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Preface

The random access memory (RAM), read-only memory (ROM),
and interface hardware chips in your Commodore 128 are like
postal stations with hundreds of thousands of mailboxes, each
of which can hold a single character, or byte of information.
This book is a map of al of those memory locations, but it's
more than just a list of addresses. It's also a thorough discus-
sion of how the locations are used by the computer, and, more
importantly, how you can take advantage of this information
to write more powerful programs.

Why a mapping book? The 128's BASIC is the most
powerful version yet in a Commodore computer. It could be
argued that there's little need to get "under the hood" of the
128, since most of the functions that required lots of PEEKS
and POKEs and an intimate understanding of internal hard-
ware functioning in earlier models like the Commodore 64 can
now be handled by simple BASIC statements on the 128.
While it may be true that the 128's advanced BASC makes
programming easier, complete control over al the computer's
features belongs only to those who understand the secrets of
how the system operates. The purpose of this book is to un-
lock those secrets. The information is valuable for both begin-
ning BASC and advanced machine language programmers.

The standard features provided by the 128 are often plain
vanilla, giving only the barest hint of the full capabilities of
the computer. Would you like to set up a Dvorak keyboard
that will work with amost any program? See the discussion of
the keyboard table pointers in Chapter 2. How about an 80-
column X 50-line screen display on your RGB monitor? The
explanation of the VDC chip registers in Chapter 8 explains
the necessary steps. Do you want to learn how the computer
sends data over the serial bus? The process is described in
Chapter 9. In fact, you'll find here the answers to most of your
questions about the 128. And these answers are written in un-
derstandable, clear prose.

This book is the result of painstaking disassembly and de-
ciphering of the Commodore 128 ROMs—a task that required
gallons of midnight oil. Commodore's BASC and operating



system are now nearly ten years old. The ROM routines have
many twists and turns where various Commodore program-
mers have made additions and enhancements along the way.
Although the 128 is internally quite different from the Com-
modore 64, there are similarities. As a result, several previous
COMPUTE! books for the 64 provided invaluable assistance in
attempts to understand some of the intricacies. I'm particularly
indebted to Sheldon Leemon for Mapping the Commodore 64,
and to Dan Heeb for his two volumes of Commodore 64 and
V1C-20 Tool Kit: BASC and Kernal.

Every effort has been made to insure that the information
provided here is accurate, but in a project of this size and
scope it is inevitable that some errors will creep in. Please
send any corrections you may discover to the attention of the
Book Editor &8 COMPUTE! Publications in Greensboro. You
can aso send electronic maill messages concerning this book to
CompuServe user ID 73317,1143 or to BIX (Byte Information
Exchange) user name ottis.

I'd like to salute my wife Gail for moral and logistical
support far above and beyond the cal of duty. I'd also like to
thank the COMPUTE! daff for patience shown when this
project dragged on months longer than anticipated. Findly, I'd
like to dedicate this book to George and George, departing
and arriving as the work took shape.

VI



| ntroduction

This memory map is a guide to the way a Commodore 128 in
128 mode uses and manipulates its RAM and ROM. No at-
tempt is made here to provide detailed coverage of the 128's
64 mode. A Commodore 128 in 64 mode doesn't just emulate
a Commodore 64; for al practical purposes it is a 64, with
completely separate Kernal and BASIC ROM. The memory
map of the Commodore 64 mode (and its BASC 2.0) is cov-
ered in complete detail in COMPUTERS Mapping the Commo-
dore 64. However, Appendix E discusses those 128 features
available in 64 mode, and provides a cross reference of impor-
tant memory locations for 64 and 128 modes—information
that will be useful in translating Commodore 64 machine lan-
guage routines for use in 128 mode.

Nor does this book make any attempt to map the way the
128's CP/M mode uses memory. CP/M is a large and com-
plex operating system, and a CP/M mode memory map would
easly fill another entire volume. Moreover, the mgor portion
of CP/M is loaded from disk instead of being permanently
stored in ROM. As aresult, CP/M is subject to more frequent
modification; so far, in the short life of the 128, there have
been at least three mgor revisions. Detalled technica infor-
mation on Commodore 128 CP/M is available in the book
CP/M Plus User's Guide /Programmer's Guide/System Guide,
available directly from Commodore.

Because this book is intended as a reference for intermedi-
ate to advanced BASIC and machine language programmers,
no attempt is made to provide simple explanations of al the
concepts discussed. The discussions assume familiarity with
elementary computer concepts such as bits and bytes, and
with memory quantity units such as a page (256 bytes) or a K
(kilobyte, 1024 bytes). The book aso assumes familiarity with
the binary and hexadecima numbering systems, although dec-
ima equivalents are usually provided.

Hexadecima numbers in the text are aways preceded by
a dollar sign ($), the standard 8502 nomenclature for hex.
Decima numbers appear without any prefix. When you see a
pair of numbers separated by a slash (/), the firs number is
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decima and the second is hexadecimal, unless otherwise indi-
cated. This book uses the machine language monitor's conven-
tion of preceding binary humbers with a percent (%) sign. For
example, %11 indicates the binary value equivalent to decimal
3, not decima 11.

When you see numbers mentioned in this book, it should
be obvious from the context whether the number refers to an
address or a value. Where there could have been confusion, the
terms value and location or address specify what is meant. In
keeping with common practice, only two hexadecimal digits are
generally used when discussing addresses in the firg page of
memory (zero page). That is, addresses 0-255 are usually writ-
ten as $00-$FF. Four hexadecimal digits are used for al other
addresses. For example, location 256 will be written as $0100,

By nature, the computer prefers to deal with whole num-
bers and doesn't handle fractions easily. Floating point is the
method used to manipulate whole and fractional decimal
numbers in 128 BASIC. Floating point also enables very large
numbers to be handled in only afew bytes. All mathematical
operations in BASC are performed in floating point. (When
you specify integer variables in a mathematical operation, the
integer value is converted to floating point for the operation;
then the result is reconverted to integer format.) However, be-
cause floating point is a rather complex subject, it is not ex-
plained in detail in this book even though it is mentioned
extensively in Chapter 5. If you are interested in the inner
workings of floating point, refer to the excellent discussion of
the topic in COMPUTED VIC-20 and Commodore 64 Tool Kit:
BASC, by Dan Heeb. Although not written specificaly for the
128, dl éne information about floating point applies to BASC
7.0 as well.

Several terms used fredy in this book need clarification.
Most locations discussed in Chapters 2 and 3 are either point-
ers, vectors, or flags. Pointers and vectors refer to a pair of
memory locations that hold an address. Two-byte address val-
ues in pointers and vectors are stored in low-byte/high-byte
order. That is, the least significant byte of the address should
be stored in the firg byte of the pointer or vector, and the
most significant byte of the address in the second pointer or
vector byte.

The difference between pointers and vectors is that a
pointer (as the name implies) points to an address from which
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data is to be retrieved or in which data is to be stored,
whereas a vector points to the address of a routine to be
executed.

A flag is a memory location in which individual bits are
used to signal particular conditions. A binary bit can have one
of two conditions, %0 or %1 (also referred to as clear and set,
respectively). The term comes from the analogy of flags, like
those on rural mailboxes, that can be either lowered or raised
(there's no half-mast in binary). An example is the active
screen flag, location 215/$D7. Bit 7 of the location is clear
(%0) when the 40-column display is active, or set (%1) when
the 80-column display is active. (Youll find that flag locations
often use bit 7 because that bit can be tested very eadily in
machine language with the BMI and BFL instructions.)

Chapter 1 provides a brief introduction to the way the
128 arranges and manages its memory resources. That chapter
and Chapter 4 are the only chapters in the book intended to
be read from beginning to end. The remaining chapters de-
scribe the use or function of various areas of memory and
should be used as an encyclopedic reference. The chapters
generally cover memory in ascending address order, starting
with zero page in Chapter 2 and ending with the Kernal jump
table at the very top of memory in Chapter 9. Each entry in
Chapters 2-9 consists of the decimal and hexadecimal address
of the location or routine; a label, if one is commonly used; a
short statement of the function of the location or routine; and
a short description of how the location or routine is used.



Memory
Organization

The memory arrangement of a Commodore 128 in 128 mode
is much different and more complex than that of any of its
Commodore predecessors. As a result, it's necessary to under-
stand how the 128 organizes and manages itS memory resources
before beginning a detailed examination of how those re-
sources are used. Of the computer's three possible personal-
ities, 128 mode is the default. Unless you take some other
action—holding down the Commodore key, inserting a Com-
modore 64 cartridge, placing a CP/M boot disk in the drive—
the computer comes up in 128 mode when you turn it on. As
the native mode of the system, 128 mode makes the most
complete use of the available memory resources.

You might be interested to learn that, while 128 mode is
the default operating mode, the computer always starts out in
CP/M mode. When you firg turn on power, the Z80 micro-
processor has control before the 8502 is allowed to take over.
There are only a few signs of this: two short routines are cop-
ied into bank 0 RAM. One, a 65488/$FFDO, is an 8502 ML
routine that surrenders control to the Z80; the other, at
65504/$FFEQ, is a Z80 ML routine that surrenders control to
the 8502. There are no routines in any of the 128 mode ROMs
to perform this initialization. However, once the Z80 com-
pletes its initialization sequence, it turns the system over to
the 8502 and 128 mode, and does not go back to CP/M mode
unless a CP/M disk is booted.

128 Mode

The 128 mode configuration includes 128K of random access
memory (RAM) in two 64K blocks, a 28K BASIC interpreter in
read only memory (ROM), a 4K machine language monitor in
ROM, 4K of screen editor routines in ROM, 8K of Kerna op-
erating system routines in ROM, a 4K character pattern ROM,
and 4K of address space for hardware chip registers (with two
separate IK banks of color RAM). The design aso provides for



up to 32K of additional ROM internally and up to 32K of
ROM on cartridge. The operating system can support two ad-
ditional 64K banks of RAM, although the 128's design makes
no provision for adding memory chips. In sum, that's 373K of
address space, as illustrated in Figure 1-1.

This entire 373K address space must be manipulated by
the 8502 microprocessor that is the brains of the 128, but an
8502 can directly access only 64K of memory at a time. So
how is 128 mode even possible?

Memory Management Unit

The key 1s the MMU (Memory Management Unit), a specia ‘-‘u‘
chip designed by Commodore's engineers to control the mem-

ory elements that are visible to the processor. The MMU is as-

sisted by a companion device, the PLA (Programmable Logic

Array). The PLA accepts a variety of system timing and con-

trol signals and combines them in various ways to create new

control signals, taking the place of many separate discrete

logic gates. Together, these chips assemble a 64K assortment

of RAM, ROM, and I/O chips for the microprocessor to
manipulate. The MMU is described in detail in Chapter 8, but

the central feature of its memory control system is the configu-

ration register. The value stored in this register, or in a related

preconfiguration register, determines what elements the pro-

cessor sees where. Only the 64K of memory elements defined %

by the MMU is available to the processor at any given time. 5 %
Figure 1-2 illustrates the defined function of each bit in the % %
register. s

Since the configuration register is a standard eight-bit lo-
cation, it can hold 256 different values (0-255/$00-$FF); thus,
there are theoretically 256 possible configurations of memory
resources in a Commodore 128. Fortunately, not al of the pos-
shilities are equally useful, so you don't have to concern your-
sf with learning them all. The designers of the 128 operating
system selected 16 of the most useful arrangements and de-
fined them as banks.

Banks are a central feature of the 128, Banks are not fixed
physical arrangements of RAM and ROM. Instead, the 128's
banks are illusions created by the MMU to alow the micro-
processor to manipulate much more memory than would oth-
erwise be possible. There's nothing particularly sacred about
the defined banks—you are free to create your own custom

Figure 1-1. 128 Mode
Memory Resources



configurations (see the discussion of the MMU in Chapter 8
for details)—but it is usually more convenient to work in one
of the predefined banks. Table 1-1 shows the bank configura-
tions defined by the 128's operating system.

Figure 1-2. MMU Configuration Register

Table 1-1. Standard Bank Configurations

Bank
0/$00
i/$oi

2/$02
3/$03
4/$04

5/$05

6/$06

7/$07

8/$08

9/$09

Configuration
Register
Setting
63/$3F
127/$7F

191/$BF
255/SFF

22/$16

86/$56

150/$96

214/$D6

42/$2A

106/$6A

Addresses
$0000-$FFFF

$0000-$03FF
$0400-$FFFF

$0000-$03FF
$0400-$FFFF

$0000-$03FF
$0400-$FFFF

$0000-$7FFF
$3000-$CFFF
$DO000-$DFFF
$EO00-$FFFF

$0000-$03FF
$0400-$7FFF
$8000-$CFFF
$D000-$DFFF
$E000- $FFFF

$0000- $03FF
$0400- $7FFF
$3000-$CFFF
$DO0O-$DFFF
$EOOO-$FFFF

$0000-$03FF
$0400-$7FFF
$3000-$CFFF
$DOOO-$DFFF
$E000- $FFFF

$0000-$7FFF
$8000-$CFFF
$DO000-$DFFF
$EO00-$FFFF

$0000~$03FF
$0400-$7FFF
$8000-$CFFF
$DO000-$DFFF
$EOOO-$FFFF

Contents
RAM from block O
RAM from block O
RAM from block 1

RAM from block O
RAM from block 2

RAM from block O
RAM from block 3

RAM from block O
Internal function ROM
I1/O block

Internal function ROM

RAM from block O
RAM from block 1
Internal function ROM
1/0O block

Internal function ROM

RAM from block O
RAM from block 2
Internal function ROM
I1/O block

Internal function ROM

RAM from block O
RAM from block 3
Internal function ROM
I1/0O block

Internal function ROM

RAM from block O
Externa function ROM
1/0O block

External function ROM

RAM from block O
RAM from block 1
Externa function ROM
I1/O block

Externa function ROM



