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Copyright 1979
by Robert Ford Denison
RD5 Teeter Rd.
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All rights reserved, including the right to reproduce the
program or documentation in machine-readable form, including
magnetic media and read-only-memory.

Cover: Schematics for a 5V, 3A regulated power supply and a

1K x 8 read/write memory block. The power supply and three

such memory blocks can be added to the basic KIM-1 microcomputer
to provide the 4K RAM required by this assembler. Parts are
available from Jameco Electronics.
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1. INTRODUCTION

Microcomputers based on the powerful 6502 microprocessor
are becoming increasingly widespread., Business, educational,
and word-processing applications generally require expensive
disk-based systems running high level languages such as BASIC
or Pascal. Inexpensive 6502 systems have mainly been limited
to such trivial uses as games, checkbook balancing, and recipe
files. Games may, of course, be used for the nontrivial pur-
pose of learning about microcomputers.

Inexpensive systems may, however, be more than adequate for
quite sophisticated applications in the field of process control
and data acquisiticn. A simple example is turning a tape
recorder on at a specified time to record a radio program.
Opening and closing insulated shutters to maximize solar heat
gain while minimizing heat loss is more challenging, but could
result in considerable savings. An example of a scientific
application is collecting data from temperature and pressure
sensors in a study of sap flow in sugar maples.

My own experience has been entirely with the MOS Technology
KIM-1, which is ideal for such applications. I first used it
to control an optical printer which was used to produce special
cinematic effects. More recently, my KIM-1 was part of a com-
plex gas analysis system for my research on nitrogen fixation
in soybeans.

Neither expensive computer hardware nor years of training
is necessary to attempt such projects. My system has only
4K RAM. I use a $30 software-scanned keyboard for input, and
use the KIM-1 display as an output device for both numbers and
letters. I learned most of what I know in this field from the
MOS Technology Programming Manual, Don Lancaster's TTL Cookbook,
BYTE magazine, and by trial and error.

The key to process control programming is the use of assembly
language. It is much faster than BASIC, and uses far less mem-
ory than high level languages. In addition, most process control
problems can be solved more easily and directly in assembly
language than in a higher level language.

An assembler makes assembly language programming consider-
ably easier by taking over the time-consuming and error-prone
task of translating assembly language into machine language.

A true assembler, such as the one described herein, allows the
programmer to refer to variables, subroutines, and lines within
subroutines using descriptive names, rather than their addresses.

This assembler outperforms all other true assemblers for
the 6502 with which I am familiar, in terms of speed and memory
efficiency. It can assemble a 128 byte module in a fraction



of a second. Programs up to 1K bytes can be assembled in a
KIM-1 system with only 4K RAM, including 2K for the assembler
itself. I would appreciate being informed of any other symbolic
assembler which can match either of these claims.

I would like to thank Dr. H. R. Luxenberg, Professor of
Computer Science at the California State University at Chico
for modifying the assembler I/0 for the SYM, and for
pointing out errors in the program and documentation. John
Geiger, of Milwaukee, found additional errors and kindly
relocated the assembler to start at address 2000. Any errors
that remain are my responsibility, and I would appreciate having
them brought to my attention.

This book is dedicated to Mike Colyar, of the Evergreen
State College, who introduced me to electronics.



2. USE OF THE ASSEMBLER

Systom requirements. The assembler requires a 650X-based
microcomputer with at least 4K RAM and an appropriate I/0 device.
This documentation is based on a standard system: a KIM-1 with
3K RAM at address 0400 and a conventional computer terminal
connected to the serial interface. A second version is avail-
able for KIM-1 systems with LK RAM at address 2000; addresses
in parentheses refer to that version.

Other systems. The assembler can be modified for use with
other systems by following the guidelines in Section 5. DMore
detailed instructions for specific systems will be made avail-
able as demand warrants. SYM owners see Appendix B.

Installing the assembler. To install the assembler in the
standard system, load it from cassette or listing, Begin execu-
tion at address 05B8 (23B8). The assembler will prompt with a
question mark, indicating that it is in control mode.

2.1 Basic Concepts

Modes. The assembler operates in two modes. "Control"
mode allows control of the allocation of memory space, defini-
tion of variables, and related functions. "Edit" mode is used

to actually enter, modify, and assemble modules.

Modules. A "module" is a subroutine or a segment of a
program or subroutine. Each use of edit mode corresponds to
one module. Modules are limited in length to 128 bytes, but
a program may contain many modules. Total program length is
limited only by available RAM.

Module pointer. Assembled modules are stored successively
in RAM under the control of the "module pointer." This pointer
is initialized to 0C80 {2A80). It is then incremented auto-
matically each time a module is stored, to prevent the module
from being overwritten by the next module. More information on
this and other pointers is given in Table 4.1,

Symbols. A "symbeol" is a name given to a specific address.
It may refer to a variable, a table, a module, a line within a
module, or some other address such as an I/O port. Symbols may
be up to six characters in length.

Global vs., local symbols. "Global" symbols are defined in
control mode and may be referenced by any module. Symbols
defined in edit mode are "local" to the module in which they
were created and may not be referenced by other modules. Line
labels are local symbols, so two modules may use identical
line labels without confusion,




Input format. Input to the assembler must be in a specific
format. Each input line is divided into a series of "fields."
Each item must be left-justified in the correct field. In
practice this is quite easy, because the "space" bar has been
programmed to advance automatically to the beginning of the
next field each time it is pressed. It may also be used to
skip a field.

Special key definitions. Each line must be terminated with
a carriage return. A "null line" consists of a carriage return
only. "Backspace"” may be used to correct errors within a given
field; more serious errors require use of the assembler's
editing capability. The "escape" key causes the assembler to
execute a BRK instruction, and may be used to return to the
system monitor. Users whose terminals lack any of the above
keys should refer to Section 5.1.

Hexadecimal nuﬁberg. The assembler uses hexadecimal (base
sixteen) numbers exclusively. All addresses in this documenta-
tion are therefore given in hexadecimal. Blanks are read as
Zeroes.

Arrays. An array is any variable, e.g. a table, that
occupies more than one byte. Arrays are limited to 255 bytes.
However, two or more arrays may be treated as one large array
if an array longer than 255 bytes is needed.

Source vs. object code. "Source code" refers to the assem-
bly language module. Assembly is the process of translating
source into "object," or machine language code.

2.2 Control Mode

In this mode the user can define global symbols, allocate
space for tables, redefine the module pointer, and enter edit
mode to begin a new module. Control mode commands begin with
a question mark, which is alsc a prompt symbol for the mode.

Enter the command in the first field, followed by any
additional information required in subsequent fields. The
format for each command is given in Table 2.1 and illustrated
by example in Section 2.6.

Define global symbols. The ?ASSGN command is used to assign
addresses to global symbols. A four-digit address is required.
Additional symbols may be defined without typing "7?ASSGN" again.
Just hit the space bar to skip the first field; then enter the
symbol and its address. Enter a null line (carriage return)
when all symbols have been defined.

Allocate space for tables. Use the ?TABLE command to
reserve space for tables. Enter the name of the table and its
length in bytes (two digits). The symbol is assigned the

4



current value of the module pointer as its address. The pointer
is then incremented by the length of the table to prevent over-
write by the next table or module., Additional tables may be
defined in a manner similar to that for ?ASSGN.

Redefine the module pointer. The ?REDEF command may be
used with caution to change the value of the module pointer.
This might be done to allow assembled modules to be stored in
memory locations not ordinarily used for program storage. For
example, assembled modules might be stored on page zerc or one
if space were at a premium.

Begin new module. The ?BEGIN command causes the assembler
to enter edit mode toc start a new module. The name of the
module is entered in the second field, and is added to the
symbol table as a global symbol. Its address is the current
value of the.module pointer, since that is where the module
will be stored after it is assembled., The module name is also
the label for the first line in the module, unless another line
label is supplied.

2.3 Assembly Language Format

In edit mode, the user inputs an assembly language module.
The module is edited and assembled using commands described in
Section 2.4, This process is illustrated in Section 2.6. The
prompt for edit mode is a hyphen, followed by the address where
the assembly language code for the line will be stored.

To enter a line of assembly language, hit the space bar to
skip over the first field. The contents of the other fields
are summarized in Table 2.1 and further explained below.

Label. Enter a symbol in the second field if the line will
be referenced by a branch instruction elsewhere in the module.
Otherwise hit the space bar again.

Opcode. This field must contain the mnemonic and address
mode for the desired instruction. The mnemonic is the stan-
dard three-letter MOS Technology code, e.g. LDA. Absolute,
implied, and relative addressing require no additional informa-
tion in this field. The other address mcdes are indicated in
the opcode field by one or two characters immediately following
the mnemonic, e.g. LDAZX. These mode codes are #,Z,A,I1X,IY,ZX,
X,Y,I, and ZY for immediate, zero page, accumulator, indexed
indirect X, indirect indexed Y, zero page X, absolute X, absolute
Y, indirect, and zero page Y addressing. Users who prefer IM
for immediate addressing need only change two bytes at 02AC
(20AC) to 49,4D.

Operand. For instructions that require no operand, hit
carriage return to end the line. Immediate addressing requires
a two-digit hexadecimal number in this field. Other address
modes use a symbol as their operand.
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Table 2.1: Input Format for Commands and Instructions

Field 1 TField 2 Field 3 Field 4 Fijeld 5

Assign address to symbol. 7ASSGN symbol nnnn
Reserve space for table. ?TABLE symbol nn
Redefine module pointer. 7REDEF  nnnn
Begin new module. ?BEGIN  symbol
One-byte instructions. (symbol) opcode
Immediate mode instructions. {symbol)} opcode mn
Other two-byte instructions. (symbol) opcode  symbol
Three-byte instructions. {symbol) opcode symbol ({nn)
Define local symbol. -LOCAL  symbel nnnn
Assemble module. -ASSEM
Print lines in range. ~PRINT nnTOnn
Insert before line given. ~-INSRT nn
Replace lines in range. ~INSRT nnTOnn
Append to end of module. ~INSRT FF
Save module in RAM. -STORE
() oOptional.

nn Hexadecimal digits.



Offset. Three-byte instructions may use a two-digit hexa-
decimal number in this field to indicate an offset from the
beginning of a table or array. This value is added to the base
address of the array on assembly. The offset is optional, and
may not be used with two-byte instructions.

2.4 Edit Mode Commands

Commands are used in edit mode to define local symbols and
to assemble, list, edit, and save a module. Edit mode commands
begin with a hyphen. Their format is %iven in Table 2.1 and
their use is illustrated in Section 2.

Define local symbols. The -LOCAL command is identical to
?ASSGN except that the symbols defined are local to the module.

Assemble. The -ASSEM command translates the module into
machine language. The assembler will respond quickly with either
the normal address prompt, indicating successful assembly, or
with one or more undefined symbols. Use the -LOCAL command to
define these symbols before assembling again. Undefined global
symbols may be temporarily defined locally to allow assembly.

List. An assembled module may be listed using the -PRINT
command. Two line numbers must be supplied. The number of a
line consists of the two least significant digits of its address
prompt. -PRINT will 1ist from the first line number up tec, but
not including, the second line number. The module must be
reassembled before listing each time it is modified.

Test., The assembled module may be tested by hitting "reset"
to return to the system monitor. Check the module pointer at
0040,41 to get the start address of the module. The module may
be tested using appropriate user or monitor routines. Then re-
turn to edit mode by entering the assembler at 05D6 (23D6).
Correct any errors (using the -INSRT command) and reassemble.

Insert lines. The -INSRT command can be used to insert,
delete, or replace lines. To insert one or more lines, use
-INSRT with a line number. ©New lines are inserted starting at
that line number. The line previously at that address, and all

lines following it, are automatically moved forward to make room
for each new line.

Delete or replace lines. If a second line number is supplied
with the -INSRT command, the assembler will delete the lines in
the specified range. Llnes following the deletion are moved back
to fill the resulting gap. New lines can then be inserted
starting at the first line number.




Append new lines, After inserting or deleting lines, the
user may wish to add lines to the end of the module. To do
this, type -INSRT FF (fast forward?). Ignore the resulting
error code,

Save. An assembled module is saved using the -STORE command.
The module length is added to the module pointer to prevent over-
write by the next module. Memory space is conserved by clearing
local symbols from the symbol table. The assembler then returns
to control mode, allowing definition of new global symbols,
redefinition of the module pointer, or beginning a new module.

Tape storage. Either source or object code can be saved on
tape. Saving object code is easy since it only requires dumping
the area of memory which contains the code itself. Saving source
code requires saving both the symbol table and the module. This
is done by dumping OA0O0-OC?7F (2800-2A7F). In addition, pointers
at the following locations must be saved: 003C, 003D, 0050, 0051,
0056, It is probably easiest just to make a note of these pointer
values, using the ferm at the end of this manual.

Retrieving modules from tape requires that the assembler
he initialized by running it normally from 05B8 (23B8). Then
hit "reset" to leave the assembler. Load the module from
tape, restore the pointer values, and enter the assembler at
05D6 (23D6). Ignore any error message on re-entry.

Note that the previous contents of the symbol table are des-
troyed by this process, so that some global symbols may have to
be redefined if the module is loaded for use with a new program.
The assembled module will be stored according to the value of
the module pointer before the module was loaded. This may not
correspond to its previous location. ?PREDEF may be used to store
the assembled location wherever desired.

Saving and retrieving assembly language modules is a tricky
process which requires experience to master. It may be easier
to debug the module thoroughly and save the object code.

2.5 Programming Restrictions

The assembler is reasonably immune to user error, other than
careless use of the ?REDEF command. Each input line is checked
for correctness; when an error is detected, the normal prompt
symbol is replaced with an error code (Table 2.2). The restric-
tions below are designed to eliminate errors at assembly time
(other than undefined symbols) and to minimize debugging time.

Commands. Commands may be used at any time, but the result
may be order-dependent. For example, ?TABLE will reserve space
in a different place if used after ?REDEF. However, ?ASSGN uses
absolute addresses and is unaffected by ?REDEF.
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Module length. Module length is limited to 128 bytes.
This guarantees that relative branches within a module will be
within range. It also requires that programs be broken up into
short modules which can be debugged more easily. A module
listing will generally fit on one page. The length of a module
corresponds to the two rightmost digits in the address prompt.
Total program length is limited by available RAM.

‘ Relative branches. Relative branches are allowed only

within a module, for the reason given above. Line labels may
only be referenced by relative branches; this greatly simpli-
fies relocation.

Symbols. All symbols referenced in a module must be defined
before assembly. This normally requires that subroutines be
assembled and stored before they are referenced by a program or
another subroutine. However, they could be assigned an address
using ?7ASSGN or -LOCAL, and entered later. Zero page symbols
must be defined before the first line in which they are refer-
enced.

Other restrictions. Symbol table length is limited to 64
symbols. No offset is permitted with two-byte instructions.

Table 2.2: Error Codes

Command does not exist,

Module length exceeds 128 bKtes.
Number of symbols exceeds 64,
Symbol already defined.

Command legal in edit mode only.

Command does not exist.

Mnemonic does not exist.

Address mode does not exist.

Illegal address mode for mnemonic.

Operand undefined; must be on page zero.
Operand not on page zero,

Offset legal for three-byte instructions only.
Relative branch illegal outside module.
Absolute addressing illegal within module.
Command legal in control mode only.
Illegal line number,

Symbol already defined,

Noo~vyonFwprRro Rgaw»



2.6 Sample Run

05B8 G
?
?TABLE
2

2ASSGN
?ASSGN
o

0C00
0C00
0Coz2
0C03
0C05
- 0C06
LOOP
- 0C06
- 0C02
- 0C03
- 0C06
A22F
CA
10FD
60

- 0C06
?

?

- 0C00
~LOCAL
- 0C00
- 0002
- 0C05
- 0C07
- 0CoA
- 0COD
- OCOE

LI I B O

0C10
0C11

?TABLE
?ASSGN

?BEGIN

-ASSEM
-INSRT

-ASSEM
~-PRINT
DELAY
LOOP

~-STORE
?REDEF
?BEGIN
-LOCAL

-ASSEM
-PRINT
WAVGEN
LOOP

-STORE

WAVE
PAD

-PERIOD

DELAY
LDX#

02T003
LOOP

00T006
LDX#
DEX
BPL
RTS

0070
WAVGEN
BASE

LOOP

00TC11
LDYZ
LDAY
ADCIY
STA
JSR
DEY
BNE
RTS

ocC

1700
0060

2F
LDX#
DEX
BPL
RTS

DEX

2F
LOOP

0061

LDYZ
LDAY
ADCIY
STA
JSR
DEY
BNE
RTS

PERICD
WAVE
BASE
PAD
DELAY

LooP

1¢

2F
LOOP

PERIOD
WAVE
BASE
PAD
DELAY

LOooP

02 07

02
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The use of the ?REDEF command means that the module WAVGEN
will begin at 0070.

Both LOOP and BASE are local symbols. The LOOP in one
module will not be confused with that in the other, and BASE
may not be referenced in another module.

The module WAVGEN may call DELAY as a subroutine since DELAY
was entered first.

2.7 Structured Programming

The discipline of structured programming has become increa-
singly popular with the spread of such languages as Pascal.
Structured programming in assembly language is more difficult,
but offers the same advantages. Structured programs are more
likely to run correctly the first time, easier to debug, and
easier for other programmers to understand. Structured pro-
gramming in machine language requires that the programmer accept
the following restrictions on transfer of control.

Blocks. Every forward branch creates a block of one or more
lines of assembly language, between the branch instruction and
the line referenced by the branch., Execution of the block must
begin with the first line of the block; no instruction outside
the block may reference a line within the block. On completion
of a block, control must pass to the line immediately following
the block; no branch in the block may reference a line outside
the block. Blocks may contain blocks and loops.

Loops. Every backward branch creates a loop. The loop
includes the branch instruction and the line it references.
The same restrictions given for blocks also apply to loops.
Loops may contain loops and blocks.
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