOL TABLE 

The symbol table follows the listing, indicating all symbols used in the source module and 
the values these symbols represent. The symbol table also categorizes all symbols according 
to their type or base, for ease in referencing. The structure of the symbol table follows a 
three-part format: a heading, symbols and their values (categorized by type or base), and 
two lines providing statistical program assembly information. 

Each symbol table page contains a heading following the format shown below: 

TEKTRONIX 6800 ASM Vx.x SYMBOL TABLE LISTING PAGE x 

Below the heading, symbols and their corresponding hexadecimal values appear in categories 
according to their type or base. Headings precede each category describing the group of 
symbols in each category. The possible symbol headings are as follows: 

STRING AND MACROS All string and macro symbols are listed under this 
category. 

SCALARS All symbols having scalar values and all undefined 
symbols are listed under this category. 

name SECTION characteristic (length) All symbols based to the named Linker section are 
listed. The section characteristic indicates whether 
the section is relocated at the starting address of a 
physical memory block (PAGE), whether the 
section is relocated on any byte address with in a 
page (INPAGE), or whether the section is based to 
the actual address specified by the ORG directive 
at assembly time (ABSOLUTE). Refer to the 
discussion on Section Definition Directives in 
Section 4. If no characteristic is listed, the section 
is byte relocatable. The length of the named section 
is specified in bytes. 
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name COMMON characteristic (length) Same as SECTION category, except that more than 

one common section with the same name is valid at 
link time. 

name RESERVE characteristic (length) Same as SECTION category, except that all sections 
with the specified name are combined into a single 
section at link time. 

name UNBOUND GLOBAL An unbound global is a symbol declared in a 
global statement, having no value in this assembly. 
The named unbound global must be defined in 
other assemblies or at link time. If an unbound 
global is used to assign a value to a symbol in this 
assembly, that symbol is listed under the UNBOUND 
GLOBAL category in the symbol table listing. 

Columns containing symbols and their corresponding hexadecimal values are listed 
alphabetically under each category. When a symbol has fewer than eight characters, dashes 
and spaces ( - - - ) serve as padding between a symbol and its value. The value field 
contains four hexadecimal characters and is right justified, with leading zeros where 
necessary. The value field for undefined symbols appears as a series of asterisks(****). Each 
value is followed by several spaces and the next symbol. A typical symbol table listing line 
might appear as follows: · 

SYM1 --- 0101 SYMB2 - - 0025 SYMB3 -- 0022 SYMBOL4 **** SYMBOLS 0121 

The number values for string and macro symbols indicate the number of bytes used by the 
symbol for text storage. The number values for SET symbols indicate the last values 
assigned to the symbols. The number values for GLOBAL and ENDOF symbols represent 
the addresses prior to relocation. 
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Assembler Listing Format 

- ' 
Symbol indicators may appear after the symbol values. An indicator also appears if a high or 
low truncation occurs at link time. The symbol indicators are summarized as follows: 

S String symbol 

M Macro symbol 

V SET symbol 

G Global symbol 

H High truncation indicator (truncation will occur at link time) 

L Low truncation indicator (truncation will occur at link time) 

E ENDOF symbol (value will be adjusted at link time) 

All symbols without indicators are EOU symbols. The number values for these symbols 
indicate their values during assembly. 

If the TRM option is specified with the NOLIST directive, or is otherwise OFF due to 
default, the symbol table listing is five columns wide. If the TRM option is specified with 
the LIST directive, causing the option to be ON, the symbol table listing is three columns 
wide. 

Two lines appear below the symbol table display providing statistical information about the 
current assembly. 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 available for further data manipulation or symbol storage within the assembler. The 
second statistical line indicates the number of errors and undefined symbols, if any. 
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A sample assembler and symbol table listing is shown in Fig. 7-1. 

TEKTRONIX 6800 ASM V3.0 THIS IS THE TITLE PAGE 1 

THIS LINE IS THE STITLE OF MY PROGRAM 

00003 

00004 

***** 

00005 

00006 

ERROR 

0003 L1 

003 

0004 L2 

0100> 

00007 0100 A600 L1 

***** ERROR 002 

00008 

TEKTRONIX 6800 ASM V3.0 

STRINGS AND MACROS 

s 1 - - - - - 0050 s 

SCALARS 

L2 - - - - - 0004 V 

% (default) SECTION (0101) 

L 1 - - - - - 0100 

STRING S1 (80) 

EQU 3 

SET 4 

ORG 100H 

LDA A(X) 

END 

;DEFINE STRING VARIABLE S1 WITH 

;80-CHARACTER MAXIMUM 

;DEFINE CONSTANT SYMBOL L 1 TO 

;EQUAL 3 

;DEFINE VARIABLE SYMBOL L2 TO 

;EQUAL 4 

;STARTS OBJECT CODE OF NEXT 

;INSTRUCTION AT 100H 

;LOAD ACCUMULATOR A WITH 

;CONTENTS OF MEMORY 

;POINTED TO BY INDEX 

;REGISTER,X. MULTIPLY-DEFINED 

;SYMBOL,L 1. 

;END OF PROGRAM 

SYMBOL TABLE LISTING PAGE 2 

15 SOURCE LINES 

2 ERRORS 

15 ASSEMBLED LINES 1000 BYTES AVAILABLE 

Fig. 7-1. Sample Assembler and Symbol Table Listing. 
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Section 8 

ASSEMBLER OBJECT MODULE FORMAT 

INTRODUCTION 
The TEKTRONIX Assembler object module output can be stored on flexible disc in binary 
code. The binary object code may then be linked or loaded into program memorv for 
execution and debugging. lfa module contains more than one section or references GLOBAL 
symbols declared in other modules, it must be linked before loading its object code into 
program memory. 

PROGRAM LOADING AND EXECUTION 
The TEKDOS command, LOAD, is used to load an assembled binary object file or linked 
load module into program memory. The TEKDOS command, GO, may then be entered to 
begin program execution or debugging. The following descriptions outline LOAD and GO 
command usage. For further details describing binary object code execution procedures, 
refer to the EMULATOR ENVIRONMENT section in the 8002 µProcessor Lab System 
User's Manual. 
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SYNTAX 

LOAD {file name [/disc drivel} [file name [/disc drivel] 

PURPOSE 
The LOAD command program loads Assembler and Linker object files into program 
memory. 

EXPLANATION 
The specified files are loaded into program memory with the LOAD command. The files 
must have been preveiously created by the assembler or the Linker. Assembler object files 
containing relocatable sections or references to global symbols may execute incorrectly if 
not linked before loading. 

The named files are loaded into program memory starting at the location specified in the 
source code. 

Possible *DOS* error responses for the LOAD command are as follows: 

6 - Device read error 

14 - Invalid input device 

48 - Load file not found 

49 - Load file assign failure 

51 - Invalid load request 

REV A DEC 77 
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SYNTAX 

§_O [address] 

PURPOSE 
The GO command causes execution control to be passed to the emulator processor. 

EXPLANATION 
The GO command causes execution control to be passed to the emulator processor with 
execution to begin at the specified address. When the address is not specified, execution 
begins at the start address of a previously loaded module, or continues from the last 
stopping point. 

The GO command is a forced jump and will supersede a RESET command. 

The possible *DOS* error response for the GO command is shown below: 

37 - Invalid GO address 
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Section 9 

THE LINKER 

INTRODUCTION 

The 8002 µProcessor Lab Assembler converts user-written program instructions into machine 
language modules, each module consisting of one or more sections. The Linker, a system 
utility program, merges the independently assembled sections into an 8002 load file. 

The Assembler creates machine-language output files, which may then convert the Linker 
into a single binary file, suitable for loading into program memory by the LOAD 
command. 

The object files output from the Assembler consist of Text Blocks, Relocation Blocks, 
and Global Symbol Directory Blocks. Text Blocks from an independently assembled 
program section consist of three distinct item types: 

1. Constants and machine instructions whose values are independent of their position 
in memory; 

2. Addresses or address constants whose values are relative to the starting location 
(base) of a section; and 

3. Global references to other object modules whose values cannot be determined until 
all sections are assigned memory locations. 

This information is in binary data form. 

Relocation Blocks contain information necessary to update and relocate bytes of program 
text. Global Symbol Directory Blocks define global symbols and sections. 
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Each microprocessor supported by the 8002 'µProcessor Lab has unique qualities. 
The Linker supports these unique qualities and permits the interchange of 
microprocessors within the 8002. The Linker's outward appearance and operational 
method remain the same, regardless which microprocessor is supported. 

The Linker 

To prepare object modules for the 8002 Load program, the Linker performs three specific 
functions: 

1) Allocates memory space for each section of the loadable program; 

2) Establishes a reference table of global symbols; and 

3) When necessary, relocates address-dependent locations to correspond to allocated 
space. 

In addition, the Linker generates a listing that indicates where sections are allocated, and the 
values of all global symbols. 

LINKER INVOCATION 

Three methods of Linker invocation are available: simple invocation, interactive command 
invocation, and command file invocation. Simple invocation requires entry of filenames 
only; all other parameters are set to reasonable default values. This method is usually 
adequate for most linking situations. 

For more precise control, the Linker can be invoked by an interactive command series, 
using default or user-specified parameters. The user can specify section attributes and 
section location, define global symbols, and control the listing content. 

Linker activation through command file invocation is accomplished by specifying a 
named file containing a Linker command series.·· 
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PROGRAM SECTIONS 

A section is a collection of object code that has been assembled with the same location 
counter. An object module may consist of several sections. These sections are treated 
separately by the Linker and each section is independently relocatable. No limit is placed 
on the number of sections per link, but no more than 255 sections or globals may exist in 
any one object module. 

SECTION ATTRIBUTES 

A section has four attributes that provide the Linker with information regarding memory 
allocation and where to link the section. These attributes are Name, Section Type, Size, 
and Relocation Type. 

NAME 

SECTION TYPE 

8002:6800 Assembler and Emulator Users 

A section has an eight-character Name, assigned by the 
section directives, SECTION, RESERVE, and COMMON, 
at assembly time. The NAME must be a valid identifier. 
The section Name is entered into the Linker's symbol 
table and is a val id external symbol. 

A section may be either a SECTION, RESERVE, or 
COMMON. The specification is made through use of the 
SECTION, RESERVE, or COMMON directive at 
assembly time. 

Each SECTION Name must be different. Multiple 
SECTIONS with the same name will be flagged as errors, 
and only the first one will be linked. 

RESERVE sections with the same name are concatenated 
by the Linker. The length of a RESERVE section in a 
load module is the sum of all RESERVE sections with 
the same name. 

COMMON sections with the same name are allocated the 
same space in memory. The length of the linked 
COMMON is that of the largest COMMON section. 
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The size of each section in an object file is determined at 
assembly time. Section size is the number of program 
memory bytes that the section may occupy. 

A section may be Absolute (non-relocatable), Byte 
Relocatable, Page Boundary Relocatable, or I npage 
Relocatable. 

An Absolute section is not relocated by the Linker. 
Memory locations in an Absolute section where code has 
been generated, or locations that have been explicitly 
reserved by the assembler BLOCK directive, are not 
allocated to any relocatable section at link time. 
However, if two or more absolute sections have code at 
the same address, the contents of those memory locations 
after linking is undefined. These memory conflicts, if 
they occur, are noted on the Linker memory map. 

A Byte Relocatable section can be placed anywhere in 
memory. 

The two remaining relocation types are allocated 
according to page boundaries. A page is a physical block 
of memory having a size and a starting address. The size 
of a memory page is microprocessor-dependent. 6800 
pages are 256 bytes long. All pages start on boundaries 
evenly divisible by the page length. Page size 256, for 
example, implies pages startlng at 0, 256, 512, ..... . 

A Page Boundary Relocatable Section is allocated 
memory starting on a page boundary. 

An lnpage Relocatable Section may be linked on any 
byte boundary as long as it does not span two or more 
pages. If an lnpage Relocatable Section is longer than the 
microprocessor page length, the Linker generates an 
error, redefines the program section to be Page Boundary 
Relocatable, and continues I inking. 

The Linker 
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LINKER INVOCATION 

Simple Invocation 

SYNTAX 

LINK {load file} {list file} [object1) {, object2 } ... 

The load file represents the name to be assigned to the Linker-created load module. The 
list file represents the listing file name, and "object1 ", "object2" are input object files 
to be I inked. 

With simple invocation, all filename parameters must be entered on one line. No other 
parameter entries are permitted. If filenames for load file or list file are not entered, a 
null specification is assumed and the corresponding file is not generated. A map and error 
messages are output to the list file, and error messages are also logged to the console. 
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Interactive Command Invocation 

SYNTAX 
LINK (carriage return) 

The Linker responds with the prompt character (an asterisk), to indicate that a Linker 
command will be accepted. Each command must be terminated by a carriage return. 
Commands will be accepted until an END command is received. An END command 
directs the Linker to discontinue command entry mode and to begin processing the 
object files. 

The Linker 

REV A DEC 77 8002: 6800 Assembler and Emulator Users 



The Linker 

Command Fiie Invocation 

SYNTAX 

LINK {@filename} 

Commands are read from filename until an end of file or an END command is encountered. 
End of file or END directs the Linker to discontinue command mode and begin processing 
object files. If errors have been generated, the Linker aborts with the message: 
ERRORS IN INDIRECT FILE, LINK ABORTED. 
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COMMANDS 

The following commands may be used in interactive or command file invocation: 

1. LOG 

Print messages to the console and log commands on the list file, if one has been 
specified. All commands are echoed to the list file after log has been indicated. 

2. NOLOG 

Don't log Linker messages on the console. 

3. MAP 

Generate a memory map in the list file. A memory map lists module names, section 
names and attributes, global symbols defined within sections, and undefined global 
symbols. (See Linker Output description for further information.) 

4. NOMAP 

Do not output a memory map. 

5. LIST filename or device 

The Linker 

Generate a list file named "filename". See the listing file description for contents of the 
list file. "filename" is any valid TEKDOS file specification. A disc drive can be 
specified by appending the drive number to "filename" (filename/0, or filename/1 ). 
Instead of a filename, any valid output device may be designated. 

6. LOAD filename 

Create load file. This command directs the Linker to generate a load file named 
"filename". The file will contain the executable output of the Linker and can be loaded 
using the LOAD command. 

7. DEFINE symbol1 =value, ... 

Define symbol. Symbol is the name of a global symbol; value is a hexadecimal number. 

8. LINK object1, object2, ... 

Link object files. This command directs the Linker to include the specified object files 
in the load file. 
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9. LOCATE section name [,memory location] [,relocation type] 

Allocate section declaration. Allows the user to locate a section and/or redefine its 
relocation type. Note that redefining the relocation type of a section may cause the 
linked code to execute differently than intended. Valid parameters for memory location 
are: 

BASE (starting address) 
or 
RANGE (starting address, ending address) 

where starting and ending addresses are hexadecimal numbers. 

When BASE is specified in the LOCATE command, the Linker places the section at 
the designated starting location. If RANGE is specified, the Linker places the section 
between the starting and ending locations. If there is not enough space within the 
specified range, the section will not be linked. 

Valid relocation types are PAGE, INPAGE, and BYTE. 

10. @filename 

Indicate indirect command file. This command directs the Linker to obtain 
subsequent commands from filename. Commands are read from the filename until an 
end of file or an END command is encountered. Indirect commands are echoed on 
the console as they are read. Nested indirect command files are illegal; a command file 
may not contain an "@filename" command. 

11. TRANSFER symbol or value 

Specify load module transfer address. "Symbol" is a global symbol and "value" is a 
hexadecimal number with a leading character ranging from 0 through 9. This transfer 
value supersedes any transfer address encountered in linking object modules. 

12. END 

End command entry mode. If no errors have been generated in command file invocation, 
this command will terminate command entry mode and initiate the processing of 
object files. If errors are detected, an appropriate message is issued and control is 
returned to the system monitor. 
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If an error is detected during command entry, a caret (/\) is printed below the line to 

indicate the error location. A message defining the error is also printed. Following are 

examples of errors during interactive command entry. Throughout the examples, Linker 
generated characters have been underlined . 

.>¥. L I NI< F I LE l F I 1... E :, .. i 3 F l L E 
I\ 

INVALID FILE NAME 

*l...IST L.I~:>TFil...E 
*DEF l NE J.~:::::::f.-:D 

I\ 

~'.)YNT~·1x EHF~DF~ 

*DEFIN SYMBOL - 3 
/\ 

I 1...1...EG{~l.. COMMr·~ND 

*LOG NO PARAMETERS NEEDED 
/\ 

i:::XTF~f.iNEDUb I NFDF;:MAT I CiN IGi·~o1:;~E:D 

If these errors had been contained in a command file, and if the LOG command had been 

activated, the errors would have been logged to the listing. 

The Linker 
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MEMORY LOCATION 

At link time the user may specify a relocatable section location, in the form of either a 
base address or an address range where the section may be placed. The default range for a 
relocatable section is the entire address space of the microprocessor. If the user elects not 
to specify a location for a section, the Linker will locate the section. An Absolute section 
cannot be moved at link time. 

MEMORY ALLOCATION OF SECTIONS 
The Linker allocates memory in the sequence shown here. 

1. Absolute sections. 

2. Based sections. 
Based means a program section starting location has been specified by a LOCATE 
command. 

3. Ranged page relocatable sections. 
Ranged means the user has explicitly declared a RANGE (starting location, 
ending location) with the LOCATE command at link time. 

4. Ranged inpage relocatable sections. 

5. Ranged byte relocatable sections. 

6. Page relocatable sections. 

7. lnpage relocatable sections. 

8. Byte relocatable sections. 

Absolute and based sections are linked even if conflicts occur. A conflict exists when 
two or more sections have bytes at the same address. Other section types are not linked 
if a conflict occurs. If any conflict occurs during allocation, a memory conflict is noted 
on the memory map. The content of memory in the conflicting area is undefined. 
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The Linker 

EN DR EL 

ENDRE L is a pre-defined symbol whose value is assigned at link time. After memory is 
allocated, EN OREL is assigned the value of the first memory address available for use. This 
address is 1 greater than the highest address used by a non-based relocatable section. All 
relocatable sections are located below the value of EN DR EL. Absolute sections, or sections 
relocated using the LOCATE command with a BASE specified, may or may not be located 
above the EN DRE L address. 

The user can override the default by assigning any other value to ENDREL. If END REL is 
neither defined nor referenced, no value is assigned. 

LINKER OUTPUT 

Listing File 

The listing file may be output either to a flexible disc file or to the console, line printer, 
or other output device. 

The following information may be included in a Linker output listing. 

Non-Fatal Errors and Messages 
Mao 

Symbol List 

Linker Statistics 

Command 

If specified 
If specified 

Yes 

Yes 

REV A DEC 77 

Simple Linker 

Yes 

Yes 

Yes 
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Error Messages 

An explanation of the Linker error messages is located at the end of this manual section. 

MAP 
A map consists of two parts: 

1. A memory map 

2. A module map 

TEKTRONIX 6800 LINKER Vx.x 

0040-0357 ABSECT2 
0400-2400 RELSECT2 
2~500·-·3~i00 RELSECT3 
3600-·36FF STACK 
3700--3E40 DO_H1 
3E4:1.--5141 MAINF'ROG 

An ordered listing of the memory allocated to 
sections. The list starts with the lowest allocated 
address and proceeds to the highest allocated 
address space of linked sections. 

A listing of modules linked into the load file. The 
map contains information concerning sections 
and global symbols defined in each module. 

MEMORY MAP PAGE 1 

SECTION ABSOLUTE 
SECTION PAGE 
fJECTION F'AGE 
f\:ESERVE PAGE 
SECTION BYTE 
SECTION I{YTE 

1 ERROR 1 UNDEFINED SYMBOL 
3 MODULES 6 SECTIONS 
TRANSFER ADDRESS IS 0040 

Addresses are starred'*' if a conflict (an overlap) with another section occurred during 
allocation. Section type is either SECTION, COMMON, or RESERVE. Relocation type 
is either PAGE, INPAGE, BYTE or ABSOLUTE. 

The TRANSFER ADDRESS identifies program starting location. After loading the 
program in this example, the appropriate command would be "GO 40". 
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TEKTRONIX 6800 LINKER Vx.x MODULE MAP 

FILE: FIL..E 

MODULE: MAJ:NMOII 
DO .... J.O 
INF'UT 
MA :C NF'F~OG 
ENTRY1 
STACK 

FIL.Et FILE;.~ 

SECTION BYTE 
3AOO OUTF'LJT 
SECTION BYTE: 
409:1. ENTRY:;~ 

RESEF<VE: PAGE 

MODULE: OBJFILE2 

3700-3E40 
3B50 

3E41.··514:1. 
43Al 

~~600·· 36FF 

ABSECT2 SECTION ABSOLUTE 0040-0357 
ENTF<Y3 0090 
RELSECT2 SECTION PAGE 0400-2400 
ENTF~Y4 ()450 

FILE: FILE:~ 

MODULE: OBJFILE3 
RELSECT3 SECTION PAGE 2500-3500 

PAGE 2 

The module map lists linked modules. An alphabetical list of sections and entry points 
appears for each module. If no sections were linked in a module, an appropriate message 
so indicates. If no room for section is available, an appropriate message so indicates. 

SYMBOL LIST 

A symbol I ist is an alphabetical list of all global symbols (sections and symbols) and their 
assigned values. If a symbol is undefined, its value field is starred. 

The Linker 
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TEKTRONIX 6800 LINKER Vx.x 

ABSECT:.;~ 

ENTRY3 
NO THERE 
STACK 

0000 
0090 

**** ~5600 

DO ... J:D 
ENTRY4 
OUTF'UT 

SYMBOL LIST 

3700 
04~i0 

3B50 

ENTRYl 
:CNF'UT 
RELSECT2 

4091 
3AOO 
0400 

PAGE 3 

ENTF~Y2 

MAINF'ROG 
RELSECT:3 

In the preceding example, the global symbol NOTHERE was referenced by one or more 
input object modules but was not defined by any. 

LINKER STATISTICS 

The Linker Statistics include the number of errors, the number of undefined ,symbols, 
the number of sections, the number of modules, and the transfer address. 

THE LOAD FILE 

43A:L 
3E41 
2500 

The primary output from Linker processing is the Load file. A Load file is a subsetf the 
Linker input object files with all references and relocation resolved. It consists of a Module 
Block, a Global Symbol Directory Block, Relocation and Text Blocks, followed by an END 
Block. Load files are read into program memory with the LOAD command. 
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ERRORS AND ERROR MESSAGES 

Three classes of errors can be generated during Linker execution: 

WARNINGS (W) 

ERRORS (E) 

FATAL ERRORS (F) 

A potential problem may exist but the linked 
program can probably be executed; 

Linked program probably will not execute 
properly. 

Errors directly affecting the Linker's execution. 
The Linker closes all open channels and returns 
control to TE KOOS. 

All error classes cause an appropriate message to be output to the LOG and LIST file or 
device. A fatal error will be output to the console even if NO LOG was specified. 

Error Messages and Explanatlons 

F. LINKER INTERNAL ERROR AT nnnn 

The Linke1 

An error occurred in the Linker. Try linking again. If this error persists, carefully 
document the incident and submit an LOP Software Performance Report to Tektronix. 

E. NO ROOM IN RANGE nnnn-nnnn FOR SECTION NAME 

The SECTION length is greater than available continguous memory in range nnnn 
through nnnn of alocated section memory. 

, (BYTE) 
W. Section name CHANGED FROM INPAGE TO PAGE RELOCATABLE 

Section length is greater than the Page size of the microprocessor. This could occur if 
several lnpage Reserve Sections were linked together and their total size exceeded the 
Page size of the microprocessor. A section declared to be lnpage Relocatable, in a 
LOCATE command, will generate this error if the section exceeds Microprocessor 
Page size. If section size exceeds available Page size, relocation will then be to a Byte 
boundary. 
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F. INVALID OBJECT CODE FORMAT FOR Fl LE NAME 
LOCATION= nnnn 

The information in file is not valid input object format. Ascertain that all files to be 
linked have been assembled. Location is the internal Linker address where the object 
file error was detected. 

F. UNABLE TO ASSIGN file or device name 

A file name specified as an Input Object File does not exist, or File/Device is 
unavailable. 

F. MEMORY FULL 

Linker memory is totally allocated and linking has been terminated. The total number 
of globals, sections, or object files must be reduced in order to I ink in the available 
memory. 

W. TRANSFER ADDRESS UNDEFINED 

No transfer address was specified to the Linker either through the transfer command or 
by specifying "END (expression)" during assembly. When no transfer address is 
specified, the Linker creates transfer address 0. 

W. TRANSFER ADDRESS MULTIPLY DEFINED IN MODULE name FILE name 

The module has attempted to redefine the transfer address previously specified by a 
linked module or by the transfer command. The Linker uses the first encountered 
transfer address to generate a transfer address for the load module. If no transfer address 
is specified, a transfer of 0 is generated. 

W. RELOCATION TYPE OF SECTION name MULTIPLY DEFINED IN MODULE name 
Fl LE name 

An attempt was made to redefine the section relocation type (Byte, Page, I npage, or 
Absolute). This occurs when the LOCATE command defined a relocation type that 
differs from that specified at assembly time. The error also occurs when relocation 
attributes of a COMMON or RESERVE section differ between modules. The Linker 
uses the first encountered relocation attribute to define the section. 

E. Symbol name MULTIPLY DEFINED IN MODULE name FILE name 

An attempt was made to redefine a Global Symbol or SECTION. This occurs when two 
modules both define a Global of the same name or when two SECTIONS have the · 
same name. SECTION names must be unique. In the event of multiply defined 
SECTIONS, the Linker will only include the first one in the Load Module. 
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E. TRUNCATION ERROR AT nnnn IN MODULE name FILE name 

The .relocated value computed for LO byte relocation is too large to fit into one byte. 

E. UNRESOLVED REFERENCE AT nnnn MODULE name FILE name 

A reference to an undefined global or section was specified at this point in the object 
code. This occurs when a global is used in one module but was never defined. The 
unresolved reference is zero filled in the load file. 

W. MICROPROCESSOR REDEFINED FROM "microprocessor" IN MODULE name 
FILE name 

The current input module has been generated for a different microprocessor than the 
previous object modules. Differences between microprocessor definitions may cause 
incompatabilities during linking (e.g., page length, alignment, etc.). 

E. SECTION name EXCEEDS MAXIMUM SIZE 

Section length is greater than the address space of the microprocessor. The section 
is not included in the load module. This error may occur when a RESERVE is too 
long. The maximum size for 6800 is 64k bytes. 

W. IMPLICIT REORIGIN TO 0 IN SECTION name IN MODULE name Fl LE name 
The Linker processed an object file where code in an absolute SECTION wrapped 
around from location location FF FFH to 0. 

E. SECTION name CHANGED FROM PAGE TO BYTE RELOCATABLE 

Either: 
1) the section was declared to be page relocatable and the Linker does not support 

paging for that microprocessor; or, 

2) there was insufficient room for a paged section in available memory. The Linker 
will attempt to allocate memory for the SECTION on a Byte Relocatable 
Boundary. 

F. LIST Fl LE 
LOAD FILE 
CONSOLE 
COMMAND Fl LE 

, OBJECT Fl LE 

1/0 ER ROA #nn 

The Linker was unable to read to or write from the specified file or device. The error 
number corresponds to the SVC status byte. 

The Linker 
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COMMAND PROCESSING ERRORS 

EXTRANEOUS INFORMATION IGNORED 

Extra characters are on a command line that only requires an instruction (e.g., LOG, 
NO LOG, MAP). The Linker performs the appropriate action for the command, ignoring 
extra characters on the I ine. 

ILLEGAL COMMAND 

The command was not recognized. 

SYNTAX ERROR 

Statement syntax is invalid. This occurs when a ~ommand is incorrectly formed. For 
example, unmatched parentheses are found in the LOCATE command, or an operand is 
missing after the equal sign in the DEFINE command. 

INDIRECT FILE DEPTH EXCEEDED 

A filename command was found during processing of an indirect command file. The command 
is ignored. 

INVALID FILE NAME 

The file in a LIST, LOAD, or LINK command contains illegal file characters. The 
filename may not begin with a numeric character (0 - 9). One to eight characters from 
the following set are acceptable: 

Alphabetic (A-Z), numeric (0-9), or special characters (" # & ' ( ) * : = ?) . An 
optional two-character disc drive indicator (/0 or /1) can follow the filename. 

NOTE: Processing of the command line ceases when an invalid filename is encountered. 
All files up to the invalid filename, in the case of the LINK command, are 
added to the list of files to be linked. 

INVALID RANGE SPECIFIED 

The range (starting address through ending address) in the LOCATE command is invalid. 
The ending address must be greater than the starting address. 
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Section 10 

6800 SERVICE CALLS 

INTRODUCTION 

A service call (SVC) allows the 6800 Emulator Processor to obtain peripheral service 
from the system processor during program execution. The SVC is an instruction sequence 
in the user program containing: 

1) a 6800 instruction, referring to the address of the emulator processor output 
port; and 

2) a no-operation instruction, allowing time for the SVC to occur. 

The SVC references the emulator processor output port address and cues the system 
processor that an 1/0 (input/output) function is to occur. The system processor then 
references a service request block pointer in the user program. The service request block 
(SRB) pointer in turn references a block of memory containing the actual service request 
I /0 specifications. The I /0 specification block is cal led the service request block (SR B). 
The SR B contains parameters such as: 

1) the type of peripheral service to be performed, 

2) the peripheral device or file channel assignments, 

3) the size of buffers for data transfer and 

4) the address of the buffer for data transfer. 

With these parameters, the service call can then be executed within a defined SVC buffer 
area. A broader description of SVCs is given in the Service Call section of the 8002 
µProcessor Lab System User's Manual. 
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6800 Service Calls 

SVC procedures specific to the 6800 Emulator Processor are described in this section. 
The specific procedures describe the way the 6800 SVC instruction refers to the SRB 
pointer address pair. Since the 6800 microprocessor uses memory mapped 1/0, the 
memory region FE00 through FEFF is reserved as addresses for SVC's. Table 10-1 
shows the specific address operands for each SVC and the corresponding SRB pointer 
address pairs. 

SVC 

1 
2 
3 
4 
5 
6 

Table 10-1 
6800 SBC Instruction References 

6800 SVC SRB POINTER ADDRESS PAIR 
ADDRESS OPERANDS 

0FEF7H 
0FEF6H 
0FEF5H 
0FEF4H 
0FEF3H 
0FEF2H 

0040H 
0042H 
0044H 
0046H 
0048H 
004AH 

0041H 
0043H 
0045H 
0047H 
0049H 
004BH 

The 6800 SVC Operation 
To begin the 6800 SVC process, write to or read from one of the addresses listed in Table 
10-1 (FEF7 to FEF2), using one of the following 6800 instructions (in mode 0): 

ASL Shift Left NEG Negate (two's complement) 
ASR Shift Right 
CLR Clear 
COM Complement (one's) 
DEC Decrement 
INC Increment 
LSR Logical Shift Right 

ROL 
ROR 
STA A 
STAB 
STS 
STX 

Rotate Left 
Rotate Right 
Store Accumulator A 
Store Accumulator B 
Store Stack Pointer 
Store Index Register 

After the SRB pointer is referenced by the appropriate 6800 SVC instruction, the 
pointer references the appropriate SRB. The SRB then defines the peripheral 1/0 
instructions, and the buffer area where the 1/0 is to be performed. In the final step, the 
peripheral 1/0 is performed within the defined buffer area. 

An example of the 6800 SVC process follows. The program, named NEWPROG, uses 
an SVC that causes an ASCII line to be read into the SRB 1/0 buffer from the console 
input device. After the line is read into the buffer, the program halts. The comments to 
the right of each instruction explain the SVC execution sequence. 
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;PROGRAM TO READ ASCII DATA FROM THE CONSOLE INPUT DEVICE AND HALT 

SECTION EXAMPLE.ABSOLUTE ;DECLARES SECTION NAMED 

;EXAMPLE TO BE NON-RELOCATABLE 

CON FOR ORG 0 

;THE NEXT TWO LINES COMPOSE THE SVC 

STA A 

NOP 

WAIT 

AFEF7H 

;BEGINNING ADDRESS OF SVC 

;LABELED CONFOR 

;SVC1 

;ALLOWS TIME FOR SVC TO OCCUR 

;PROGRAM HALTS AFTER SVC IS 

;COMPLETE 

ORG 040H ;BEGINNING ADDRESS OF SRB POINTER 

;THE NEXT TWO LINES COMPOSE THE SRB POINTER 

BYTE Hl(CONSRB) ;RESULT IS HI BYTE FOR SVC1 

BYTE 

ORG 

LO(CONSRB) 

100H 

;THE NEXT EIGHT LINES COMPOSE THE SRB 

CONS RB BYTE 1H 

BYTE 1H 

BYTE 00 

BYTE 00 

BYTE 00 

BYTE CONIRD+1 

BYTE Hl(CONBUF) 

BYTE LO(CONBUF) 

ORG 200H 

CON I RD EQU 80 

;RESULT IS LO BYTE FOR SVC1 

;BEGINNING ADDRESS OF SRB 

;READ ASCII AND WAIT 

;CHANNEL NUMBER 1 

;STATUS 

;SINGLE BYTE DATA 

;BYTE COUNT 

;BUFFER LENGTH 

;HI BYTE OF BUFFER POINTER 

;LO BYTE OF BUFFER POINTER 

;BEGINNING ADDRESS OF BUFFER 

;MAX. INPUT LINE LENGTH LESS CR 

;THE FOLLOWING LINE DEFINES THE SRB BUFFER AREA 

CONBUF BLOCK 

END 

CON I RD+ 1; 

CON FOR 

The program is assembled and loaded as follows: 

> ASM NEWOBJ NEWLIST NEWPROG 

> LOAD NEWOBJ 

;DEFINES BUFFER FOR SVC 

;SPECIFIES STARTING INSTRUCTION 

;IN PROGRAM 

Channel 1 is also assigned to the console input device. This assignment corresponds to the 
channel byte assignments in the preceding SRB. 

>ASSIGN 1 CONI 
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6800 Service Calli 

Now the program is executed. 

>G00 

The desired character string "STRING" is entered and read from the console input device 
as follows: 

STRING 

The ASCII characters S, T, R, I, N and Gare now stored in the buffer. 

The DUMP command may be used to display the hexadecimal contents of the buffer. The 
beginning address of the buffer was defined in the program as 200H. 

>DUMP 200 

0200=53 54 52 49 4E 47 00 xx xx xx xx xx xx xx xx xx 
I I I I I I 
s T R N G (carriage return, followed by previous 

contents of program memory) 
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Section 11 

6800 DEBUGGING 

INTRODUCTION 

Three debugging commands support the unique 6800 Emulator Processor architecture, and 
thus require special mention. These commands are summarized below, in the order in which 
they are presented in this section. For further debugging information, refer to the Debug 
System section of the 8002 µProcessor Lab System User's Manual. 

COMMAND NAME 

TRACE 

DST AT 

SET 
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6800 DEBUGGING COMMAND SUMMARY 

Enables or disables program execution monitoring. When 
TRACE is enabled, program execution trace lines display 
the current instruction location, its hexadecimal 
representation, mnemonic, and operands. Trace lines also 
show the effective addresses for memory addressing 
instructions, the two-byte stack pointer and index register, 
and all other registers. 

Display line shows the current status of the debugging . 
session. The display line shows the emulator processor's 
next instruction address, all active breakpoints and their 
parameters, and the contents of the stack pointer and all 
other registers. 

Reassigns hexadecimal values to registers labeled RA, RB, 
RX, SP, and CC. 
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SYNTAX 
TRACE ALL [§TEP] Dstart address] {stop address}] 

or 

TRACE:!.MP [§TEP] [(start address] {stop address}] 

or 

TRACE OFF - -

PURPOSE 

The TRACE command enables or disables program execution monitoring. 

EXPLANATION 

When TRACE is enabled, program execution trace lines display the location of the current 
instruction, its hexadecimal representation, mnemonic, and operands, the effective addresses 
for memory addressing instructions and register contents. Registers are labeled RA, RB, 
XREG, SP, and CC. 
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The Trace Modes 

The three trace modes are TRACE ALL, TRACE JMP, and TRACE OFF. When 
TRACE ALL or TRACE JMP is entered in the DEBUG mode, displayed trace lines allow 
program execution flow monitoring. TRACE ALL causes trace information for all 
instructions executed by the emulator processor to be displayed on the DEBUG display 
device. 

TRACE JMP causes trace information to be displayed each time one of the following 6800 
branch, jump, call, or return instructions occurs: 

BRA BLS JMP BHI BVS SWI 
BCC BLT BEQ BMI JSR 
BCS BPL BGE BNE RTI 
BLE BSA BGT BVC RTS 

If the STEP option is entered with either the TRACE ALL or TRACE JMP command, and 
a program is executed, control is returned to the DEBUG display device, allowing 
programmer intervention after each instruction's trace line is displayed. 

When TRACE OFF is entered, all trace display is disabled. 

The Trace Line 

Each trace line resulting from TRACE ALL or TRACE JMP contains one program 
instruction and information pertinent to its execution. Displayed trace lines appear in the 
following format: 

LOG INST MNEM R OPER X/PC EADD RA RB XREG SP CC 
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All trace line values are displayed in hexadecimal format. A description of the 6800 trace 
line follows: 

LOC 

INST 

MNEM 

R 

OPER 

X/PC 

EADD 

RA 

RB 

XREG 

SP 

cc 

The location of the last executed instruction 

The hexadecimal representation of the last executed instruction 

The instruction mnemonic 

Operand Register A or B 

The operands 

The contents of the index register for indexed instructions, or of the program 
counter for relative branch instructions. 

The effective address calculated for memory addressing instructions. 

The contents of register A 

The contents of register B 

The contents of index register X. 

The stack pointer register contents. 

The contents of the condition register. 

Debug Error Responses 

Debug system error messages consist of the notation"* DEB *"and a number indicating 

the error type, as follows: 

31 

35 

36 

44 

Parameter required 

Invalid start address 

Invalid end address 

Invalid trace mode parameter 

Trace Line Termination 

In TRACE ALL or TRACE JMP mode, trace lines of all instructions, or all control transfer 
instructions, respectively, are continuously displayed during program execution. Tracing 
stops when one of the following occurs: ( 1) an end of job condition is reached, (2) a 
breakpoint suspends the display, (3) the space bar is pressed to suspend the display, (4) the 
WAIT instruction suspends the display, or (5) the ESC key is pressed to suspend program 
execution. 
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The ESC key may be pressed while the display has been suspended by a WAIT instruction. 
To re-enter the TRACE mode, enter the following command: 

GO [address] 

Execution then continues at the beginning of the WAIT instruction, if no other address 
is specified. 

EXAMPLE 

Suppose the following 6800 assembly language user program resides on your work disc 

LABEL OPERATION OPERAND COMMENT 

ORG 100(2)H 

START LDX #10H ;LOAD LOCATION OF NUMBERS 

CLR B ;ZERO B 

LDA AX ;LOAD A INDEXED WITH 1ST NUMBER 

ADD A 1, X ;ADD 2ND NUMBER 

ADC B #0 ;ADD CARRY INTO B 

ADD A2, X ;ADD 3RD NUMBER 

ADC B#0 ;ADD CARRY INTO B 

ADD A3, X ;ADD 4TH NUMBER 

ADC B #0 ;ADD CARRY INTO B 

;DIVIDE BY FOUR 

ASR B ;DIVIDE UPPER BYTE BY TWO 

ROR A ;DIVIDE LOWER BYTE BY TWO 

ASR B ;DIVIDE UPPER BYTE BY TWO 

ROR A ;DIVIDE LOWER BYTE BY TWO 

STA A4, X ;STORE RESULT IN 5TH POSITION 

END START ;SPECIFY STARTING ADDRESS FOR 

;PROGRAM EXECUTION 

The preceding program calculates the average of four numbers and stores the result in a 
specified location. The program is assembled and emulation mode 0 is assigned. The absolute 
binary object code is read into program memory with LOAD. Entering the DEBUG 
command as follows places the system in debug mode. 

>DEBUG 

The program may now be traced for errors in execution flow. 
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Suppose a continuous trace of all instructions in the program's execution sequence is 
desired. Enter the command sequence below. The appropriate trace lines follow. 

>TRACE ALL 

>GO 000 

LOC INST MNEM R OPER X/PC EADD RA RB XREG SP cc 

1000 CE0010 LDX 0010 00 00 0010 0001 D0 
1003 SF CLR 8 00 00 0010 0001 D4 
1004 A600 LDA A 00 +0010=0010 00 00 0010 0001 D4 
1006 AB01 ADD A 01 +0010=0011 00 00 0010 0001 D4 
1008 C900 ADC 8 00 00 00 0010 0001 D4 
100A AB02 ADD A 02 +0010=0012 00 00 0010 0001 04 
100C C900 ADC 8 00 00 00 0010 0001 D4 
100E AB03 ADD A 03 +0010+0013 00 00 0010 0Cb01 04 
1010 C900 ADC 8 00 00 00 0010 0001 04 

Trace lines of all instructions are continuously displayed until a trace line termination 
condition is met. 
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SYNTAX 

DST AT 

PURPOSE 
The DST AT command causes display of the current debugging session status. 

EXPLANATION 

The DST AT command sends a display line to the DEBUG display device permitting the 

debugging status observation. The display for the current line in a 6800 program takes the 
form shown below: 

w w 
P=XXXX BP=XXXX RXXXX R RA=XX XX RX=XX XX SP=XXXX CC=XX 

All DSTAT display line values are in hexadecimal format. A description of the display line 
for a program written in 6800 assembly language follows. 

P The emulator processor's next instruction address. 

BP The two possible active breakpoints and the breakpoint parameters. If the R 
parameter is shown, a breakpoint is set to occur whenever an attempt is made 
to read from the specified breakpoint address. If the W parameter is shown, a 
breakpoint is set to occur whenever an attempt is made to write to the specified 
breakpoint address. 

RA The contents of register A, followed by the contents of register B. 

RX The contents of the index register {two bytes) 

SP The contents of the stack pointer (two bytes) 

CC The contents of the condition register. 
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EXAMPLE 
Suppose breakpoints are set at addresses 0004 and 0008 in a 6800 program. Whenever an 
attempt is made to read (specified by "R") from either of these addresses, a breakpoint is 
set to occur. The following command lines set those breakpoints: 

>BKPT 0004 R 

>BKPT 0008 R 

When the program· is executed with the GO command, the first breakpoint occurs at 
address 0004. 

>GO 

LOC INST MNEM R OPER X/PC EADD RA RB XREG SP cc 
0004 A600 LDA A 00 +0010=0010 00 00 0010 0001 D4 
0004 BREAK 

> 

The second breakpoint occurs at address 0008: 

>GO 

LOC INST MNEM R OPER X/PC EADD RA RB XREG SP cc 
0008 C900 ADC B 00 00 00 0010 0001 D4 
0008 BREAK 

> 

A debug status line might now be useful to examine the current status of the debugging 

session. 

>DST AT 

P=000A BP=0004 R 0008 R RA=7E 01 RX=1000 SP=0000 CC=C0 

The debug status line displays the emulator processor's next instruction address (000A), 
the active breakpoints and their parameters (0004, 0008), the contents of registers A and 
B (7E, 01), the index register (1000), the stack pointer (0000), and the condition register 
(C0). 
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SYNTAX 

SET {initial register} {first hex value} [second hex value] ... 

PURPOSE 
To reassign hexadecimal values to the 6800 Emulator Processor two-byte stack pointer or 
other registers, enter the SET comma.nd line. 

EXPLANATION 
Values may be reassigned for a continuous series of one or more registers, beginning with 
the first register specified. This series should not exceed the available registers. 

The 6800 Emulator Processor may be reassigned in the following sequence: 

RA RB RX (two bytes) SP (two bytes) CC 

A description of the register sequence is outlined as follows: 

RA Register A 

RB Register B 

RX Index Register (two bytes) 

SP Stack Pointer (two bytes) 

cc Condition Register 

Note when reassigning hexadecimal values to either the index register (RX) or the stack 
pointer (SP), a two-byte hexadecimal value must be specified. When values under two 
bytes in length are specified for these registers, the high bytes of the registers are filled 
with zeros. 
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EXAMPLE 

Suppose the stack pointer and register contents below are displayed by the DST AT 
command: 

P=000C BP=0008 R RA=3D 02 RX=1000 SP=0000 CC=C0 

6800 Debuggin1 

To reassign values to registers A and B, the index register, and the stack pointer, enter 
the following line: 

>SET RA 01 1A 2B 30 

Another look at the register contents with the DSTAT command shows the change. 

>DST AT 

P=000C BP=0008 R RA=01 1 A RX=002B SP=003D CC=C0 

Since SP and RX registers are 16-bit registers, and only eight bits were specified for each, 

the high order bytes are filled with zeros. 

To set SP and RX with hexadecimal values exceeding one byte, enter both bytes of the 
value together, without a delimiter separating the bytes. For example: 

SET SP 012A 
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PROTOTYPE CONTROL PROBE 

INTRODUCTION 
The prototype control probe links the prototype system to the emulator processor module. 
When this option is installed, the prototype microprocessor is replaced by the probe 
permitting the prototype to be tested and debugged under 8002 µProcessor Lab control. 
Hardware debugging is accomplished through the emulator processor, the emulator 
software, and the probe, which substitutes for the microprocessor in the prototype. 
Programs written for execution by the microprocessor can be monitored completely, and 
emulation permits thorough prototype testing. 

DESCRIPTION AND INSTALLATION 

The prototype control probe consists of three connected parts: a 6-foot ground plane 
cable pair, a driver/receiver board, and an 18-inch cable pair with a 40-pin plug. The 
complete assembly is shown in Fig. 12-1. 

The 6-foot ground plane cable pair consists of two 40-conductor flat cables with ground 
power, signal lines and ground plane attached to the 8002 chasis. The free end of the 
cable pair connects to the emulator processor module by means of two edge card 
connectors inserted at the top of the emulator board. 

Receivers for data, address, and circuit board control are located in the prototype 
control probe assembly. The module assembly provides signal integrity and minimizes 
loading on circuits connected to the microprocessor socket. 
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Interface Assemble 

2349-2 

Fig. 12-1. 6800 Emulator Processor and Prototype Control Probe Assembly. 

A 40-pin plug at the end of the 18-inch twisted-pair cables fits into the prototype 
microprocessor socket. Pin 1 on the plug must be mated to receptacle 1 on the socket. 
An indentation is located near pin 1 on the plug to aid in pin identification. Refer to Fig. 12-2, 
demonstrating proper plug insertion. 
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If the plug is incorrectly inserted, damage to the prototype control probe will result. 
Fig. 12-2 illustrates the proper method for plug insertion. 

If the plug is incorrectly inserted, the following parts may need to be replaced: 

Prototype Control Probe Driver/Receiver Board 

DIP No. 

U2010 
U2030 
U2040 
U2060 
U2080 
U2100 
U3100 
U3010 

Personality Board 

U1020 
U2010 

Tektronix Part·No. 

156-0999-00 
156-0996-00 
156-0996-00 
156-0996-00 
156-0999-00 
156-0999-00 
156-0999-00 
156-0323-00 

156-0999-00 
156-0999-00 

Emulator Processor Board 

Manufacturer No. 

8T98 
8T26 
8T26 
8T26 
8T98 
8T98 
8T98 
74$04 

8T98 
8T98 

3 AG 250 V 2A Fast Blow fuse - Tektronix Part No. 159-0023-00 
(DIP's are mounted in sockets for easy replacement.) 
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Fig. 12-2. Proper plug insertion. 

Prototype Control Probe 

2466-1 

When using spring plated-protected 40-pin plug with a zero-insertion-force socket, place 
the 40-pin low profile DIP socket (included) between the plug and the socket. 

The prototype control probe, properly installed, is shown in Fig.12-3. If the pins on the 
plug are not shorted, the cable assembly can remain connected to the prototype hardware 
while the prototype control probe is not in use. 
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Prototype Control Probe 

2349-3 

Fig. 12-3. Prototype Control Probe Connected to Prototype Hardware. 

OPERATION 

Once the prototype control probe is connected to the prototype hardware, the prototype 
hardware and software are exercised under TEKDOS control. Refer to the 8002 µProcessor 
Lab System User's Manual for details. 
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Section 13 

6800 CONVERTER 

INTRODUCTION 

This section describes the TE KOOS syntax required to convert Motorola source code to 

Tektronix source code. 

SYNTAX 

CONVERT { source file } 
source device 

{ destination file } 
destination device 

PURPOSE 

The CONVERT command calls a program that converts Motorola source code to Tektronix 
6800 Assembler source code. The Motorola 6800 Assembler generates absolute object code 
and is described in the Motorola M6800 Microprocessor Programming Manual ( 1976). 

EXPLANATION 

The CON VE RT command invokes the Converter when the 8002 µProcessor Lab is under 
TE KOOS control. Both the source and destination parameters are mandatory. The first 
parameter must be the name of the file or device from which the Converter will read the 
Motorola assembly language source code. The second parameter must be the name of the 
destination file or device to which the Converter will output the converted Tektronix 
assembly language code. 
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The TEKTRONIX 6800 Converter is a system program that translates 6800 programs from 
Motorola's 6800 Assembler format to TEKTRONIX 6800 Assembler, version 3, format. 

The output of the TE KT RON IX 6800 Converter is then acceptable as input to the 
TE KT RON IX 6800 Assembler. It is important to note that there are a few incompatibilities 
between the Motorola and the Tektronix assembly language formats. These are discussed in 

the sub-section titled "Incompatibilities." 

At the beginning of the conversion the following console message is given: 

TEKTRONIX 6800CONVERTER, V1.0 

At the end of the conversion a console message indicates: 

1) that the conversion is complete, 

2) the number of replacements made, and 

3) the number of incompatibility warnings given. 

The input source program to the Converter may be contained in a flexible disc file or any 
other valid TE KDOS input device. The output converted program may be sent to either a 

flexible disc file or to a device. 

REPLACEMENTS 
Motorola assembly language statements have the following field format: 

LABEL OPERATION OPERAND COMMENT 

Replacements are made in all fields. 

In order to assure that relative branches remain within range, the following directive is 

inserted before the converted code. 

SECTION ABS, ABSOLUTE 
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The Label Field 
In the label field, initial line numbers and the space which follows are deleted. For example, 

LABEL OPERATION OPERAND 

100 NEXT LDA A 1,X 

is replaced by 

LABEL OPERATION OPERAND 

NEXT LDA A 1,X 

If the label field consists of only an initial line number, the number will be deleted and a 
space inserted in the first position of the operation field. For example: 

LABEL OPERATION OPERAND 

100 LDA A 1,X 

is converted to 

LABEL OPERATION OPERAND 

LDA A 1,X 

The spaces after a label are replaced by a tab. An asterisk (*) in the first character position 
is replaced by a semicolon (;) for a comment statement. 

For example: 

* COMMENT STATEMENT 

is replaced by 

COMMENT STATEMENT 
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The Operation Field 

The Converter inserts a space after all operation mnemonics, terminating the operation field. 
For example, 

NEXT LDAA 1,X 

is replaced by 

NEXT LOA A 1,X 

In the operation field, assembler directives are replaced as follows: 

1) FCB is replaced by BYTE. 

2) FCC is replaced by ASCII. 

3) FOB is replaced by WORD. 

4) MON is deleted. 

5) NAM is replaced by TITLE. 

6) OPT NOLIST (or OPT NOL) is replaced by NOLIST. 
OPT symbol (or OPTS) is replaced by LIST SYM. 

OPT NOSYMBOL (or OPT NOS) is replaced by NOLIST SYM. 

OPT with any of the following operands causes both to be deleted: 
DB16, E, ERROR, SERROR, SER, NOERROR, NOE, GENERATE, 
NOGENERATE, NOG, G, LIST, L, SLIST, SLIS, NOPAGE, NOP, 
TAB, T, NOTAB, NOT, PAGE. 

Since multiple options are allowed with the OPT directive by the Motorola 
Assembler, the Converter may generate more than one converted line for any OPT 
statement. 

7) RMB is replaced by BLOCK. 

8) SPC is replaced by SPACE. 
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The spaces before and after the operation mnemonic for single operand instructions and for 
Assembler directives are replaced by tabs. For dual operand instructions the spaces after the 

register (A or B) are replaced by a tab. 

The Operand Field 

In the operand field, the following replacem~nts are made: 

1) String delimiters are replaced by quotation marks. 

2) Number prefixes are replaced by number suffixes. 

A. Hexadecimal 
$ is replaced by H 
Zero precedes each number. 

B. Octal 
@ is replaced by Q 

C. Binary 
% is replaced by B 

D. Decimal 
& is deleted. 

3) An apostrophe followed by a character is replaced by the character enclosed in 
double quotes. 

4) Each NULL operand used with the FCB and FDB directives is replaced by zero. 
For example, 

FCB ,1, 2, 'A,, 3, 

is converted to 

BYTE 0, 1, 2, "A", 0, 3, 0 
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5) An FCC operand string which has a character count will be replaced by the string 
enclosed in quotation marks with blank fill on the right if necessary. Since the 
maximum allowed count is 255, the Converter may generate more than one 
converted line for this type of statement. For example, 

FCC 9, TEXT 

is converted to 

ASCII "TEXT l616161616" 

and 

FCC 127, TEXT 

is converted to 

ASCII "TEXT l6161616161616l6 ................................ " 

ASCII "16l6161616" 

6) Any apostrophe in a string is replaced by an up-arrow, t or caret,/\, followed by 

the apostrophe. For example: 

STRING' 

would be replaced by 

STRING t' 
or 

STRING/\' 

7) Any up-arrow, t, or caret,/\, in a string is replaced by two up-arrows or carets. 

8) Any quotation mark in a string is replaced by an up-arrow, t, or caret,!\, followed 

by the quotation mark. 

9) An asterisk, *,used as the location counter is replaced by a dollar sign, $. 

10) Expressions are replaced by parenthesized expressions in order to adjust the 
precedence of arithmetic operators. 
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The Comment Field 

In the comment field, the following replacements are made: 

1) A tab followed by a semicolon precedes this field. 

2) Any apostrophe is replaced by an up-arrow, t, or caret,/\, followed by the 
apostrophe. 

3) Any up-arrow or caret is replaced by two up-arrows or carets. 

A symbol reserved by the TE KT RON IX Assembler cannot be defined by the user. The 
following symbols are reserved in the TE KT RON IX Assembler but are not reserved in the 
Motorola Assembler: all instruction mnemonics and all TE KT RON IX Assembler directives, 
operators, functions, and options. These reserved symbols are replaced by the same symbol 
with a dollar sign, $, added to the end. For a list of reserved symbols, refer to Appendix G 
of 8002 µProcessor Lab 6800 Assembler and Emulator User's Manual. 

INCOMPATIBILITIES 
The Converter includes some incompatibility warnings with the output converted code in 
the form of WARN ING directive statements. The following types of warnings are possible: 

1) ILLEGAL OPTION: The OPT directive is used with one of the following 
operands- DBS, DB10, MEMORY=Filename, M=Filename, NOMEMORY, 
NOM, OTAPE=Filename, O=Filename, NOOTAPE, NOO. 

2) END DIRECTIVE DOES NOT TERMINATE PROGRAM: There is at least one 
statement following the END statement. 

3) NEXT LINE CONTAINS SOURCE FORMAT ERROR: An incorrect Motorola 
syntax statement. 

The incompatibility warning statement precedes the line that contains the incompatibility. 
Only one incompatibility warning may precede the converted line. The following is an 
example of a source line with an incompatibility: 

OPT DBS 
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The converted code is output as follows: 

WARNING 
OPT 

OUTPUT FORMAT 

;ILLEGAL OPTION 
DBS 

The destination file or device receives the converted code. Converted code may consist of 
TEKTRONIX assembly language statements requiring no replacements, TE KT RON IX 
assembly language statements with appropriate replacements, and incompatible assembly 
language statements preceded by warning statements. 

Here is an example of a Motorola assembly language code segment: 

LABEL OPERATION OPERAND 

CLR A 
VAL EOU $100 

LDX VAL 
LDA B,X 

COMP CBA 
BEG DEF 
INC B 
BRA COMP 

DEF FCB VAL+1*2,'C 
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Here is the same code after conversion: 

LABEL OPERATION OPERAND 

;XXXX TEKTRONIX 6800 CONVERTER, V1.0 

SECTION ABS, ABSOLUTE 

CLR A 

VAL EQU 0100H 

LDX VAL 

LDA B,X 

COMP CBA 

BEQ DEF$ 

INC B 

BRA COMP 

DEF$ BYTE (VAL +1) *2,"C" 

;XXXX CONVERSION COMPLETE 

;XXXX NUMBER OF WARNINGS= 0 

;XXXX NUMBER OF REPLACEMENTS= 7 

At the beginning of the conversion a message is sent to the console. This message indicates 
the type of microprocessor conversion program and the version. 

At the end of the conversion a message is sent to the console. This message indicates: 

1) that the conversion is complete, 

2) the number of warnings, and 

3) the number of replacements. 
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SOURCE MODULE CHARACTER SET 

SYMBOLS 

A. .. z 

0 ... 9 

$ 

@ 

, (comma) 
II 

# 

[ ] 

@ 

% 

* 

I 

+ 

( ) 

\ 

& 

!! 

SPACE 

DEFINITION 

letters used in symbols; lower-case characters (other than in strings 
and comments) are interpreted as the corresponding upper-case 
characters 

numbers used in symbols and constants 

used in symbols, and to represent assembler location counter contents 

precedes operand to specify direct mode address 

used in symbols 

used in symbols 

precedes a comment 

delimiter for operand items 

string delimiter 

string concatenation operator 

string substitution delimiter 

total number of arguments passed to current macro expansion 

group macro code to be treated as a single argument 

provides unique labels for each macro expansion 

is replaced by name of current section or common in a macro expansion 

binary arithmetic operation, multiplication 

binary arithmetic operation, division 

unary or binary arithmetic operator, addition 

unary or binary arithmetic operator, subtraction 

override precedence of operators 

unary logical operator, not 

binary logical operator, and 

binary logical operator, inclusive or 

binary logical operator, exclusive or 

field delimiter 
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SYMBOLS 

TAB 
CARRIAGE 
RETURN 

A or t 

AA or tt 

<> 
> 
< 
>= 
<= 

Source Module Character Set 

DEFINITION 

field delimiter 

field and line delimiter 

allows following special character to have I iteral meaning 

allows the second caret or up-arrow character to have literal meaning 

relational operator, equal 

relational operator, not equal 

relational operator, greater than 

relational operator, less than 

relational operator, greater than or equal 

relational operator, less than or equal 

REV A DEC 77 8002: 6800 Assembler and Emulator Users 



Appendix B 

ASSEMBLER DIRECTIVES 

DIRECTIVE 

ASCII 

BLOCK 

BYTE 

COMMON 

ELSE 

END 

ENDIF 

ENDM 

ENDR 

EOU 

EXITM 

GLOBAL 

IF 

INCLUDE 

LIST 

MACRO 

NAME 

NOLIST 

ORG 

PAGE 

REPEAT 
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OPERATION 

stores ASCII text in memory 

reserves a specified number of bytes in memory 

allocates one byte of memory to each expression specified 

declares Linker section, assigns name, defines type to be common 

when expression is false, causes assembly of alternate source lines 
between ELSE and ENDIF directives 

terminates source modules 

signals corresponding IF block termination 

terminates a macro definition block 

signals end of each REPEAT cycle 

permanently assigns a value to a symbol 

terminates expansion of current macro before encountering ENDM 

declares symbols to be global variables 

when expression is true, causes assembly of source lines between 
IF and ENDIF directives 

inserts text from specified file into the program 

enables display of assembler listing features 

defines the name of a source code block used repeatedly within a 
program 

declares name of an object module 

disables display of assembler listing features 

sets contents of location counter 

begins the next I isting I ine on the following page 

enables macro lines between REPEAT and ENDR directives to be 
assembled repeatedly 

(Directives continued on next page) 
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DIRECTIVE 

RESERVE 

RESUME 

SECTION 

SET 

SPACE 

STITLE 

STRING 

TITLE 

WARNING 

WORD 

Assembler Directives 

OPERATION 

sets aside a workspace in memory 

continues definition of code for a given section 

declares Linker section, assigns name, defines parameters 

assigns or reassigns an expression value to a string or numeric 

variable symbol 

spaces downward a specified number of listing lines 

creates a text line on the second line of each listing page heading 

for program identification 

declares symbol to be a string variable 

creates a text line at the top of each listing page heading for 

program identification 

generates specified warning message on the output device and in 

the listing 

allocates two bytes of memory to each expression specified 
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ASSEMBLER DIRECTIVE SYNTAX 

LABEL OPERATION OPERAND COMMENT 

[symbol] ASCII {string expression} [.string expression) ... [;charstring) 

[symbol] BLOCK {expression} [ ;charstri ng) 

[symbol] BYTE {expression} [.expression] ... [ ;charstring) 

[symbol) COMMON ( •vmbol} [AGE J [ ;charstring) 

,INPAGE 

,ABSOLUTE 

[symbol) ELSE 

[symbol] END [expression] [;charstring) 

[symbol) ENDIF [ ;charstring) 

[symbol) ENDM [;charstring) 

[symbol) ENDR [ ;charstri ng] 

{symbol} EQU { expression} [;charstring) 

[symbol] EXITM [ ;charstri ng) 

[symbol) GLOBAL {symbol} [.symbol) ... [ ;charstring) 

(symbol] IF { expression} [ ;charstring) 

[symbol) INCLUDE { string expression} [ ;charstring] 

[symbol) LIST [CND] [.TRM] [,SYM] [,CONJ [.MEG] [.ME] [;charstring] 

[symbol) MACRO {symbol} [;charstring] 

[symbol] NAME {symbol} [ ;charstring] 

[symbol) NOLIST [CND) [,TRM) [.SYM] [.CON] [.MEG) [.ME] [ ;charstring] 

[symbol) ORG { [/) expression} [ ;charstring] 

[symbol] PAGE [ ;charstring] 

[symbol] REPEAT { expression 1} [.expression2] [ ;charstring) 

[symbol) RESERVE {symbol, expression }[PAGE J [;charstring) 

,INPAGE 

[symbol] RESUME [symbol) [ ;charstring) 

[symbol) SECTION 
{ •vmbol TAGE J [ ;charstring] 

,INPAGE 

,ABSOLUTE 

{symbol} SET { expression} [ ;charstring] 

[symbol) SPACE [expression] [ ;charstring] 

(Directives continued on next page) 
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LABEL OPERATION OPERAND COMMENT 

[symbol) STITLE {string expression} [;charstring) 

[symbol) STRING { {strvar1} [ (lenexp1 )] } [{.strvar2} [ (lenexp2)]J .. [;charstring] 

(symbol) TITLE {string expression} [;charstring] 

[symbol) WARNING [message) 

[symbol) WORD {expression} [.expression) ... [;charstring) 
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SUMMARY OF 6800 INSTRUCTIONS 

All 6800 instructions are summarized in this appendix. For a detailed description of the 
instruction set, a 6800 assembly language programming manual should be consulted. 
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Summary of 6800 Instructions 

In the instruction summary that follows, the pre-defined symbols described in Section 2 
are used in their correct context. Other operand notation is used as follows: 

ac 
exp8 
exp16 
exp16h 
exp161 
xexp 

xexph 
xexpl 
rexp 

m 
m0 
m1 
m2 
m3 
m4 
m5 
m6 
m7 
ac0 
ac1 
ac2 
ac3 
ac4 
ac5 
ac6 
ac7 
topmem 
x 
XH 

one of the accumulators, A or B. 
a one-byte expression 
a two-byte expression 
high byte of a two-byte expression 
low byte of a two-byte expression 
a two-byte address equal to the sum of a one-byte expression 
plus the contents of the index register. The following formats 
are permitted: 
1) x 
2) ,X 
3) exp8,X 
Formats one and two indicate that the one-byte expression has a 
value of zero; the address equals the index register contents. 
high byte of the two-byte address 
low byte of the two-byte address 
an expression representing a relative address. Possible values 
for the expression range between $-126 and $+ 129. 
the byte of memory represented by either exp8, exp16, or xexp 
bit 0 of the memory location 
bit 1 of the memory location 
bit 2 of the memory location 
bit 3 of the memory location 
bit 4 of the memory location 
bit 5 of the memory location 
bit 6 of the memory location 
bit 7 of the memory location 
bit 0 of the accumulator 
bit 1 of the accumulator 
bit 2 of the accumulator 
bit 3 of the accumulator 
bit 4 of the accumulator 
bit 5 of the accumulator 
bit 6 of the accumulator 
bit 7 of the accumulator 
the highest address in memory 
two-byte index register 
the high byte of the index register 
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XL 
SP 
PC 
PCH 
PCL 
F 

+ 

\ 
& 

!! 
() 

( ( ) ) 

# 

the low byte of the index register 
the two-byte stack pointer 
the two-byte program counter (points to current instruction) 
the high byte of the program counter 
the low byte of the program counter 
an 8-bit register containing condition codes 
indicates "is transferred to" 
addition operator 
subtraction operator 
logical NOT ope'rator 
logical AND operator 
logical inclusive OR operator 
logical exclusive OR operator 
refers to contents of address, register or flag 
refers to contents of a location whose address is contained in the 
the specified register (indirect addressing) 
specifies immediate mode of addressing 

6800 Condition Codes 
H half-carry 
I interrupt control 
s sign 
z zero 
v overflow 
CY carry/borrow 

Condition Code Indicators 

X set or reset, depending on operation result 
U unaffected by operation 
z 
0 

the result is undefined 
reset 
set 
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Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands H I S Z V CY 

DATA TRANSFER INSTRUCTIONS 

2 3 LDA ac exp8 (ac)+-(exp8) u u x x 0 u 
3 4 LDA ac exp16 (ac)+-(exp 16) u u x x 0 u 
2 5 LDA ac xexp (ac)+-(xexp) u u xx 0 u 
2 3 LDA ac #exp8 (ac)+-exp u u x x 0 u 
2 4 LDS exp8 (SPH)+-(exp8) u u x x 0 u 

(SPL)+-(exp8 + 1) 

3 5 LDS exp16 (SPH )+-(exp 16) u u x x 0 u 
(SPL)+-(exp16 + 1) 

2 6 LDS xexp (SPH )+-(xexp) u u x x 0 u 
(SPL)+-(xexp + 1) 

3 3 LDS #exp16 (SPH )+-exp 16h u u x x 0 u 
(SPL)+-exp 161 

2 4 LDX exp8 (XH)+-(exp8) u u x x 0 u 
(X L)+-(exp8 + 1) 

3 5 LDX exp16 (XH)+-(exp16) u u x x 0 u 
(XL)+-(exp16 + 1) 

2 6 LDX xexp (XH )+-(xexp) u u x x 0 u 
(X L)+-(xexp + 1) 

3 3 LDX #exp16 (XH)+-exp16h u u x x 0 u 
(XL)+-exp161 

4 PSH ac ((SP) )+-(ac) u u u u u u 
(SP)+-(SP) - 1 

4 PUL ac (SP)+-(SP) + 1 u u u u u u 
(ac)+-((SP)) 

2 4 STA ac exp8 (exp8)+-(ac) u u u u 0 u 
3 5 STA ac exp16 (exp16)+-(ac) u u xx 0 u 
2 6 STA ac xexp (xexp)+-(ac) u u x x 0 u 
2 5 STS exp8 (exp8)+-(SPH) u u x x 0 u 

(exp8 + 1 )+-(SPL) 

3 6 STS exp16 (exp16)+-(SPH) u u x x 0 u 
(exp16 + 1)+-(SPL) 

2 7 STS xexp (xexp)+-(SPH) u u x x 0 u 
(xexp + 1 )+-(SPL) 

2 5 STX exp8 (exp8)+-(XH) u u xx 0 u 
(exp8 + 1)+-(XL) 

3 6 STX exp16 (exp16)+-(XH) u u x x 0 u ~ 
(exp16+ 1) +-(XL) 
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Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands H IS Z V CY 

DATA TRANSFER INSTRUCTIONS contd. 

2 7 STX xexp (xexp)+-(XH) u u x x 0 u 
(xexp + 1 )+-(XL) 

2 TAB (B)+-(A) u u xx 0 u 
2 TAP (F)+-(A0 - - A5) x x x x x x 
2 TPA (A5-A0)+-F u u u u u u 

(A7)+-1 

(A6)+-1 

4 TSX (X)+-(SP) + 1 u u u u u u 
4 TXS (SP)+-(X) - 1 u u u u u u 

ARITHMETIC INSTRUCTIONS 
2 ABA (A)+-(A) + (8) x u x x xx 

2 3 ADC ac exp8 (ac)+-(ac) + (exp8) x u x x x x 
+(CY) 

3 4 ADC ac exp16 (ac)+-(ac) + (exp16) x u x x x x 
+(CY) 

2 5 ADC ac xexp (ac)+-(ac) + (xexp) x u x x x x 
+(CY) 

2 2 ADC ac #exp8 (ac)+-(ac) + exp8 x u x x x x 
+(CY) 

2 3 ADD ac exp8 (ac)+-(ac) + (exp8) x u x x x x 
3 4 ADD ac exp16 (ac)+-(ac) +(exp16) x u x x x x 
2 5 ADD ac xexp (ac)+-(ac) + (xexp) x u x x x x 
2 2 ADD ac exp8 (ac)+-(ac) + exp8 x u x x x x 
1 2 CLR ac (ac)+-00 u u 0 1 0 0 
3 6 CLR exp16 (exp16)+-00 u u 0 1 0 0 
2 7 CLR xexp (xexp)+-00 UU0100 

2 DAA Decimal adjust u u xx z x 
accumulator A 

1 2 DEC ac (ac)+-(ac) - 1 u u xx x u 
3 6 DEC exp16 (exp16)+-(exp16)-1 u u x x x u 
2 7 DEC xexp (xexp)+-(xexp) - 1 u u x x x u 

4 DES (SP)+-(SP) - 1 u u u u u u 
4 DEX (x)+-(x) - 1 u u u x u u 

1 2 INC ac (ac)+-(ac) + 1 u u x x x u 
3 6 INC exp16 (exp16)+-(exp16) + 1 u u x x x u 
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Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands HI S Z V CY 

ARITHMETIC INSTRUCTIONS contd. 

2 7 INC xexp (xexp)+-(xexp) + 1 u u x x x u 
4 INS (SP)+-(SP) + 1 u u u u u u 
4 INX (x)+-(x) + 1 u u u u u u 
2 NEG ac (ac)+-00- (ac) u u x x x x 

3 6 NEG exp16 (exp16)00 - (exp16) u u }( x x x 
2 7 NEG xexp (xexp)+-00-(xexp) u u x x x x 
1 2 SBA (A)+-(A) - (B) u u x x x x 
2 3 SBC ac exp8 (ac)+-(ac) - (exp8) u u x x x x 

-(CY) 

3 4 SBC ac exp16 (ac)+-(ac) - (exp16) u u x x x x 
-(CY) 

2 5 SBC ac xexp (ac)+-(ac) - (xexp) u u x x x x 
-(CY) 

2 2 SBC ac #exp8 (ac)+-(ac) - exp8 u u x x x x 
-(CY) 

2 3 SUB ac exp8 (ac)+-(ac) - (exp8) u u x x x x 
3 4 SUB ac exp16 (ac)+-(ac) - (exp16) u u x x x x 
2 5 SUB ac xexp (ac)+-(ac) - (xexp) u u x x x x 
2 2 SUB ac #exp8 (ac)+-(ac) - exp8 u u x x x x 
COMPARISON INSTRUCTIONS 
(Note: the result is not stored for comparison instructions) 

2 3 BIT ac exp8 (ac) & (exp8) u u x x 0 u 
3 4 BIT ac exp16 (ac) & (exp16) u u x x 0 u 
2 5 BIT ac xexp (ac) & (xexp) u u xx 0 u 
2 2 BIT ac #expB (ac) & exp8 u u xx 0 u 

2 CBA (A)-(B) u u x x x x 
2 3 CMP ac exp8 (ac) - (exp8) u u x x x x 
3 4 CMP ac exp16 (ac) - (exp16) u u x x x x 
2 5 CMP ac xexp (ac) - (xexp) u u x x x x 
2 2 CMP ac #exp8 (ac) - exp8 u u x x x x 
2 4 CPX exp8 (XH) - (exp8) u u x x x u 

(XL) - (exp8 + 1) 

3 5 CPX exp16 (XH) - (exp16) u u x x x u 
2 6 CPX xexp (XH) - (xexp) u u x x x u 

(XL) - (xexp + 1) 

~ 
\ 
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Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands HI S Z V CY 

COMPARISON INSTRUCTIONS contd. 
(Note: the result is not stored for comparison instructions) 

3 3 CPX #exp16 (XH) - exp16h u u x x x u 
(XL) - exp161 

2 TST ac (ac) - 00 u u x x u u 
3 6 TST exp16 (exp16) - 00 u u x x u u 
2 7 TST xexp (xexp) - 00 u u x x u u 
LOGICAL INSTRUCTIONS 

2 3 AND ac exp8 (ac)~(ac) & (exp8) u u x x 0 u 
3 4 AND ac exp16 (ac)~(ac) & (exp 16) u u x x 0 u 
2 5 AND ac xexp (ac)~(ac) & (xexp) u u x x 0 u 
2 2 AND ac #exp8 (ac)~(ac) & exp8 u u x x 0 u 

2 CLC (CY)~ u u u u u 0 
2 CLI (I)~ u 0 u u u u 
2 CLV (V)~ u u u u 0 u 

1 2 COM ac (ac)~\(ac) u u x x 0 

3 6 COM exp16 (exp 16)~\(exp 16) u u x x 0 

2 7 COM xexp (xexp)~\(xexp) u u x x 0 1 

2 3 EOR ac exp8 (ac)~(ac) ! ! (exp8) u u x x 0 u 
3 4 EOR ac exp16 (ac)~(ac)! !(exp16) u u x x 0 u 
2 5 EOR ac xexp (ac)~(ac) ! ! (xexp) u u x x 0 u 
2 2 EOR ac #exp8 (ac)~(ac) ! !exp8 u u x x 0 u 
2 3 ORA ac exp8 (ac)~(ac) ! (exp8) u u x x 0 u 
3 4 ORA ac exp16 (ac)~(ac) ! (exp 16) u u x x 0 u 
2 5 ORA ac xexp (ac)~(ac) ! (xexp) u u x x 0 u 
2 2 ORA ac #exp8 (ac)~(ac) ! exp8 u u x x 0 u 

2 SEC (CY)~1 u u u u u 
2 SEI (1)~1 u u u u u 
2 SEV (V)~1 u u u u 1 u 

SHIFT AND ROTATE INSTRUCTIONS 

2 ASL ac (CY)~(ac7) u u x x x x 
(ac7 to ac 1 )~(ac6 to ac0) 

(ac0)~ 
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Summary of 6800 Instructions 

Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands HI S Z V CY 

SHIFT AND ROTATE INSTRUCTIONS contd. 

3 6 ASL exp16 (m7 to m1)~(m6 to m0) u u x x x x 
(m0)~0 

2 7 ASL xexp (CY)~(m7) u u x x x x 
(m7 to m1 )~(m6 to m0) 

(m0)~ 

2 ASR ac (CY)~(ac0) u u x x x x 
(ac6 to ac0)~(ac7 to ac1) 

(ac7) unchanged 

3 6 ASR exp16 (CY)~(m0) u u x x x x 
(m6 to m0)~(m7 to m1) 

(m7) unchanged 

2 7 ASR (CY)~(m0) lJ u x x x x 
(m6 to m0)~(m7 to m1) 

) 

(m7) unchanged 

2 LSR ac (CY)~(ac0) u u 0 x x x 
(ac6 to ac0)~(ac7 to acl) 

(ac7)~0 

3 6 LSR exp16 (CY)~(m0) UU0XXX 

(m6 to m0)~(m7 to m1) 

(m7)~ 

2 7 LSR xexp (CY)~(m0) u u 0 x x x 
(m6 to m0)~(m7 to m1) 

(m7)~ 

2 ROL ac (CY)~(ac7) u u x x x x 
(ac7 to ac1 )~(ac6 to ac0) 

(ac0)~(CY) 

3 6 ROL exp16 (CY)~(m7) u u x x x x 
(m7 to m1 )~(m6 to m0) 

(m0)~(CY) 

2 7 ROL xexp (CY)~(m7) u u x x x x 
(m7 to m1)~(m6 to m0) 

(m0)~(CY) 

2 ROR ac (CY)~(ac0) u u x x x x 
(ac6 to ac0)~(ac7 to ac1) 

(ac7)~(CY) 
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Summary of 6800 Instructions 

Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands HI S Z V CY 

SHI FT AND ROTATE INSTRUCTIONS contd. 

3 6 ROR exp 16 (CY)+--(m0) u u x x x x 
(m6 to m0)+--(m7 to m1) 

(m7)+--(CY) 

2 7 ROR xexp (CY)+--(m0) u u x x x x 
(m6 to m0)+--(m7 to m1) 

(m7)+--(CY) 

CONTROL TRANSFER INSTRUCTIONS 

2 4 BCC rexp If (CY) = 0 then u u u u u u 
(PC)+--rexp 

2 4 BCS rexp If (CY) = 1 then u u u u u u 
(PC)+--rexp 

2 4 BEQ rexp If (Z) = 1 then u u u u u u 
(PC)+--rexp 

2 4 BGE rexp If (S)!!(V) = 0 then u u u u u u 
(PC)+--rexp 

2 4 BGT rexp If (Z)! [(S)!!(V)] = 0 u u u u u u 
then (PC)+--rexp 

2 4 BHI rexp If (CY) & (Z) = 0 then u u u u u u 
(PC)+--rexp 

2 4 BLE rexp If (Z)![(S)!!(V)] = 1 u u u u u u 
then (PC)+--rexp 

2 4 BLS rexp If (CY)!(Z) = 1 then u u u u u u 
(PC) +--rexp 

2 4 BLT rexp If (S)!!(V) = 1 then u u u u u u 
(PC)+--rexp 

2 4 BMI rexp If (s) = 1 then u u u u u u 
(PC)+--rexp 

2 4 BNE rexp If (Z) = 0 then u u u u u u 
(PC )+--rex p 

2 4 BPL rexp If (S) =I) then u u u u u u 
(PC)+--rexp 

2 4 BRA rexp (PC)+--rexp u u u u u u 
2 4 BSR rexp (PC)+--(PC) + 2 u u u u u u 

((SP) )+--(PCL) 
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Summary of 6800 Instructions 

Object 

Module Machine Source Module Syntax Instruction Description Condition Codes 

Bytes Cycles Operation Register Operands HI S Z V CY 

CONTROL TRANSFER INSTRUCTIONS contd. 
(SP)+-(SP) - 1 u u u u u u 
((SP) )+-(PCH) 

(SP)+-(SP) - 1 

(PC)+-rexp 

2 4 BVC rexp If (V) = 0 then u u u u u u 
(PC)+-rexp 

2 4 BVS rexp If (V) = 1 then u u u u u u 
(PC)+-rexp 

3 3 JMP exp16 (PC )+-exp 16 u u u u u u 
2 4 JMP xexp (PC)+-xexp u u u u u u 
3 9 JSR exp16 (PC)+-(PC) + 3 u u u u u u 

((SP))+-(PCL) 

(SP)+-(SP) - 1 

((SP))+-(PCH) 

(SP)+-(SP) - 1 

(PC)+-exp16 

2 8 JSR xexp (PC)+-(PC) + 2 u u u u u u 
((SP))+-(PCL) 

(SP)+-(SP) - 1 

((SP)+-(PCH) 

(SP)+-(SP) - 1 

(PC)+-xexp 

2 NOP No operation u u u u u u 
(PC)+-(PC) + 1 

5 ATS (SP)+-(SP) + 1 u u u u u u 
(PCH)+-((SP)) 

(SP)+-(SP) + 1 

(PCL)+-( (SP)) 

INTERRUPT CONTROL INSTRUCTIONS 

10 RTI (SP)+-(SP) + 1 x x x x x x 
(F)+-((SP)) 

(SP)+-(SP) + 1 

(B)+-((SP)) 

(SP)+-(SP) + 1 

(A)+-((SP)) 

(SP)+-(SP) + 1 
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Summary of 6800 Instructions 

Object 

Module Machine 

Bytes Cycles 

Source Module Syntax 

Operation Register Operands 

Instruction Description 

INTERRUPT CONTROL INSTRUCTIONS (contd.) 

12 SWI 

9 WAI 
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(XH)+-((SP)) 

(SP)+-(SP) + 1 

(XL)+-((SP)) 

(SP)+-(SP) + 1 

(PCH )+-((SP)) 

(SP)+-(SP) + 1 

(PCL)+-((SP)) 

(PC)+-(PC) + 1 

((SP))+-(PCL) 

(SP)+-(SP) - 1 

((SP) )+-(PCH) 

(SP)+-(SP) - 1 

((SP))+-(XL) 

(SP)+-(SP) - 1 

((SP))+-(XH) 

(SP)+-(SP) - 1 

((SP) )+-(A) 

(SP)+-(SP) - 1 

((SP))+-(8) 

(SP)+-(SP) - 1 

((SP))+-(F) 

(SP)+-(SP) - 1 

(I )+-1 

(PCH)+-topmem-5 

(PCL)+-topmem-4 

(PC)+-(PC) + 1 

((SP))+-(PCL) 

(SP)+-(SP) - 1 

((SP))+-(PCH) 

(SP)+-(SP) - 1 

((SP))+-(XL) 

(SPHSP) - 1 

((SP))+-(XH) 

(SP)+-(SP) - 1 

((SP))+-(A) 

(SP )+-(SP) - 1 

REV A DEC 77 

Condition Codes 

H I S Z V CY 

u 1 u u u u 

u u u u u u 
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C-12 

Object 

Module 

Bytes 

Machine Source Module Syntax 

Cycles Operation Register Operands 

Instruction Description 

Summary of 6800 Instructions 

Condition Codes 

H I S Z V CY 

INTERRUPT CONTROL INSTRUCTIONS (contd.) 

((SP))+.(B) 

(SP)+.(SP) - 1 

((SP))+.(F) 

(SP)+.(SP) - 1 

Halt until interrupt request received 

if I = 0, then service the interrupt 
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Appendix D 
SERVICE CALL FUNCTION CODES 

CODE 

01 
02 
03 
04 
05 
06 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1C 
1F 

41 
42 
81 
82 
C1 
C2 
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FUNCTION 

Read ASCII and wait 
Write ASCII and wait 
Close device or file on channel 
Rewind file on channel 
Delete file on channel 
Rename file on channel 
Assign channel to device or channel 
Get time {millisecond) 
Get overlay addresses 
Get parameter (procedure parameter buffer) 
Get device type 
Get device status 
Get last console input character 
Load overlay 
Execute overlay 
Suspend Execution 
Exit 
Get parameter {emulation parameter buffer) 
Abort 
Read binary and wait 
Write binary and wait 
Read ASCII and proceed 
Write ASCII and proceed 
Read binary and proceed 
Write binary and proceed 
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Appendix E 

HEXADECIMAL CONVERSION TABLES 

ASCII CODE CONVERSION TABLE 

0 

0 NUL 
1 SOH 
2 STX 
3 ETX 

4 EOT 

LEAST 5 ENO 
SIGNIFICANT 6 ACK 
CHARACTER 7 BEL 

8 BS 
9 HT 
A LF 
B VT 
c FF 

D CR 
E so 
F SI 
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HEXADECIMAL 

MOST SIGNIFICANT CHARACTER 

1 2 

OLE SP 
DC1 
DC2 " 
DC3 # 

DC4 $ 
NAK % 

SYN & 
ETB 
CAN 
EM 

SUB * 

ESC + 
FS 

GS 
RS 
us I 

EXAMPLES 

W=57 

H = 48 
a = 61 

t = 74 
@=40 

NUL = 00 
DEL= 7F 

3 

0 
1 
2 
3 
4 
5 
6 
7 

8 
9 

< 
= 

> 
? 

REV A DEC 77 

4 5 6 

@ p 

A a a 
B R b 
c s c 
D T d 
E u e 
F v f 

G w g 

H x h 
I y 

J z j 

K [ k 
L \ 
M l m 
N /\ n 
0 0 

7 

p 
q 

r 
s 
t 
u 
v 
w 
x 

y 
z 
{ 
I 
I 

} 
= 

DEL 
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Hexadecimal Conversion Tables 

Decimal-Hexadecimal-Binary Equivalents 0-25510 

Hexa- Binary Hexa- Binary Hexa- Binary Hexa- Binary 
Deci- deci- B-bil Deci- deci- B-bit Deci- deci- B-bil Deci- deci- B-bil 
mal mal Code mal mal Code mal mal Code mal mal Code 

0 00 0000 0000 64 40 0100 0000 12B BO 1000 0000 192 co 1100 0000 
1 01 0000 0001 6S 41 0100 0001 129 B1 1000 0001 193 C1 1100 0001 
2 02 0000 0010 66 42 0100 0010 130 B2 1000 0010 194 C2 1100 0010 
3 03 0000 0011 67 43 0100 0011 131 B3 1000 0011 19S C3 1100 0011 
4 04 0000 0100 6B 44 0100 0100 132 B4 1000 0100 196 C4 1100 0100 
5 OS 0000 0101 69 4S 0100 0101 133 BS 1000 0101 197 cs 1100 0101 
6 06 0000 0110 70 46 0100 0110 134 B6 1000 0110 19B C6 1100 0110 
7 07 0000 0111 71 47 0100 0111 13S B7 1000 0111 199 C7 11000111 
B OB 0000 1000 72 4B 0100 1000 136 BB 1000 1000 200 CB 1100 1000 
9 09 0000 1001 73 49 0100 1001 137 B9 1000 1001 201 C9 1100 1001 
10 OA 0000 1010 74 4A 0100 1010 13B BA 1000 1010 202 CA 1100 1010 
11 OB 0000 1011 7S 4B 0100 1011 139 BB 1000 1011 203 CB 1100 1011 
12 oc 0000 1100 76 4C 0100 1100 140 BC 1000 1100 204 cc 1100 1100 
13 OD 00001101 77 4D 0100 1101 141 BD 1000 1101 20S CD 11001101 
14 OE 0000 1110 7B 4E 0100 1110 142 SE 10001110 206 CE 1100 1110 
1S OF 0000 1111 79 4F 0100 1111 143 SF 1000 1111 207 CF 1100 1111 
16 10 0001 0000 so so 0101 0000 144 90 1001 0000 20B DO 1101 0000 
17 11 0001 0001 B1 51 0101 0001 14S 91 1001 0001 209 D1 1101 0001 
lB 12 0001 0010 S2 52 0101 0010 146 92 1001 0010 210 D2 1101 0010 
19 13 0001 0011 B3 53 0101 0011 147 93 1001 0011 211 D3 1101 0011 
20 14 0001 0100 B4 S4 0101 0100 14B 94 1001 0100 212 D4 1101 0100 
21 1S 0001 0101 BS SS 0101 0101 149 9S 1001 0101 213 DS 1101 0101 
22 16 0001 0110 B6 S6 0101 0110 1SO 96 1001 0110 214 06 1101 0110 
23 17 0001 0111 1!7 S7 0101 0111 1S1 97 1001 0111 21S D7 1101 0111 
24 1B 0001 1000 BB SB 0101 1000 1S2 9B 1001 1000 216 DB 1101 1000 
2S 19 0001 1001 B9 S9 0101 1001 1S3 99 1001 1001 217 D9 1101 1001 
26 1A 0001 1010 90 SA 0101 1010 1S4 9A 1001 1010 2~B DA 11011010 
27 1B 00011011 91 SB 0101 1011 1SS 9B 1001 1011 219 DB 11011011 
2B 1C 0001 1100 92 5C 0101 1100 1S6 9C 1001 1100 220 DC 11011100 
29 1D 0001 1101 93 SD 0101 1101 1S7 9D 1001 1101 221 DD 1101 1101 
30 1E 0001 1110 94 SE 01011110 1SB 9E 10011110 222 DE 11.01 1110 
31 1F 0001 1111 9S SF 01011111 1S9 9F 10011111 223 DF 11011111 
32 20 0010 0000 96 60 0110 0000 160 AO 1010 0000 224 EO; 11100000 
33 21 0010 0001 97 61 0110 0001 161 A1 1010 0001 22S E1 1110 0001 
34 22 0010 0010 9B 62 0110 0010 162 A2 1010 0010 226 E2 11100010 
3S 23 0010 0011 99 63 0110 0011 163 A3 1010 0011 227 E3 1110 0011 
36 24 0010 0100 100 64 0110 0100 164 A4 1010 0100 22B E4 1110 0100 
37 2S 0010 0101 101 6S 0110 0101 16S AS 1010 0101 229 ES 1110 0101 
3B 26 0010 0110 102 66 0110 0110 166 A6 1010 0110 230 E6 11100110 
39 27 0010 0111 103 67 0110 0111 167 A7 10100111 231 E7 1110 0111 
40 2B 0010 1000 104 6B 0110 1000 16B AB 1010 1000 232 EB 1110 1000 
41 29 0010 1001 10S 69 0110 1001 169 A9 1010 1001 233 E9 1110 1001 
42 2A 0010 1010 106 6A 0110 1010 170 AA 1010 1010 234 EA 1110 1010 
43 2B 0010 1011 107 6B 0110 1011 171 AB 10101011 23S EB 1110 1011 
44 2C 0010 1100 10B 6C 0110 1100 172 AC 1010 1100 236 EC 11101100 
4S 2D 0010 1101 109 6D 0110 1101 173 AD 1010 1101 237 ED 1110 1101 
46 2E 0010 1110 110 6E 0110 1110 174 ·AE 10101110 23B EE 11101110 
47 2F 0010 1111 111 6F 0110 1111 17S AF 1010 1111 239 EF 11101111 
4B 30 0011 0000 112 70 0111 0000 176 BO 1011 0000 240 FO 1111 0000 
49 31 0011 0001 113 71 0111 0001 177 B1 1011 0001 241 F1 1111 0001 
50 32 0011 0010 114 72 0111 0010 17B B2 1011 0010 242 F2 1111 0010 
S1 33 0011 0011 115 73 0111 0011 179 B3 1011 0011 243 F3 1111 0011 
S2 34 0011 0100 116 74 0111 0100 1BO B4 1011 0100 244 F4 1111 0100 
53 3S 0011 0101 117 7S 0111 0101 1B1 BS 1011 0101 24S FS • 1111 0101 
S4 36 0011 0110 11B 76 0111 0110 1B2 B6 1011 0110 246 F6 1111 0110 
SS 37 0011 0111 119 77 0111 0111 1B3 B7 1011 0111 247 F7 1111 0111 
S6 3B 0011 1000 120 7B 0111 1000 1S4 BB 10111000 24B FB 11111000 
S7 39 0011 1001 121 79 0111 1001 1BS B9 10111001 249 F9 11111001 
SB 3A 0011 1010 122 7A 0111 1010 1B6 BA 1011 1010 2SO FA 11111010 
S9 3B 0011 1011 123 7B 0111 1011 1B7 BB 1011 1011 2S1 FB 1111 1011 
60 3C 0011 1100 124 7C 0111 1100 1BB BC 10111100 2S2 FC 11111100 
61 3D 0011 1101 12S 7D 0111 1101 1B9 BD 1011 1101 2S3 FD 11111101 
62 3E 0011 1110 126 7E 0111 1110 190 BE 1011 1110 2S4 FE 11111110 
63 3F 0011 1111 127 7F 0111 1111 191 BF 1011 1111 2SS FF 11111111 
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Hexadecimal Conversion Tables 

HEX ADDITION 

1 2 3 
1 2 3 4 
2 3 4 5 
3 4 5 6 
4 5 6 7 
5 6 7 8 
6 7 8 9 
7 8 9 A 
8 9 A 8 
9 A 8 c 
A 8 c D 
8 c D E 
c D E F 
D E F 10 
E F 10 11 
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HEXADECIMAL ADDITION TABLE 

4 
5 
6 
7 
8 
9 
A 
8 
c 
D 
E 
F 

10 
11 
12 

5 6 7 9 A 
6 7 8 A 8 
7 8 9 8 c 
8 9 A c D 
9 A 8 D E 
A 8 c E F 
8 c D F 10 
c D E 10 11 
D E F 11 12 
E F 10 12 13 
F 10 11 13 14 

10 11 12 14 15 
11 12 13 15 16 
12 13 14 16 17 
13 14 15 17 18 

18 19 

HEX F + 8 17 
HEX 10 = 16 DEC 
HEX 7 
HEX 17 

= 7 DEC 
23 DEC 

REV A DEC 77 

8 
c 
D 
E 
F 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 

c D E F 
D E F 10 
E F 10 11 
F 10 11 12 

10 11 12 13 
11 12 13 14 
12 13 14 15 
13 14 15 16 
14 15 16 17 
15 16 17 18 
16 17 18 19 
17 18 19 1A 
18 19 1A 18 
19 1A 18 1C 
1A 18 1C 1D 
18 1C 1D 1E 
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Hexadecimal Conversion Tables 

HEX MULTIPLY 

HEXIDECIMAL MUL Tl PLICATION TABLE 

1 2 3 4 s 6 7 • 9 A 8 c D E F 
1 1 2 3 4 s 6 7 9 A 8 c D E F 
2 2 4 6 8 A c E i1Q. 12 14 16 18 1A 1C 1E 
3 3 6 9 c F 12 1S 1EU 18 1E 21 24 27 2A 2D 
4 4 8 c 10 14 18 1C Jn 24 28 2C 30 34 38 3C 
s s A F 14 19 1E 23 tea 2D 32 37 3C 41 46 48 
6 6 c 12 18 1E 24 2A I 36 3C 42 48 4E S4 SA 
7 7 E 1S 1C 23 2A 31 3F 46 4D S4 S8 62 69 

~ 
8 10 18 20 28 30 38 48 so 58 60 68 70 78 

•. ft.) 

~ 1a 24 20 $6( SRI ?Al S1 SA 63 6C 7S 7E 87 
A A 1E 28 32 3C 46 50 SA 64 6E 78 82 BC 96 
8 8 16 21 2C 37 42 4D S8 63 6E 79 84 8F 9A AS 
c c 18 24 30 3C 48 S4 60 6C 78 84 90 9C A8 84 
D D 1A 27 34 41 4E S8 68 7S 82 8F 9C A9 86 C3 
E E 1C 2A 38 46 S4 62 70 7E 0c 9A A8 86 C4 D2 
F F 1E 2D 3C 48 SA 69 78 87 96 AS 84 C3 D2 E1 

HEX 9x8 - 48 -

HEX 40 = 64 DEC 
HEX 8 = 8 DEC 
HEX 48 - 72 DEC -
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Appendix F 

ASSEMBLER ERROR CODES 

The following error code numbers signify the TEKTRONIX Assembler error messages 
describing them. For 8002 µProcessor Labs purchased with 16k-byte program memory 
modules, error codes are displayed. For systems purchased with program memory modules 
totaling more than 16k-bytes, error messages are displayed along with the error codes. 
Upon assembly and in assembler listings, error codes and messages appear immediately 
below the source line containing an error.· 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

001 (no message displayed.) 

Indicates that a user-entered WARNING message has assembled. 
Refer to WARNING directive explanation in Section 4. 

002 SYMBOL ALREADY DEFINED 

Indicates that the symbol defined has been previously defined in the 
program assembling sequence. Occurs when the same symbol is 
equated to two values (with EQU directive) or when the same symbol 
labels two instructions. 

003 SYMBOL VALUE PHASE ERROR 

Indicates that the label or EQU symbol value differs between passes, 
or that the section assignment of a label or EQU symbol value 

differs between passes. 

004 ILLEGAL EQU OF GLOBALS 

Indicates that an unbound global is assigned the value of another 
umbound global (with EQU directive). Error occurs because unbound 
globals are not assigned values in the current assembly. 
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***** ERROR: 

***** ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

***** ERROR: 

*****ERROR: 

F-2 

Assembler Error Codes 

005 GLOBAL DEFINITION MAY NOT USE HI, LO, OR ENDOF 

Indicates that the value assigned to the global symbol involved HI, 
LO, or ENDOF function usage. Occurs when a global symbol is 
equated to Hl(x) or LO(x), where xis an address, or ENDOF(y), 
where y is the section name whose ending address is to be found. 

006 STRING EXPRESSION REQUIRED 

Indicates that a numeric value appears where a string value is required. 
Operations requiring string expressions involve concatenation, SEG 
and NCHR function usage, and ASCII, TITLE, or STITLE directive 
usage. 

007 UNDEFINED BLOCK OR ORG EXPRESSION 

The operand expression of an 0 AG or BLOCK directive is either 
undefined or a forward reference. Occurs when an undefined or 
misspelled symbol appears in an ORG or BLOCK directive, or a symbol 

is assigned a value after the ORG or BLOCK references the symbol. 

008 INVALID ORG OUT OF SECTION 

Indicates that the 0 AG operand expression represents an address 
defined outside the current section. Examine previous RESUME 
or SECTION statements for errors. 

009 NEGATIVE BLOCK LENGTH 

Indicates that the BLOCK operand expression represents a negative value. 

010 MACRO ALREADY DEFINED 

Indicates that more than one MAC RO directive contains the same name. 

011 MACRO DEFINITION PHASE ERROR 

Indicates two possible errors: The macro was called before being 
defined, or the macro was defined during the second assembler pass, 
but not the first. 
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Assembler Error Codes 

***** ERROR: 

***** ERROR: 

***** ERROR: 

*****ERROR: 

***** ERROR: 

***** ERROR: 

012 MEMORY FULL ON MACRO CALL 

Indicates insufficient space to perform macro expansion. Occurs when 
too many long arguments are specified for parameter substitution, too 
many symbols are entered in macro definition, or the macro repeats 
itself infinitely. 

013 MISSING ENDR OR ENDIF 

Indicates that a conditional assembly {IF or REPEAT) block failed to 
complete assembly. Occurs when a conditional assembly block begins 
assembly within a macro definition and the macro terminates (with an 
ENDM directive) before the conditional assembly terminates {with an 
ENDR or ENDIF directive). 

014 DUPLICATE DEFINITION OF SECTION NAME 

Indicates that the section name has already been defined as a label 
symbol during the current assembler pass. 

015 END WITHIN INCLUDE FILE 

Indicates that an END directive is present in an INCLUDE file. 

016 ENDR OR ENDIF MIS-MATCHED 

Indicates that an improper termination directive was used for a 
conditional assembly block. Occurs when ENDR is entered to terminate 
an IF block, ENDI Fis entered to terminate a REPEAT block, or 
when IF and REPEAT blocks overlap each other producing the same 
effect. 

017 ITERATION LIMIT EXCEEDED 

Indicates an attempt to assemble a REPEAT block more than the 
specified number of times. If the allowed number of repeat cycles is 
left unspecified, the error message is displayed when 256 repeat 
cycles are completed. 

8002: 6800 Assembler and Emulator Users 
REV A DEC 77 F-3 



***** ERROR: 

***** ERROR: 

***** ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

***** ERROR: 

***** ERROR: 

F-4 

Assembler Error Codes 

018 MISPLACED ELSE 

Indicates that an ELSE directive occurs outside its corresponding 
IF-ENDIF block, or that more than one ELSE directive occurs 
within the scope of one IF-ENDIF block. 

019 OPERATION INVALID FOR ADDRESSES 

Indicates that an operation allowing only scalar values was applied 
to an address value. 

020 DIVISOR IS ZERO 

Indicates that the Assembler attempted to divide by zero. Also occurs 
when the Assembler attempts to determine the remainder of a division 
by zero with the MOD operator (for example, A MOD 0). 

021 HI OR LO ALREADY APPLIED 

Indicates an attempt to extract the most- or least-significant byte of 
an address expression, when the expression is already the result of a 
previous extraction. 

022 ENDOF OPERAND IS SCALAR 

Indicates that the specified section name in the ENDOF statement is a 
non-global, scalar symbol. 

023 ENDOF ALREADY APPLIED 

Indicates an attempt to perform an ENDOF function upon an address 
resulting from a previous ENDOF function. 

024 ENDOF OPERAND IS NOT GLOBAL 

Indicates that the specified section name in the ENDOF statement 
represents a non-global symbol. 

025 OPERATION ON HI OR LO OF ADDRESS 

Indicates an attempt to perform an arithmetic or unary operation 
upon an address'that has had HI or LO applied to it. 
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Assembler Error Codes 

*****ERROR: 

***** ERROR: 

***** ERROR: 

***** ERROR: 

*****ERROR: 

***** ERROR: 

*****ERROR: 

*****ERROR: 

026 ADDITION OF ADDRESSES 

Indicates an attempt to add one address to another. 

027 CONFLICTING SECTION BASES 

Indicates an attempt to subtract or compare addresses based to 
different sections or having different ending byte addresses. 

028 ADDRESS SUBTRACTED FROM SCALAR 

Indicates an attempt to subtract an address from a scalar value. 

029 NEGATIVE STRING LENGTH 

Indicates that a negative value was specified for the string length 
when the string was declared with the STRING directive. 

030 STRING LENGTH PHASE ERROR 

Indicates that the string expression value differs between the assembler's 
first and second pass. Occurs when the string length expression 
contains a forward reference. 

031 REDECLARATION OF STRING VARIABLE 

Indicates a second attempt to declare the same string variable. 

032 STRING DECLARATION PHASE ERROR 

Indicates that the string value was defined during the assembler's 
second pass, but not its first. 

033 INVALID STRING NAME 

Indicates that an invalid string variable name has been entered as 
an operand in the STRING directive. 
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F-6 

Assembler Error Codes 

034 END INSIDE AN UNCLOSED BLOCK 

Indicates that an END statement occurs within an IF, REPEAT, 
or MACRO definition block. Occurs when an ENDI F, ENDA, or 
ENDM directive is either missing or misspelled. 

035 VALUE TRUNCATED TO BYTE 

Indicates that the value entered exceeds one byte (value falls 
outside the range-128 to 255). The value is truncated to fall 
within one-byte range. 

036 COLON FOLLOWS LABEL 

Indicates that a colon(:), rather than a space, was encountered 
following a label. Occurs when a program is improperly converted 
to Tektronix Assembler format, or when the label is improperly 
entered. 

037 EXTRA OPERANDS IGNORED 

Indicates that extra operands appear in the statement. The complete 
statement entered prior to the extra operands is assembled, and the 
extra operands are ignored. Occurs when a statement is miscoded, an 
invalid delimiter occurs in the operand list, or a semicolon does not 
precede a comment. This error also occurs when a logical not"\ " 
operator or a function follows that could be interpreted as a complete 
expression. This complete expression is either composed of or ends in a 
constant, a symbol, or a right parentheses")". The portion of the 
statement that precedes the logical not operator or function is 
assembled and the remaining portion of the oeprand is ignored. 

038 SET SYMBOL USED AS LABEL 

This error also occurs when a logical not "\ " operator or a function 
follows what could be interpreted as a complete expression. This 
complete expression is either composed of or ends in a constant, a 
symbol, or a right parentheses")". The portion of the statement 
that precedes the logical not operator or function is assembled and 
the remaining portion of the operand is ignored. 

039 INVALID OPERATION CODE 

'Indicates that the Assembler is unable to recognize the operation 
in the statement, or that the Assembler di?allows the operation to 
be processed in its entered context. Occurs when the operation is 
misspelled, an invalid delimiter follows the label, or a macro is 
called prior to its definition. 
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Assembler Error Codes 

*****ERROR: 

***** ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

040 i°NVALID CHARACTER 

Indicates that the Assembler encountered a character, outside 
the valid character set, that was not enclosed within double quotes. 

041 SYNTAX ERROR 

Indicates that the statement does not conform to the required 
syntax. Refer to Appendices B and C for required syntax for 
Assembler directives and 6800 instructions. 

042 INVALID OPTION SEPARATOR 

Indicates that the Assembler encountered an invalid delimiter 
between listing control options in the UST or NOLIST directive 
operand field. Occurs when spaces delimit the options where 
commas are required, or when an invalid listing control option is 
entered. 

043 NO LABEL ON EOU OR SET 

Indicates that a symbol is either missing from or invalid for the 
label field of an EQU or SET directive. 

044 INVALID MACRO NAME 

Indicates that the macro name is missing from the operand field 
of the MACRO directive or that the macro name is an invalid 
symbol. Occurs when a previously defined symbol is entered as 
a macro name, a macro name is missing from the macro dir~ctive 
operand field, or an invalid delimiter is entered between the macro 
operation and macro name. 

045 INVALID RELOCATION OPTION 

Indicates an attempt to specify an invalid relocation option (other 
than PAGE, INPAGE, or ABSOLUTE) when declaring a section. 
When this error occurs, the Assembler ignores the invalid option, and 
handles the specified section as if it were byte-relocatable. 
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F-8 

Assembler Error Codes 

046 MACRO WITHIN A MACRO 

Indicates that a macro definition statement was encountered 
within a macro expansion or a macro definition block. 

047 INVALID EXCEPT IN MACRO 

Indicates that an EXITM, ENDM, REPEAT, or ENDA directive 
appeared outside a macro definition block. 

048 INVALID OPERAND 

Indicates that the specified operand is either incomplete or inaccurate 
for the context required by the operation. If the required operand is 
an expression, this error indicates that the first item in the operand 
field is not a variable, constant, a left parentheses"(", a minus sign 
"-'',or a logical not"\". 

049 ADDRESS ASSIGNED TO STRING 

Indicates an attempt to assign an address value to a string variable 
symbol. 

050 SECTION DEFINITION PHASE ERROR 

Indicates that the specified section or relocation option differs 
between the Assembler's first and second pass. 

051 SECTION DEFJNITION PHASE ERROR 

Indicates that the specified section was defined during the second, 
but not the first, Assembler pass. 

052 TOO MANY SECTIONS AND/OR GLOBALS 

Indicates that the number of declared sections and global symbols 
exceeds 254. The Assembler does not accept the current section 
or global declaration. 

053 INVALID RELOCATION OPTION 

Indicates that the ABSOLUTE relocation option was specified 
in the RESERVE directive operand field. 
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Assembler Error Codes 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

054 NEGATIVE RESERVE LENGTH 

Indicates that a negative-valued byte length was specified as the 
RESERVE operand expression. 

055 INVALID SECTION NAME 

Indicates that an invalid symbol was declared as a SECTION, 
COMMON, or RESERVE name. Occurs when the symbol name 
is misspelled, contains invalid characters, is a reserved word, or is 
a previously defined label. 

056 INVALID RESERVE LENGTH 

Indicates that the required R ESE AVE operand expression (specifying 
the number of bytes reserved for the current object module) is 
either entered incorrectly, entered without a comma before the 
expression, or absent from the RESERVE directive. 

057 RESUME SECTION UNDEFINED 

Indicates that the resumed section is defined in a later statement 
in the assembly process. 

058 RESUME OF RESERVE SECTION 

Indicates an attempt to resume a reserved section. 

059 RESUMED SECTION INVALID 

Indicates that the resumed section was declared after the 254th 
section or global symbol was declared. 

060 GLOBAL OPERAND ALREADY DEFINED 

Indicates that the global symbol was referenced before it was 
declared to be global. See GLOBAL directive explanation in 
Section 4. 
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F-10 

Assembler Error Codes 

061 GLOBAL DECLARATION PHASE ERROR 

Indicates that a symbol was not declared global in both passes 
of the assembler. 

062 TOO MANY SECTIONS AND GLOBALS 

Indicates undefined globals, or more than 254 globals and sections 
defined. 

063 INVALID RADIX 

Indicates an invalid radix character in the constant. The 8002 
µProcessor Lab Assembler recognizes only (H) hexadecimal, 
(0) or (0) octal, and (B) binary radix codes. 

064 INVALID DIGIT 

Indicates an invalid digit in the indicated number base. For 
example, 100318 contains an invalid digit. Radix B indicates 
this to be a binary number, making digit 3 invalid. 

065 UNMATCHED STRING OR PARAMETER DELIMITER 

Indicates an unmatched quotation mark delimiter or square bracket 
delimiter. 

066 LINE TOO LONG AFTER REPLACEMENT 

Indicates expanded line is too long. Only 128 characters are 
allowed. 

067 EXTRA REPLACEMENT IDENTIFIER 

Indicates extra information following the replacement indicator in 
a macro definition block. 
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Assembler Error Codes 

***** ERROR: 

· *****ERROR: 

***** ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

***** ERROR: 

*****ERROR: 

*****ERROR: 

068 REPLACEMENT INVALID OUTSIDE OF MACRO 

Indicates improper use of replacement indicators#,@, and% 
outside of a macro definition block. 

069 UNDEFINED REPLACEMENT STRING 

Indicates that the string variable has not yet been defined as a string. 

070 INVALID REPLACEMENT IDENTIFIER 

Indicates that the. replacement specification used is invalid. 

071 SCALAR VALUE REQUIRED 

Indicates an address value where a scalar value was required. 

072 INVALID EXPRESSION 

Indicates that the specified expression is either incomplete or inaccurate 
for the context required by the operation. Expressions are recognizable 
when the following values appear in the first item position of the 
operand: a variable, a constant, a left parentheses"(", a minus sign"-", 
or a logical not character "\ ", 

073 SECTION SIZE PHASE ERROR 

Indicates that the number of bytes generated for this section during 
the first pass is smaller than the number of bytes generated during 
the second pass. 

074 UNDEFINED SYMBOL 

Indicates that a symbol in an expression has no value. 

075 STRING TRUNCATED 

Indicates that the number of characters assigned to the string is 
greater than the string definition. See SET Strings, Section 2. 

076 NEGATIVE SEG OPERAND 

Indicates a negative number in the operand of the SEG function. 
See SEG, Section 2. 
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F-n 

Assembler Error Codes 

077 SEG STARTING OPERAND IS ZERO 

Indicates a zero in the starting position of the SEG operand. See 
SEG, Section 2. 

078 INSUFFICIENT WORKSPACE 

Indicates that a temporary data manipulation area has been 
exceeded. Could be caused by conditional assembly or string 
functions that leave too little memory to perform the required 
operations. 

079 VALUE TOO LARGE 

Indicates that the value of the space operand has been truncated. 

080 INVALID NAME SYMBOL 

Indicates that the symbol in the operand field of the NAME 
directive begins with a non-alphabetic character and is, therefore, 
invalid. 

081 ILLEGALLY SUBSTITUTED ENDM 

Indicates that an ENDM directive was substituted within the 
body of a macro expansion before the normal end of the macro is 
encountered. 

082 NESTED INCLUDE DIRECTIVE 

Indicates that the file inserted into the program with the 
INCLUDE directive contains another INCLUDE directive. 

083 MISSING END IF 

Indicates that a conditional IF block with a missing ENDI F directive 
was included in the program. 

084: MISSING ENDM FOR INCLUDED MACRO 

Indicates that a macro definition block with a missing ENDM 
directive was included in the program. 
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Assembler Error Codes 

***** ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

085 STRING VALUE TOO LARGE 

Indicates that a string value to be used as a number exceeds two 
characters in length. 

086 SHIFT COUNT EXCEEDS 16 

Indicates an attempt to shift right or left more than 16 bits. 

087 TOO MANY SYMBOLS 

Indicates a lack .of room in the Assembler's symbol table to 
contain all symbols used by the program. The Assembler 
discontinues processing the program. 

088 INVALID TRANSFER LABEL 

Indicates that a label used for the transfer address on an END directive 
is an unbound global, a scalar, or the result of a previous HI, LO, or 
ENDOF function. 

The following error messages apply to the 6800 only, 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

254 BRANCH OUT OF SECTION 

Indicates an attempt to perform a relative branch to an address outside 
the current section, or to a scalar. 

253 INVALID DIRECT ADDRESS 

Indicates an attempt to use forced direct addressing on an instruction 
that disallows this type of addressing. 

252 ADDRESS TRUNCATION ERROR 

Indicates an attempt to address an absolute location outside the first 
256 bytes of memory using a forced direct memory addressing mode. 

251 OFFSET GREATER THAN 255 

Indicates that the expression given for the offset in an indexed 
instruction for an absolute operand exceeds 255 bytes. 

250 INVALID OPERAND 

Indicates an attempt to use an addressing mode that was invalid for this 

instruction. 
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Assembler Error Codes 

*l<'*** l;RROR: 

**l<'** ERROR: 

f-14 

249 BRANCH OUT OF RANGE 

Indicates an attempt to move the current location counter more than 
+ 128 or -127 bytes when performing a relative branch. 

248 INVALID OPERAND SYNTAX 

Indicates a missing operand or a syntax error in the current operand. 
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Appendix G 

RESERVED WORDS 

The 6800 Microprocessor instruction mnemonics, register symbols, and Assembler directive 

names should not be used as symbolic labels. The following names are reserved for these 
special uses: 

6800 INSTRUCTION MNEMONICS 

ABA BCS BLS BVC CMP EOR LOS PUL SEC SWI TXS 

ADC BEO BLT BVS COM INC LOX AOL SEI TAB WAI 

ADD BGE BMI CBA CPX INS LSR ROA SEV TAP 

AND BGT BNE CLC DAA INX NEG RTI STA TBA 

ASL BHI BPL CLI DEC JMP NOP ATS STS TPA 

ASA BIT BRA CLR DES JSR ORA SBA STX TST 

BCC BLE BSA CLV DEX LOA PSH SBC SUB TSX 

6800 REGISTER SYMBOLS A, B, $, X RESERVED FOR FUTURE USE XREF 

TEKTRONIX ASSEMBLER DIRECTIVES, OPTIONS & OPERATORS 

ABSOLUTE ENDIF LIST PAGED STITLE 

ASCII ENDM LO REPEAT STRING 

BASE ENDOF MACRO RESERVE SYM 

BLOCK ENDA ME RESUME TITLE 

BYTE EOU MEG SCALAR TAM 

CND EXITM MOD SECTION WARNING 

COMMON GLOBAL NAME SEG WORD 

CON HI NCHR SET 

DEF IF NOLIST SHL 

ELSE INCLUDE ORG SHA 

END INPAGE PAGE SPACE 
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MANUAL CHANGE INFORMATION 
TEKTRONIX@ 

committed to 
technical excellence 

CHANGE: 

PRODUCT 6800 ASSEMBLER & 
EMULATOR USER'S MANUAL 

CHANGE REFERENCE 

DA TE __ 1-:J,~=Z1L 

DESCRIPTION 

070-2349-01 (8002 µProcessor) CHANGE NOTICE 

Cl/178 

The 8002 µProcessor Lab Hardware Test Manual, mentioned in the Documentation Overview section, 
is no longer available for distribution. 

Page 2-4 - The LDA instruction in the example program should contain the space and the 
name of the referenced accumulator, as follows: 

LDA A 

Page 2-5 - Operand item type 4, the line reading "the range, -127 to + 127 in the object" shou Id 
read as follows: "the range, -126 to + 129 in the object" 

Page 2-25 - The first sentence reading "Applying the SCALAR function is equivalent to subtracting 
the base of the expression from the expression." should be removed. 

Page 4-49 - The WORD directive should contain the following operand: 0F7H 

Page 4-62 - The syntax line of the GLOBAL directive should be as follows: 

[symbol] GLOBAL {symbol} [,symbol] . . . [;charstring] 

Page 5-10-The operand in the first example should be as follows: 

1,2,SML/\,J,/\[BC/\] 

Page 8-2 - The syntax line of the LOAD instruction should be as follows: 

LOAD {file name [/disc drivel} [me name [/disc drive] J ... 
Page 9-5 - The syntax line of the LINK instruction should be as follows: 

LINK [load file] [list file] {object1} [,object2] ... 

Page 9-17 - Line 21, reading "is specified, a transfer of 0 is generated." should read as follows: 

"is specified, a transfer of address 0 is generated." 

Appendix F - The following error message changes and additions should be noted: 

*****ERROR: 

***** ERROR: 

015 END DIRECTIVE NOT VALID WITHIN AN INCLUDE FILE 

Indicates that an END directive is present in an INCLUDE file. 

019 OPERATION INVALID FOR ADDRESS 

Indicates that an operation allowing only scalar values was applied to an 
address value. 
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6800 ASSEMaLER & 
PRODUCT EMULATOR USER'S 'CHANGEREFERENCE~_Cl_/_1_7_8~~~- DATE~.;__l_-_1_2_-7_8~~~-

CHANGE: I 
*****ERROR: 

*****ERROR: 

*****ERROR: 

***** ERROR: 

*****ERROR: 

'0 *** ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

*****ERROR: 

DESCRIPTION 

021 TEXT FOLLOWING"] II IGNORED 

Indicates that"'irformation following a bracketed macro parameter has been 
ignored. · 

036 INVALID CHARACTER FOLLOWS LABEL 

Indicates that a character other than a space, was encountered following a 

label. 

038 STRING VARIABLE USED AS A LABEL 

Indicates that a string variable is present in the label field of an instruction. 
Label is ignored. 

042 INVALID OPTION OR SEPARATOR 

Indicates that the Assembler encountered an invalid delimiter between 
listing control options in the LIST or NOLIST directive operand field. 
Occurs when spaces delimit the options where commas are required, or when 
an invalid listing control option is entered. 

052 TOO MANY SECTIONS OR GLOBALS 

Indicates that the number of declared sections and global symbols exceeds 
254. The Assembler does nbt accept the current section or global 
declaration. 

079 VALUE TOO LARGE 

Indicates that the value of the space operand exceeds 255 and has been 

truncated. 

090 ENDOF APPLIED TO A BOUND GLOBAL 

Indicates that an ENDOF function was used with a bound GLOBAL instead 
of a SECTION. In the case of an unbound GLOBAL, the function will be 

resolved at link time. 

091 UNABLE TO ASSIGN INCLUDE FILE 

Indicates that TEKDOS could not gain access to the file. This message will 
be accompanied by a message on the console during each pass. An SRB 
status code will indicate the reason that TEKDOS could not assign the file. 

252 ADDRESS TRUNCATION 

Indicates an attempt to address an absolute location outside the first 256 
bytes of memory using a forced direct memory addressing mode. 

250 INVALID OPERAND TYPE 

Indicates an attempt to use an addressing mode that was invalid for this 

instruction. 
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