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To Our Customers. ..

The heart of the Color Computer is a 6809E “proces-
sor.” It controls all other parts of the Color Computer.

The processor understands only a code of 0s and 1s,
not at all intelligible to the human mind. This code is
called “6809 machine code.”

When you run a BASIC program, a system called the
“BASIC Interpreter” translates each statement, one at a
time, into 6809 machine code. This is an easy way to
program, but inefficient.

The Disk EDTASM lets you program using an intelligible
representation of 6809 machine code, called “assembly
language,” that talks direcily to the processor. You then
assemble the entire program into 6809 machine code
before running it.

Programming with the Disk EDTASM gives you these
benefits:

® You have direct and complete control of the Color
Computer. You can use its features — such as high
resolution graphics — in ways that are impossible with
BASIC.

® Your program runs faster. This is because it is already
translated into 6809 machine code when you run it.

To Use the Disk EDTASM
You Need ...

A Color Computer Disk System that has at least 16K of
RAM, preferably 32K. (A 16K System will leave you little
room for programs.)

The Disk EDTASM
Contains:

e EDTASM/BIN, a system for creating 6809 programs.

EDTASM contains:

An editor, for writing and editing 6809 assembly-
language programs.

An assembler, for assembling the programs into
6809 machine code.

ZBUG, for examining and debugging 6809
machine-code programs.

You must have 32K o run EDTASM. If you have 16K,
run EDTASMOV (described next).

e EDTASMOV/BIN, a memory-efficient version of
EDTASM consisting of overlays. EDTASMQOV con-
tains the editor and assembler, but not ZBUG.

® ZBUG/BIN, a stand-alone version of ZBUG, primarily
for use with EDTASMOV.

® DOS/BIN, a disk operating system. DOS contains disk
access routines that you can call from an assembly
language program. (You cannot call BASIC’s disk ac-
cess routines with any program other than BASIC.)

EDTASM/BIN, EDTASMOV/BIN, and ZBUG/BIN all
use DOS routines and must be run with DOS.

The Disk EDTASM also contains:
e DOS/BAS. A BASIC program that loads DOS/BIN.
& ZBUG/BAS. A BASIC program that loads ZBUG/BIN.



How to Use this Manual

This manual is organized for both beginning and ad-
vanced assembly language programmers. Sections I-IV
are tutorials; Section V is reference.

Beginning Programmers:

Read Section [ first. It shows how the entire system
works and explains enough about assembly language to
get you started.

Then, read Sections /I, Ill, and IV in any order you want.
Use Section V, “Reference,” as a summary.

This manual does not try to teach you 6809 mnemonics.
To learn this, read:

Radio Shack Catalog #62-2077
by William Barden Jr.

6809 Assembly Language Programming
by Lance A. Leventhal

Nor does it teach you disk programming concepts. To
learn these, read:

Color Computer Disk System Manual
(Radio Shack Catalog #26-3022)

Advanced Programmers:

First, read Chapters 1 and 2 to get started and see
how the entire system works. Then, read Section V,
“Reference.”

You can use the DOS program listing to obtain informa-
tion on routines and addresses not explained in this
manual. Please note the following:

Radio Shack supports only these DOS routines:
OPEN, CLOSE, READ, and WRITE. Additional
DOS routines are listed in Reference H. However,
Radio Shack does not promise to support them.

Even more DOS routines and addresses can be
found in the program listing. However, Radio Shack
does not promise to support them nor even provide
them in the future.

For technical information on the Color Computer Disk
System and 6809, refer to 6809 Assembly Language
Programming and Color Computer Disk System Manual,
listed above.

This manual uses these
terms and notations:

KEY To denote a key you must press.
Italics To denote a value you must supply.

To denote-a DOS file specification. A DOS
filespec is in one of these formats:

filespec

filename/ext:drive
filename.ext:drive

filename has one to eight characters.
extension has one to three characters.

drive is the drive number. If the drive num-
ber is omitted, DOS uses the first available
drive.

$ To denote a hexadecimal (Base 16) num-
ber. For example, $0F represents hexa-
decimal OF, which is equal to 15 in decimal
(Base 10) notation.
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GETTING STARTED
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SECTION |

GETTING STARTED

This section gets you started using the Disk
EDTASM and explains some concepts you
need to know.
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Chapter 1/ Preparing Diskettes

Before using the Disk EDTASM, you need to format
blank diskettes and back up the master Disk EDTASM
diskette.

Formatting Blank Diskettes

1. Power up your disk system and insert a blank disk-
ette in Drive 0. (See the Color Computer Disk Sys-
tem Manual for help.)

2. At the OK prompt, type:
DSKINI®

BASIC formats the diskette. When finished, it again
shows the OK prompt.

Making Backups
of Disk EDTASM

Single-Drive Systems

1. Insert the master Disk EDTASM diskette, your
"source” diskette, in Drive 0.

2. At the BASIC OK prompt, type:
BACKUP @ TO @

3. BASIC then prompts you to insert the “destination”
diskette. Remove the source diskette and insert a
formatted diskette. Press (ENTER

4. BASIC prompts you to alternatively insert the
source, then destination diskettes. When the back-
up is finished, the OK prompt appears.

The destination diskette is now a duplicate of the master
Disk EDTASM diskette.

Multi-Drive Systems
1. Insert the master Disk EDTASM diskette in Drive 0.
2. Insert a formatted diskette in Drive 1.
3. At BASIC’s OK prompt, type:
BACKUP @ TO 1

BASIC makes the backup. When the backup is
finished, the OK prompt appears.

The diskette in Drive 1 is now a duplicate of the master
Disk EDTASM diskette.







Chapter 2/
Running a Sample Program

This “sample session” gets you started writing programs
and shows how to use the Disk EDTASM. The next
chapters explain why the program works the way it does.

1. Load and Run DOS

Insert the Disk EDTASM diskette in Drive 0. At the OK
prompt, type:

RUN "DOS" (ENTER

DOS then loads and puts you in its “command mode.”
The screen shows the DOS command menu:

1, Exit to BASIC

2+ Exec a Prodram

3+ Start Clock Disrlav
4, Disk Allocation Mae
o Cory Files

G+ Directory

DOS consists of many disk input and output routines
which EDTASM uses. You must load DOS before load-
ing EDTASM.

2. Load and Run EDTASM

At the DOS Menu, press (2) to select “Execute a Pro-
gram.” The screen asks for the name of a program file.

If your system has 32K or more, use EDTASM. If it has
only a 16K system, use EDTASMOV.

Loading EDTASM:
Type EDTASM. The screen shows:

EXECUTE A PROGRAM
PROGRAM NAME: [EDTASM 1/BIN

If you make a typing error, use the to reposition the
cursor at the beginning of the line, then correct the mis-
take. Replace any trailing characters with blank spaces.

Press (ENTER). EDTASM loads and shows its startup
message.

Loading EDTASMOV:
Type EDTASMOV. The screen shows:

EXECUTE A PROGRAM
PROGRAM NAME: T[EDTASMOWVI/BIN

If you make a mistake, use the to reposition the cur-
sor, then correct the mistake.

EDTASMOV loads and shows its startup message.

Always keep EDTASMOV in Drive 0. It contains overlays
which it loads into memory as required. It always looks
for these overlays in Drive O.

3. Type the Source Program

Notice the asterisk () prompt. This means you are in the
editor program of EDTASM or EDTASMOV. The editor
lets you type and edit an assembly language “source”
program.

At the = prompt, type:
I (ENTER

This puts you in the editor’'s insert mode. The editor re-
sponds with line number 00100. Type:

START LDA #$F 9 (ENTER

The right arrow tabs to the next column. (ENTER) inserts
the line in the editor’'s “edit buffer.” The $ means that F9
is a hexadecimal (Base 16) number.

EUJiASM



2 / RUNNING A SAMPLE PROGRAM

Your screen should show:

pe10e START LDA #%F9
pe11ie

meaning that you inserted line 100 and can now insert
line 110.

If you make a mistake, press (BREAK). Then, at the
prompt, delete Line 100 by typing:

D120 (ENTER

Now, insert Line 100 correctly in the same manner
described above.

Insert the entire assembly language program listed
below.

Note that line 150 uses brackets. Do not substitute
parentheses for the brackets. To produce the left
bracket, press and () at the same time. To
produce the right bracket, press and at
the same time.

pe10e START LDA #&F9
pe11ie LDX #5400
o120 SCREEN STA p i+
pe130 CMPX #$600
pe14e BNE SCREEN
pe150 WAIT JSR [£A02D]
pe16e BEQ WAIT
pe17e CLR $71
pe18e JMP [L&FFFE]
2190 DONE EQU *

pezee END

if you make a mistake, press (BREAK). Then, at the =
prompt, delete the program by typing:

D# =%
Now, insert the program correctly.

When finished, press (BREAK). The program you have in-
serted is an assembly language ‘‘source’ program,
which we’ll explain in the next chapter.

4. Assemble the Source
Program in Memory

At the » prompt, type:
A/IM/WE (ENTER

which loads the assembler program. The assembler then
assembles your source program into 6809 machine code

into the memory area just above the EDTASM or
EDTASMOQV program. To let you know what it has done,
it prints this listing:

4828 86 F9 Pe10@ START
LDA #%F9
482A 8E 420 pe1ie
LDX #6400
4B2D A7 g0 20120 SCREEN
STA P K+
482F 8C oc0e @130
CMPX #5600
4B3Z2 26 F9 20149
BNE SCREEN
4B34 AD 9F RGO 20150 WAIT
JSR [sAQR2]
4838 27 FA peice
BEQ WATT
483A OF 71 00170
CLR $71
4B3C BE 9F FFFE 0180
JMP [&FFFE]
4B4 @ 2199 DONE
EQU *
ada, 20200
END
povde TOTAL ERRORS
DONE 4B4@
SCREEN 4BZ2D
START 4B28
WAIT 4834

(If using EDTASMOQV, the numbers will be different.)

If the assembler does not print this entire listing, but
stops and shows an error message instead, you have an
error in the source program. Repeat Steps 3 and 4.

The assembler listing is explained in Figure 1 of
Chapter 7.

5. Prepare the
Program for DOS

Before saving the program, you need to prepare it so
that you can load and run it from DOS.

First, you must give it an “origination address” for DOS
to use in loading the program back into memory. (We
recommend you use Address $1200, the first address




available after the DOS system.) To do so, type:
150

and insert this line:
3@ are $1200

Next, you need to add two lines to your program to tell
DOS how long the program is. Insert these lines:

62 BEGIN JMP START
7@ . FDB DONE-BEGIN

When finished, press (BREAK). To see the entire program,
type:

P#:* (ENTER
It should look like this:

ey ORG $1z200
P026¢ BEGIN JMP START
Qpee7o FDB DONE-BEGIN
22120 START LDA #4F9
22110 LDBX #5400
22129 SCREEN 5TA 1R+
20130 CMPX #%500
eel14de BNE SCREEN
22150  WAIT JSR [sAQRR]
201G@ BEOQ WAIT
ee17@ CLR $71
22180 JMP [$FFFE]
@219@ DONE EQU =

pozoe END

If you make a mistake, delete the line with the error
and insert it again.

6. Save the Source
Program on Disk

To save the source program, type (at the * prompt):
WD SAMPLE (ENTER

This saves the source program on disk as SAMPLE/
ASM.

7. Save the Assembled
Program on Disk

At the = prompt, type:
AD SAMPLE /SR (ENTER

Be sure you have a blank space between SAMPLE and
/SR. This causes the assembler to again assemble the
source program into 6809 code. This time, the Assem-
bler saves the assembled program on disk as SAMPLE/
BIN.

(You must use the /SR “switch” to assemble any pro-
gram that you want to load and run from DOS))

8. Run the Assembled
Program from DOS

To run the assembled program, you need to be in the
DOS command mode. At the * prompt, type:

K (ENTER

which causes the Editor to return you to the DOS com-
mand menu. Press (2) to execute a program. Then type
SAMPLE, the name of the assembled program. (The
assembler assumes you mean SAMPLE/BIN.) The
screen shows:

EXECUTE A PROGRAM
PROGRAM NAME: [SAMPLE 1/BIN

Press (ENTER. The SAMPLE program executes, filling
your entire screen with a graphics checkerboard.

Press any key to exit the program. The program returns
to BASIC startup message.

9. Debug the Program
(if necessary)

ZBUG lets you to look at memory. How you load ZBUG
depends on whether you are using EDTASM or EDTAS-
MOV.

EDTASM Users:

You can load ZBUG from EDTASM. Load DOS and
EDTASM again (Steps 1 and 2). Then, at the * prompt,
type:

Z (ENTER

EDTASM loads its ZBUG program and displays ZBUG’s
# prompt. You can now examine any memory address.
Type:

499@/

EJiASM



2 / RUNNING A SAMPLE PROGRAM

and ZBUG shows you what is in memory at this address.
Press (3) a few times to look at more memory addres-
ses. When finished, press (BREAK).

In Chapter 8, we’ll show you how to use ZBUG to ex-
amine and test your program. To return to EDTASM'’s
editor, type:

E (ENTER

EDTASMOV Users:

You must use the Stand-Alone ZBUG. Load DOS again
(Step 1). At the DOS Menu, press (2), “Execute a Pro-
gram,” and run the ZBUG program. After typing ZBUG,
the screen shows:

EXECUTE A PROGRAM
PROGRAM NAME: [ZBUG 1/BIN

DOS loads the stand-alone ZBUG and displays ZBUG’s
# prompt. You can now examine any memory address.
Type:

3802/
and ZBUG shows you what is in memory at this address.

Press (1) a few times to look at more memory addres-
ses. When finished, press (BREAK).

In Chapter 8, we'll show you how to use ZBUG to ex-
amine and test your program. To return to DOS, type:

K (ENTER




Chapter 3/ Overview

This chapter is for beginning assembly language pro-
grammers. It explains some concepts you need. If you're
not a beginner, use this chapter as a refresher or skip it.

The Color
Computer Hardware

The Color Computer consists of:

® The 6809E Processor
® Memory
¢ [nput/Output Devices

This shows how they relate to each other:

@) /O
device device
Memory
]
Processor
/0 /0
device device

The Processor

The processor processes all data going to each memory
address and device. It contains:

® Registers — for temporarily storing 1- or 2-byte
values.

® Buses — for transferring data to or from the processor.

All instructions to the processor must be in 6809
machine code: a code of 0s and 1s containing
“opcodes” and data. "Opcodes” are instructions that teil
the processor to manipulate data in some way.

For example, the machine-code instruction “10000110
11111001” contains:

® The opcode "“10000110" (decimal 134 or hexadecimal
86)

® The data “11111001” (decimal 249 or hexadecimal
F9)

This instruction tells the processor to load Register A
with 11111001.

Memory

Memory is a storage area for programs and data. There
are two kinds of memory:

® Random access memory (RAM) — for temporary stor-
age of programs or data. When you load a program
from disk, you load it into RAM. Many opcodes store
data in RAM temporarily.

e Read only memory (ROM) — for permanent storage
of programs. BASIC, as well as any program pack you
use, is stored in ROM. The Color Computer contains
several “ROM routines” that you can use to access
the keyboard, screen, or tape recorder.

When writing an assembly language program, you must
constantly be aware of what's happening in memory. For
this reason, this manual provides a memory map. (See
Reference J.)

Devices

All other parts of the hardware are called devices. A de-
vice expects the processor to input or output data to it in
a certain format. To input or output data in this format,
you can use these pre-programmed subroutines:

EUTASM



3/ OVERVIEW

® Routines stored in ROM (ROM routines) — for input-
ting or outputting to the keyboard, screen, printer, or
tape recorder.

® Routines stored in DOS (DOS routines) — for input-
ting or outputting to disk.

The Disk EDTASM
Assembiler

The Disk EDTASM looks for three fields in your instruc-
tions: label, command, and operand. For example, in this
instruction:

BEGIN JMP START

BEGIN is the label. JMP is the command. START is the
operand.

In the label field, it looks for:
® Symbols (symbolic names)
In the command field, it looks for:

® Mnemonics
® Pseudo Ops

In the operand field, it looks for:

® Symbols

® QOperators

® Addressing-Mode Characters
® Data

Symbols

A symbol is similar to a variable. It can represent a value
or a location. BEGIN (in the sample session) is a symbol
that represents the location of the instruction JMP
START. START is also a symbol that represents the
location of LDA #$F9.

Mnemonics

A mnemonic is a symbolic representation of an opcode.
It is a command to the processor. “LDA” is a mnemonic.
Depending on which “addressing-mode character” you
use, LDA represents one of these opcodes:

10000110
10010110
10110110
10100110

(Addressing-mode characters are discussed below.)

Mnemonics are specific to a particular processor. For ex-
ample, Radio Shack’'s Model 4 uses the Z80 processor,
which understands Z80 mnemonics, rather than the
6809 mnemonics.

Pseudo Ops

A pseudo op is a command to the assembler. END (in
the sample session) is a pseudo op. It tells the assem-
bler to quit assembling the program.

Data

Data is numbers or characters. Many of the mnemonics
and pseudo ops call for data. Unless you use an oper-
ator (described next), the assembler interprets your data
as a decimal (Base 10) number.

Operators

An operator tells the assembler to perform a certain op-
eration on the data. In the value $1200, the $ sign is an
operator. It tells the assembler that 1200 is a hexadeci-
mal (Base 16) number, rather than a decimal (Base 10)
number.

The more commonly used operators are arithmetic and
relational. Addition (+) and equation (=) are examples
of these operators.

Addressing-Mode Characters

An addressing mode character tells the assembler how it
should interpret the mnemonic. The assembler then
assembles the mnemonic into the appropriate opcode.

The sample session uses the # character with the LDA
mnemonic to denote the “immediate” addressing mode.
This causes the assembler to assemble LDA into the
opcode 10000110.

The immediate mode means that the number following
the mnemonic (in this case, $F9) is data rather than an
address where the data is stored.

Pseudo ops, symbols, operators, and addressing-mode
characters vary from one assembler to another. Section
/1l explains them in detail.
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Sample Program

This is how each line in the sample program works:
o0 ORG #1200

ORG is a pseudo op for “originate.” It tells the assem-
bler to begin loading the program at Location $1200
(Hexadecimal 1200). This means that when you load
and run the program from DOS, the program starts at
Memory Address $1200.

6e BEGIN JMP

BEGIN is a symbol. It equals the location where the JMP
START instruction is stored.

START

JMP is a mnemonic for “jump to an address.” It causes
the processor to jump to the location of the program
labeled by the symbol START, which is the LDA #3$F9
instruction. You must use JMP or LBRA as the first in-
struction in a DOS program.

7@ FDB DONE-BEGIN

FDB is a pseudo op for “store a 2-byte value in mem-
ory.” It stores the value of DONE-BEGIN (the length of
the program) in the next two bytes of memory. You must
store this value at the beginning of the program to tell
DOS how much of the program to load.

@100 START LDA

START is a symbol. It equals the location where LDA
#$F9 is stored.

LDA is a mnemonic for “load Register A.” It loads Regis-
ter A with $F9, which is the hexadecimal ASCil code for
a graphics character. The ASCIi characters are listed in
Reference K.

pe11e

LDX is a mnemonic for “load Register X.” It loads Regis-
ter X with $400, the first address of video memory. Ref-
erence J shows where video memory begins and ends.

o120 SCREEN 5TA

SCREEN is a symbol. It equals the location where STA
X+ is stored.

#$F9

LLDX  #$400

s+

STA is a mnemonic for “store Register A.” It stores the
contents of Register A ($F9) in the address contained in
Register X ($400). This puts the $F9 graphics character
at the upper left corner of your screen.

The “,” and “+” are addressing-mode characters. The ,
causes the processor to store $F9 in the address con-

tained in Register X. The + causes the processor to
then increment the contents of Register X to $401.

de13¢@ CMPX #$G600

CMPX is a mnemonic for “compare Register X.” It com-
pares the contents of Register X with $600. if Register X
contains $600, the processor sets the “Z” bit in the Reg-
ister CC to 1.

pe14¢@ BNE SCREEN

BNE is a mnemonic for “branch if not equal.” !t tells the
processor return to SCREEN (the STA, X+ instruction)
until the Z bit is set.

The BNE SCREEN instruction creates a loop. The pro-
gram branches back to SCREEN, filling all video mem-
ory addresses with $F9, until it fills Address $600. At that
time, Register X contains $600, Bit Z is set, and program
control continues to the next instruction.

22150 WAIT JSR [%ADOO]

JSR is a mnemonic for “jump to a subroutine.” $A000 is
a memory address that stores the address of a ROM
routine called POLCAT. (See Reference F.)

POLCAT scans the keyboard to see if you press a key.
When you do, it clears the Z bit.

The “[ ]” are addressing-mode characters. They tell the
processor to use an address contained in an address,
rather than the address itself. Always use the “[ ]” signs
when calling ROM routines.

pel16e BEQ WAIT

BEQ is a mnemonic for “branch if equal.” It branches to
the JSR [$A000] instruction until the Z bit is clear. This
causes the program to loop until you press a key, at
which time POLCAT clears the Z bit.

pe17¢@ CLR
pg180 JMP

CLR is a mnemonic for “clear,” and JMP is a mnemonic
for “jump to memory address.” These two instructions
end the program and return to BASIC’s startup mes-
sage.

$71
[$FFFE]

(CLR inserts a zero in Address $71; this signals that the
system is at its original “uninitialized” condition. JMP
goes to the address contained in Address $FFFE; this is
where BASIC initialization begins.)

pe18@ DONE EQU #

EQU is a pseudo op. It equates the symbol DONE with
an asterisk (x), which represents the last line in the
program.
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pe196 END

END is a pseudo op. It tells the assembler to quit
assembling the program.
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