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Introduction

The explosion of interest in microcomputing over the last few years
has produced large numbers of Basic programmers who find that
this high-level language, once the learning stages have been passed,
fails to deliver the flexibility, speed and power of the processor chip
effectively. This is especially true of the 64, where the standard Basic
is, to put it politely, somewhat lacking in sophistication. Since the 64
is in fact an extremely sophisticated computer, programming in a
language that cannot make effective use of the 64's capabilities
produces frustration in the user as a result of the slow, ungainly
mass of peeks and POKEs that results from any attempt to manipulate
the machine’s potential. The answer lies in the use of machine code.

This is fast, since it operates the chips that do the work directly,
and versatile, allowing the user to control every aspect of the com-
puter. It should also be noted that machine code produces lengthy
programs and is somewhat tedious to write, because of the sim-
plicity of the individual instructions. However, the results are
rewarding and this book is designed to make the process as painless
as possible, as well as providing some major utilities and BAsiC
enhancements, plus a machine code monitor, as complete and
ready-to-enter programs. Effectively, it provides both the tools you
need to get started in machine code programming and a set of
additional Basic commands and functions (machine code programs
that are activated from BAsiC statements) while at the same time,
these programs and their descriptions provide the examples of
machine code programming in practice that help you grasp the
process.

The book starts with an overview of the 64 system, introducing the
6510 processor and other chips, and continues with the elements of
machine code and assembler programming and their use. The
presentation of the instruction set, registers, addressing modes and
the other bits and pieces of the machine code programmer’s stock-
in-trade is somewhat circular, in that, for example, it makes no
sense to describe the registers without reference to the instructions
which operate upon them, and the instructions cannot be described
without assuming knowledge of the registers. The sequence
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adopted first introduces all the concepts and then goes through
them again in detail, but you would be well advised to read through
this whole section and then work through it again to make sure you
understand all the pieces of the jigsaw and how they fit together.

After a couple of simple examples, I've chosen to present a major
program, ‘Wedge-MON’, both because it gives you a machine code
monitor that provides the facilities needed to work effectively with
machine code, and because it illustrates the way in which a large
program is built up. It is no more difficult to understand the short
sections of code into which the program is broken up in their
context than it would be if they were presented as isolated opera-
tions, and they make more sense as part of a program. The other
vital and often omitted element of serious machine code pro-
gramming that can only be presented in this way is the structuring of
a program, into loops, branches and subroutines, and the
algorithms or recipes for the operations that must be defined before
any coding is attempted. BASIC programmers are too often the vic-
tims of the ‘hackers syndrome’ — sitting down at the keyboard
before the program is well thought out and hacking it into shape (or
chaos) as they go. This is a recipe for disaster if you are working with
machine code, since it lacks the easy visibility, helpful error mes-
sages and simple editing and modification facilities of Basic. Careful
thought and planning is needed, so there is an emphasis on pro-
gram design.

The next three chapters are concerned with adding commands to
BASIC. The core command-handling routine is presented first, and
then two sets of command routines, the first a set of programmer’s
utilities, and the second a group of graphics, sound and sprite
commands.

The appendices contain reference material, and two further pro-
grams which did not fit comfortably within the text. There is also an
appendix on number systems, to which anyone not familiar with
binary and hexadecimal should turn after this introduction, since
such familiarity is assumed in what follows.

All programs are given in two forms, assembler code and BasiC
loader programs. The assembler code may be entered directly by
any reader possessing an assembler program, and is used to present
the program code in a comprehensible form. The Basic loader pro-
grams simply insert the correct values into memory, and allow the
programs to be entered by keying in and RUNning the program. The
DATA they contain, which is the machine code produced by the
assembled listing of assembler code, is meaningless to the eye,
whereas assembler code is totally explicit once the conventions are
understood. The particular assembler program used for this book
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uses standard conventions, and these are described before we start
to use the listings. This is another example of the circularity problem
mentioned earlier, and the description will not be clear until you
have worked through what follows. However, it seemed better to
place it all together for easy reference than scatter it around the text.

A great deal of information on various aspects of the 64 is incor-
porated in the programs and text. All essential details are given, but
the Commodore 64 Programmer’s Reference Guide is assumed to be
available as backup information. This is an essential reference for
any 64 user, and especially for the machine code programmer. The
standard work on the 6502 chip itself (of which the 6510 is a twin
apart from one minor detail) is Programming the 6502 by R. Zaks,
published by Sybex, which can be consulted for the more esoteric
aspects of machine code programming on the chip itself, rather
than, as is done in this book, treating the 64 system as a whole.






1 An overview of the
CBM 64 system

The first step in any study of machine code programming should be
an overview of the machine that we wish our programs to control.
This may seem obvious, but it is one respect in which machine code
programming differs from programming in a high-level language
such as Basic where we may cheerfully take for granted much of the
‘nuts and bolts’ level of the operation of the computer. This said, 64
BAsIC programmers will probably already have a better understand-
ing of their machine than users of some other micros, since the
standard 64 BAsIC is relatively primitive in that direct recourse to the
hardware via peeks and POKes is virtually essential if any useful or
complex programming is to be done. The essential tool of the 64
programmer, the Commodore 64 Programmer’s Reference Guide
contains further details not covered here.

The System

According to the dictionary a system is a ‘collection of parts united
by some form of regulated interaction’. All computer systems essen-
tially consist of three basic parts or subsystems for different
functions:

1. Processing
2. Memory
3. Input/Output

The processing, memory and input/output (I/0) functions of the 64
are connected to, and communicate with, each other by means of
common conductors called busses while the 1/0O connects with the
outside world (including computer peripherals) by way of various
interfaces. We can represent the relationships between the ele-
ments in diagrammatic form as shown overleaf:
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A processor is a device capable of performing logical and arithmetic
operations on data, including the functions needed for storage and
retrieval of data from memory. In the 64 all processing except
generation of the TV image and sound production is handled by the
6510 microprocessor (described in detail later in this chapter). This
chip decodes and executes machine code instructions stored in ROM
or RAM memory and also provides the timing signals which
synchronise all other system events. Graphic displays, including
sprite generation and manipulation, are produced by the 6567 Video
Interface Chip (VIC).

The VIC Chip
Five distinct screen display modes are made available to the pro-
grammer by this specialised graphics chip. These are as follows:

<‘-‘>_

-

Processing

1. In Text or Character Display mode one of the 256 screen character
codes in the current character set is fetched from the screen mem-
ory area of RAM and processed to derive an address into the charac-
ter base area of memory in which the binary pixel patterns for each
character are stored. The default character base is the Rom character
generator, but ‘custom’ user-defined characters may be created by
redirecting the base address to a RAM location where the re-defined
character set information is stored. In addition to the screen code
one of the 16 possible character colours is fetched from the corres-
ponding position in the colour table area of Ram. Only one fore-
ground colour is allowed per character and all characters share the
same background colour.

2. In Multicolour Text mode each character position can contain four
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colours - two foreground and two background. This is achieved
only at the cost of halving the horizontal resolution since two bits
are now required to define each pixel of the character pattern, these
two bits giving (binary) counting capability for the four possible
colours.

3. The Extended Colour mode trades off a reduction in the number of
characters available, allowing 64 instead of the full 256, against the
ability to select one of four background colours for each character.
Bits 7 and 6 of the character code value now contain the background
colour information, and the 256 codes are used to represent four
sets of the first 64 characters, each set having a different background
colour.

4. In Bit-Map mode each pixel displayed on the screen corresponds
to a bit in RAM memory. Thus a bit-mapped screen with a resolution
of 320 by 200 pixels will require 320*200 bits or 8000 bytes of display
base memory to support it. In this mode screen memory data is no
longer interpreted as character codes but instead is taken as repre-
senting colour information. Each byte divides into two nybbles,
allowing two of the 16 possible colours to be selected for use within
each eight by eight block of pixels.

5. Multicolour Bit-Map mode requires two bits to define each pixel in
the bit-mapped screen, thus halving the horizontal resolution, but
allowing three foreground colours and one background colour to
be displayed within each eight by eight block of pixels.

Sprites

There are eight separate sprites available on the 64, each of which
may be defined as a 24 by 21 block of pixels and positioned on the
screen at a given X and Y co-ordinate. Each sprite requires 24*21 bits
(63 bytes) plus one marker byte to define it, with the position of the
64-byte block defining each sprite being indicated by the eight sprite
pointers located at the end of the screen ram. These sprite pointers
are checked by the VIC chip at the end of every screen raster line.
When the raster count equals the sprite’s Y co-ordinate then sprite
data is displayed on the screen. Standard sprites may be one of 16
colours except for a display in multicolour mode, when at the usual
expense of halving the horizontal resolution up to three colours
(four if we include transparent in the count) may be displayed.

Each sprite may be expanded to twice normal size in either the
horizontal and vertical directions, or both. The display priority of
each sprite can be set with respect to other displayed data (i.e.
whether they are displayed in front of or behind characters), but
their priority with regard to each other is fixed, with Sprite 0 having
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the highest priority and Sprite 7 the lowest.Collisions between spr-
ites and collisions with background data (excepting transparent
areas) set bits in the Sprite-Sprite and Sprite-Data collision registers
respectively.

Screen blanking

Itis possible to disable the screen display entirely. Providing that all
sprites are also disabled this will prevent the VIC chip ‘stealing’ time
from the 6510 processor operations and hence speeds up 6510
processing.

Screen Scrolling

The whole screen may be moved 1 to 7 pixels in both horizontal and
vertical directions. By using this feature in conjunction with a
machine code character scroll routine it is possible to create smooth
‘panning’ of the display data.

Raster Register

The display screen is written by means of the raster scan as a series
of horizontal lines starting at the top of the screen and working
downwards. The raster register returns the current raster position in
two bytes as a nine-bit number. You will notice that the number is
larger than the 200 vertical pixels of the screen. This is because the
high and low portions of the raster scan count occur below and
above the visible screen boundary, and do not produce a display.
The virtue of the ability to know where the raster is on the screen at
any time is that it enables us to rid our graphics of ‘glitch’ - the
game programmer’s worst enemy. To understand how it works we
must know why glitch occurs in the first place.

Glitch results from the movement of a character while it is in the
process of being drawn by the raster. For instance, if the top four
pixel lines of a character have already been drawn, and its position is
then changed the bottom four pixels will be drawn at the new
position. Since the top four will have to remain in the old position
until the raster has finished drawing that screen and gets back up to
the top of the screen again to redraw, what results is a nasty glitch.

The obvious answer is to wait until the raster is below the visible
portion of the screen before updating any part of the graphics
display. The graphics are then said to be ‘raster synchronized’, and
should hopefully be glitch-free. Problems still occur, however,
when either the writing process takes longer than one raster scan or
the graphics cannot spare the necessary waiting time required to
allow the raster to complete a cycle. The machine code scroll
routine given later in this book presents a solution to these
problems.
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VIC Chip Interrupts

The capability to generate interrupts is one of the VIC chip’s most
powerful features. An interrupt occurs whenever the Interrupt
Request (IRQ) line to the VIC chip is pulled low. The processor then
suspends its current operation and jumps to a routine which ‘ser-
vices’ the interrupt before returning control to the main processing
program, which takes up where it left off. The VIC chip has four
separate sources of interrupts, of which three are of particular
interest to the programmer:

1. When the raster scan count reaches a pre-set value an interrupt
is generated

2. A Sprite collision with the background display

3. A Sprite to Sprite collision

This facility can be used to free the main program from the need to
continually check for sprite collisions. Whenever a collision occurs
an interrupt is generated and this can be used to pass control to a
routine which services the event. The raster interrupt function
causes an interrupt to be generated each time the raster scan passes
a certain point on the screen. This greatly increases the power of the
VIC chip, since it allows us to control sections of the screen, and
generate special effects not otherwise achievable. These include
mixed graphics modes, where the graphics mode is changed at a
given raster position, so that, say, half the screen can be in hi-res
mode and half in text mode, and sprite multiplication, allowing
more than eight sprites to be on screen at any one time.

An example program for this latter technique is given in Appendix
8. It allows up to 64 sprites to be displayed simultaneously, using a
series of raster interrupts which change the position of each of the
sprites at several points down the screen. The effect is that the raster
scan draws one set of sprites, an interrupt then occurs which passes
control to a routine to redefine the position of the sprites into the
next section of the screen, and the raster draws another set when
the interrupt terminates, and the process is repeated. By the time
you get through the rest of this book, you will hopefully have no
problem understanding the code.

The VIC chip interrupts are controlled by the Interrupt Control
Registers, which consist of the Interrupt Status Register and the
Interrupt Latch.

The SID Chip

All the sound functions of the 64 are processed and produced by the
6581 Sound Interface Device or SID chip. The output appears as
three voices or channels, each consisting of a combined Tone Oscil-
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lator and Waveform Generator, which may be programmed to con-
trol the pitch and waveform (Triangular, Sawtooth, Pulse or Noise).
Each voice also has an Envelope Generator which may be pro-
grammed to produce variable rates of increasing or decreasing
volume as the note is being sounded. These are defined as a set of
ADSR values — Attack, Decay, Sustain and Release.

Additionally, there are three types of filtering available, allowing
the harmonic content of each voice to be controlled. These are the
High-pass Filter which passes unchanged all frequencies above a set
value, and diminishes all lower frequencies, the Low-pass Filter
which performs the opposite function, allowing through only those
frequencies below a set value, and a Band-pass Filter which allows
only a narrow band of frequencies around the specified value to be
heard.

Dynamic effects may be achieved by changing the sound para-
meters while a tone is being sounded, either directly or else by
making use of the fact that the SID chip allows the output of the
Voice 3 oscillator to be taken as an input for the parameters of the
other two voices. Other SID facilities are the synchronization and
ring modulation effects in which the outputs from the oscillators are
combined in various ways to produce composite waveforms.

Memory

In order to do useful work a microprocessor requires an associated
memory store. The 6510 is what is known as an eight-bit processor,
which refers to the organisation of its data bus (eight parallel lines).
However, the addressing capacity (the amount of memory to which
a processor has access) is limited by the width of its address bus. In
common with other eight-bit microprocessors, such as the Z80 and
6809 chips, the 6510 has sixteen address lines, allowing a maximum
of 2116 or 65536 (64K) memory locations to be directly addressed.
By arranging to switch banks of memory in and out of the 64K
address space as required the 64 manages to increase this figure to
88K, consisting of 64K ram, 20K RoM and 4K of memory-mapped 1/O.
In the I/O area, the registers of peripheral devices such as the VIC I,
SID, and CIA chips are memory-mapped to appear in the 6510
processor’s address space between spoee and $DFrr. That is, the
address lines are decoded to point to the device chips instead of RAM
memory locations, with the result that this can be addressed as raM
locations by machine code load and store instructions (as well as Peek
and pOoke commands in BASIC).

Programming in machine code requires that you become familiar
with the 64’s somewhat complex memory map. A full exposition of
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the memory organisation is not the concern of this book and
readers are directed to the Commodore 64 Programmer’s Reference
Guide. However, Appendix 3 contains a guide to memory which
highlights those areas which are of particular interest to the machine
code programmer.

Input/Output

Communication with the outside world and peripheral devices
occurs via a number of devices. Firstly, the 6510 chip itself contains
an integral /0 port (at locations @ and 1) controlling whether ram,
ROM or 1/O is currently ‘seen’ in certain blocks of the 64’s memory.
Secondly, as we have seen, the VIC Il and SID chips output the TV
images and sound, via video and audio interfaces, to the TV and
loudspeaker.

Thirdly, all other system I/O is handled by the two 6526 Complex
Interface Adaptor (CIA) chips whose functions include the handling
of input from the keyboard, joystick and light pen; control of the
User Port, Serial and RS232 1/0O, cassette data transfer, and timing for
interrupts.

These CIA chips are complicated and perform a wide variety of
functions, most of which fall outside the scope of this book. Each
CIA consists of:

Two eight-bit Data Ports, each with their associated Data Direction
register by means of which any bit of the port may be configured for
either input or output. Commodore have wired up the CIA1 ports to
handle inputs from the keyboard and joysticks, leaving CIA2 to
handle the serial, user port and RS232 I/0O. We will not be concerned
with CIA2 operations in this book, except for bits @ and 1 of Port B,
which are set up as the bank select switches for the VIC I1 chip.

Two 16-bit Interval Timers, the first to control timing of /0 and the
second to generate timed interupts. The latter of these is of most
interest to us. Of the five possible sources of interrupt generation
on the 6526 one is the ‘running out’ of a timer. If the final act of the
subsequent interrupt servicing routine is then to reset and restart
the timer an interrupt can be made to occur at regular time intervals.
The 64's operating system uses a 1/60th of a second timed interrupt,
generated by the CIA1 chip’s A timer to scan the keyboard for
keypresses without apparently halting Basic processing, for if the
time interval is sufficiently short then the interrupt-driven process
and the process that has been interrupted appear simultaneous. We
shall be dealing with interrupts in more detail later on in this book.
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A 24-hour clock, which counts time in hours, minutes, seconds and
1/10ths of a second, and can be used to generate an ‘alarm’ interrupt
for real-time applications. (Real-time means interacting with refer-
ence to events in the ‘real’ world outside the computer.)

An eight-bit Shift register allows serial I/0, whereby data is transfer-
red bit by bit down a single data line, as opposed to parallel I/O
where data is moved a byte at a time, each bit of the byte going
down the eight parallel lines at the same time. The register functions
in a similar manner to the 6510 shift instruction AsL. For example a
data byte for output is first loaded in to the Serial Data register and
then transferred to the shift register, from which it is shifted out one
bit at a time. The signal rate is determined by the A timer of the CIA,
each timer pulse triggering a data shift. When eight shifts have
occurred an interrupt is generated to indicate that another byte may
now be loaded onto the data register.

Timer and Interrupt Control registers. The timers can function in a
number of different modes whose full description is beyond this
book. Timer Control registers A and B select the current mode for
their corresponding timers.

There are five separate sources of interrupts on the CIA. A single
register, the Interrupt Control register, is written to in order to
specify which of the possible interrupt conditions are enabled and
read after an interrupt has occurred to determine the source of the
interrupt.

The 6510 Microprocessor

The 6510 chip may justifiably be regarded as the ‘brain’ of the 64
since it alone is capable of executing machine code instructions,
which are the only instructions that the 64 (or any computer) ulti-
mately ‘understands’. Since you can enter BASIC statements into the
64 and have them executed correctly, you may query this statement.
Note, however, that | used ‘ultimately’ in the sentence.

In order to illustrate the essential difference between a high level
programming language such as BasiC and machine code let’s con-
sider the problem of sharpening a pencil with a pencil sharpener.
Imagine trying to explain the operational procedure to someone
who had never used a pencil sharpener before. For instance:

1. Insert the pencil into the hole in the sharpener
2. Turn the pencil clockwise in the sharpener

3. Remove the pencil from the sharpener

4. Examine the point
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5. Is the point sharp? If not, then go back to step 1.
6. Stop — pencil sharpened

The above steps constitute a simple ‘menu’ or algorithm for the
process of sharpening pencils with a pencil sharpener. However,
you will notice that we assume our subject understands ‘sharpness’,
knows the meaning of ‘clockwise’, etc. If this is not the case then
these terms will themselves have to be explained in yet simpler
language our man can understand. Should we be dealing with an
idiot then we can assume very little and even words like ‘turn’ and
‘point’ may have to be broken down further. Programming a com-
puter in machine code is somewhat like writing instructions for an
idiot! Although we may develop an algorithm in ‘high level’ terms
for our own convenience it must ultimately be coded in the instruc-
tion set of the 6510 processor.

Machine code instructions are, individually, much simpler and far
less powerful than Basic commands. Typically, a single instruction
does little more than alter a single location in memory or a register
within the 6510. How then, you may wonder, is it possible to pro-
gram the CBM 64 in a ‘near English’ language like Basic if the 6510
microprocessor can only execute such simple machine code instruc-
tions? Well, the answer is that the apparent sophistication of BAsIC is
not an inbuilt feature of the hardware, but is the result of pro-
gramming. A large machine code program known as the BAsiC inter-
preter is held in RoM and set in motion when you switch on your 64.
It accepts complex BAsiC commands from the keyboard and at RUN-
time executes lengthy machine code routines to implement those
commands. BASIC is the best-known example of a problem-oriented
language, such languages being designed to facilitate the specifi-
cation of algorithms (problem-solving methods) in a particular prob-
lem area — in the case of BAsic with regard to algebraic formulae.
BAsiIC commands bear no direct relation to machine code instruc-
tions and so can be machine-independent, with the same version of
BASIC running on, say, computers using 6510, Z80 and 6809 chips for
processing, but with the interpreter code entirely different in each
case.

Chip Architecture

The 6510 microprocessor is a direct descendent of the 6502 chip
used in the Vic 20, Apple, Atari and BBC microcomputers, to name
but a few. What distinguishes the 6510 from its predecessor is the
incorporation of a programmable, eight-bit, bi-directional 1/0 port
on the chip. This port appears at memory address $0001 and is used
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by the 64 system for memory management, enabling the BAsic and/or
Kernal RoMs and/or the system 1/O area to be switched out, making
extra RAM memory available to the machine code programmer. Note
that we can’t make use of any of the Basic or Kernal routines if we
have these areas switched out! A microprocessor like the 6510
combines on one chip numerous elements that previously would
have been housed on several separate chips. These elements
include:

1. The Arithmetic Logic Unit: If the 6510 can be described as the
brain of the 64 then the ALU is the heart of the 6510, to continue with
the anatomic analogies. Together with an associated register, the A
register or Accumulator, it is responsible for performing all arith-
metic and logical operations in the 6510.

2. The Control Block: The control block consists of the decoding
logic circuits and two important registers, the Instruction register
and the only 16-bit (two-byte) register in the 6510, the Program
Counter or pc register. Together they combine to perform the Fetch-
Execute cycle whereby machine code instructions are fetched from
memory and decoded to generate the internal control signals that
will perform the specified operation.

3. The System Clock: This is an internal 1 MHz oscillator which
provides the timing signals by which all system events are
synchronised.

4. The Processor Registers: From the programmer’s point of view
the 6510 appears as five 8-bit registers which may be manipulated by
machine code instructions. These are:

1. The Accumulator or A register

2. The x register

3. The vy register

4. The Processor Status or P register
5. The Stack Pointer or sp register

The next chapter considers the 6510 chip and its operation in greater
detail.
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Having reviewed the elements of the 64 system, an essential process
since the machine code programmer needs to bear in mind that it is
a Central Processing Unit that a program is being written for, and
this sits in the middle of a web of connections to other chips,
memory and devices, all of which it is necessary to manipulate, we
can now look directly at the 6510 in greater detail. The first thing to
look at is the way in which the chip gets its instructions, and then
look at what these are. The registers need to be described, as these
are the only bit of the chip that is visible to the programmer, and the
methods by which memory is accessed. We can then look at how we
go about writing a machine code program.

The complete description of the instruction set will be left to the
next chapter, but the set of mnemonics for the instruction set,
together with short descriptions of the operations, needs to be
introduced here, and is given below. First let us consider what
constitutes a machine code program.

Instruction Decoding

A machine code program consists of a sequence of 6510 instruc-
tions, stored in consecutive bytes of memory. Following each one-
byte operation code (op code) specifying the operation to be per-
formed may be one or two operand bytes. These contain either the
data to be operated on or the address (location in memory) where
the data is to be found (fetched from) or stored (placed into). Where
the op code specifies the complete operation, it is not followed by
any operand bytes.

The 6510 communicates with its memory store and peripheral
devices by means of busses. These are not the big red things, but
sets of shared signal lines along which address, data and control
information is passed.

During one execution cycle, the contents of the Program Counter
or pC register are placed on the 16-bit uni-directional (read-only)
Address Bus, and the value is read by the memory control devices to
fetch an instruction op code from the specified address. This op
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code value enters the 6510 by means of the 8-bit bi-directional (read
and write) Data Bus. Any operand bytes following the op code are
fetched in a similar fashion during the decoding phase. The op code
indicates to the 6510 how many (if any) operand bytes are to be
fetched, and how it should interpret them. In the course of execu-
ting the instruction further fetches or stores may result. In each case
the address is first placed on the address bus, and data transfer then
occurs over the data bus. The organisation of these operations is
achieved by the Control Bus, which comprises the Read/Write line
controlling the direction in which transfer is to occur, and the
system clock synchronizing all processing events. The time taken for
an operation depends on the number of memory manipulations
required and the operation itself, and is measured in clock cycles.

After each fetch from memory of an op code or operand the
Program Counter is incremented, so that it points to the next mem-
ory location. This auto-increment feature keeps the fetch-execute
cycle turning. Control is passed to different sections of the program
by changing the pc register value so that it points to the new address.

For the 6510 this is all easy stuff, and we don’t need to know how it
does it. What we do need to know is how we put the instructions
into memory for it to execute.

Writing Machine Code

In the early days of single-board microcomputers there was very
little software available and everybody who wished to operate the
little wonders had to program in machine code the hard way. This
meant converting your written out program (op codes, operands
and data) into binary numbers and laboriously entering the binary
into consecutive memory locations in the computer by means of a
bank of eight flipper switches on the front panel. No TV display
either, for the dedicated computer freak of yesteryear — results were
displayed in binary on a bank of eight lights! A simple program to
add 1 to memory location $16e0 would appear in binary as below, if
we were still stuck in those primitive days:

00011000
10101101
00000000
00010000
01101001
00000001
10001101
00000000
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00010000
01100000

You would have had a row of eight switches, connected to the data
bus, and enter the sequence above a byte at a time, using up for a
zero and down for a one. As you might expect the process of
entering all those 1’s and 0’s was notoriously error-prone, not to
mention extremely boring and time consuming. However, first
came paper tape readers for input, and later the cassette interface
which automated the process of entering binary. The next step was
the development of software to allow programs to be entered using
numbers expressed in hexadecimal (base 16) notation from a hex
keypad. This is easier both practically and in conceptual terms, since
conversion of binary numbers to hexadecimal and vice-versa is quite
simple, and fewer digits need to be entered (fewer than we need for
decimal notation, let alone binary!). One hex digit represents four
binary bits, and the relationship holds good however large the
binary number. (Refer to the appendices if you are not sure about
the binary, hexadecimal and decimal number systems.) We can
express binary 1111 0001 as hexadecimal F 1, and a 16-bit number,
which in binary is extremely unwieldy, by four hex digits, so that
decimal 45,914, which is 1011001101011010, is B35A in hex. Once
you're practiced with the different number systems, all you need for
conversion is some mental arithmetic and the table below. While
you practice, you'll find conversion tables in the appendix.

HEX BINARY  DECIMAL

1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
A 1010 10
B 1011 "
C 1100 12
D 1101 13
E 1110 14
F 1M 15
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This is a considerable improvement on binary and makes our pro-
gram a lot more manageable:

18
AD
00
10
69
01
8D
00
10
60

The resulting code is, however, still a collection of fairly tedious and
meaningless numbers unless you happen to have all the hexa-
decimal op codes memorized. (Don't laugh — a lot of old hackers
have!) With the advent of more sophisticated input/output devices
now taken for granted, such as alpha-numeric keyboards and
monitor/TV displays it became possible to write simple assembler
programs.

An assembler simplifies the process of coding immensely, since it
allows the use of three letter mnemonics to represent operation
codes, alleviating the need to remember (or look up) a vast number
of op codes. When the assembler is run it simply converts
(assembles) the mnemonics in sequence into the corresponding
binary values for the computer. The advantage of an assembler is
that the code is at last meaningful to the eye — providing that you are
familiar with the mnemonics and the system used to specify the
addressing mode. Depending on the complexity of the assembler,
the data can be entered in hex, decimal or binary. Our program
becomes, in assembler code:

CLC

LDA  $1000
ADC  #$%01
STA  $1000
RTS

Assemblers vary in sophistication between the simplest line
assemblers, where the mnemonic code is assembled into memory a
line at a time, and complex multi-pass programs which allow the
programmer to define variable values and branch destination
addresses as labels. One great advantage of the latter facility is that
the destination addresses of any branches do not have to be worked
out by the programmer.
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"~ MOS Technology, the makers of the 6502 microprocessor (ident-
ical in this respect to the 6510) have published a standard table of the
6502 mnemonics for the op codes and addressing modes. There are
other standards in use, but all the assembler programs given in this
book use the standard notation for mnemonics and addressing
modes.

It is possible to write quite large programs using simple develop-
ment software, and indeed some very well-known programmers
claim to work exclusively with line assemblers. This may however be
part of the ‘whiz-kid’ hype that tends to pervade the games pro-
gramming world. For all machine code programming a proper
assembler is extremely useful, and for large programming jobs it is a
vital tool. Readers are advised to buy a good editor/assembler pack-
age at the earliest opportunity. There are a number of good pro-
grams on the market, but my particular preference would be for
Brad Templeton’s PAL 64 assembler with the POWER editor and the
Commodore 64 assembler development package from CBM. Which-
ever you choose there are certain features to look out for. In the
assembler some facility should exist for ‘chaining’ a sequence of
assembler code source files from disk or tape storage so that large
programs can be assembled. If this facility is missing then the pro-
grammer is limited to a single source file and although 38K of
formatted source (assembler) code may sound like a lot, when
assembled into memory it only represents about 2.5K of ‘object’
machine code. The editor should ideally also provide some ‘toolkit’
functions such as DeLeTE and RENUMBER facilities. If it doesn’t then you
may be able to use those featured later in this book. As a final note,
you should try to avoid line editors — screen editing is much quicker
and seems more natural after using the 64’s excellent Basic editor.

If your budget cannot stretch to such things at the moment then
fear not, for Chapter 4 is devoted to the first big program of the
book — a machine-code monitor incorporating a line assembler/
disassembler, a machine code sAve routine and an assortment of
other useful functions. The assembler can only be used to write
small machine code programs, but even if you possess a full label-
ling assembler you will probably find ‘Wedge-MON’ invaluable for
saving and loading machine code programs to disk or tape, as well
as for debugging programs and general fiddling about. It will also
help in exploring the mysteries of the CBM roms (of which more
later).

Next we need to look at the supposedly easy-to-remember three
letter mnemonics for the op codes. These are given here with short
definitions of their function.
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6510 Instruction Mnemonics

ADC
AND
ASL
BCC
BCS
BEQ
BIT
BMI
BNE
BPL
BRK
BVC
BVS
CLC
CLD
CLI
CLV
CMP
CPX
CPY
DEC
DEX
DEY
EOR
INC
INX
INY
JMP
JSR
LDA
LDX
LDY
LSR
NOP
ORA
PHA
PHP
PLA
PLP
ROL
ROR
RTI

Add memory to Accumulator with Carry
Logical AND memory with Accumulator
Arithmetic Shift Left one bit

Branch if Carry flag Clear

Branch if Carry flag Set

Branch if result equal to zero (Z flag set)
Compare memory bits with Accumulator
Branch if result minus (N flag set)
Branch if result not equal to zero (Z flag clear)
Branch if result plus (N flag clear)

Break (Jump to Interrupt routine)
Branch if V (overflow flag) clear

Branch if V (overflow flag) set

Clear Carry flag

Clear Decimal mode flag

Clear Interrupt flag (enable Interrupts)
Clear V (overflow) flag

Compare memory with Accumulator
Compare memory with x register
Compare memory with v register
Decrement memory location value by 1
Decrement x register by 1

Decrement v register by 1

Exclusive OrR Accumulator with memory value
Increment memory value by 1
Increment x register by 1

Increment v register by 1

Jump to new address

Jump to subroutine

Load Accumulator with memory value
Load x register with memory

Load v register with memory

Logical Shift Right one bit

No Operation

Logical inclusive or Accumulator with memory
Push Accumulator contents onto stack
Push p register contents onto stack

Pull value from stack into Accumulator
Pull value from stack into p register
Rotate Left one bit

Rotate Right one bit

Return from interrupt routine
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RTS  Return from Subroutine

SBC  Subract memory from Accumulator with carry
SEC  Set Carry flag

SED  Set Decimal mode flag

SEI Set Interrupt disable flag

STA  Store Accumulator in memory

STX  Store X register in memory

STY  Store Y register in memory

TAX  Transfer Accumulator to x register
TAY  Transfer Accumulator to v register
TSX  Transfer Stack register to x register
TXA  Transfer x register to Accumulator
TXS  Transfer x register to Stack register
TYA  Transfery register to Accumulator

You will notice that there are mostly operations concerned with
registers in the above list. We need to take a look at these, and then

the ways in which memory is addressed.

The 6510 Registers

The arrangement of the 6510 from the point of view of the pro-
grammer is often represented by a diagram like this:

Bits 76543210

LI TTTT]

psfap3p2fitjel9fs] [ [ [ [ [ [ [ []

LLI T

IN[V]*[B[D[1]Z]C]

Accumulator
A Register

Index Register x
X Register

Index Register v
Y Register

Program Counter
pPC Register

Stack Pointer
sp Register

Processor Status
PRegister
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The flags of the processor status p register are represented as
follows:

(N[V[*|B|D[1]|Z]|C| Processor Status
l PRegister
Carry Flag

Zero Flag

Interrupt Flag

Decimal Mode Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag

The 6510 registers A (Accumulator), x and v may be thought of as
memory locations internal to the chip. Using machine code the
contents of a RAM or ROM memory location may be copied into these
registers and modified. Subsequently, the modified contents or
result may be sorted back in rRAM. For example take the code
sequence:

LDA$1000 load the Accumulator from memory location $1ee0

AND #$0F perform logical AND of the accumulator and the
number sor

STA $10 store the Accumulator contents at memory location
$10

The Accumulator is the most important of these registers, firstly
because it is the only register with associated arithmetic and logical
instructions (ADC,SBC,AND,ORA,EOR,BIT) and, secondly, because it is
capable of load and store operations using indirect addressing
unlike the other two.

The main role of the x and v registers is in indexing. This is a
powerful technique whereby the base operand address in an
instruction is modified by addition of the contents of one or other of
the index registers to yield a new effective address. This means that
one can access large amounts of memory in a short fast loop simply
by incrementing an index register.

Unlike the Accumulator, the index registers can be incremented
and decremented in a single instruction, the result of which may be
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tested via the N (negative) and Z (zero) flags. This brings us to the
fourth of the programming registers, the p, Processor status or Flag
register. This can be thought of as eight separate flags or status-bits:

Bit: 7 6 5 4 3 2 1 0
Flag: NV - B DI ZC

The N (Negative), V (oVerflow), Z (Zero) and C (Carry) flags are affec-
ted as a result of certain instructions and serve to inform later
sections of the program that a certain condition identified with that
flag has occurred. Each bit may be set, i.e. a binary 1 occupies that
position, or clear, i.e. a0, also known as reset.

The N flag is set (to 1) whenever bit 7 of a result holds a 1 (set), i.e.
when the result is equal to or greater than $se (128 decimal), and
therefore Negative in 2's complement representation. It is affected
by all load, store and transfer instructions and also by arithmetic
logical and shift operations.

The V flag is affected by arithmetic instructions and indicates an
overflow from bit 6 to bit 7. It is also used by the BiT instruction.

The Z flag is set when the result of an operation is equal to zero. It
is affected by most loads and transfers and all arithmetic and logical
instructions but not by stores or branches.

The C flag is used in arithmetic operations, being set when a carry
is generated from an ADC operation and cleared when a borrow
results from an sBC. It also acts as ‘bit 8 in arithmetic shift
operations.

The N,V,Z and C flag states can be tested using the conditional
branch instructions BMmI, BvS, BEQ and BCS, and their converse forms,
BPL, BVC, BNE and BCC.

The remaining three flags of the status register are the B, D, and |
flags. The B flag is set whenever a break interrupt is generated by the
processor encountering a BRK instruction. When the D flag is set it
indicates the processor is in binary coded decimal (8cD) mode. This
can be set by the programmer with an seD instruction. The | flag is
the Interrupt Disable bit and may be set by the instruction sei. It has
the effect of preventing IrQ interrupts.

The fifth and last eight-bit register in the 6510 is the sp register or
Stack Pointer. The stack is an area of RAM memory 256 bytes (a page
of memory) in length and located in Page One of memory, occupy-
ing the locations from se100 to se1FF, and is used both by the proces-
sor itself, and by the programmer if required, for temporary storage.
Whenever the 6510 encounters a Jsr (jump to subroutine) instruction
or an interrupt is generated the processor stores the next op code
address, minus 1, on the stack, so that when it comes to an RTS
(return from subroutine) or an RrTI (return from interrupt) the pro-
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gram can return to where it left off. The stack operates with what is
known as a LIFO structure (Last In, First Out). If fills up from the end
and works forward so that when subroutines are nested - providing
the stack does not overflow - the first address stored will be the last
address retrieved. The Stack Pointer points to the next free position
in the stack. On power-up the Stack Pointer is set to $rF and for every
item ‘pushed’ on to the stack it is decremented by one. The pro-
grammer has access to the stack via the PHA, PLA, PHP and pLp
instructions.

There is one further register in the 6510, the only 16-bit register,
called the Program Counter or pC register. It contains the address of
the instruction currently being executed by the processor. On
powering up the 6510 the program counter is initialised with the
address sfFrrC, which is the entry point into the 64’s operating system
software. The machine code programmer gains control by redirec-
ting the processor to his code via the BAsiC sys command or by
causing a processor interrupt having first changed the correspond-
ing vectors to point to his own code instead of the system code. This
will be covered in later chapters, when we cover the practicalities of
programming. Now let’s look at how the 6510 accesses memory.

Instruction Addressing Modes

We have seen that the 64 decodes an instruction stored in memory
by fetching the op code value from a memory location. The 56 op
code mnemonics correspond to the possible types of operation that
the 6510 can execute. However, there are more than 56 op codes.
This is because the op code not only specifies the type of operation,
but also specifies the addressing mode for the instruction, which
enables the 6510 to decide how the operand bytes are to be inter-
preted, and how many of these bytes there are following the op
code. The 6510 has the capacity to use a variety of different methods
to compute the address (memory location) with which the instruc-
tion is concerned, i.e. the memory address from which data is to be
taken, into which data is to be placed, or in which data is to be
altered, according to the operation to be performed. Instructions
which specify a complete operation, where no memory location is
involved, such as Nop (No OPeration), rRTs (Return from Subroutine)
or 7Ax (Transfer Accumulator to x register) are said to use the Implied
address mode. These only have one op code. Other instructions,
where a memory location is involved, will need to specify the way in
which the memory location is to be worked out, and this means that
each operation, as specified by the mnemonic, will have several op
codes, one for each of the different address modes that can be used
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with the instruction. This idea is probably best understood by
looking at an example.

OoP
CODE OPERANDS

@ [ $4C | [ %00 [ A0 |

b)) [ $6C | [ 00 | A0 |

(a) and (b) are two sets of three consecutive memory locations. Each
byte stores a binary value, given here in hexadecimal, and each
group of bytes represents a machine code instruction, consisting of
an op code and two operands. Both of the op codes specify the jmp
instruction but with different addressing modes. In example (a) $4C
specifies the jMp instruction with the absolute addressing mode and
the processor then knows that it is to regard the two bytes following
the op code as the destination address (low byte/high byte) for the
instruction. In assembler code, this is specified by entering:

(@) JMP $A000

Note that we enter the hex number in high byte/low byte format.
The assembler automatically swaps the bytes into the low/high byte
sequence the 6510 requires.

In example (b), however, the addressing mode is indirect, and the
processor understand from the op code that the operand bytes
represent not the literal value of the address but the address at
which the address for the jump is stored. This is entered in
assembler as:

(b) JMP ($A000)

The assembler takes note of the brackets, and places the correct op
code in memory to jMp to the memory location pointed to by the
contents of $aee0 and $Aee1 (low byte first, i.e. in $Ae00).

There are in fact eleven different addressing modes used in 6510
machine code. No instruction employs every addressing mode, but
some use as many as eight while others are restricted to one.

IMMEDIATE

In the immediate addressing mode a single byte follows the op
code. This is taken to be a literal value, i.e. a number 0-255. In
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assembler, this is signified by placing a hash sign, #, before the
number. Thus:

LDA #$10

reads as ‘load the accumulator with $10’.

ABSOLUTE

The two bytes which follow the op code represent an address which
is a source for reading a value from or a destination address into
which to place a value, depending on the operation to be per-
formed. For instance, the instruction:

LDA $1000

instructs the 6510 to load the accumulator with the contents of
location $1000.

ZERO PAGE

This is a special form of absolute addressing where the address is in
Page Zero of memory (locations 0 to 255 decimal, 00 to FF hex) and
therefore only needs one byte. Zero-page addressing not only takes
up less space for the instruction, but is also quicker to execute than
absolute addressing, since it requires the 6510 to perform less pro-
cessing. An example would be:

LDA $B2
meaning ‘load the accumulator with the contents of location $B2’.

ABSOLUTE INDEXED

This mode uses the index registers (the x and v registers) to offset
the absolute address given. The actual memory location accessed is
the specified address plus the current value of the index register
used. The assembler statement:

LDA $1000,X

will load the accumulator with the value stored at address
($1000+X), where X is the x register value. Note that the machine
code version still occupies only three bytes.
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ZERO PAGE INDEXED

The value of the index register (x or Y) concerned is added to a
Zero-page address to derive the address from which the data is taken.
If the x register has a current value of $18 (27 decimal), then the
instruction:

LDA $20,X

will load the accumulator with the value stored at location $20+$18B, i.e.
$38 (59 decimal).

INDIRECT

This mode (often called Pure Indirect addressing) is only available to
the jMp instruction. The two bytes following the op code represent a
pointer to the address, as we have seen above. The assembler syntax
is:

JMP ($1000)
INDIRECT (INDEXED)

With the exception of the jMpinstruction, as we have seen, all indirect
addressing on the 6510 is effected via Page Zero locations. There are
two forms of indirect addressing which are totally different in effect.

In pre-indexed addressing the byte following the op code is added
to the x register to give the address of the low byte of a Page Zero
pointer. This low byte, and the high byte which follows, specify the
address which is to be accessed.

LDA ($10,X)

If the x register held the value 5, then the accumulator would be
loaded with the value held in the address specified by the contents of
$15 and $16. If $15 held $18, say, and $16 held $0aA, then the accumulator
would be loaded with the contents of sea1B.

In post-indexed addressing the byte following the op code is the
low byte of a Page Zero two-byte pointer, the contents of which are
evaluated, and then added to the v register value to give the address
to be accessed. Assume $10 holds s$e1, and $11 holds se1. The
instruction:

LDA ($10),Y



32 Operating the 6510

Will, if y=5, load the accumulator from the address held in locations
$10, $11, plus 5, i.e. $01€1 plus 5, or so1E6.

It is important to appreciate the distinction between these two
types of addressing.

IMPLIED

This refers to single byte instructions which act solely on either
internal registers within the processor or the stack, and which
therefore do not require any following operands. The instructions
thus occupy a single byte. Examples are:
cLc, which clears (sets to 0) the Carry flag of the Status register.
PHA, which places the A register value on the stack.

RELATIVE

The relative addressing mode is used by all the 6510 conditional
branch instructions, and by no other instructions. The branch
instructions test various flags of the p (Processor Status) register, and
program control branches a specified number of bytes backwards or
forwards from the current Program Counter (pC) register position.
The operand is a single byte, treated as a signed 8-bit value, which
allows a branch forward (positive) of 127 bytes, or backward (nega-
tive) of up to 128 bytes. See the section on the branch instructions
for an explanation of how the operand byte is evaluated to give the
offset or displacement value for the branch. Since the process of
counting the number of bytes required for a jump to the desired
location, and then working out the byte value is tedious and
inefficient, monitors and assemblers allow the branch instructions
to be specified in terms of the address to be jumped to (make sure
it's within the available offset range!), either directly as a hex value,
orasalabel:

BEQ $B2A1
BCC DESTN

The program then converts this to give a value for the offset and
inserts the correct single byte value into memory following the op
code. Disassemblers do the same thing in reverse, decoding the
operand byte value and inserting the actual address to which the
branch will occur into the display.

If you look at Appendix 1 you will find a table which gives the 6510
op code hex values for each instruction in each of the addressing
modes that may be used with that particular instruction. Appendix 2
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contains a table which gives the op codes, ASCII character codes
and CBM sasic control codes and tokens for the numbers 6-255.
Before we go on to look at the instruction set in detail, and how
the different instructions are combined into programs, the way in
which the assembler listings are formatted needs to be described.

Assembler Conventions

The particular assembler which was used to create the programs to
be found in this book is Brad Templeton’s PAL assembler. This
assembler conforms closely to the MOS Technology conventions in
the way the op code mnemonics and addressing modes are repre-
sented. A look at these conventions will help you to understand the
assembler listings as given in this book, and allow you to convert
them if you are using an assembler which requires different con-
ventions to be used.

Numbers
Numbers are assumed to be decimal unless the digits are prefixed
by either the $ or % symbols, indicating that the number is expressed
in hexadecimal or binary representation, respectively. Thus the fol-
lowing examples all have the same result, but use different number
systems.

LDA #10 means load accumulator with the value 10 decimal
LDA #$0A means load accumulator with 0A hexadecimal
LDA #%00001010 means load accumulator with 00001010 binary

This facility allows us to use the most convenient form for a number:
Beginners may prefer decimal notation, binary values make masks
or shift/rotate operations clearer, and so on. Mostly, hex is the
preferred form (less typing!).

Addressing modes

The different addressing modes are indicated as shown below. expr
refers to the operand expression which defines the number or
address, expressed in one of the three possible number systems
given above.

Format Addressing Mode Example

#EXPR Immediate LDA #$0A
EXPR Absolute LDA $1000
EXPR Relative (Branch only) BEQ $1000
A Accumulator ASLA
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EXPR,X Absolute, indexed by x LDA $1000,X
EXPR,Y Absolute, indexed by v LDA $1000,Y
(EXPR,X) Preindexed indirect  LDA ($0A,X)
(EXPR),Y Postindexed indirect LDA ($0A),Y
(EXPR) Indirect JMP ($1000)

Labels

PAL allows character labels to be eight characters long. A label is
essentially a variable name assigned a number value. Since some
other assemblers allow only six characters in a label all the labels
used in this book are a maximum of six characters long. For example
the assembler instruction:

ADDRS=$1000

creates the label ADDRs and sets it to 1000 hex. We can then use the
label name instead of the value, as a destination for jumps, etc. A
sophisticated feature of PAL is its expression evaluator whereby
expressions may be included in the operand field. Such expressions
are evaluated during assembly to produce an effective operand. PAL
offers many arithmetic and Boolean operators but for simplicity |
have justused ‘+"and ‘—’.

ADDRS=$1000
LDA ADDRS (equivalent to LDA $1000)
LDY ADDRS+1 (equivalent to LDY $1001)

Program Counter

The * label refers to the current value of the assembler’s ‘program
counter’. At the beginning of each assembler program this is set
equal to the start address of the program. The instruction:

*=$C000

sets the start point of the code assembly to C000 hex. The program
counter may also be reset during assembly, and this feature is used
to reserve a block of memory for data storage. For example, to
reserve 20 bytes of memory for a data table, we can insert the
following instruction within the assembler listing:

=420

Modifiers

Since many 6510 instructions require single byte numbers as
operands most assemblers allow the upper or lower byte of a two
byte expression to be made available via the expression modifiers
>and<:
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ADDRS=$1000
LDA #<ADDRS  (equivalent to LDA #5090, the low byte)
LDY #>ADDRS  (equivalent to LDy #$10, the high byte)

Pseudo-operators

These are instructions to the assembler program which do not of
themselves generate code. The flexibility of an assembler can be
judged by the number of pseudo-operators offered, and like most
quality assemblers PAL provides a wide range. However, for the
sake of portability between assemblers only a few of the more
common of these have been used in the assembly language listings
given in this book, as follows.

BYTE: This is used to place byte values for data into the code
sequence. The values are inserted at the current program counter
position, and in succeeding bytes of memory. The values are literal
values, and are separated by commas:

.BYTE $2E,<ADDRS, $FF

This stores a sequence of three bytes, the second being the low byte
of ADDRS.

.WORD: This places two-byte values into the code in the Low/High
byte format:

.WORD ADDRS
This has the same effect as would:
.BYTE <ADDRS,>ADDRS

.AsC: This pseudo-op enters a string of the ASCIl codes of the
characters into the code sequence:

.ASC “HELLO MUM”

This enters the ASCII code for H, E, L, etc, into the sequence of bytes
starting at the current assembler program counter value.

.END: .END is optional in PAL and merely serves to indicate the end of
aprogram file.

Comments
Comments are included in PAL text after a semi-colon ‘;’ character,
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and are ignored by the assembler — they are there for our con-
venience only, as with Rem statements in BASIC.

LDAADDRS ;A COMMENT

Note that the major assembler listings in this book do not make use
of the facility to follow an instruction with a comment. This is a
constraint of the book format, and instead the code is divided into
short functional sequences and the comments corresponding to
these sequences placed in a group above the actual instruction
sequences.



3 The 6510 machine
code instructions

You have seen the 6510 instruction set mnemonicg, with the minimal
definitions of their functions that were given earlier. Some of the
operations are obvious, some not. The op codes themselves, i.e. the
binary numbers representing each instruction in the various pos-
sible addressing modes, are given in Appendix 1. The function of
this chapter is to provide further details of the instructions and their
actions. The instruction set is divided into nine functional groups
and each individual instruction defined, together with its effect, if
any, on the Processor Status (p) register, after an outline present-
ation of the instructions within the group. Again, the examples
given involve other instructions than the one under discussion, and
illustrate their interactions, so more than one pass through this
section will be necessary before you can proceed, referring back as
necessary to the definitions given here.

Arithmetic Operations
ADC SBC
CMP CPX CPY
INC DEC
INX DEX
INY DEY

The contents of memory locations may be added to or subtracted
from the Accumulator. There are no arithmetic instructions for the
other registers. Multi-byte additions or subtractions may be per-
formed, with any carries or borrows generated being brought for-
ward to the next stage of the operation.

The simplest addition is that of a single-precision addition where
two 8-bit numbers are added together to produce an 8-bit result in
the accumulator:
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CLC
LDA ADDRS
ADC #$01

It is important to remember that the ADC instruction is an AD+carry
operation, so that for a single byte addition it is necessary to cLear
the carry flag with cLc before using the ADcC instruction, avoiding an
incorrect result caused by a set Carry flag from a previous operation.
The importance of this add+carry feature becomes apparent when
we look at the adding together of two 16-bit numbers to produce a
16-bit result. Adding 16-bit numbers involves two stages of 8-bit
addition, since we cannot directly manipulate 16-bit numbers. First
the low bytes of the two numbers are added and then the two high
bytes. Any carry generated in the first stage is then automatically
added in to the result of the second stage.

In the case of a two-byte addition suppose the value $o510 is to be
added to the contents of the addresses labelled HiBYT and LoBYT, and
the result then stored back in HIBYT/LOBYT:

CLC clear the Carry flag

LDA LOBYT load Accumulator with contents of LOBYT

ADC #%$10 add s10

STA LOBYT store result back in LOBYT

LDA HIBYT load Accumulator with contents of HIBYT

ADC #$05 add ses plus Carry, if any, from the first addition
STA HIBYT store result back in HIBYT

An indefinate number of such stages may be set up, with the carries
generated from each ADC being passed on to the next, so that we can
arrange to add any size of number. However, it is extremely unlikely
that you will require more than the two-stage or double-precision
addition operation shown above.

Subtraction is an analogous operation to addition, except that any
carry required should instead be thought of as an ‘inverse-borrow’.
So the Carry flag must be set with an sec instruction, rather than
cleared, before we use an ssc instruction. Below is an example of
the subtraction of two bytes to produce a single byte result in the
accumulator. The accumulator is loaded with the value held in the
location specified by the assembler label ADDRS, and $o1 (1 decimal) is
then subtracted:

SEC
LDA ADDRS
SBC #%$01
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If the result of the sBC operation ‘underflows’, i.e. if the result is less
than zero, then a ‘borrow’ (Carry flag clear) is generated. In the
same way as for multi-byte addition, multiple precision subtraction
may be achieved by combining several stages of subtraction, pass-
ing any ‘borrows’ generated from stage to stage:

SEC

LDA ADDRS1
SBC ADDRS2
STA RSLT

LDA ADDRS1+1
SBC ADDRS2+1
STA RSLT+1

In the operation of the cMP, cPx and cpy instructions the contents of
the Accumulator (A), x and v registers respectively are compared to
the contents of a memory location. These instructions are included
in the ‘arithmetic’ group because they are essentially subtractions.
They work by subtracting the contents of the memory location from
the register concerned, although the contents of that register
remain unchanged. The result sets flags in register p (Status register)
as for a subtraction and these may be tested for by the conditional
branch instructions BeQ, BCS and BCC.

For example, suppose we wished to compare the accumulator
contents with the value ses, branching to the address specified by
the label HIGHR if the accumulator value was greater than ses, bran-
ching to LOweR if it was less than ses and to EQUAL if $os was the
accumulator value:

CMP #$05 condition Z and C flags on result of comparison
BEQ EQUAL if Z flag set then branch to EQUAL

BCCLOWER  if Cflag clear branch to Lower

BCS HIGHR if C flag set and Z flag clear branch to HIGHR

The INC and Dec instructions allow the value held in specified mem-
ory locations to be incremented (increased by 1) or decremented
(decreased by 1) in a single step and the result examined by means
of the Status register flags. Similarly INX, DEx, INY and Dey allow the x
and v register contents to be incremented and decremented. Note
that when a register or memory location value is incremented past
$FF (255 decimal) or decremented less than $ee the value ‘wraps
around’. Thus $fF increments to $00 and $e0 decrements to $Fr.

To increment the 64’s screen colour, for example, we need to
increment the VIC Il register at location $D021:

INC $D021



40 The 6510 machine code instructions

To add 1 to the two-byte (low/high) pointer PNTR,PNTR+1, the INC
instruction is implemented. If the value in PNTR was already sFF, it will
become $ea, which can be tested for by BNE:

INC PNTR increment /ow byte

BNE FIN if low byte not zero then go to FiNish

INC PNTR+1 (overflow has occurred) so increment high byte
FIN NOP

The increment and decrement instructions are obviously useful in
counting operations, such as loops. A loop where we want to use
the value of what would be termed the ‘loop variable’ in BAsiC can be
set up quite simply:

LDY #$01 load Y with 1
AGAIN TYA transfer Y to Accumulator
PHA putiton stack

loop processing, using any
registers, and v value (still there)

PLA get v loop value from stack
TAY putitbackiny
INY add 1

CPY #$0A  compare with 10
BNE AGAIN back if not equal to 10

This loop would execute nine times.

Certain addressing modes allow the specified address to be
indexed by the values stored in the x or v registers. The x or v value is
added to the address to define the memory location involved in the
operation. This enables incrementing or decrementing loops to be
constructed which can access large areas of memory. Take for
example the following routine which clears the 64 screen:

LDX #0 load the x register with zero

TXA transfer the x register value to the
Accumulator

LOOP STA $0400,X store zero at se400+X register

STA $0500,X store zero at $ese0+X register

STA $0600,X store zero at se6e0+X register

STA $0700,X store zero at $e700+X register

INX increment x register

BNE LOOP ifxregister not equal to zero then back to
Loop
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ADC:ADd with Carry to Accumulator

“This instruction adds a number to the contents of the A register
(Accumulator), plus 1 if the Carry flag (bit 0 of the Processor Status
or P register) is set. The number may be specified directly, in
immediate mode, or be the value stored at the memory location
specified. The Carry flag will be set if the previous operation pro-
duced a result greater than 255 decimal (sFF). We can see the process
if we look at an addition in binary:

01010101 101
+ 11011000 +216
111111101 317 decimal

The Carry flag acts as an extra bit (bit 8), and enables the result of an
operation which produces a number greater than 255 to be incor-
porated in further processing. In the case of ADC, this is extremely
useful in adding multi-byte numbers. Since the process of adding
the Carry bit is automatic, we need a way of clearing it before using
ADC, which is done with the cLc instruction. The ADC operation will
set (i.e. to 1) all the flags in the Status register that are affected by
arithmetic results — Negative, oVerflow, Zero and Carry. The result
of an ADC operation can thus be tested for all the conditions that can
cause a conditional branch. The Zero flag is set if the result in the
Accumulator is 0, the V flag if the result of a 2’s complement addi-
tion lies outside the range —128 to +127, and N if the result is
negative in signed 8-bit format (bit 7 set).

[IN[V[*|BID]1]Z]C|] Processor Status

‘ Register
Carry Flag: Set if overflow from bit 7

Zero Flag: Set if result zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag: Set if sign bit incorrect

Negative Flag: Set if result negative
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SBC: SuBtract from Accumulator with Carry

This is the opposite of the ADC instruction. It subtracts the data
specified (direct numeric, or memory location contents) from the
Accumulator value, but the Carry in this case must be thought of as a
‘borrow’. The result of an ssc operation (held in the Accumulator) is
the Accumulator value as was minus the specified value, minus the
inverse of the Carry flag (0 if Carry=1, 1 if Carry=0). This is for use in
multi-byte subtraction (borrow 1 from high byte if result would be
less than zero), but for simple subtraction the Carry flag must be set
before the operation is performed.

IN][V[*[BID]|1[Z|C|] Processor Status

I Register
Carry Flag: Set to 0 if ‘borrow’ occurs

Zero Flag: Set if result zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag: Set if overflow to bit 7
occurs

Negative Flag: Set if result negative

CMP:CoMPare memory with Accumulator

This instruction compares the value stored in the Accumulator with
that stored in the specified memory location by subtracting the
memory value from the Accumulator value. The result is not stored,
but the appropriate flags in the P register are set according to the
result. The Accumulator and memory contents are not affected by
the operation. With immediate addressing, the value compared is
the literal value following the op code.
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N[V[*[B[D][1[Z][C|] Processor Status

l Register
Carry Flag: Set if A>=Memory

Zero Flag: Set A=Memory

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

CPX:ComPare memory with X register

This instruction compares the value stored in the x register with the
specified literal value, or that stored in the specified memory loca-
tion, by subtracting the memory value from the x register value. The
appropriate flags in the Processor Status (P) register are set accord-
ing to the result of this subtraction, but the result is not stored. The
contents of x and the memory location are not affected by the
operation.

[N[V[*[B[D[1]|Z|C|] Processor Status

l Register
Carry Flag: Set if x>=Memory

Zero Flag: Set if x=Memory

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

CPY:ComPare memory with Y register

The cpy instruction compares the value stored in the v register with
that specified directly or stored in the specified memory location by
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subtracting the contents of memory from the v register value. The
appropriate flags in the Processor Status (p) register are set accord-
ing to the result of this subtraction, but the result is not stored. The
contents of the v register and the memory location are not affected
by the operation.

[NJV[*[B[D]1]Z]|C| Processor Status

| Register
Carry Flag: Set if yY>=Memory

Zero Flag: Set if yY=Memory

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

DEC:DECrement memory value
DEX:DEcrement X register
DEY:DEcrement Y register

These three instructions perform the operation of subtracting one
from the value stored in the specified memory location or register.
Note that the Dex and DEy instructions use implied addressing, and
are single byte instructions needing no operand bytes. The effect of
the operations on the p register are the same, dependent on the
result of the operation in the byte concerned, as given below.



The 6510 machine code instructions 45

[NJV[*|B|D|1]Z|C|] Processor Status
| Register
Carry Flag

Zero Flag: Set if result becomes zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

INC:INCrement memory value
INX:INcrement X register
INY:INcrement Y register

These instructions perform the operation of adding one to the value
stored in the memory location or register specified. Note that the inx
and INY instructions use implied addressing, and are single byte
instructions needing no operand bytes. INC can use several address-
ing modes (see Appendix 1). The flags affected within the p register
are the same, dependent on the result of the operation in the byte
concerned.

[N][V[*|B|D[I]Z|C| Processor Status
| Register
Carry Flag

Zero Flag: Set if value becomes zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of value
becomes set
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Logical Operations
AND ORA EOR
BIT

The Logical or Boolean instructions allow ‘bitwise’ manipulation of
the Accumulator contents. Specific bits may be switched on and off
respectively by oring and AnDing the Accumulator value with the
appropriate mask or bit pattern. This is best demonstrated by repre-
senting the masks in binary format. If we wish to set (to 1) bit 0 of the
Accumulator without affecting other bits, we use:

ORA #%00000001
and to reset bit 0 to zero:
AND #%11111110

and to ‘flip’ bit 0, i.e. if set (1) then reset (to 0) and if clear (0) then set
it(to1):

EOR #%00000001

The BIT instruction effectively ANDs the Accumulator value with the
value held in a memory location, but the contents of the Accumula-
tor are not disturbed, as they would be if the AND instruction was
used. The result is notified by the Z, V and N flags, with Z being set if
the result of the and operation is zero, and V and N being made
equal to bits 6 and 7, respectively, of the memory location.

For example, to test bit 0 of the memory location labelled as Loc
branching to location MATCH if set:

LDA # %00000001
BIT LOC
BNE MATCH

To test bits 6 and 7 no mask is required, as we can test the N and V
flags directly with the conditional branch instructions. E.g. to test bit
7 of Loc, branching to MATCH if set:

BIT LOC
BMI MATCH
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AND: Logically AND Accumulator with byte.

This instruction ANDs the accumulator value with the value of the
operand, an immediate (literal) value, or that of a memory location.
This is the same operation as the AND operator in BASIC performs.
Each bit of the accumulator byte is compared with the correspond-
ing bit of the operand. If both bits are set (i.e. equal to 1) then the
resulting byte will have 1 in the same position. If either or both the
bits was a zero, the result will be a zero. Assume the accumulator
holds the value $18 (27 decimal), and we code the instruction:

AND #$3E
This tells the 6510 to take the accumulator value and AND it with the

literal value s3t (62 decimal). Since we're using hexadecimal, it is
easy to see the binary forms of the numbers:

$ 1 B
0001 1011

$ 3 E
0011 1110

The AND operation then produces a result from the bit patterns:

00011011 27 decimal
AND 00111110  AND 62 decimal
00011010 26 decimal

The result is stored in the Accumulator. The use of this is primarily in
‘masking’ bytes to check specific bits in a byte, as mentioned above.
Masking a byte by ANDing with $02, for instance, which is 06000010 in
binary, will give a result of either so2, if bit 1 of the accumulator was
set, or 0 if it was not.
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[N[V[*[B[D]|1|Z|C| Processor Status
l Register
Carry Flag

Zero Flag: Setif Ais zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if result negative

ORA: Logical OR Accumulator with byte

The Accumulator contents are ored with the literal (immediate)
value following the op code, or that held in the address in memory
specified. Each bit in the two bytes is compared, and if either or
both bits are set, the corresponding bit in the result will be set. If
both bits are 0, the resulting bit will be a zero. The result is stored in
the Accumulator.

IN]V][*|B|D|1]Z|C| Processor Status
| Register
Carry Flag

Zero Flag: Set if Accumulator zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

EOR:Exclusive OR Accumulator with byte

The eor operation checks the bits in the Accumulator against the
immediate number or that at the specified memory address in the
same way as AND and ORA, but in this case a bit in the result is set only
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if the Accumulator and memory bits were different. If the bits were
the same, either @ or 1, the result bit is a zero. The effect is to ‘flip’ any
set bit in the Accumulator which matches a set bit in the value with
which it is EOred. :

N|[V[*[B|D[1]|Z]|C|] Processor Status
| Register
Carry Flag

Zero Flag: Set if Accumulator zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

BIT: Compare Accumulator BITs with memory.

This is a logical version of the compare operations, in that the
Accumulator contents are not disturbed, but the relevant flags are set
in the p register according to the result obtained. The memory
contents at the address specified are ANDed with the Accumulator.
Bits 6 and 7 of the p register (the V and N flags) are set to the same
value as the corresponding bits in memory.

[N|]V[*|B[D]1][Z]|C|] Processor Status
| Register
Carry Flag

Zero Flag: Set if result zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag: Set as bit 6 of memory
byte

Negative Flag: Setas bit7 of memory byte
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Load and Store Instructions

LDA STA
LDX STX
LDY STY
TAX TXA
TAY TYA
TSX TXS

The DA, DX, LDY, STA, STX and STY instructions cause the register
concerned to be Loabed with a value from memory or have the
current register value stored back to memory. Transfer of data bytes
between registers is possible using the TAX, TXA, TAY, TYA, Tsx and Txs
instructions.

To load the Accumulator with the value stored in memory location
ADDR1, transfer the Accumulator value to the x register, and store the
X register contents at location ADDR2, we use:

LDA ADDRT
TAX
STX ADDR2

LDA:LoaD Accumulator with memory value
LDX:LoaD X register with memory value

LDY:LoaD Y register with memory value

The three operations perform the same function for each of the A, x
and v registers. The value of the memory location specified, or the
immediate mode value given, is placed in the register. The p register
flags are affected as shown below by the new value placed in the
register.



The 6510 machine code instructions 51

IN|V[*[B|D|1]Z]|C|] Processor Status
l Register
Carry Flag

Zero Flag: Set if register becomes zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of register
becomes 1

STA:STore Accumulator contents in memory

STX:STore X register contents in memory

STY:Store Y register contents in memory

These instructions simply place the current value of the register into
the specified location in memory. No flags are affected in the p
register.

TAX:Transfer Accumulator contents to X register

TAY:Transfer Accumulator contents to Y register

TXA:Transfer X register contents to Accumulator

TYA:Transfer Y register contents to Accumulator

TSX:Transfer S register contents to X register

TXS:Transfer X register contents to S register

These instructions all transfer a value from the first register given in
the mnemonic into the second. The contents of the first register are
preserved. The p register flags are set according to the new value
placed in the register to which the value has been transferred. Note
that there are no instructions for direct x to Y or v to x transfers, and
that the Stack Pointer value can only be transferred to or from x.
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IN[V[*|B|D|1]Z|C| Processor Status
| Register
Carry Flag

Zero Flag: Set if register becomes 0

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of register set

Shift and Rotate Instructions
ASL LSR
ROL ROR

The shift and rotate instructions both have the effect of moving all
the bits in the accumulator or memory location specified by the
operand one position to the left or right so that one bit enters the
byte while at the other end another bit exits. The difference
between the two operations is that while in both cases the bit exiting
the byte goes into the Carry flag bit, in a shift the bit entering the
byte is always a zero while in a rotate instruction it comes from the
Carry flag bit. Thus performing eight successive shifts on the Accu-
mulator or memory location will result in a zero result, while nine
rotates will leave the contents unchanged.

There are no direct multiplication or division instructions in 6510
machine code, so we perform these operations by means of suc-
cessive shifts. A simple instruction:

ASL BYTE

will multiply the value stored in location BYTE by two. Similarly, the
sequence:

LSR BYTE
LSR BYTE
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will divide BYTE by four. To multiply a two-byte number by means of
shift instructions we must roL the high byte so that the bit ‘shifted
out’ of the low byte is rotated into the high byte. For instance, if we
wish to multiply the value held in BYTEBYTE+1 by four, we need to
program a code sequence like this:

ASL BYTE
ROL BYTE+1
ASL BYTE
ROL BYTE+1

A similar sequence is necessary for division, except that in this case
we must first LSk the high byte and then ror the low byte. So, to
divide BYTE/BYTE+1 by eight:

LSR BYTE+1
ROR BYTE
LSR BYTE+1
ROR BYTE

The obvious problem with the above operations is that they only
allow multiplication and division by powers of two, i.e. *2, *4, *8,
etc. Other multipliers can however be achieved quite simply, by
combining shift operations with adds and subtracts. For instance,
we can multiply a value, represented by BYTE, by three using first an
ASL instruction, and then an ADC:

LDA BYTE
ASL A
CLC
ADC BYTE
STA BYTE

Algebraically, this might be expressed as 3B=2B+B.

ASL:Arithmetic Shift Left

This instruction can apply either to a memory location value or to
the current Accumulator value. Its effect is to shift all the bits in a
byte one place to the left, so that bit @ is moved to the bit 1 position,
and so on. Bit 0 has a zero inserted, and bit 7, which drops off the
end, is placed in the Carry flag of the status (p) register. The effect of
the instruction is to multiply the byte value by two:
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Bit 76543210

Decimal 169: Binary: [1]0[1]0[1]0]0]1]

ASL: [1] <—[o]1]o]1]0]0]1]0]<— 0
Carry
Flag

The resulting (9-bit) value, taking the Carry flag into account, is
25682, giving 338, or 2*169.

[NJV[*|B|D]1]Z]|C| Processor Status

Register
Carry Flag: Set to old state of bit 7

Zero Flag: Setif Azero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if result negative

LSR:Logical Shift Right

This instruction acts on the contents of the specified memory
address or the accumulator, according to the addressing mode. All
bits are shifted to the right one place, bit 7 becoming bit 6 and so on.
Bit 7 becomes a zero, and bit 0 is shifted into the Carry flag:

Bits 765432180 Carry
— 5] —[

The instruction is effectively a division by two, the Carry flag being
available to check if there was a non-integer result to the division.
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[N[V[*[BID]1]Z]C] Processor Status

' Register
Carry Flag: Set to old contents of bit @

Zero Flag: Set if result zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Setto 0

ROL:ROtate Left

The Accumulator or specified memory location has all the bits shif-
ted a place to the left. The current Carry flag value is placed in bit 0,
and bit 7 then placed in the Carry flag. The effect is a loop shifting
through nine bits:

Bits 7654321080 Carry

rEEEEEEEE ]~ [

[NJV[*|B|D|1|Z]|C| Processor Status

‘ Register
Carry Flag: Set to old state of bit 7

Zero Flag: Set if result zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set
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ROR:ROtate Right

The anti-clockwise equivalent of roL, all bits being shifted one place
to the right:

Carry Bit 7654321060

0 — O3

IN|[V[*[B|D|1[Z]|C| Processor Status

‘ Register
Carry Flag: Set to old state of bit 0

Zero Flag: Set if result zero

Interrupt Flag

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag: Set if bit 7 of result set

Conditional Branch Instructions

BCC BCS
BEQ BNE
BMI BPL
BvVC BVS

The eight conditional branch instructions allow program control to
be transferred a number of bytes forward or back from the current
location depending on the state of four flags in the status register p.
Note that assemblers allow the destination to be signified by a label,
or a direct address, so that a conditional branch to Loor (an address
label) if Carry set can be coded:

SEC
BCS LOOP
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and the correct offset for arriving at Loop will be worked out auto-
matically.

It is important to note that all the branch instructions use the
relative addressing mode. The operand is a single byte, treated as an
8-bit signed integer. Negative numbers are represented by setting
bit 7 to 1, to indicate that it is a negative number. The possible range
of the values of the operand is —128 to +127, with 10000000 binary
(s80) representing —1. The branch will be made this number of bytes
backwards (negative) or forward (positive) from the current rc regis-
ter value. Since it has first accepted and evaluated the branch
instruction and the operand byte following it, you should remember
that the branch, relative to the address of the Branch instruction,
will be within the range +129 (+127+2) and —126 (—128+2). These
are the maximum loop and jump sizes we can construct using the
branch instructions. The use of labels, or direct address desti-
nations, with assembler/monitor programs means no calculation is
required, but it is still vital to ensure the destination is within range.

The branch instructions are extremely important, as they are the
means of coding conditional jumps into a program, fulfilling the
same role as the IF... THEN GO ... construct in BASIC, that of changing
program flow as a result of tests (the compare instructions). Since
the size of a branch is limited, it is common to branch to a section of
code which will then use the JsR or jMP instructions to transfer
control to a subroutine or code section if extensive processing is
required.

The example below may help to make the mode of use of branch
instructions clear; the ADC instruction is one of the few that affects
all four flags:

CLC clear the C flag

LDA  #%40 load the Accumulator with $40
ADC  #$40 add s40 to the Accumulator
BPL  TEST branch if N flag clear

BCS  TEST branch if C flag set

BEQ TEST branch if Z flag set

BVC  TEST branch if V flag clear

All the above tests fail. The result of adding $40 to $40 is $8e. The bit
pattern of $80 is 10000000 so bit 7 and therefore the ‘sign bit’ N is set.
The addition does not generate a carry so C is clear. The result was
not zero so the Z flag is clear and an overflow from bit 6 into bit 7
occurred, so the V flag is set. No branch (to the address signified by
the T1esT label) is taken, and processing will continue to the next
operation.
The branch instructions do not affect any of the p register flags.
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BCC:Branch if Carry Clear

This is a conditional branch instruction. Its single byte operand
defines the number of bytes backward or forward which the program
is to jump if the Carry flag of the Status (p) register is clear, i.e. 0. If the
Carry flag is set (1), then the instruction will have no effect. If the
branch condition is met, the Program Counter (pC) register is modi-
fied by adding or subtracting the operand value from the current
address, and the next instruction taken from the resulting address.
The Bccinstruction is useful in arithmetic operations, since it checks
whether a carry has been generated, and in conjunction with the
comparison instructions cMp, cpx and cpy, which use the Carry flag to
signifiy the result of the comparison. The branch will be taken if the
register value was greater than the value with which it was compared.

BCS:Branch if Carry Set

This instruction causes the program to branch backwards or forwards
the number of bytes indicated by the operand byte if the Carry flag is
set, the opposite condition to Bcc. The relative jump specified will be
taken if the result of a cMP, cPy or cpx instruction shows that the
register value is less than or equal to the data byte compared.

BEQ: Branch if EQual to zero

The branch jump will be taken if the Z (zero) flag of the p register is set
when the instruction is executed. Setting the Z flag to 1 indicates that
the result of an operation is zero. Note that comparisons set the Zero
flag to indicate that the register and byte values are the same, i.e. the
difference is zero. This is often used to check whether a register
which is being decremented (see DEC, DEX, DEY) has reached zero, or if
the result of a comparison is zero.

BMI:Branch on MInus

The branch will be taken if the N flag of the p register is setto 1, i.e. if
the result of the last calculation or comparison produced a negative
number as a result, or bit 7 was set. Note that 0 is still counted as a
positive value, so a zero result does not cause a branch.

BNE: Branch if Not Equal to zero

The branch is taken if the result of a comparison is different from
zero, signified by the Zero flag being reset to 0. This instruction is the
opposite test to that performed by BeQ.
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BPL: Branch if PLus

This is the counterpart of the BmI instruction, and causes the branch
to be taken if the N (negative) flag is set to 0, indicating a positive
(not negative) result to the last comparison (register value greater
than data value) or calculation. Seldom used for branching after a
comparison, other instructions providing more precise conditional
tests, but used in loops which decrement a memory location or
register, when it will branch as long as the value is 0 or greater.

BVC: Branch if oVerflow flag Clear

The branch is taken with this instruction if the V (oVerflow) flag is
Clear, i.e. 0, indicating that a carry has occurred from bit 6 to bit 7.
For a standard binary number this merely means that a number
greater than $7F (127 decimal) has been generated, but in the case of
signed binary values, where bit 7 is the sign bit, this occurrence
changes the sign of the number from positive (bit 7=0) to negative
(bit 7=1), a matter of some concern! It also has uses in BCD (binary
coded decimal) arithmetic, and can be used with BIT to check the
state of bit 6. cLv clears the V flag, but there is no instruction to set it
directly available in the 6510 instruction set.

BVS: Branch if oVerflow Set

The opposite to BvC above. The branch is taken if the V flag is set,
and hence if an overflow from bit 6 to bit 7 has occurred. It is also
used in conjunction with BIT, since this instruction affects the state
of the V flag.

Unconditional Branch Instructions
JMP JSR

RTS RTI
The unconditional branch instructions transfer control directly and
unconditionally to a stated memory location anywhere in the
address space. In the case of rTs and rti the destination for the jump
is obtained from the stack.
E.g. an unconditional branch to the 64’s initialization routine
resets the operating system:

JMP $FCE2
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JMP: JuMP to new address

This is the equivalent of the GoTo in Basic, and the new address is
placed in the Program Counter register, so that the next instruction
will be taken from that address. The usefulness of jMp, which would
otherwise simply tend to encourage ‘spaghetti programming’ with
jumps all over the place whenever the programmer ran out of space
for a routine, is that it is the only instruction that can use indirect
addressing. In this addressing mode the specified location is that at
which the final destination address is stored. We specify an address,
and the destination is placed in this address and the following byte.
This gives us the power to change the destination to which a jmp will
be made. The stored address, or ‘vector’ can be changed, and since
the 64 uses RAM vectors for the operating system, this gives us an
entry point into the system.
JMP alters no P register flags.

JSR: Jump to SubRoutine

This is the equivalent of the Gosus instruction in BAsiC. The address
of the end of the jsr instruction is placed on the stack, and the jump
is made to the subroutine. Execution continues until an RTS is
encountered, when the stored address, plus 1, is taken off the stack
and placed in the pc register, so that the instruction following the
original Jsr is the next one executed. Subroutines are vital in
machine code programming, as they allow both multiple use of
repetitive sections of code, and allow the use of a control program
which calls sections of code, the placement of which is not crucial,
as appropriate. :
No p register flags are affected.

RTS: ReTurn from Subroutine

As explained under jsr above, this indicates the end of a subroutine,
and causes the return address to be taken off the stack. Note that
since instructions exist to manipulate the stack, the return address
may be changed, or an rTs.without a corresponding JskR may be used
to cause a jump to the address (plus 1) stored on the stack.

No p register flags are affected.

RTI: ReTurn from Interrupt routine

This is used with Interrupt routines only, which we will meet with
later. The effect is of a pLp instruction followed by an rts, i.e. the top
byte on the stack is taken off and placed in the p register, and the
next two bytes of the stack are placed in the pc register as a return
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address. Replacing the p register exactly as it was before the Inter-
rupt occurred ensures that processing may continue as if nothing
had happened.

Operations on Flags

CLC SEC
CLV

These instructions allow the programmer to set or clear certain flags
in the P or Processor Status register, e.g. to clear the Carry prior to
an add operation:

CLC

LDA ADDRS
ADC #$01
STA ADDRS

CLC: Clear the Carry flag

This places a zero in bit 0 of the p register, and has no other effect. It
is important when performing ADcC operations, and with the roL and
ROR instructions.

SEC: SEt Carry flag

The opposite of cic, this places a 1 in bit 0 of the p register (the
Carry flag). It is essential for use with sBc instruction, and in multipli-
cation and division using the shift and rotate instructions. Since the
Carry flag is the only flag that can be set or reset as required, it is
also often used to ‘flag’ a particular condition, such as an error,
since a branch can then be made as appropriate.

CLV: Clear oVerflow flag

Inserts a zero into bit 6 of the p register, and does nothing else. Not
often used except in complex arithmetic. Note that there is not a
corresponding instruction to set the overflow flag.

Stack Operations

PHA PLA
PHP PLP

The stack instructions permit the programmer temporary storage of
the Accumulator and Processor status registers on to the stack. For
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example, to store registers prior to entering a subroutine FUNCT, and
retrieve them on returning, we PusH the P and A values directly, then
transfer the x and v values to A before pushing the values on to the
stack in turn. Retrieval must be in reverse order of storage:

PHP push p register on to stack
PHA push A value on to stack
TXA transfer x value to A

PHA push A contents to stack
TYA transfer v value to A

PHA push A contents to stack
JSR  FUNCT jump to subroutine

PLA pull v value off stack into A
TAY transfer v value to v register
PLA pull x value off stack into A
TAX transfer x value to x register
PLA pull A off stack

PLP pull status register p

PHA: PusH Accumulator on to stack
PHP: PusH Processor Status register on to stack

These two instructions place the contents of the Accumulator and p
register, respectively, on the stack at the current position of the
Stack Pointer. s is then decremented to point to the next free
location on the stack. No p register flags are affected.

PLA: PulL byte into Accumulator from stack
PLP: Pull byte into Processor Status register from stack

These instructions take the last byte pushed on to the stack and
place it in the register concerned. The Stack Pointer s is then incre-
mented to point to the previous value placed on the stack. No p
register flags are affected by pLA, but the entire p register is replaced
with the bit pattern of the byte pulled from the stack in the case of
PLP.
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Instructions to the Processor

NOP BRK
CLI SET
CLD SED

The Nor instruction stands for NO oPeration, and does just that. The
processor fetches and decodes the instruction but there is no
execution. Nops are useful for leaving ‘space’ in a program so that
changes may be made to the code without resorting to re-assembly.

The BRK instruction forces a BRK interrupt and causes the processor
to suspend the current program and jump to memory location $FFre,
where the 64 operating system takes control and returns the system
to BASIC.

The remaining four instructions affect the | and D bits of the status
register. Sel stops IRQ interrupts from occurring while cui re-enables
them. (More about interrupts later).

SED puts the processor in Binary Coded Decimal or BCD mode. In
this mode each byte stores two decimal digits, one in each nybble
(four bits), i.e. a number from 00 to 99 can be held in a byte. In all
subsequent adds and subracts after a seD carries (and ‘internal car-
ries’ from bit 3 (low nybble) to bit 4) are generated when a result is
greater than 9 decimal, rather than ser as in binary mode. cip re-
enables the binary mode.

NOP: No OPeration

Does nothing. Affects no flags. Used to fill memory, patch out code.

BRK: BReakK

Effectively a sToP instruction, BRk forces an interrupt and stops any
further 6510 processing. However, the interrupt routine may be
altered by the user. The Break flag is set to indicate that the interrupt
was forced, the Interrupt flag is set, and the pc register pushed on to
the stack, followed by the p register. The jump to the interrupt
handling routines is via an indirect JMP to the vector at locations
$FFFE/$FFFF.
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IN[V[*]|B|D[1]Z]C] Processor Status
Register

Carry Flag
Zero Flag
Interrupt Flag

Decimal Flag

Break Flag: Set

(unused)

oVerflow Flag

Negative Flag

CLI: ClLear Iinterrupt flag

Places a zero in bit 2 of the p register. This enables 1rQ (Interrupt
ReQuest) interrupts (i.e. not BRK interrupts).

[NIVI*[B|D|1]Z|C| Processor Status
I Register
Carry Flag

Zero Flag

Interrupt Flag: Reset to 0

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag

SEl: SEt Interrupt flag

Places a 1 in bit 2 of the p register, preventing IRQ interrupts from
occurring. Turning off interrupts speeds up processing, and also
prevents the screen or keyboard from working!
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INJV[*[B|D|I[Z[C|] Processor Status
l Register
Carry Flag

Zero Flag

Interrupt Flag: Setto 1

Decimal Flag

Break Flag

(unused)

oVerflow Flag

Negative Flag

CLD: ClLear Decimal mode flag
SED: SEt Decimal mode flag

These instructions switch in (sep) and out (cLb) the 6510’s Binary
Coded Decimal mode by respectively setting and clearing the Deci-
mal flag of the p register. Whilst in BcD mode each nybble of a byte is
treated as a decimal digit 0-9, and the high nybble is incremented
whenever the low nybble exceeds 9. This is used for simple additive
arithmetic, when display of the values is required.

[NJV[*[BID]1[Z|C] Processor Status
l Register
Carry Flag

Zero Flag

Interrupt Flag

Decimal Flag: Set/Reset

Break Flag

(unused)

oVerflow Flag

Negative Flag

We have looked at the architecture of the 6510 and we have seen
what the various 6510 instructions can do. Next we need to see how
these instructions may be put together to produce useful programs.
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This process will be elucidated by way of two examples, one very
simple and the other a little more difficult.

Screen Fill

This is a straightforward routine which simply fills the entire text
screen with a character of your choice. You should remember that
the text screen memory of the 64 is a block of 1000 bytes of ram
starting at address $e400, each byte of this block defining by its
contents — in text mode — which character will be displayed. It is
therefore necessary to set each byte of the screen ram to the value of
the code for the chosen character.

One method of doing this would be to load the accumulator with
the character code (e.g. #$24) and then store this value in each of the
bytes which correspond to the screen locations. This would be
coded as:

LOA #$Ez2- load the
accumulator with
the character
code value

STA #6488 z=tore the
accumu latar
value in the
tirst =creen
beete address

STH #5441 =tore the
accumulator
walue at
sctreen+1

STA #0482 store the
accumul ator
walue a2t
sCresen+s

STA Fad4az tetc, ..

This method, although fast, is incredibly wasteful of program space
(and programming time!), requiring a total of 3002 bytes of code to
fill the whole screen. A much better solution is obviously to use a
loop construction. Look at the following assembler listing:
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¥ = ¥fCoBa code i=

azsenkled
starting at
FCEEa0 C431520

1 LI #+0@ load ¥ register
with zero

15 LF LDOA #5224 load A
Caccurmdl shor
with the
character code

28 STA $#8400.< store A a2t the
screen address
+ .

=3 LDEX decrement . X

e BHE LF if JHFE then
relative branch
kack to LP

7a RETS reture o BRZIC

With the loop method, instead of having 256 STA instructions each
executed once only there is a single stA instruction which is executed
256 times. Note that the first address to be filled is specified as $e400
plus the x register value. This is first of all set to zero (LDx#$e0), and on
each subsequent pass through the loop the x register value is decre-
mented. This gives $0400+#$FF, $0400+#$FE, etc, until X is zero.
When this happens the or Zero flag is set and the conditional branch
in line 70 fails.

You will notice that the above loop will not fill the whole of the
screen RAM. This is because the maximum amount of memory that can
be accessed by one s1A in such a loop is 256 bytes (the x register can
only store values 0 to 255 decimal). To fill the whole screen we must
add three more sTA instructions with base operand values 256 bytes
apart, so we need to add the following three lines to the above loop:

STAR Q@508 .-
STA #0608, -
5TR #a7ag, -

o Ld g
DU O]

Finally, in order to see the characters we have placed on the screen
we must also fill the colour memory section of rRAM with a colour
different from that of the background. The colour ramM block matches
the screen ram block byte for byte and starts at location $psee. So we
need to add the following five lines of code within the loop, and our
program will be complete:
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48
45
@
S5
el

LDOA #F86

5TR $0230a .-
STH *0D980, K
STAH $DABE X
STH FDEGE X

Below you will find the above code in the form of a Basic loader
program. If you do not yet possess an assembler then you can key in
the BAsIC loader, RUN it, correct any errors and then call sys 49152, If all
is well the screen will fill in a flash with $ characters. If you are not
yet convinced that programming in machine code is a good idea,
then the proof may be to compare the speed of the above code to
that of the same program in BAsIC:

DR Y]

]

fay,

RO

FOKE SS296+4,8
HEHT

Screen Fill Basic Loader

120
lo1
162
163
194
185
1as
187
1@
11@a
111
112
113
114
115
11
117

C=8

RERD D$

IF D#E="EHND" THEH PRIHNT D#%:EHND
D=YAL D¥> : IFD<& THEH 16&

=¥+l :C=C+D:FPOKE 4315140

GOTO 181

IFC=ABS:cD>» THEH 1&&

PRINT "ERROR IH BLOCE " :IMTCHAE54)2
GOTO 188

REM ——— BLDOCK 1
DATARLIEZ.8.189 .26 ,.157,.8,.4 157
DATAB . 5,157 .8, 6.157,.8.7

DATAL1E2 . 8,157 .8, 218,157 .,.8.,.217
DATALST.HB.213,.157.,8,21%9.,.262 ., 288
DARTRZ22S.96

DATA-Z2415

DATAH ENMD

Decimal to Hex Converter

This is a short but quite elegant routine which is somewhat more
complicated to understand than the screen fill but also rather more
useful.
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We will assemble the converter to $ceee so that to use it we sys
49152,N where N is the decimal value (an integer number from 0 to
65535) which is to be converted into its hexadecimal equivalent.

As you can see, unlike the screen fill, the Dec to Hex Converter
requires input data to work on but fortunately for us there are three
operating system routines which we can use to make the input and
output of data a much simpler operation than it would be if we had
to write all the code ourselves. Indeed, we needn’t concern our-
selves with the mechanics at all! Since we are ‘borrowing’ the in-
built routines of the 64 we only need to know the address of the
routine, the values needed by the routine and the output result. For
this program we will use:

$AEFD handles a comma after the svs

$ADBA

$B7F7 get in the decimal number (0-65535) after the sys as

two-byte binary value in the temporary integer store
(address $14,$15)

$FFD2  outputs an ASCIl byte held in the Accumulator to the

screen

There is no need to understand exactly how these routines work at
this stage but we will be seeing much more of them later on in the
book. Let us consider a rough description of the method or
algorithm for the program:

1. Check for the comma after the sys

2. Get in the decimal number and convert to a two-byte binary
number

3. Output the high byte as two hex digits

4. Output the low byte as two hex digits

5. Return to BAsIC

Steps 1. and 2. above are handled by jsr'ing to our first two ROM
routines at $AerD and $ADsA/B7F7, the result from the latter being
returned as a two-byte binary number in $14 (low byte) and $15 (high
byte).

* = FCOEE prograan is
asz=senmkled +to FCEAQ

1@ JSR $REFD check for & commsz
after the S¥Y5. I+
rot present
gererate 2 swhnbas
error message sad
return ho BRSIC
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= R FAD2A
. F¥EVFY aset the decimal
rambzer after the
comma 22 binars in
F14,.$#15 Jlow
beete  hiiah kbehel
14 LOA #15 load the
accumdlator with
+the HIGH bete
1 JER HE® JERE o HEX which
cutputs A o the
screen as = hex
digilts
1= LOA #14 load A with the
L bwete $or HES

N

T
J

[
1z

[4

Steps 4. and 5. of our algorithm rely on a subroutine Hex to output a
binary number in A to the screen as two hex digits. HEx works by
dividing the accumulator contents into two 4-bit ‘nybbles’ each of
which is converted to a single ASCII digit 0-F. This is output to the
screen via the ROM routine at $rFD2 thus:

1. Temporarily store the A register value on the stack (does not
affect contents of A)

Shift A right four times to obtain the upper nybble
Jump to subroutine at step 6

Retrieve original A value from the stack back into A
AND the A register with #$oe to obtain the lower nybble.
. If nybble value less than 10 (#seA) then go to 9

. Make A=A+#$37

Return via routine at $FFD2

A=A+#$30

Return via routine at $FFD2

SoeNoUAWN

-

Here is the corresponding code:

28 HE+x PHA ztore .H on the
stacl:
22 L=ER H shift A to the

rigkt 4 timezs o
ckbtain the upeer
reekkile in LA

(209 Y
rr
L

I

[N



Ly I
[ nx]

(0]
Pa

(XY}
L

[AY]

= PUT

[AX]
[ax]

4z GUN

44

LER A
JER FUT

BCC GUM

ADC #F06

ADC #F326

JMF $FFD2

The 6510 machine code instructions

process upper
rivkkle

retrieve A from
+the =tacl:

AMD A withk
#-00001111 JH#FOF»
to abtain the
lower nwvkhle in
A

compeare hvbble in
LH owith 1@ CH$FAAD
it lezs tharn 18
relative khranch
+o GUR

add #F205 to A +
cary C=10 maliing
effectivel: add
#¥F¥A7 - carry is
cleared by thizs
acddition

acidd #$320 o A +
carry (=@ making
effectively add
#E20

returt fr-om
subroutine wia
the ROM routine
at ¥FFDZ which
outputs the A
value tao the
screett as the
corresponding
ASCII character

71

Note that in lines 14-20 use is made of the subroutine labelled as Hex
to successively process the high and low bytes of the input data.
This avoids the clumsy construction:

LA #15
J5R HEX
LOA 14
JER HEX
RTS

return

to BRAZSIC
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By placing the Hex subroutine at line 20 the final two instructions are
no longer required as the program returns to BAsIC when it meets the
RTS instruction in Hex. The same applies to the puT subroutine in lines
30-36. The whole program can be thought of as three subroutines:

1. The whole program

2. The Hex subroutine

3. The put subroutine

All of these return via a single rTs instruction within the RoM routine
at address sFrD2. Upon entering the ADC in line 40 the Carry is set after
the cMmp operation in line 36. This means that this add becomes
effectively (+6+the Carry), and the Carryis 1,i.e. (+7). The Carry will
be cleared by this addition for the subsequent ADC in line 38.

As with the screen fill routine this programis also coded in the form
of a BasiC loader for those of you who do not possess an assembler.
Type in the loader program below and then RuN it. After correcting
any errors, and RUNning it successfully the routine will be ready to
use.

Decimal/Hex Basic Loader

188 C=8&

181 RERD D#

182 IF D$="ENO" THEH PRIWT D#$:EMND
163 D=VAL D> : IFDCG THEN 186

184 K=¥+1:C=C+0:POKE 42151+<.D

185 GOTO 161

1ge IFC=RBSCD> THEM 188

187 PRINT "ERROR IM BLOCK " :INT {540
1gg GOTO 166

11é¢ REM ——- BLOCK 1

111 DATA3Z,253.1V4,32.138,173,.32,247
112 DATA183,165,21.,32,16,192,.185,20
113 DATAYZ2,74.74,74,.7V4,32,2V.,.192

114 DATA104.41,.15,201.18,144,.2,1835
115 DATRE,185.48,76,218,255

116 DATA-3816

117 DATA END

This same technique, of presenting assembler listings, with descrip-
tions in the text, and BasiC loader programs, is followed for all the
programs in this book. The next chapter presents the first of the
major programs, a machine code monitor. Don’tbe put off by the size
of the listing — the principles are no more complex than those dealt
with above.



4 The Wedge-MON
monitor

The ‘Wedge-MON'’ program presented here is an assembler and
machine code program development tool that enables the pro-
grammer to enter programs, and examine, alter and generally
manipulate in useful ways the contents of the computer’s memory.
In its fully expanded form it offers fourteen functions. These are
given below, with their definitions and the syntax of the commands.
Use of the commands is described later in the chapter, as is the
program itself. First the commands and the practicalities of entering
the program.

The ‘Wedge-MON’ functions

DISASSEMBLE: disassemble a line of machine code. This reverses
the assembly process, and takes the values held in the sequence of
memory bytes specified, decodes it and turns it into assembler
code. Using the <cursor down> key, which may be done
repeatedly, disassembles the code a line at a time.

Syntax: @D (start) - (finish)
or: @D (start) <cursordown>

Example: @D Co0o-0010
or: @b ceeo <cursor down>

ASSEMBLE: assemble a line of machine code. This takes the
assembler code, assigns the correct op code by interpreting the
addressing mode syntax and places the byte(s) for the op code and
operand values into memory.

Syntax: @A (addr) (mnemonic) (operand)

Example: @A Ce00 LDA #$10
@A C002 STA $1000
@A C005 RTS
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MEMORY DUMP: display memory as hexadecimal values. The speci-
fied range of memory addresses are displayed, with their contents
given in hexadecimal. The <cursor down> key may be used
repeatedly, to display an eight-byte sequence of memory for each
press.

Syntax: @M (start)-(finish)
or: @M (start) <cursordown>

Example: @m Co00- C010
or: @M ceee <cursor down>

MEMORY WRITE: write hexadecimal bytes to memory. This pro-
vides the facility of entering or altering each byte of memory. Eight
bytes following the specified address are entered at a time. This is a
companion command to @m.

Syntax: @w (addr) (byte) (byte)...

Example: @w Ceoe FF DE 10 1E 55 AA FF CE

ASCII DUMP: display memory as Asclii bytes. This is the same as @M,
but the display is given as the characters corresponding to the
values stored in memory. Mainly of use in dealing with data stored
in memory.

Syntax: @I (start)-(finish)
or: @ (start) <cursordown>

Example: @ Coeo- Coor
or: @ ceee <cursordown>

ASCII WRITE: write ASCII character codes to memory. The same as
@w, except that the ASCIl code values of the eight-byte sequence
entered are placed in memory.

Syntax: @c (addr) (ASCII char)(ASCll char). ..

Example: @C cooo RT..*34.
@C 008 BASIC*..

TRANSFER: transfer a block of memory. This command enables a
specified block of memory to be shifted to a new position in mem-
ory, defined by the start address given.
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Syntax: @1 (start)-(finish),(new start)
Example: @1 Ceoo- Co10,8000
FILL: fill a block of memory with a given value. The area of memory

specified by the start and finish addresses is overwritten, so that
each byte will contain the specified value.

Syntax: @F (start)-(finish),(byte value)

Example: @F 0200-62FF,00
HUNT: hunt (search) for a specified sequence of bytes in a section
of memory. The sequence of bytes can be specified as hexadecimal

values, with the * symbol functioning as a ‘wild card’ which may
signify any value, or in ASCII characters, following an apostrophe.

Syntax: @H (start)-(finish),(byte) (byte)..
or: @H (start)—(finish),’ (ASCII chars)

Example: @H A000-F000,23 60 21
@H  A000 - F000,'BASIC
@H A000-F000,23 * 21

SAVE: save a specified block of memory to tape or disk. The com-
mand is followed by the name under which the memory sequence is
to be saved, the device number, and the start and end address of the
portion of memory which is to be stored, separated by commas.

Syntax: @s “filename~,(device no.),(start),(finish)
Example: @S “RAT",08,Ce00,C100 (disc)
@S “RAT",01,C000,C100 (tape)

LOAD: load a program from tape or disk. @s would not be much use
without this command, which simply places a stored memory
sequence back where it came from.

Syntax: @L “filename”, (device no.)
Example: @L “RAT”,08 (toload from disc)
@L “RAT",01 (toload from tape)

GO: transfer control to a user machine code routine. The address
specifies the start location of the routine.

Syntax: @G (address)

Example: @G 2000
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REGISTERS: initialize the registers prior to using the o command
(@G). The values of the A, x, v and s (status) registers are specified,
separated by spaces.

Syntax: @R (A X) (V) (S)

Example: @R FF 00 01 30

EXIT: quit ‘Wedge-MON'. This enables you to switch out the moni-
tor if required.

Syntax: @x

Entering ‘Wedge-MON’

‘Wedge-MON' is a large program offering a large range of functions,
and if you had to enter the whole lot in in one go there would be a
great deal of typing to be done before you saw any results. For this
reason the program is broken down into eight modules: a main
program and seven command files. While the control program must
be entered, the command files are ‘optional’ and you can enter
them one by one whenever you feel like typing them in. Each file
entered adds one or more new commands to the monitor, so that
‘Wedge-MON’ can be gradually built up to its complete version. In
case you think of any additional commands which would be useful, |
will show you how to incorporate your own command routines once
you are competent in machine code. Here are the modules:

1. The Control Program: This module contains the code to accept
data input from the keyboard, and direct control to the appropriate
command routines. It also contains a ‘kernal’ of input-output
routines which are used by all the ‘Wedge-MON’ commands.
Because of the central role it plays this file must be entered before
any of the command modules, and is also the only ‘Wedge-MON’
file that is indispensable.

2. @A (assemble) and @D (disassemble): This is the largest of the
‘Wedge-MON’ command files, but also perhaps the most useful.
These two commands are placed together in one file since they use
certain large data tables in common.

3. @M (memory dump), @w (memory write), @ (ASCIl dump) and @c
(ASCII write): This file adds four extremely useful commands to the
monitor, and since it is comparatively short it is probably the best
one to enter first if you can’t wait to see some action.
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4. @t (memory transfer): This is another short file that adds the
capability to moving specified blocks of memory around within the
64. These blocks can be machine code programs, data tables, etc.

5. @F (fill memory): This is the shortest of the command files, pro-
viding a potentially very useful facility for the debugging of
machine code programs.

6. @H (hunt memory): This search facility is useful for exploring the
64’'s RoMs as well as helping program development, and is best
used in combination with files 2. and 3. of ‘Wedge-MON’.

7. @G (go to machine code) and @r (set registers): These com-
mands are mainly used with @A, but are also useful for accessing
and investigating operating system code routines within the 64's
ROMS.

8. @s (save machine code) and @L (load machine code): If you
were only to enter this file combined with say, file 3, you would be
getting a powerful utility. These @s and @L commands are obviously
crucial if you are going to be writing your own machine code
routines.

Entering the Control Program

All the above files are provided as both assembler code source files
and in BAsIC hex loader program format. If you possess an
assembler then you can assemble the source file, otherwise key in
the Basic loader. The Basic loader program is equipped with a
checksum facility to help track down typing errors. The loader is
divided into blocks of 64 bytes of DATA, each terminated by a nega-
tive checksum value which is the sum of all 64 bytes in the pre-
ceding block. When you RruN the loader program it pokes each
sequence of 64 bytes into memory and then sums them, comparing
this sum with the checksum value at the end. If the values do not
match then an error will be flagged for that DATA block, and you
must find and correct the error before trying again. This system is
not quite 100 per cent reliable, but it should, unless you are
unlucky enough to enter a set of errors which cancel out in the
addition process, spot all typing errors.

Once the loader is entered and you have saved it to disc or tape
(very important!), enter RUN (return) and wait. The amount of time
taken to poke the data into memory will depend on the size of the
file, but for the control program this will be around half a minute.
When the loader program has successfully finished type sys 49152
<return> and you should be greeted with the message *** WeDGE-
MON 1984 J.P. GIBBONS ***. If so, all is well, but at this stage, unless you
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have also entered one of the command files you will find that only
one of the ‘Wedge-MON’ commands actually works. This is @x,
which dis-enables ‘Wedge-MON’ and the command routine for
which is contained within the control program itself.

The first job now is to save ‘Wedge-MON’ as a machine code file,
so that you don't have to repeat the preceding rigmarole every time
you want to load your monitor. This is achieved by the following
BAsIC program which simply peeks memory logations and PRINT#'s the
values to the cassette or disc file.

Cassette Version:

28 0OPENS, 1.5, "WEDGE-MON,P,W"
368 PRINTH#S,CHR$(G) :CHR$(1920 »
48 FORX=49152T0S2736

SO PRINT#S.CHR$(PEEK (X))

&8 NEXTH

8 CLOSES

Disc Version:

18 OPEN15,8.15,"Ia"

Z0 OPENS,8.5,"@@:WEDGE-MON,P MW"
30 PRINT#S,CHR${0> ;CHR$(192) »
48 FORX=491352T052736

S8 PRINT#5,CHR$(PEEK{(X)>)>;

68 NEXTX

7@ CLOSES

88 CLOSELS

Note that the range of memory saved is that occupied by the control
program plus all the command files. This is so that the same pro-
gram may be used at later stages to save intermediate versions of
‘Wedge-MON’ consisting of the control program plus one or more
commands. After this, whenever you require ‘Wedge-MON’ simply
load it from tape or disc, using BAsIC's LOAD command. be sure to
remember, however, to add ‘,1’ to the command to tell Basic that it is
a machine code file that is being LoADed and not a BAsIC program. For
disc, use:

LOAD “WEDGE-MON",8,1

and for tape:
LOAD “WEDGE-MON",1,1
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Important note: When LOADiIng programs in this way, you must enter
NEw after the LOAD is finished, to be sure of a system reset. The
program is not affected, and is activated by svs 49152.

Entering the Command Files

Each of the command files is provided, like the control program, in
both assembler source files and BAsic loader program versions.
These are entered exactly as described for the control module,
except that the control program or the latest intermediate version of
‘Wedge-MON' must be loaded first. As well as loading the com-
mand routine into memory it is also necessary to inform the control
program that it has a new command or commands available. This is
the function of the pokes at the end of each Basic loader program. So,
if using the loader program, after typing RUN <return> to load the
machine code into memory you must then enter RUN 1000 <return>
to link the added command(s) into the monitor.

Note: Those of you entering the assembler source code directly
must nonetheless execute these pokes, otherwise the new com-
mands will not work. There are two pokes for each new command
added. To enable ‘Wedge-MON' enter sys 49152 <return>, as before.

When a new command has been loaded and linked this latest
intermediate stage of ‘Wedge-MON’ must be saved as a machine
code file, using either the BAsic memory save routine given above or
the @s monitor command if you have entered this module. In the
latter case, you should use for discs:

@S "@0:WEDGE-MON",08,C000 — CE00
and, for tape:

@S "WEDGE-MON",01,C000 - CE00

Using the ‘Wedge-MON’ Commands

‘Wedge-MON' has been designed to work in parallel to sasic, and
should have no effect on normal Basic processing other than slowing
it down slightly, which may be avoided (see below, on @x use). All
the monitors commands are direct-mode statements, that is they
will not work from within a BAsiC program, and if you try to incor-
porate them thus the normal Basic error messages will be generated.
In this section some examples of the use of the monitor commands
will be given.
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Using the @0 command

With the @b command in memory you may use ‘Wedge-MON’ to
examine its own code, by typing @D cese and pressing <return>.
You should then see on the screen:

B0 Cooa LD #3302

This is the first instruction of ‘Wedge-MON’ (which starts at $Co00)
disassembled (load the x register with the value 2). Press <cursor
down> and the disassembly continues with the next line of
assembler. To escape the command, press any other key.

Using the @A, @G and @R commands

Try typing the following:

EA CE@D LDA #3084

Hit the <return> key, and you will then see:
EA CER2  LDA #$84

BAR  CEBZ

You are now using the Assemble command @A to enter assembler
code starting at address $ceeo. The instruction that you typed (load
the accumulator with the value zero) has been accepted by ‘Wedge-
MON’ as a valid line, which we know because it has printed the
address of the next available memory location on the following line,

slightly indented from the first. We may now enter the rest of the
program, following each line with <return>:

STR $heza
ETS
You should now see:

EA CEG@ LDA #$6a

@A CE9z STA #0826

@R CE@S RTS

@A CE6&

Now move the cursor down a couple of lines and then type:

@G CEGOQ
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What should have happened is that the border colour changed to
black. You have written and executed a small machine code routine
to change the border colour. The border colour is controlled from
the VICII chip register located at spe2, and by storing a zero in this
register the border turns black. You will also notice that the values of
the processor registers are displayed under the register headings in
@R format on returning from the routine. These register values may
be intialised prior to execution of a machine code routine by the @r
command, and the purpose of the display being preceded by @ris to
make the modification of register values simpler. Cursor up a line,
and edit the Acvalue to ¢, followed by <return>, and then enter:

&G CEAz

plus <return> again, and the border colour reverts to normal. This is
because we have initialized the accumulator with the value ($0g)
normally held in $pe2e and then jumped into our routine at address
$CE02, i.€. afterthe instruction at sceso where the accumulator is loaded
with zero.

Using the @M and @w commands
If you enter the following, followed by <return>:

@ 0828
You should see a display something like this:

@M DBz2B8 BE 86 FF FF FF FF FF FF

These values represent the contents of the VIC chip registers from
$D020 to $D027. (Note that the values given above may be different from
the ones you get, depending on how you have your machine set up.)
To enter new values you must either move the cursor up to the @m
and change it to @w, and then simply make your changes on the
displayed line before typing <return>, or type:

@y Deza

and then simply enter your new values. When you hit the <return>
key the next available address will be displayed, as with the @A
command.

The @ and @c commands work in similar fashion, but with the
ASCIl characters instead of hex numbers being displayed and
entered.
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Note: Do not @c over an area of code if you want it to retain its
function. If you @! an area of machine code to the screen as ASCII
characters it will appear as gibberish, but you may do this without
harming the code. If however you change the command letter to @c
and then try to re-enter the ASCII that you have dumped then the
code will be terminally altered, probably leading to a crash the next
time that you try to execute it. The reason for this will become clear
when we take the ‘Wedge-MON' program apart.

Using the @Land @s commands

Commodore BasiC lacks a command whereby machine code pro-
grams may be saved to a storage device, although ROM routines exist
to perform this function in machine code. Using the @s command,
an area of memory may be saved to tape or disc. The area of memory
concerned does not of course necessarily have to be a machine
code program, and the data for a single sprite, a block of sprites, a
screen display or other types of data may be saved just as easily.

The @L command may seem redundant, since BASIC already has a
machine code load facility, using LOAD “file”,device,1, but this opera-
tion tends to corrupt BASIC pointers and requires a New statement
after loading to be sure of a system reset. Using @L, however, you
can load in machine code without disturbing any BAsiC program you
may already have in memory.

Using the @H, @Fand @7 commands

Your use of these commands will probably be largely for debugging
and exploration purposes. To illustrate the use of @H, imagine that
you were examining an area of the Rom and you wanted to inves-
tigate all the occurrences of the instruction pHp within this area. You
would simply use the @H command to look for the op code for pHp.
To give a slightly more tricky example you may wish to discover all
the JsR subroutine calls to Rom Kernal routines, i.e. JSR $FF2? instruc-
tion sequences between $A000 and srrrF. This can be accomplished
thus:

@H AOEB-FFFE.z@ #% FF

$20 is the op code for Jsk and s$rF the high byte of the destination
address. Since the low byte of the destination is indeterminate we
must use the ‘wildcard’ character * to represent it. Hit the <return>
key and prepare for the rush. As might be expected there are quite a
few Jsr’s to Kernal routines in the RoM! In practice, for greater utility,
we would have to narrow our search to a smaller area of memory.
You should note that the upper limit for the search was set at $Frre
and not sfrrr. This is a limitation of the @4 command, and if you
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should set the upper limit for a search to $rrrr the program will carry
on searching indefinitely. Fixing this would have made the code
longer, so a compromise seemed in order. The contents of $FFFF are
for most purposes invariant in any case.

The memory fill command @r can be used to fill the screen mem-
ory with a certain character code, the whole colour table with a
specific colour code, an area of memory with Nop codes or zeroes,
fill in a sprite data block, initialise the values in a data table, etc. The
many uses of this command will become apparent as you experi-
ment further.

The @t command enables the contents of memory blocks to be
shuffled about. For instance, suppose you had defined a sprite in
Sprite block 13. You could then copy the contents of Sprite block 13
to the block 14 locations, etc. Another important use would be to
copy the machine code RoM routines down into the RAM memory so
that they may be experimented with or altered. It is important to
remember that when moving blocks of machine code from one area
of RAM to another the routines will not run at the new location if the
code contains any absolute JMP’s or JsR’s to routines within the
transferred block. These instructions, and also any word tables, will
have to be altered by hand, according to the offset of the transfer.
However, all relative branches and absolute jMpP’s or JsR’s to routines
outside the transfer block should work as before.

Using @x

‘Wedge-MON'’ when activated will have a slight slowing effect on
BASIC processing, and so a quit facility is provided in @x to allow the
monitor to be switched off if the full speed of BasiC is required. To
reactivate you need only use svs49152.

Having reviewed what ‘Wedge-MON’ can do, here is the first batch
of code. This is the control section, the main module which handles
all the others.

The Control Program Code

First we give the assembler listing, to which all the following discus-
sion of the program refers, and then the Basic loader program.

Assembler Listing: The Control Program
1ed =YS Fea

1g1g OFT 00

1828 #=%¥C80a

1838 f———— e
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1@48 TEMP1 =%14

1858 TEMF2 =%10

1868 CURR  =$4D:%
187@ EMD =F4F ¥
1828 PFLAG =$FE

F1 55—
1186 FHCTH  =$82A7
1118 CHAR  =%@
1128 g

1138 DSASEL =$C309

1148 MEMORY =$C8S8

1158 IMTERG =$CSAA

1160 oo

1178 ;——EHTREY POIMT—-

1128 :SET UP CHRGET MWEDGE EY IMSERTIHG

1192é@ ;" JIMP MWEDGE" IMTO CHRGET ROUTIHES
1288 :PRINT COPYRIGHT MESSAGESRETLURH TO
1218 :BERZIC

1220 f e

1228 EMTEY LDK #f52

1248 HA LW REAT .=

1258 1 STA Q@70

1228 T DE*

12va + EFL HA

1228 7 LOY #>CREDIT

1298 1 LOA #<CREDIT

1z@a 1 JHF $ABI1E

1218

1228 RAT JHFP WEDGE

1338 e

1=48 ;CHECE FOR "®@°-1IF PRESEHMT JUMP TO
125@ :MAIXM CODE ELSE CONTIHUE MWITH
1258 :MORMAL CHREGET ROUTIME.

137E e

1228 WEDGE CHMP #F48 ERC]

1396 + BER CHECE

1488 e e

1416 OUT CHFP #£32A I

1428 + BCS TACITE

142G JMF Foacn

1448 f o

1456 :CHECK SOURCE OF CHRGET CALL BY
1458 FPULLIMG RETURH ADODRESS OFF STRCK-
1478 IF HOT #R48C THEM IGHORE



1428
14536
1588
1516
1528
153a
1548
1556
1559
15ve
1588
1536
158@E
1&1@

1828

1636
1&48
1&58
ics@
1&7@
1588
1638
17aa
1716a
1728
17z@
1748
1758

1768 -

rarg s

1¥8a t

1728
12868
ig1a
1820
1836
1840
185a
1860
1evea
1s8a
18246
12600
1916

The Wedge-MON monitor

CHECE.  FLA
T CHMF #E2C
EHE JACKIT
FLA
CHP #$FA4
BREG CODE
PHA
LOA #3320
ACKIT FHA
LOA #x46 2@
SEC

b R R LR B B B A

:~~CONTROL SECTIOM-—-

sREPLACE RETURNW ADDRESS OW STACK.
:CHECK INPUT BUFFER FOR CHAR AFTER
2@ —IF NHONE THEN EXIT-CHECK CHAR
fAGARINST COMTRE TRABLE-IF NO MATCH
:THEN EXIT-CHAR STORED IW CHARS
:USE IMDEX TO FETCH CORRESFPOMDIMNG
ADDRESSES FROM COMAD TRELESS
COMAD1=INDIRECT JUMP RODORESS IM
sFNCTN+1 ,+2-COMADZ IS PUSHED ON

:THE STRCK«JMP TO LATTER YIA RTS
CoDE PHA

T LOA #$8C

T FHA

T LD #£4C

T ST FHCTH

T LDOx #£86

T ST¥ PFLAG

COMPS JSE $8873

T BNE TRA
ESCAP JHMP EXITI1

TRA STA CHAR

T LD #$FF
TRA1 IHX

T LDA COMTAB.,X
T BEX ESCAP

+ CMFP CHAR

85
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1526

1936 T

1940
13956
1260
1578
1580

1598 t

2006

ze1@ T
zez6 T

2836
2846
2850

28s8

z28va
28sa
2896
2186
211@
212a
2138
2148
2156
2168
2178
2128
2158
228
2216e
2224a
2238
2248
2258
2z66a
22ve
2280
2258
2300
2210
2320
2338
2248
2358

T BHE TRA1

T THA

T ASL A

T TAX

T LOA COMADL . =

T STA FHCTH+1

T LDAR COMAD1+1 .,
T STA FHCTH+2

LDA COMADZ+1 ., X

1
T
T LDA COMADZ ., »
1.
U

--MAIM LOOP FOR @0D,&M AHD @I--
sGET IM HEX PARAMETERS

;CIE. START-EMD OR JUST START -
;EXIT IF ERROMEOUS-SET FLAG IF
20HLY OHME PARAMETER GIYEHAJSR TO
2COMMAMD ROUTIME THROUGH IMDIRECT
2 JSR AT FHCTHA/CURSOR BACK TO
START OF LIMECSCHECK IF CURRENT
;ADDRESS=EMD PARAMETER-IF HO THEHN
;ROUMD LOOP AGAIM FOR NEXT LIME
:ELSE IF YES OR IF 71 PARAMETER”
sFLAG MWAZ SET OR IF [STOP1 KEY

1% PRESSED THEW SIT IN LOOP
JHAITIMG FOR A KEY FROM KEYBOARRD-
:IF EEY=AWYTHIHG OTHER THRH
;[CURSOR DOMWM] THEM EXIT ELSE LOOP
}BACK FOR AMOTHER LIHE/BEFORE
JEXITIMG SET HMO. CHARS IN KEYBOARD
:BUFFER TO Z2ER0O AMD MAKE SURE
JQUOTE MODE IS SWITCHED OFF

MAIMLF JSR PARAM:

T BCS ExIT1
T BHE MATLIH
T IHMC PFLAG

METLIM JSR FNCTH

T JEF HOMCSE



23260

23ve

238a
2326
2488
2416
2428
2436

2d44@ T
Z45@ T

2460

zav@ T
2488 +

2456
2580

2536

P @00 L
QIR E

PRI PP PP P PP

Oy Oy Oy 0O OO OO

r
Ty
Y
o

Ll

6356

ry

26320
2696
27ea
271e

"\,

WOHALWN
o &

LUl U R )

y

PN R R R R RP
R EERERER
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T JsR COMFAR
T BCC ROUMD
KEY LOR #&

T ETR #Cs
KEY1 LOA $CE

T BE® KEY1

T LOA fazz0
T ENE EXIT@
T LOA $C5

T CHMF #$£87

T EHE EXITH
S ——

ROUMD  LDA #$£80 2TRET
T JER FFFD2
T JER METEYT
T JMFP HETLIN
EXITE  LDA #8

T STH $C&

T STA $04
EXITI LDA #08

T JHF #8020

sCOMMOM EXIT FOR T@RT TEBWT AHD
27T COMMANDS- FIRST STEFP IS THE
2CORRESPOMDING REYERSE PROCEDURE
:EFFECTED BY A JSE TO THE
COMMAMD ROUTIME YIA THE IMDIRECT
:JER AT FHCTH - EG. FOR @A

;THE IMSTRUCTIOWM AT THE CURRENT
FADDRESS IS DISASSEMELED OYER THE
2IMPUT LIMEAPRINT “RETS TO MOVE
200WHN OHE LIMESIMCREMENT CURRENT
SADDRESS POINTERAPRIMT "@7A/PRINT
:THE COMMAMD CHARACTER <STORED IM
PCHARDY AFPRIMT THE CUREENT ARDOORESS
:IN HESAPUT [CURSOR UF] . CCURSOR
;00WH] IW KEYBOARD BUFFERAPRINT
23 SPACESC/EXIT

o
r

COMEXT JSR FHCTH

oome o saoen -

87
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2886
28164
282a
2336
284a
2858
2860
2878
2830
2894
2208
2910
2928
2938
22408
2958
2968
2970
2980
2398
3900
3818
3628
3836
3846
3858
2868
3678
3086
2896
2188
Z11@
2128
zZ12a
1408
z156
Z1le@
2176
3188
196
2200
321a
3228
3238

LDOA #$80 ;"RET
JSR $FFD2

JSR NETBYT

LOA #$40

JER $FFD2

LOA CHAR

JSR $FFD2

L #f82

JER SPACES

LOA CURR+1

JER OUTPUT

LOA CURR

JER OUTPUT

LOR #$91 »TCURS UF
STH $827Vy

LOA ##11 »"CURS DOLWN
S5TH #8278

LOA #+02

STH #C&

LOX #$a2

JER SPACES

JHP EXITI

R e e e ek kT R

;—-GET THWO BYTE HEX PARAMETERS--
sGET IH HEX PARAMETERS FROM BUFFER
;"EITHER 1 PARAMETER OFR START-EHDD
:-STORE IH 4D,4E AMD 4F ,S&-IF
*FARRMETERS ERRONEOUS RETURHW WITH
sCARRY SET-ELSE CAREY CLEARAIF 1
:PARAMETER OHNLY THEW BE& SWUCCEEDS
;ELSE BHE SUCCEEDE

FARAMS LLO #$FE

T IM¥

JSR HEXGET
BCS REJEKZ
STA CURE+1.X
J5R HEXGET
BCS REJEKZ
STA CURR, X
T+A

BHE REJEKZ

B3I



3248
3258

3260

32va
3280
3290
3380
3218
3320
3338
3348
3358
3368
33vV8a
3380
339a
3486
3418
3428
3430
2448
3455
3458
2478
2428
2496
25608
3%1a
2528
2528
2548
2558
3ITEE
2576
=580
598
ZEP8
3618
3528
36208
2E48
2650
2E68
367a

1]

J

|||'|
[

[T
'l

)
v
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T JSR $887V3

T BE& REJEK1
T CMF #$2D

T BEQ PARENT
.1\

T RTS

REJEK1 CLC
REJEKZ2 RTS

- — e o

3——PRINT SPARCES--

:IF ROUTINE IS ENTERED AT SPRCE
*sTHEN PRINT 1 SPRCE ELSE IF
;ENMTERED AT SPACES THE PRINT X
»SPACES ELSE IF ENTERED AT ANYCHR
sFRIMT ¥ OF THE RSCII CODE IM A
*PHCE LOx #$91

SPACES LDAR #$£26 : "SFRCE
ANYCHE JSE $FFD2

T DE

T BHE ANYCHR

T RTS

2——QUTPUT CURRENT ADORESS—-
FPRINT "7/ PRIWHT THE COMMAMD
:CHARACTERAPRINT THE CURRENT
ADDRESS IN HEXAFPRIWT 2 SPACES
HDFDHT LDA #F46 @

J=R ¥FFD2

LOA CHAER

JSR #FFD2

JSFE SPARCE

LOA CURR+1

JSE QUTPUT

LOA CLURE

JSE OUTPUT

LOX #$83

JMF SPACES

~—PETHRN CURSOR TO COL @—-

AT
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2@
o9&
ee
10

I
AR

GO0 Jd NN

€000 00 00 0 0

OGNS WO DAL W

L0 L0 0 (0 00 L0 (0 D) L (0 0 o g L0 00 L0 G G G W W00

Y RV R Y R Y R LY e
MOAOA/ITITIIRIIATITRII D

WO R W= @ W

4@1a
40260
4638
484
4850
460
487a
4430
4993
4186
4116

B
iy
&
]

:FEAD THE CURSOR POSITIOM Y, X~
sMAKE THE COLUMMS(Y)=@-RESET
sCURSOR POSITION-(IE. CURSOR BACK

:TO START OF LIMEX
OMCSE SEC

T JER $FFF@

T LOY #6

T cLC

T JMF $FFFa

;——0OUTPUT HEX BYTE--

:TAKE HIGH HIBELE OF A BINARY HO.
JAMD PRIWT IT AS HEX DIGITA/DO THE
SAME FOR THE LOW HIBBLE

OUTPUT PHA
T LSR

+ —t

H
T LER A
T LER A
L L5E H
T JER FUTIT
T PLA
T

AL #EQF

PUTIT CHMFP #F9R

+ BCC GUN

T ADC #$86
GLIM AOC #$3@
T JHF $FFD2

——GET IM A SIHMGLE HEX BYTE--
:GET HE® DIGIT IN .A FROM INWPUT
:BUFFERASMULT TEMP1 BY 1&6-/A00 .A
:AGET IM HEXT DIGITAADD TO TEMP1
PSEC AMD EXIT IF HOM-HEX CHAR
:ENCOUMTERED

HEXGET LDA #$01

t STA TEMPZ
T LOA #@
T STA TEMP1



4126
41328
4148
41358
4168
4178
4138@
4136
4208

4z1@ -

4220

4238 +
248

4250
4260

42va T

4288
4290

4308 T

4218
4326
4338
424
4358
43608
437Va
4288
4396
4406
4410
4426
4436
4448
4456
4468
4470

448@ T

4456
458a
4516
4528
45328
45408
4556
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BCC HUMBR
CHF #%47 ERlE
5 HOTOK
CMF #%41 A
BCC MHOTOK
HALFHA  SEC #$83
HUMER SBC #%2F
T ASL TEMF1
T ASL TEMF1
T
T

e
m
[
1))

ASL TEMP1
AREL TEMF1

1 CLC

T AOC TEMP1
+ 5TA TEMP1
T DEC TEMPZ
1 EFL GETIN
1 RTS

HOTOK  SEC

+ PHFA

1 PLA

+ RTS
:——GET HENT BYTE——

» INCREMENT CURREWT ADDRESES POIMTER
2LOAD IM HEXT EBYTE FROM CADDRESS

HATEYT INC CURR

T BHE RATS

T IMC CURR+1
RATS LOY #@

T LOAR CCURRD> .Y
T RTS

oo e s oo oo e o v Goeme Go00t e e Soues Seb0e Spame

5]

;——COMFPRRE START TO EMD—-—

:IF [STOFP1 KEY PRESSED OR IF

:71 PARAMETER”" FLAG SET OR IF

;END PARAMETERC4F . 280 =CURRENT ADDF
:040,4E> THEM EXIT CARRY SET

:ELSE EXIT CARRY CLERER
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456@
45va
458@
4590
4508
4510
4626
4530
4E4@
4550
4c66
4670
4E3@
4696
47ea
471@
472@
REcc)
474@
475a
FE@
477e
47s@
4736
4806
4e1@

482@ T

4 40
4856

438 T

&va
4380
4890
4280
4218
4920
42z
4546
42356
4368
4978
493@
4298
Seea

P e o - e

s

COMPAR LDA $31
T BPL COPIT
LA PFLAG
BHE COPIT
LOA CURE+1
58
BCC HORPIT
LOA CURE
CMP EHND
BCC HOPIT

e e e I 2 TR
(]
=
mn

e casee et e o conen oot Soeee e Sante G ot et S o

;——GET ADDRESS---

:PRINT [CURSOR UFI1A/GET HEHX

;ADDORS FROM INFUT BUFFER IM CURE.
:CURR+1-/'EXIT CARRY SET IF ILLEGHL

UETHDP LUH #¥31 :TCURS LUP
T JER $FFD2

T JER HEXGET

T BCS LUD

T 5TA CURE+1

T JSR HERGET

T ECS LUD

T STH CURER

Lo ETS

——UIUHELE WEDGE-MOM——

sREPLACE THE “JMF MWEDGE" IH CHRGET
HMITH THE = HORMAL BYTESAPRINT Ok
FEXIT

VILLIT JSR #0073

BHE EOUT

L #f02

LOA CAT.*

STH $0a7C .-

DEH

BFL KH

1} ‘“

SRS
o



Se1E
Seza
Sese
Sa4e
SESe
Sase
Seva
Se3a
Sase
S1o6
S11e
Slz2a
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T EMI CHCLUD

B e came e ceaes teten s rrin G400 S S

KOUT JHFP EXITE

FRINT “OK-EXIT

HCLHD LDH #¥+64
Lo #FR3
JER #RAB1E
JHF EXITS

-:0—}-&‘-‘!\-’“\-

:REFLACEMENT BYTES FOR CHEGET

5128 :ROUTINE - USED IWN &< COMMAMD
S148 — ——

S15@ CAT -BYTE $C3,.F3A.,$B3

2168 e e

S178 :ESTRIMGS TO BE PRIMTED BY THE ROM
5139 ,PUUTIHE FAE1LE

5198 e e

S208 HPEDIT BYTE #ah

S21a 1 SAZC " #¥% WEDGE-MOH "
Sz22a T LASC "1924 JP.GIBEOMHS #“
S23a8 Tt ARSI tEn

Sz48 T . BYTE #ab, &6

22508 feme e

Szed :ASCITI TABLE OF COMMARND CHARRACTER:
S92V e

S280 COMTAEB .ASC "OMIAWCTFHSLGRX"
52948 t BYTE $88.£66 , $00 500  $04
Szaa T .BYTE 08 .08 . 308, F08, $96
5318 e

Saze :THELE* OF ACTION ADDRESSES FOR
5338 COMMAMD DISFATCH

sOc T TSR

5358 COMADL . WMORD DSASEL .MEMORY . INTERG
S3s8 T+ HWORD DSASEL .MEMORY . IMTERG
S3TA e

S8 COMADZ JWORD EXITE-1 . EXITa-1

S3%8 T HORD ELITA-1,EX4ITE-1

S488 T+ LHORD EXITE-1 ,EXITE-1

S418 1 SHMORD EXITE-1 ,EXITE-1

S4z2a T MORD EXITE-1 ,EXITE-1

5428 T HMIRD EXITE-1,EXITE-1

S44@ T+ HORD EX¥ITE-1  KILLIT-1
S4568 -
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BAsIC Loader: The Control Program

las
1681
laz
183
154
185
1as
1av
1es
11@
111
112
113
114
115
11&
117
118
113
126

[y

Pl o e O G Sy Wy P
NPV ORI Y O OO (VIR OV (VI DU 0 LU LA Y

L W
J AR Wk - QW00 MR WO -
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[
U

[y

]
Ly )

fory
L
2}

139
14@
141
142

=

RERLD O#

IF DE="ENMDO" THEHW PRIMT D% :EHD
D=YALO$> s IFO<E THEW 186

K=+l :C=C+0:FOKE 42151440

GOTO 181

IFC=ABS.O» THEH 18@

FERINT "ERROR IN BLOCEK " :2INTCHAed)
GOTO 188

REM ——— BLOCK 1
DRTR1EZ,2.182,17,132,149, 124,202
DATALE, 242 ,1668,122,162,212,76,360
OATALVL . 7S,268,152,281 .64 ,244,7
DATA281 ,52,175,.20,.76,.128,.8,. 164
DATARZ01 ,148,208,8,.184 .201,154 .240
DATAS ., V2,169,148, 72,169, 64,565
DATASE,VE2,162,140,72,162,75,142
DATALIEY .2, 162,.8,.1324,.254,32.115
DATA-7&87

REM ——- BLOCE 2

DATHG 202 ,3,75,.166,192,.141 . 178
DATAZ 162 . 255.232,182,.251 ,.193, 246
DATARZ42.20%,1768,2,208,245,138.,18
DATALVE, 189,125,154 .141 ., 168,2.18%
DATAz8,134,141 ,182,2,189,32,134
DATAVZ.182,21,124,72,96 .32, 230
DATAL22.17VE,.51.2688,2,238,254,32
DATAHILY . 2,.32,.48,133,32,138,193
DATR-8573

REM ——— BLOCEK 2
OATA144,.12,1682,.8,133,128.165, 192
OATA2468,.252.173,141 .2,.208,.17 . 165
DATARL1SY 281 ,7.,.268,11,189,12,32
DATARZ216.255,22,127. 193, V6,119,132
DATAL1E2.08,133,198,133,212,169,.8
DATAVE.128,8,32,167 . 2. 169,12
DATAZ2,218,255,32,127,193, 159,64
DATAZ2Z,216,.255,172, 178 2,332,214
DATAR-2833

REM ——— BLOCK 4
DATAZSS,162,2,32,18,193,1&5,78
DATAZZ.,.58,192,165,7V7,32,38,152
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DATR1&2 . 145,141 .113,2,1689,17,141
DHTHIZ@,Z,ItS,d,lJu,lSB lsz,2

S DATA3Z,18,1933,7V8,. 186,192,152, 254
5 DHTH:SZ.;jh,3_,8ﬁ 1#5,1’&. 24,142

DATAVE,32,88,192,.178, 17,143, 77
2 DATAL3E.208,12,.32,115.8,.248 .6
OATAR-V1S2

FEM ——— BLOCE S

DATARZE1 45,240, 222,56 ,95,.24, 95
= DATALIEZ2,.1.189,.32,32,218,255,2

-° DATRZ8& ._59,96 169,64 .32, 2 1@, n5

DHTHITC.l"@,;,SZ'hIB 255.32.8
DATALZ2,.165,.78.32,.98,193,1&85,.77
DHTHJZ,ﬁS.lﬁu,IG_,J ve.18.193
DRATASE , 32,240,255, 166,808,244, 78
OATAR 4@ 2595 rlﬂ-rl4’14rl4 '4;32
DRATR-7V&41

EEM ——- BLOCK &

DATHES 133,184 .41 .15,2801 .18, 144

52 DATAZ . 185, 6,185,423, V8,218,255

o2 DATALISS .1, 153,39,1F9,B.13?.

T E QR RWBE TR =0 o

OO Q0 00 00 Q0 00 = o ) s

R R R e S A Y e i o T TS Sy ey

DATA32,11%,.8.144 . 18,2681, o=
OATAZE . 281 .85, 144.22,ﬁq3.u =33
OATH4V .-t'u:'.U, 5,205,286
OATARZE,. 24,181 ,260,1332,28,1933,29
DATALEG, 222,36 .96,.72 . 184 . 3¢, 220
DATH-S4E27

REM ——— EBLOCE ¥
DATAVY 282, 2,.288,732,156,0, 17
ODATAVY .25, 165,145, 16, 14,153,=54
DATR28E, 12, 185,78, 1597 .80, 144,
DATALSS  P7 . 137 . 7V3,. 144 .1 .56, 90
OATALIED , 145, 322,218,255,.32,590, 193
DATALVE .2, 133,78,32,380,193,176
DATARZ 133,77 .95,.32,115,.8,2688
DATALZ 162,232,189 ,218,123,149,124
DATA-V2E9

REM ——— BLOCEK &
DATARZ82.16,248.48,3,76, 168,152
DATALED 188,166, 153,32 .38, 1?1
DATR1GAR 132,201 .52, 176,13 .32
DARTAZZ,32,42.42,.32,37.69,68
DATAHV1 ,&9.,.45,77,.79,7V8,32,49
DATASY .56 ,.52,.32,7V4,808,46 .71

] o-a l‘-;n

~.
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137 DHTHl-_,-Sf:i'Uh ,? r r IS
182 DATA42.13., @,6 POT 73,65, 87
129 DATH-58285

126 REM ——- EBLOCK 9

131 DﬁTHG-,u4,78,n_.8u,?6,?1,32

132 DATASZ.,6.8.9,0,.8, G 5]

133 UHTH@,B,@,B,ISS, 28,208, 1c8

194 DATAZEG.,.8,.195,.128,260,.160,200, 159
125 DATALIB3Z., 159, 19;,159 192,153,132 ,153
196 DATAL192.,15%,192,.159,152,.159.1%2.13532
197 DATA192.159,132,159,1592,.153,192,159
1228 DATAL22,.173,.1932

128 DATR-73%4

288 DATA EHD

Wedge-MON Design and Coding

At 2.6K in length ‘Wedge-MON' is by BAsIC standards a pretty short
program, but in assembler terms it is getting towards the sort of
length you would expect of a professional utility. To give some idea
of scale a similar, but more comprehensive, commercial monitor
program occupies 4K, commercial 64 games are normally 4-16K, and
the whole ROM is just about 20K in length if you include the character
generator. ‘Wedge-MON’ is thus larger than anything you would
normally expect to find listed in a book or magazine, but hardly
exceptional in terms of a functional utility. Designing a large pro-
gram requires a lot of thought if one is not to end up with repetitive
and disordered code needing to be rewritten two dozen times. With
careful planning and forethought you can usually manage to keep it
down to an even dozen! By way of a demonstration of the process
the section which follows goes through the stages of designing this
program. First we need to state in general terms the basic require-
ments of ‘Wedge-MON":

1. We need to be able to type commands at the keyboard which we
can intercept before the BAsIC interpreter gets them and either
misinterprets them or declares them as syntax errors.

2. On the basis of these commands we need to be able to transfer
control to the appropriate command-handling routines.

3. Command-handling routines will be needed to get in parameters
from the keyboard and in response either output results to the
screen or printer, alter the contents of memory or access storage
devices. Upon exit from these routines control must be returned to
BAsIC and normal BAsIC processing must not be disturbed.
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The Control Program module must perform all the functions, other
than the direct operations of the individual commands. We will
look at the Control Program and see how it satisfies these
requirements.

1. Intercept ‘Wedge-MON’ Commands

In order to do anything about altering the process we must first
know something about how Basic gets its input. To do this we look
at the section of ROM code that controls the activity of the BAsiC
editor when lines are entered from the keyboard. This line input
loop code, as you will be able to check using ‘Wedge-MON’ @D
facility, looks like this:

A480 JMP ($0302) Jump to the address held at $0302,50303
A483 JSR  $A560 Jump to LOAD BUFFER subroutine
A486 STX $7A

A486 STY $7B Initialize CHRGET pointer to $e1FF
A48A JSR %0073  Jump to CHRGET subroutine
A48D TAX Transfer byte from CHRGET to X register

A48E BEQ $A480 If byte=zero then back to sa4se

... Process Input Line

The jump to the address stored at $e3e2 and $e303 is a RAM vector
which normally points back to address sa483. The reason for the
indirect jump is to allow the possibility of transferring control to a
user patch routine by changing the vector address. Without such
RAM vectors at strategic points the 64’s operating system would be
inaccessible to the machine code programmer.

The detection of keypresses is the responsibility of the Rom Key-
scan routine which is called by the Basic interrupt every 1/60th of a
second. The characters it detects are placed in a ten-byte character
storage buffer (the keyboard buffer). The BAsiC ROM subroutine at
$as60, which | have called LOAD BUFFER, takes characters from the
keyboard buffer and places them in an 80-character buffer, called
the BAsIC or system INPUT buffer, until it detects a carriage return
character, whereupon it puts a zero in the buffer to mark the
end-of-line and returns. Both of these buffers are found in Page
Two of memory, the keyboard buffer occupying locations $e277 to
$0280 and the INPUT buffer $0208 to $a280.

CHRGET is a subroutine which resides in Page Zero ram after
having been copied down from ROM location se3A2 as part of the
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operating system power-up procedure. Its function is to fetch the
next character which is not a space character from the input buffer
and return with it in the accumulator. The code in Zero-page looks
like this:

gav3 IHC $VA

68vT  BHE ¥8873

[ 1 O & [ g =

Beavs  LDA $6z00

aavc  CHMP #E3A

BRVE BCS $2032R
a[zE CMP #4526

Ba3z BED $#0973
aag4  SEC

aass  SBC #FZA

BEasvy  SEC

gass  SBC #EDB

aazR RETS

CHRGET is a very interesting routine in many ways. For a start it is
self-modifying. Instead of addressing the input buffer indirectly and
altering the index value (i.e. using LDA ($7A),Y), CHRGET addresses the
buffer absolutely and alters the instruction operand value itself (i.e.
LDA $6200. .LDA $0209. .etc.). This is the reason why it must be housed in
RAM. CHRGET ignores space characters (520) and sets flags according to
the value of the byte it loads from the buffer. On returning from
CHRGET the Carry flag is clear (Bcc succeeds) only if the Accumulator
contains an ASCIl numeral, thus allowing a direct test for a line
number. The Zero flag is set (BeQ succeeds) if the Accumulator
contains zero or a colon, indicating an end-of-line.

Looking again at the Basic line input loop you should see that
there are two obvious ways of examining the buffer for ‘Wedge-
MON’ commands before the buffer is processed by the normal Basic
routines. The first option is to change the RAM vector at ($0302) to point
to a routine which duplicates the RoM code, but also includes a jsr to
a check subroutine to look for ‘Wedge-MON’ commands before
passing the line back to the Basic interpreter if it is not a monitor
command. The second way is to alter the CHRGET routine in rRaM by
adding a jump to a routine which checks the character fetched from
the buffer before returning it.

The generic term for such methods of intercepting the system
code through ram entry points is wedging. For ‘Wedge-MON’ the
choice was to use the second option given above - the so-called
CHRGET wedge — for the reason that this method is the one most
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commonly encountered in commercial software. Much of this has
come over to the 64 from the CBM PET machine which shares the
CHRGET routine but lacks the vector at $0362. One commercial package
using this cHRGET Wedge technique is CBM’s Dos Wedge program
which adds disc handling commands to the 64’s Basic. There are
more than the two ways given above of wedging Basic, and in the
‘Expander’ program given later in the book you will see another.

All the code for setting up the cHrRGET wedge and the ‘kernal’ of
input-output routines used by all the ‘Wedge-MON’ functions are
contained in the Control Program. For this reason, the Control
Program must be entered before any of the command routines can
work.

Setting up the cHRGET Wedge (Lines 1230-1330)

This is the routine to which you jump when you first sys 49152. It
activates the wedge by putting three bytes coding for )Mp WEDGE into
the CHRGET routine at seo7C. If you disassemble cHrRGET with ‘Wedge-
MON’ and compare it with the original given earlier you will see the
result.

We return to BAsIC via the ROM routine at $ABiE. This is one of
several ROM routines exploited by ‘Wedge-MON'’ and they are listed
in Appendix 4. This is a print routine which outputs to the screen an
ASCII string, terminated by a zero byte. The address of the string is
passed to this routine in the v (high byte) and A (low byte) registers.
In this case the string is my credit message, located at CReDIT (see line
5200). Notice that the program uses a jMp to this subroutine and not a
JSR, so that on conclusion, instead of returning to ‘Wedge-MON’,
control passes straight back to Basic.

Checking for Wedge-MON Commands (Lines 1380-1390)

In most programs that employ a CHRGET wedge new commands are
prefixed with a special ‘wedge character’. This is usually a little-used
character, such as ! or @ which can be used to instantly distinguish
wedge commands from other input. Our program is no exception
and you will notice that all ‘Wedge-MON’ commands are prefixed
by @. Our first job then must be to check CHRGET returns for this
character. If this check fails then lines 1410-1430 substitute for the
normal cHRGET code which was replaced by our wedge.

Assuming that we have detected an @ character our next problem
is that although the cHRGET subroutine is called from many points in
the rRoM code of the 64 (and by ‘Wedge-MON' itself) we are only
interested in those calls which come from the Basic line input loop.
To save unnecessary processing lines 1490-1600 check the origin of
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the subroutine call to cHRGET. This is achieved by pulling off the stack
(pLA) the return address (two bytes) for the Jsr. If this is not $a4sC then
we push the return address back on to the stack using pHA and
ignore the @. This check also has the effect of ignoring ‘Wedge-
MON’ commands encountered within a BASIC program.

We have now satisfied the first of our original requirements for
‘Wedge-MON'.

2. Transfer Control to Command Routines

Control Section (Lines 1740-2050)

We now assume that the input buffer contains a ‘Wedge-MON’
command and our first action after replacing the CHRGET return
address on the stack is to initialize a Zero-page flag PFLAG to zero and
to place a jMp Absolute operand (#$4C) at FNCTN ($6247). The reason for
the latter operation will become clear a little later.

We must now get in the command character following @ from the
input buffer. This we do by calling cHRGET with a Jsr $8073 instruction.
If the Zero flag is set on return from CHRGET then there was no
character after @, and we exit via the exiT1 routine at line 2590. If a
character exists the next stage is to compare it with the list of the 14
valid command characters. These are stored in the table comTAB at
lines 5280-5300. The loop at lines 1860-1920 performs the com-
parisons. If no comparison exists then we exit, again via exiT1, since
the character is not valid. If however the character is a valid com-
mand character then it is stored at the address cHAR and the program

can pass on to the final part of the control section.

" Following the loop at lines 18601920 we now have in the X register
the index value of the command character in the comTAB table. We
can use this index to reference tables coMAD1 and comAD2 (at lines
5350 and 5380) to retrieve the addresses of the routines that will
execute the command. However, since cOMTAB is a BYTE table and
COMAD1 and COMAD2 are WORD (i.e. two-byte) tables it is necessary to
first multiply the index value by 2, which is done in lines 1930 to
1950, using AsL.

The reason why two addresses are required to effect one com-
mand should become clear in the discussion below on linking com-
mands into the control program. The first address retrieved from the
table comaD1 is placed at locations FNCTN+1 and FNCTN+2 ($62A8 and
$02A9) and the second, from table comAD2, is pushed on the stack
(high byte first). This done, control is transferred to the address on
the stack by means of an rts instruction. Some readers will find this
mysterious. You may well be wondering ‘why r1s?’ and ‘what Jsr are
we returning from?’. The answer is that we are not executing a
normal return from a subroutine but instead are using the RrTs
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instruction in a rather unorthodox fashion. You will recall that a jsr
instruction works by pushing the current contents of the pc (Program
Counter) register on to the stack and then jumping to a subroutine.
The rts instruction simply returns control to the byte following the
address stored at the top of the stack. When using rTs it matters not
one whit how the address got on to the stack, so RTs may also be used
as an absolute JMp to an address on the stack. In our case, the jump is
to the command routine address from comaD2 that was pushed on to
the stack in lines 2010-2040. We will meet this technique again in later
programs and there are two important points to remember when
using it. Firstly, since RrTs returns control to the byte following that
specified by the address on the stack, the address we push must be
the address to which we want to jump minus 1, and, secondly, the
address is pushed on to the stack high byte first.

Before any commands are linked into the control program all the
entries in the table comap2 simply point to line 2550, which exits
straight back to Basic. The pokes at the end of each Basic command
loader serve the purpose of writing the command address into its
correct position in comAD2, and they must also be used by anyone
entering the assembler code in order to activate the commands.

It should be clear from the last two paragraphs that to add new
commands to ‘Wedge-MON’ all that is required once the command
routine is coded is to add a new command character to the end of the
table comtAs and a corresponding address (less 1) to the command
action table comtaB2. With further user expansion in mind nine bytes
have been left free after comTAB, allowing up to nine extra user
commands to be added.

We have now satisfied the second of our requirements.

3. Individual Command-handling Routines
The ‘Wedge-MON’ commands fall into three distinct groups, as
follows.

Group (a): Memory display commands
The commands @D, @m and @i display the contents of memory in
three different ways, but share a common algorithm:

1. Getin the command parameters (start address — end address or
just start address)

2. If no end parameter is given then set a flag

3. Printaline from (current address)

4. Cursor back to column zero

5. Compare current address to end address

6. If the flag is not set, and current address not equal to end
address and ‘stop’ key not pressed then go to 3
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7. Wait for a key to be pressed
8. If key is <cursor down> then go to 3
9. Exit to BAsIC

Since the only difference between @b, @m and @i in terms of our
algorithm lies in the nature of the operations needed to execute
step 3. it makes sense to have all three commands controlled by a
common loop, with a variable element in step 3. to come with each
individual print function.

Group (b): Memory write commands

The commands @A, @w and @c are related in function in a similar
way to those of group (a). @A s the inverse of @D, @w the opposite of
@M, and @c s the reverse operation to @!.

1. Print <cursor up>
2. Getin address
3. Getin n data bytes after address
4. Store data bytes at (address)
5. Perform the ‘opposite’ procedure over the line just inputted
(e.g. if @wthen @M over input line)
6. Print <return>
7. Print@
8. Print‘'command character’
9. Print 2 spaces
10. Print address plus n
11. Print 3 spaces
12. Exit to BASIC

This group of commands, despite differences in steps 1., 2. and 3. all
share steps 4. to 12. in the above algorithm.

Group (c): Non-related commands

The remaining eight ‘Wedge-MON’ commands have rather less in
common with each other than those of the first two groups and
therefore must be handled by entirely separate routines.

We will now look at the Control Program code for these command
routines.

Control Loop for Group (a) commands @D, @M and @I
(lines 2070-2600)

It is to MAINLP at line 2280 that the above three commands are
directed from the control section.

The first task is to ‘get in’ or retrieve the parameters for our
command. These will be located in the input buffer following the
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command character. ‘Wedge-MON’ uses four routines to retrieve
parameters from the buffer:

1. CHRGET

2. HEXGET at lines 40604370
3. PARAMS at lines 3120-3330
4. ceTADRat lines 47804870

The cHRGET routine, as we know, gets the next character from the
bufferin A.

HEXGET uses CHRGET to get in a hex byte, i.e. two ASCII dlglts from
the buffer and converts it to a binary number in A.

PARAMS uses HEXGET to get either (a) a two-byte (four digits) hex
number or (b) two two-byte numbers, separated by a hyphen, into
the Zero-page locations CURR, CURR+1, END and END-+1.

GETADR is a specialized form of pARAMS for the group (b) commands.
It outputs a #%$91 (cursor up) character, and then gets a single
two-byte address into CURR, CURR+1.

Hex ASCII to binary conversion is quite simple. The algorithm for
HEXGET demonstrates this:

Set COUNTER=1

Set RESULT=0

Get an ASCII character from the buffer in the A register
If the ASCII character is numeric then go to 8.

If ASCIIA-Fthengoto?7.

Error —exit

Subtract 7 from Accumulator

Subtract 48 from Accumulator

Multiply rResuLT by 16

10. Add Accumulator to ResuLT

11. Subtract 1 from COUNTER

12. If cOuNTER greater than @ then back to 3. to get the low nybble
13. Both nybbles input - exit

©ENS YR W

Points to note:

(@) Lines 4210-4240 multiply the RresuLT variable of our algorithm
(TemP1in the code) by 16 using four Ast instructions.

(b) Inline 4120 numeric ASCII bytes are easily spotted by checking
the Carry flag. Remember that CHRGET returns Carry clear for ASCII
number codes, and since the Carry is clear the sBC #$2F instruction at
line 4190 becomes effectively a SEC/SBC #$30 instruction sequence.

(c) HexceT errors are flagged by returning with the Carry flag set,
and with the erroneous byte stored in the Accumulator.

(d) Finally, the pHAPLA sequence at lines 4350-4360 is to condition
the Zero flag on the basis of the Accumulator contents.
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The ParRAMS and GETADR routines, like HEXGET, also return with the Carry
flag set if they encounter erroneous data in the buffer, with the rogue
byte contained in the A register. PARAMS also conditions the Z flag
depending on the nature of the input data, such that the Z flag is set if
a single parameter was input and clear if the input was two para-
meters separated by a hyphen. Looking back to the main program
you can see how PARAMS is used in lines 2280-2310. Notice that we exit
if PARAMS returns an error and that a flag (PFLAG) is set if the input was
‘one parameter’, as opposed to two separated by a hyphen.

‘Indirect Jsr” at FNCTN (Line 2330)

Line 2330 contains the variable element of the group (a) commands
control loop. The destination of this Jsr will depend on which com-
mand is presently using the loop, @b, @™ or @I. The destination
routine outputs a line from memory in the format specified by the
command being executed.

In 6510 assembler there is no indirect jsr instruction of a form
similar to JMp (Indirect) but it is possible to simulate it by using a method
which employs ‘self-modifying code’, a term you may remember
from our discussion of the CHRGET routine. All that is required is to
place an absolute jMp op code (#$4C) at a convenient place in memory.
Next, we place the address to which we would Jsr in the two bytes
following the op code. Now simply, jsr to the Jmp instruction and we
have our ‘indirectsr’. You will recall that in lines 1770-1780 we placed
a #$4C at FNCTN (address $0247) and that in the Control section we used
the comTAB table index derived from our command character to getan
address from comap1 which we placed at FINCTN+1and FNCTN+2. These
Page Two locations were chosen because they are not used by Basic or
the operating system and are therefore not liable to corruption.

A Jsrto HOMCSR at lines 3730-3770 returns the cursor to column zero
(the far left side of the screen). It uses the operating system Kernal
routine pLOT which can be used to position the cursor anywhere on
the screen.

The JsR to COMPAR at lines 45704710 decides whether, having
outputted a line, we then immediately get the next line (return was
with Carry clear) or just sit and wait for a key to be pressed (return
Carry set). The conditions for passing directly to the next line are:

(a) that the <stor> key is not pressed. This is ascertained by
checking bit 7 of the operating system Zero-page flag $91.

(b) that a memory ‘range’ was requested and not just a single
address. We test the ‘one parameter’ flag PrLAG.

(c) thatthe current address does not equal the end parameter.
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Lines 24002480 wait for a key to be pressed. Operating system
flags sce and scs indicate respectively the number of characters
currently in the keyboard buffer and the code of the current key
being pressed. We wait in a loop until sce is greater than zero, and
then check which key is pressed. If it is anything other than <cursor
down> then the program exits to BASIC.

Line 2500 outputs a ‘carriage return’ character to the screen. jJsr
$FFD2 accesses the Kernal character output routine cHrourt. This
routine outputs to the screen the ASCIl byte contained in the A
register and returns without affecting any registers. This is the
routine used by ‘Wedge-MON’ for all screen output.

A JSR to NXTBYT at lines 44304480 increments the current address
pointer at CURR (the start address) and loads the next byte from the
new current address. At line 2530 we loop back to fetch the next line
from memory.

‘Wedge-MON’ Common Exit Points (Lines 2550-2600)

There are two common exit points for all ‘Wedge-MON’ commands.
Return to Basic is effected via exiT1, which goes through cHrGET at
sas0 having first loaded A with zero. This has the effect of making
BasiC think it has reached the end of the input buffer so that it
ignores any further debris that might otherwise generate syntax
errors and so spoil our screen output. For the sake of tidy screen
output ‘Wedge-MON’ group (a) and (b) commands must not be
allowed to generate error messages. Exit via exiTo clears the keyboard
buffer pointer and dis-enables ‘quote mode’ before returning to
BasiC. This is required by some of the later ‘Wedge-MON’
commands.

Group (b) Commands Common Exit (Lines 2790-3010)

This code represents steps 4 to 14 in the general algorithm given for
the group (b) memory write commands @A, @w and @c. The first
step is to perform the corresponding ‘reverse’ procedure over the
line that has just been input. For instance, if the command is @A then
the line just assembled to memory is disassembled again over what
you have just typed. This is why each of the group (b) commands
starts by printing ‘cursor up’ (in GETADR). This might seem like a futile
procedure, and indeed in most cases the new line will be exactly the
same as the old. However, it serves as a check that the line has been
written to memory correctly. You can see it in action by trying to
over-write ROM memory. The corresponding ‘reverse’ procedure is
accessed via the ‘indirect’ subroutine set up at FNCTN by the main
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control section of the program. Note that @A, @w and @c have the
same FNCTN addresses, respectively, as @0, @mand @I.

The next part of the coMexT code takes us down a line, in prepara-
tion for the next input, by printing a ‘carriage return’. The current
address pointer in CURRis incremented to point to the next available
address by NxTBYT and this, preceded by @ plus the current com-
mand character and indented by two character positions instead of
the normal one. This indentation of the address is the sign that all
has gone well with the previous instruction.

Lines 2930-2980 may seem mysterious. These came about when |
found that upon exit to BAsIC the editor stubbornly refused to accept
the line left under the cursor unless | first cursored up and then
back to it. This was solved by the quick fix of putting these cursor
control key characters in the keyboard buffer before exiting. The
effect of this is the same as having physically pressed the keys upon
returning to BAsIC. The keyboard buffer sits between $0277 and $0280,
and the ASCII key codes are placed at the first two positions in the
buffer. To inform the operating system that they are there the value
2 is stored in Zero-page location $ce, which records the number of
keystrokes in the buffer. This technique is useful in a number of
situations. One obvious application is programming the function
keys to dump predefined BAsic commands into the buffer. The only
drawback is that the buffer can hold a maximum of ten characters.

Ok Exit (Lines 5070-5100)

This used by most of the group (c) commands on completion of
their function. Before jumping back to BAsIC via ExiTo the message Ok
is printed by the ROM routine sasie. We have already seen this
routine printing the CReDIT message in lines 1280-1300. You will recall
it prints out a string of ASCII characters (terminated by a zero byte)
of which the location in memory is held in A (low byte) and v (high
byte). In this case we print the message ok from rROM location $A364.

Command Output Routines

We have already seen the input routines HEXGET, PARAMS and GETADR
which are used by the command routines to get in data from the
input buffer. Also required by the commands are a set of output
routines to print data to screen and printer:

1. $FFD2

2. outpuT at lines 3840-3970
3. ADROUT at lines 3540-3650
4. spactat lines 3420-3470

We have already met with the Rom Kernal routine cHrouT located at
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$rrD2 for printing the A register value as an ASCII character. ouTtpuT
outputs Aas a hex number, i.e. two hex digits. Binary to hex conver-
sion is carried out by the following algorithm:

Store Aon the stack

Divide Aby 16

Jump to subroutine 6.
Recover Afrom the stack
AND Awith 15

If Avalue less than 10 then 8.
Add7toa

Add48to A

Output Aas an ASClI byte
10. Return

OCRENOUT AW =

Notice that, like the reverse routine HEXGET, it first outputs the high
nybble and then the low nybble, and also that the ADc #$06 in line
2820 is effectively an ADC #$07, since the Carry was set before the
addition instruction was executed.

The ADROUT routine uses OUTPUT to output the current address CURR
in two bytes, high byte first, preceded by @ and the command
character (stored in CHAR) plus a ‘space’ character. Finally it prints
three more spaces and then returns via the SPACEs routine (lines
3420-3470).

The space print routine has three entry points: SPACE prints just
one space and returns; SPACES prints multiple spaces and ANYCHR
prints multiple characters corresponding to whichever ASCII code is
held in the A register. The number of spaces or characters printed is
specified by the x register contents.

@x Command: Quit ‘Wedge-MON’ (Lines 4940-5030)

This is the only command routine that is actually held within the
body of the control program, and its operation is very simple. Lines
49404950 check for data in the buffer after the command character.
If there is any then the command aborts. This prevents ‘Wedge-
MON’ being disabled as a result of a typing mistake. In lines
4960-5000 the three cHRGET bytes displaced by our wedge are
replaced from the cAT table (line 5150), so that the CHRGET routine
reverts to its normal form. Exit is via the cNcLuD routine, which
simply prints Okas a prompt.

We have examined in detail the Control Program, and will now give
the code for, and then look at, the seven individual Command Files.
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Command File 1: The @p (Group (a)) and @A (Group (b)) Commands

Assembler Listing: Command File 1

19360 %*=$C30a

1948 ;——————————

1858 CURR =$40 %

1068 WKSPC =$4F ¥

167@ MNMON =$FD

1886 ADMODY =3FE

1898 ;—————————e

118686 MBUFF =3%02E4

11180 }——————m

1120 EXITEG =$COAB

1138 COMEXT =$COARB

1148 SPACE =%$C1ag&

1158 SPACES =%C18A

1166 RDROUT =#$C113

1178 OUTPUT =%C13A

11868 HEXGET =$C1358

1198 NXTBYT =$C1?VF

1200 GETADR =$C1A0

1210 j}————m

1220 ;--DISASSEMELE MEMOR'Y--

1230 :PRINT CURRENT ADDRESS IM HEX/ GET
1246 :BYTE AT (ADDRESS» IN ¥ AS INDEX
1258 :INTO MNEMONIC CODE TAEBLE ARYz2 TO
1268 :OBTARIN INDEX INTO MHMEMONIC TABLE
1278 & PRINT MNEMONICA/USE Y TO INDE:X
1286 :RDDRESSING MODE TARELE ARY:2 TO
1298 :0BTAIN INDEX INTO ADDRESS MODE
1288 :RCTION TABLE TABL./JSR RDRMOD-
1318 :PUSH SELECTED ADDRESS FROM TAEBL
1320 ;0N STACK AWD RTS TO IT TO HANDLE
1330 :ADDRESSING MODE-PRINT $@E SPACES
1340 e

135@ DSASBL JSR ADROUT

1360 ;——————————

1370 LDY %o

1380 LDA <CURR> .Y
1398 TAY

1406 PHA

1416 LOX ARvYZ2.Y

1426 LDY #s02



1430
1440
1456
1460
1476
1480
1490
1500
1518
1526
1538
1549
15506
1568
1578
15806
159a
1504
1€18
1528
1630
1648
1€58
1560
1676
1680
16958
ivee
171@
ivze
1738
1748
175a
ivea
17ra
17880
1798

1380 :

1816
1320
1338
1848
1856
1860

LOOP

Y
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ARY1 X
$FFD2
LOOP

SPACE

ARYS .Y
TIDY
ADRMOD
#$0B
SFRCES

A
TABL+1.,Y

TRABL. .Y

2——0UTFUT OPERANDS -~

:THESE HRE
*ADDRESSES
SADORESSING
$EACH GETS

THE ROUTIMES WHOSE

ARE HELD IN THE

MODE ACTION TABLE TABL
IN BYTES RFTER AN

:0OP-CODE AMD PRESENTS THEM

$ACCORDING TO THE RELEWENT
:RODRESSING MODE
IMM LDOR #$23 2T H
JSRE #$FFDz
ZFPG LDA #$24 T
JSR $FFD2
JSR HXTBYT
JMP QUTPUT
[ —
ABS LDA #$24 P
JSR $FFD2

109
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18va
1888
1896
13988
1210
132a
1938
1940
1956
1360
1578

1286

1998
2086
2016
2020
2836
2848
20356
2060
28ve
28806
2a98a
2189
211@
2128
213a
2140
2156
2168
2176
218a
2198
2288
2216a
2228
2236
2246
225a
2268
zz2va
2288
2296
23680

JSK
FPHA
JSR
JER
PLA
JMP

e crmae ot casee tosee Soass 2000 G cwree s

NXTBYT

NXTBYT
QUTPUT

OUTPUT

ABS
#s2C
$sFFD2
#4356
$sFFD2

ABS
#$2C
$FFD2
#$59
$FFD2

ZPG
ZPGXIN

ZPG
ZPGYIHN

#$28
sFFD2
ABS
#$29
$FFD2

ZPGYIN

#$28
$FFDZ

2 ZPx

#3529
$FFO2



2318
2320
2330
2348
2350
2360
237ve
2380
2390
2400
2418@
2428
24z6
244a
24350
2460
2479
2480
2496
2588
251@
2528
25za
2548
2556
2568
25ve
2580
2520
2600
2610
2620
25320
2648
2650
2c60
2eva
2686
2630
2786
271e
2va2e
27V3a
2vV49
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ACC LDA #$41 *’A

JMF $FFD2
:CALCULATE BRAMCH ADDRESS FOR
:A RELATIYE INSTRUCTION AND
:PRINT IT

REL LOA #$24 :TF
JSR $FFDz

JSR HETEBYT
BMI NEGAT

ADC #$81
RDC CURR

LOA #0O
ADC CURR+1
JMP EXITE
NEGRT EOR #fFF
STA $4E

LOA CURE
SEC #4B

LDA CURE+1
SBC #06

EXITE JSR OUTPUT

JMP OUTPUT
:——ASSEMBLE ROUTINE--
sPRINT [CURSOR UPI1-GET IM HEX
SADDRESS FROM BUFFER-EXIT IF
:ILLEGALAGET 3 CHAR OP-CODE
SMNEMONIC-EXIT IF MOT ALPHAA/STORE
#AT MBUFF/CHECK WITH MHEMOMIC
;ASCII TABLE ARY1-EXIT IF NO MATCH
2= STORE INWDEX RS MNEMONIC CODE
:CHECK INDEX AGARINST RELTAB TABLE
$TO DETERMIME IF IMSTRUCTION USEZ



112 The Wedge-MON monitor

2758
2v64
27va
278a
&voa
28848
28180
232a
2338
2840
2856
28848
28va
=886
2856
2988
2916
2928
293e
2948
23506
2968
29va
2388
2396
3880
zel1e
IJvz6
3630
3846
385a
3a6a
38ve
3886
3890
3100
3118
3126
2136
3148
2156
3le0
31ve
3186

;RELATIYE ADDRESSING-IF SO THEN
;GET IM BRANCH ADDRESS FROM BUFFER
:AND CALCULATE BRANMCH OFFSET IN A
;- # HOLDS THE RELATIYE ADDRESSIHG
:CODE $8BIF NOT RELATIVE
;RODRESSING THEN GET IW CHARACTERS
;AFTER THE MNEMONIC USING THESE TO

:DEDUCE ADDRESSING MODE IN X-
:HEX OPERAND BYTES ARE EVALUATED

PAND PUSHED ONW STRACK TO BE LATER
:PULLED OFF AND STORED AT THE
:CURRENT RADDRESS+1 & 2-THE
:RETRIEWED MNEMONIC AMHD ADRESSIHG
:MODE CODE YALUES ARE SEARCHED FOR
;IM THE CORRESPOMDING TRBLES ARY:2
2AHD ARYZ THE INDEX TO WHICH
;REPRESEMNTS THE OF-CODE “ALUE
JWHICH IS STORED AT THE CURRENT
:ADDRESS

ASSEME JSR GETADR
BCS KLUD1
LD #0
RrROU JSR $8673
' BCC KLUD1
CMP ##$5B
BCS KLUD1
CHMF #$41
BCC KLUD1 A
STH MBUFF =

N8
A
4

CPx #$83
BHE ROU

D e e L TP,

LD #9
MLOOP1 STY MNMON
LOx #8
MLOOPZ LDA ARY1.Y
CMF MBUFF , X
BEG® EQUALS
LOoY MHMON
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Z19a IHY

3280 INY

3218 } IHY

226 CPY #3$R8
3239 ECC MLOOP1
3249 KLUDL  JMP X3
3258 -

3268 EQUALS INY

32ve IME

3286 CPX #3903
3298 BCC MLOOPZ
3308 e

3310 ;CHECK IF RELATIVE ADDRESSING
3320 je———m—————
3330 RELCHK LDX #3567

3340 LDA MNMON
3358 FRI CMP RELTAB, X
236@ BE@ ISREL
3370 DE

2380 BPL FRI
3398 BMI NOTREL
3400 fe————

3418 ISREL JSR $0073
342@ CHMP #$24 %
2430 ENE KLUDZ
3448 ;o

3450 J5R HEXGET
3460 BCS KLUDZ
2470 STA WKSPC+1
3488 JSR HEXGET
3490 BCS KLUDZ
3500 SEC

3510 SBC #3062
3520 STA WKSPC
3538 BCS SKIF
3540 DEC WKSPC+1
3550 jem——— e

3560 SEC

357@ SKIP  SBC CURR
3580 TAY

3590 LDA WKSPC+1
3600 SBC CURR+1
3618 BMI MINT

36280 f———
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2530
3640
2650
3660
3678
2688
2698

i
=)
@
@

W W W W WL

(100 5 B BV BV Y B Bt MY Y IR |
) = QWO U LN
LUl U OB ORI UR OB U OB U U

W
jor)

(-4

W W
W 0
$H W
o Q

3850
860
I8va
38ge
3896
308
Z91e
3928
3938
3946
3950
3960
397e
=980
2290
4986
4a1@a
4820
4830
4340
4850
4860

BHE
CPY
BCS
BCC

KLUDz
#+80
KLUDZ
PAN

J T L pen——

#$FF
KLUDZ
#+20

© KLUD2

#%01

T #$0B

COMSL

IMMED

ABSOLU

LD
JMF

Loy
J5R
BEG!
CMP
BEG
CMF
BEG
CHMP
BE®
CHMP
EECG

JMP

#3FF
REGRLP

#5011
$0E73
HORDMO
#¥41
ACCUM
#¥23
IMMED
#$24
ABSOLL
#+28
BRAC

w2

#$0R
REGRUP

08732
#1524
KLupz
HE®GET

S KLUD:2
o #0

comMsL

HEXGET

3 KLUD2

LRS-
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HEXGET

. TEBEBIT

ZPAGE
#s2C 27,
ZPICOM

g

LT

$0073
AESO

#s2c 7,
AEICOM

®1

#%01
COMX

0073
#$58 ;
ABSOX
#2359 7Y
ABSOY

x1

i

i #3863

COMX

#$04
COMx

#s02

© COMS

. $0873

#$58 FIS

) ZPAGHK

#$59 3
ZPRAGY

* W2

#$05
COMS

115



116 The Wedge-MON monitor

45168 ZPAGY LDX #$0¢€

4520 JMP COMS

4538 ;————m——————

4540 BRAC JSR $0@8v:
4550 CMP #$24 PR
4560 BHE KLUD4
4570 JSR HEXGET
458a BCS KLUD4
459a PHA

4500 JER HEXGET
451@ BCC IMDRCT
4528 CMP #£29 272
4630 BE® INDIRY
4640 CHMP #$2C LR
4650 BNE KLUD3
4668 ;——————————

4670 INDIRX LDX #$69

4580 JMF COMS

4690 ——————————

4708 INDIRY LDX #$08&

4710 JMP COMS

4v28 P—————————

4730 INDRCT LDX #3$67

47480 JMP COMXL -
4750 ——————————

476@ ;PULL OPERAND YALUES AND STORE
477@ ;AFTER THE CURRENT ADDRESS

DY 1. [ P—

4798 COMX  PLA

4800 COMXL STA C(CURRY,Y

48109 INY

4820 COMS  PLA

4830 COMSL STA (CURR),Y

4840 ;———mm e

4850 ;CHECK ARY2 AND ARY3 FOR RETRIEVED
4860 ;MNEMONIC AND RADDRESSING MODE CODE
487@ ;YALUES.INDEX=THE OP-CODE

4880 o

4399 REGRUP ST¥ ADMOD

4960 LDx #0
4918 TOR LDA ARY2,X
4920 CMP MNMON
4930 BNE PYM

4948 LDA ARY3, X



4950
43960
4970
4980
493508
S000
S6é1e
So6ze
Se3e
5046
5956
S064
Sere
S080
5898
Siee
5110
S1z2e
S136
5146
5156
5166
S17e
5188
5156
5200
5216
52208
236
240
S256
S2668
32va
S286
5290
S3e6
ozle
5328
5338
5z4@
5354
o360
S=vVe
5386
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CMP ADMOD

BE® JAY
P'YM INX

BNE TOR
KLUD4 JMP X3

TA

'EXIT YIA COMMON EXIT IN CONTROL
»SECTION/

“ERROR EXIT - PLA"S ACCOMODATE
;ERRORS ENCOUMTERED WHILE OPERANDS
20N STACKAFRINT “RET /EXIT

X1 PLA

x2 PLA

®a LDA #$60 »"RET
JSR $FFDz
JMP EXITO

}HUDRESSING MODE RACTION TABLE FOR

TREL <HOFD IMM-1.ABS-1,2ZPG-1
«WORD ABX~-1,ABY-1,2ZF¥x-
«HWORD 2PY-1,IMD-1,ENMY-1
- WORD EMx-1,ACC-1,.REL-1
:TABLE OF ENTRIES IN MHMEMONILC
:TABLE THAT USE RELATIYE
:ADDRESSIMG-USED BY ARSSEMBLER
PELTHB «.BYTE #%09.%$0C,$0F ,$15
.BYTE #%$18,%$1B,$21.$24

'MNEMOHIL TRABLE-~ COMTAINE RSCII
INSTRUCTION MMEMONICS-USED BY

17
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S350
54806
S41a@
S42a
S43a
5446
54358
S48
T4V
5486
5498
55684
25168
5528
5536
5546
5554
5566
S57Va
o860
5596
S688
o618
3626
oe3a
Se4a
S&5@
SEeR
Seva
S&84
5590
wvaa
5710

U

gagaadaagd
000 =d ==

B
aQ

PY = @00~ Ol
T Ol O Ol U
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JASSEMBLER AND DISASSEMBLER

e R e e

ArY1 . ASC "ADCANDASLBCCECSBER!
.ASC "BITEMIBNEBPLERKBWC"
RASC "BYSCLCCLDCLICLYCMPY
«ASC "CPXCPYDECDEXDEYEOR"
«ASC "IMCIMAIWYJMPJISRLOA"
«ASC "LOXLDYLSRNOPORAPHA"
. ASC "PHPFLAPLPROLRORRETI"
.ASC "RTSSBCSECSEDSEISTARY
SASC "STHSTYTRHETAYTSHTHA"
« ASC "THSTYR???M

256 BYTE TRBLE OF MNEMONIC CODES

ARY2 .BYTE$1E.$66,$A8,$A8, AL . $65
.BYTE$OE , #A8, $6C . $56, #06 . $AS
- BYTE$AE , $66, 306 . $A3 , $1B . $E5
-BYTES$AS ., $AS, $A8, $55, $86 , A
BYTEF2V . $56 , $A2, $A2 , $AS . $56
- BYTE#$06 . $AS, $354 . 203, ¥RE . ¥R
-BYTE#12,$03,$75, FA8, $72 . $63
BYTESVS, SRS, $£12,30Z . $735, $A8
LBYTE£1S, $03,. $AS . $AS . $AS . $63
<BYTE$VS . $#AE,$84 . $03, 20 . $RS
-BYTE$AS, $932, $75, $A8 . $7VB, ¥45
-BYTE$AS ., $AS, $AG , $45 . 50, $AS
-BYTE$639 . %45, 66 . $AS , §51 . $45
-BYTE$E0, $AS, $21 .45, $A5 . FAS
- BYTE$RAS , $45, $60 . FAS, $20 , $45
-BYTES$RG . $A&, $AS, $45, $€0, TAZ
-BYTE$VE . $00, £A8 . AL . $AS , 0B
. BYTE$VS,. $A8 , $6F . $00, 78 . $AS
.BYTE$S1 ,$00, $7&, $A3, 24, $00
.BYTE$AS . $AS, $AS, 08, $78 , $A8
. BYTE$8A, $00, $AS . $AS , *AS . $006
«BYTES$7E, $AS, $AE . 380, A3, $AS
-BYTE$93, $80D ., $98 . FAS , ¥42 , $AS
-BYTE$SF ,$RS ., $33,. 430,30 . $A3
.BYTE$B3, £80 ., $AS . $AS , 933, $80
«-BYTE#36,$A8, $A5 .. $380, $R2 . $AS
.BYTE$AS, $80, $AS, $AS . $50 . 57
.BYTES$SA . $A8, $5D . 57, $5A, $A8
<BYTE$99 ,$57,$36, $AE, $5D . £57



58308
5848
5856
o86a
S8vea
5888
58%a
S96e6
5218
5926
593a
5948
9958
5966
S9ve
5986
S950
@80
6018
6820
6030
6040
€05@
6060
68ve
€080
6890
€100
6118
6120
5138
6148
€150
€168
&1va
6188
6198
620882
6218
6228
6230
6240
6250
6260
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.BYTE$TA, $R8, $AC , $57 . $A8 , $RE
«-BYTE$SD, $57, $TA, $AS , $30 . $57
.BYTE$3C, $AZ, $5D, $57, $5A, FAS
-BYTE$39,$33,$AS . $AS , $39 . $33
.BYTES$3C, $RE, $4E , $33, $3F , $AS
-BYTE$39,$33,.$3C,$A8,$18,.$33
.BYTES$AS,$A8 . $AE, $33, $3C, $AS
«BYTE$2R,$33,$A8 . $AS , $RE , $33
.BYTE$3C,$A8, $36 ,$81 , ¥A8 , $AS
.BYTE$36,.$81 . $48 . $AC . ¥4EB, $81
.BYTE$E3,$A8,$36,$81 . $48, $RE
.BYTE$OF . $31 . $A8, $AS, $AS . $81
.BYTE$48,$R&,$87,$81 ,$¥A8,$AS8
.BYTE$A8., $81 ,$48, $AS

s

56

e sa e
oM

BYTE TABLE OF ADDRESSING

ODES

ARY3

.BYTESFF , $03, $FF , $FF , $FF , $0z
.BYTE$02, $FF , $FF , $00 , $0A , $FF
.BYTES$FF . %01 . $01 . $FF , $0B . $08
. BYTES$FF , $FF , $FF , $95, $05, $FF
. BYTESFF , $04 ,$FF . $FF , $FF . $23
.BYTE$03, $FF ,$01 , $09 , $FF , $FF
.BYTE$02 ,$02, $02 , $FF . $FF , $00
-BYTE$GOR, $FF , %01 .81 . $01 . $FF
.BYTE$OB, $88 , $FF , $FF , $FF , $85
- BYTE$OS5, $FF , $FF . $04 , $FF . $FF
«BYTES$FF . $03, ¥83, $FF . $FF , $69
- BYTESFF ,$FF ,$FF . $02, $02 . $FF
.BYTES$FF , $00,$0RA, $FF ,$61 ,$01
.BYTE$01 ,$FF , $0B, $98 , $FF , $FF
- BYTES$FF . $05, $035, $FF , $FF , 64
- BYTES$FF , $FF , $FF , $03, $83, $FF
«.BYTES$FF , $03, $FF , $FF , $FF , $62
- BYTE$82 , $FF , $FF , $86 , $6R , $FF
-.BYTE$G? . $01 ,$01 , $FF , $0B . $68
. BYTES$FF , $FF , $FF , $05, $85, $FF
- BYTES$FF . $04 , $FF , $FF , $FF , $03
. BYTESU3, $FF , $FF , $8% , $FF , $FF
-BYTE$B82,$02, %02, $FF , $FF , $FF
. BYTES$FF ,$FF ,$01 ,$01 ,$01 , $FF
.BYTE$EB, $08, $FF . $FF , $05 , $65
.BYTE$OE , $FF , $FF , $04 , $FF , $FF

119
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6278 « BYTE$FF , $03, $FF , $FF , $00, $99
6280 .BYTE$00, $FF ,$02, 302, %02 , $FF
6296 . BYTE$FF , $00 , $FF , $FF ,$01 ., $01
6388 .BYTE$01 , $FF ,$0B . $908, $FF , $FF
6318 .BYTE$GS, $05, $06 , $FF , $FF . 64
6328 .BYTESFF ,$FF ,$083, $83, $04 , $FF
€338 .BYTE$00, $03 , §FF , ¥FF , $02 , $02
6348 . BYTE$BGZ , $FF , $FF , $20, $FF , $FF
£358 .BYTE$0O1 ,$01 , %01, $FF , $0B . $6S
6368 -BYTES$FF , $FF ,$FF , 305,305, $FF
637Ve -.BYTES$FF , $04 , $FF , $FF , $FF , £03
6398 -.BYTE$02,$02, $02 . $FF , $FF . $00
&40a .BYTE$FF ,$FF , 01 . $01 ,$01 , $FF
6418 .BYTES$SOB, $0& , $FF , $FF . $FF . $65
6420 - BYTE$8S5, $FF , $FF , $04 , $FF , $FF
6430 -BYTES$FF .03, $083, $FF

6440 ; -~ —_——

BASIC Loader: Command File 1

188 C=@

181 RERD D$

182 IF D$="END" THEH PRIMT D#:EHD
183 D=VAL<D$>»:IFOCB THEM 106

184 K=¥+1:C=C+D:FOKE 49219+x,0D

185 GOTO 181

185 IFC=ABZ{D> THEN 18@

187 PRINT "ERRQOR IN BLOCK "2IMT(KAE4)
iag GOTO 180

116 REM ——- BLOCK 1

111 DATA3Z2,13,1593,160,0,177,77.1€8
112 DATAVZ.,196,23,198,.168,2,183,163
113 DATRIZY,.32,210,255,232,136,.16,246
114 DATA3Z,8,133,164,168,138,.23,199
113 DATAR48,.3,32,42,195,162,11,7V6

116 DATA1E.193,138,10,168,185,77.,.137
117 DATAVZ,185,.7V6,197,72,96,16859,35
112 DATAZ2,218,255,162,36,32.,.210,235
113 DATR-FESTY

1283 REM ——- BLOCK 2

121 DATA3Z,127,133,76,58,193,153,36
122 DATA32,218,255,32,127,193,72,32
123 DATAHLIZPY,1932,32,58,193,104,76,58
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DATAL9Z2,32.78,.135,1589,44 ,32,.2108
DATAR25S,169,88,.76.2110,.255,32,7V0
DATAH19S,.169 .44 ,.32,2180,255.,.169.,.89
DATAVE . 218,258,32,52,195,76 .32
DATAL25,.32,.59,1935,.76,1085,195, 18689
DATR-79&2

REM ——- BLOCK 2
DATAR48,32,218,255,32,78,.125,169
DATA41 . 75,218,255 ,163.48,32 ., 218
DATAR255,32,52.135,152,41 ,32,218
DATAZ3S.,.76,185,135,1€9,408,32 ., 2184
DATRZ2SS,.32.115,.1935,169,41,.75,.2198
DATAZS5S,.162,.85,76,218,255,.169.,.326
DATARRZ . 218,255,32.127.133,42,13
DATA24 .1685.1,181 .77 ,.72.169..a
DATAR-7E38

REM ——- BLOCEK 4

DATA181 78,756,211 ,135,73,.255,123
DATAVS . 5€, 165,77 .,.2293,.75,. 72,165
DATAYS,232,.8,32,58,1932, 184 ,7¢
DATAS8.,192.3232,1668,.1932,176 .46, 152
DATAB,32,115.8.144 ,39. 261 .91
DATALTE, 25,2011 ,.85,144 .21 ,157,18@
DRTRZ . 232,224 ,.3,288,235.1:50,8
DATALZ22,252,162.,.0,185,1832,197,221
DATAR-V7&3

FREM ——— BLOCK S
DATAL188,2.2480,.12,164 253,206,280
DATAZB6 ., 132,168,144 ,235,.V6,68,197
DATAZB8 232,224 ,.2,.144,238, 152, 7
DATALBS, 252,221,180, 137 ,.246, 5,282
DATARLE,248,48,67,3232,115,6,281
DATARZE,208,.83,32.38,192,.17V5,.78
DATR13Z2,.8@,22,80,192,176,71 .56
DATAZZ3,2,133,79.175,.2,198.,.20
DATA-2454

REM ——— BLOCEK &

DATASE . 222,77, 168, 165,80,22%,.78
DATA48.8.288,50,192,128,17&, 48
DATH144.8,201,255,202,48, 192,128
DATA144,36,.152,166,1,162.11,7¢6
DATA3Z .19V ,162,255,76,34,197, 168
DATAL ,32.,115,0,240,244 ,201 ,65
DATAZ246,15,201,35,248,16,201 ,36
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18
169
17a
171
1va2
173
174
175
176
177
1v8
179
188
131
182
183
184
135
186
187V
15¢&
189
13@
191
192
133
194
195
196
197
198
199
2ea
2081
2682
263
204
285
286
287
288
209
218
211

DATAz46,29,201 .489,.240,116,76,68
DATAR-7361

REM ——— BLOCK ¥

DATAL5? . 162,18,7V6,.34,137,32,115
ODATAG . 281,366,208 ,241 ,32,80, 1932
DATR1IVE ,23€,1&62,8,.76,32,197,32
DATAS®, 193,176,226 ,.72,32,80,133
DATA144,9,248,49,201,44,240,50
DATAPE,E67,197,72,32,115,6,240
DATAV , 2081 ,44,248,8,76,66,137
DATAL162,1,76,27,.197,32,115.,@
DATAR-788z

REM -—- BLOCK &
DATAZ@1,88,248,7,201,82,240.,8
DATAVE.66,137,162,3,76,27,1537
DATH162,4,76,287,137,162,2,78
DATA21,197,32.115,0,201 .83,248
DATA7 .21 ,8%,248,8,76,67,137
DATA162,5,76,21,197,162,6,.75
DATAG31,157,32,115,0,201 .36,208
DATA6Z .32.36,193,176.57.72,32
DATR-&612

REM ——— BLOCK 9

DATASE . 192,144 ,18,201 .41 ,248,3
DATARzG1 .44 ,208.217,162,9,7€, 31
DATRLS7V,1&82,8,76,31,1397,162,7
DATAVSG, 28,197,184, 145,77, 200, 164
DATAR145,77.,.134,.254,162,0,183,23
DATAH13E, 137 ,253,2038,7,189,23,.19%
DATAL197 ,254 ,248,6,232,208,239,76
DATAGS, 197 ,160,0,138,145.77,76
DATR-821&

REM -—-—-- BLOCE 1@
DATA1T1.,152,104,184,159,13,32.,21a
DATAZ5S.76,160,192,532,195,69,135
DATARSS3,195,88,135,181,195,114,1385
DATAHLIZB.135,126,125,135,125,155.,195
DATAR168,195,173,135,9,12,15,21
DATAz4 .27 ,33,36,65,62,67V ,65
DATAYS.68,65,83,75,66,67V,67
DATAREG .67 .83,66,69,81,66,73
DATR-6965

REM —-—-- BLOCK 11

DATH84 66,77 ,73,66,78,562,568
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DATABG,V6,66,82,7V5,66.86,.67
DATAREG .86 ,83,6V.V6,.67V,67V ., V6
DATAGE ., &V ,VE, V3,87 . V6,86 .67
DATHYY,.80.,67V,88,88,687.80,8%
DATAGR2,69,67V .68.69 ,88.68.69
DATHS8S.69,7V3.82,7V3,78&,67,72
DATAVS.8&,7V3,7&,89,74,77 .80
DATR-4786

REM ——— EBLOCK 12
DATAV4,.83,82,7V6,68,585, 78, €8
DATABE .76 .68,89,76,.832,82,.78
DATAVS.80,79,82.65,88,7V2,85
DATASe ., V72,20.80.7&6.65,860,76
DATASA,. &2 ,V9,V6.82,7V93,82,82
DATAS4 , V2,822,884 ,832,83,65,67
DATHE23.59,67V,83,69,68,83,89
DATA?3,83.84,65,83,84,88.83
DATAR-4941

REM ——— BLOCK 13

DATARE4 .89,84,65,88.84,65,89
DATAHS4 .83,88,84,88,65,84,88
OATA83,84,89,65,. 63,532,683, 20
DATAL1B82, 168,168,168, 182,6,.168.1@8
DATA182,56,168,168,182,6, 188,27
DATA1BZ2.188.168,168.182,6,168,39
DATA1B2,168,168,168,182,6,168,84
DATAZ,168,168.18,.3,117,168,114
DATR-&239

REM —-—-~ BLOCK 14
DATRS.,117.,168&,18,3,117,168,21
DATAZ,168,168,168,3,117,168,132
DATAZ,45,168,168,3,117.168,123
DATAGS . 162,168.168,69,96,.168,185
DATRES .96, 168,81 .,69,96, 168,323
DATAGS , 168,168, 168,63 ,.9€.163,45
DATRES , 168,168, 168.59,.96,168,126
DATAG,.1€68,168,.168,.8.126,.168,111
DATAR-vG14

REM ——— BLOCK 1%
DATARB.126,158.81,08,120,188,36
DATAB,168.168,168,6,120,168,138
DATAB, 168,168&.,.188,0,120,158, 168
DATA141.,.15&,168,147V,141,144,168,5€&
DATARL1E8,152,168,147V,141,144,168,2

123



124  The Wedge-MON monitor

256 DATA141,168,168,147,141,144,.168.165
257 DATH141,152,168,1588,141,168,168,33
258 DATA8Y.98,168,93,87,90,168&,153

259 DATA-8217

268 REM --- BLOCK 1€

261 DATAST,150,168,93,37,90,168,12

262 DATASY.168,168,332,87,90,168,48

263 DATASV,15€,168,92,87,90, 168,57

264 DATASL,1€68,168,57,51,60,163.78

265 DATAS1,63,168,57,51,60,168,24

266 DATAS1,1€8,168,168,51.60,168,42

287 DATRS1,168,168,168,51,60,1838,54

268 DATAL29,168,163,54,123,.72,168,75
269 DATA-5848

REM ——- BLOCK 1V
DATAR129.99,168.54,129,72.1€8,15
DATA129.168,168,168&,129,7V2.168.135
DATALZ29,.168,168,168,122,72,168,. 255
DATAS ,255,255,255.2,2,255.255
DATRE&.16,255,255,1,1,255,11
DATAS.,.255,255.,.255,5,5,255,255
DATAR4,255,255,255,.3,.3,255,1
DATAS ., 2%95,255,2,2,2,255,255
DATA-8863

REM ——— BLOCK 1&

DATR&, 16 ,.255,1,.1,1,255,11
DATAS 255,255,295, 5,.5,.255, 25
DATA4 . 255,255 ,255,3,3,.255, 25"
DATAS, 255 ,255,255,2,.2,.295,255
DATRe,18,255,1.1,1,.2585,11
DATRS ., 255,255,255, 5,5,255, 255
DATR4 ,285,255,.255,3,2,255,255
DATARS, 255,255,255, 2,2,.255,255
DATR-88B0

REM ——— BLOCK 19
DATRG,18,255,V.1.1,255,11
DATAE .25%5,255,.255,.5,5,255,255
DATA4 . 255, 25%,255,32,3. 255,255
DATAS . 255.255,2.2,2,.255,255
DATARAZSS5,255,2595,1.1,1,255,11
DATAHE . 255 ,255,5,.5.,.6,2585,.255
DATH4 . 255 ,255,255,3,2355,.255,8
DATA2,6,255.2,2,2.,255,255

DATA-2232

R R R ERERRE

LU

i
na

L

S SO (R U VI SV I (T OV I N (VI (NI OV (R W (VT OV (R SR LA (VT V]
Wl L0 M WD M MDD MO WD 00 00 0 00 OO 00 000
WO ARLORN,GUONFH AR =PV AERON =~

PO QDR PR PO P T



The Wedge-MON monitor 125

288 REM ——— BLOCK z@

381 DATAB,255.255,1.1,1,255,11

282 DATA2,.255,.255,5,5,.58,255,255
383 DATA4,255,255,3,3,4,255,0

284 DATAY,255,205,2,2.2,255,.255
385 DRATAG.255,255.1,.1.1,255.11

96 DATAS,255,255,255.5,5.255,.255
eV DATAR4,255,255,255,32,3,255,8
288 DATAZ,255,255.2.2.,2.,255,255
389 DATA-7774

218 REM ——- BLOCEK 21

311 DATHB ., 255.,255,1,1.1,255.11

212 DATHE,255,2595,255,5,.5,255,255
213 DATRY4,255,255,255,3,3,255

=14 DATA-3162

215 DRATA EHND

1668 REM —--EHABLE @D

1881 POKE 43635, 183 :POKE 49898 ,152
1882 REM —--EMAELE @A

1883 POKE 437V@a1.,217:POKE 4970z, 195

Disassemble an Instruction for @D (Lines 1350-1670)

Disassembly is the reverse of assembly. The contents of memory are
translated into 6510 instructions consisting of an op code mnemonic
plus the operand(s), if present, printed out in the correct format
according to the addressing mode. Relative branch instructions
(BEQ, BPL, etc.) are presented as the op code mnemonic plus the
destination address.

The ‘Wedge-MON' disassembler routine can be described as a
‘table-driven’ program. To disassemble an instruction it first fetches
the op code byte from memory. This is used as an index into two
256-byte tables: Arv2 at lines 5540-5960 and Ary3 at lines 6010-6430.
ARY2 is a table of values which serve as an index into a third table,
ARY1, at lines 5410-5500. This is an ASCII table containing all the three
letter 6510 instruction mnemonics. ARY3 is a table of addressing
mode codes. It holds the coded addressing modes in this form:

$00 = Immediate

$01 = Absolute

$02 = Zero-page absolute

$03 = Absolute, indexed by x
$04 = Absolute, indexed by v
$05 = Zero-page, indexed by x
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$06 = Zero-page, indexed by v
$07 = Indirect

$08 = Indirect, indexed by v
$09 = Indirect, indexed by x
$0A = Accumulator

$0B = Relative

The idea is that from ARry2 the program finds which mnemonic to
print, and from Ary3 both how many operand bytes are to be fetched
from memory and in what format they should be output to the
screen. For example, if we were to disassemble the two bytes $as, $10
we would proceed as follows:

1. Load the yregister with the op code ($A5)

2. Load the xregister with mnemonic code (given by Ary2,Y)

3. Print the mnemonic given by ARY1,X,ARY1+1,X,ARY1+2,X

4. Load awith the addressing code (equals ARY3,Y)

5. Use the Aregister value to select correct handling routine

6. Get in the operand byte (s10) and output it in the correct
format

7. Return

There is another possible approach when writing a disassembler
that does not depend on 256-byte tables. Instead, the op codes can
be ‘decoded’ to reveal the instruction and addressing mode. The
problem is that there are many exceptions to the ‘rules’ for
decoding instructions. Some op codes use binary bits 2, 3 and 4 to
specify the addressing mode, while the remainder of the byte ident-
ifies the instruction. Other op codes are decoded in a different way.
In order to keep ‘Wedge-MON' as simple as possible opting for the
‘table’ approach seemed appropriate.

Going now to the source code we must first output the address of
the instruction we are going to disassemble. This is handled by the
control program routine ADROUT.

Having printed the address of the instruction we can now disass-
embile it. First we discover the mnemonic by indirectly loading the
op code from (CURR). We transfer this to the v register and get the
index value into the mnemonic table from Arv2. Using ARY1 we then
print the three-letter mnemonic. Similarly, we use the op code to
get the addressing mode from Arvs. If this is negative ($FF), then the
instruction takes no operands and so we print 11 spaces and exit at
lines 1570-1580. Where there are operand value(s) then we have the
problem of directing control to the correct routine to handle fetch-
ing the operands from memory and their display.

This is solved by using the addressing mode ‘code’ to index a table
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of addresses for the handling routines. The address of the needed
routine is pushed on to the stack and then jumped to by means of an
RTS in the same way that we used command characters to select
command-handling routines in the main control section.

The addressing-mode handling routines are located at lines
1780-2630. They use the control program routines NXTBYT and OUTPUT,
and the s$FrD2 routine in ROM, and are are all fairly straightforward,
except for the RreL routine at lines 2380-2630. As you should be aware
by now relative branch instructions transfer control up to 128 bytes
forward or back from their current position and are stored in mem-
ory as the op code followed by the offset. In common with most
other disassemblers ‘Wedge-MON’ disassembles these in a more
useful form as mnemonic plus branch destination address, and ReL
must calculate and output the latter. The algorithm for the process is
as follows:

Get offset byte from (current address)

If negative offset then go to 5.

. Add 1, then add current address to give destination address
. Jumpto7.

. Obtain the 1’s complement of offset byte value

. Subtract this from current address to give destination

. Print destination

The 1’s complement form is obtained by means of the EOR #$FF
instruction in line 2520, the effect of which is to ‘flip’ all the bits in a
byte, each 1 becoming a0, and vice versa.

Assemble a Line of Code to Memory for @A (Lines 2950-5350)

The Assems routine is the largest single routine in ‘Wedge-MON'. It
uses the same tables as the disassembler to perform the reverse
procedure and convert an ASCII mnemonic plus hex ASCII operand
bytes to binary numbers in memory. The algorithm for the operation
looks like this:

1. Getin the address the instruction is to be assembled to

2. Getin the three character instruction mnemonic and store it

3. Compare the mnemonic against the Ary1 table to obtain the
mnemonic code

4. If the mnemonic code indicates a relative branch instruction
thengoto7.

5. Get in succeeding bytes and use them to deduce the address-
ing mode

6. Jump to 8.

7. Getin destination address and calculate offset byte value
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8. Store the offset byte or the retrieved operands after the
instruction address
9. Loop through the mnemonic code table ARv2 and the address-
ing table Arv3 looking for the calculated values
10. Store the op code (given by the index from step 9.) at the
instruction address
11. Go to common Group (b) exit routine

The Control Program routine GETADR is used to output a ‘cursor up’
and get the instruction address from the input buffer into locations
CURR,CURR+1.

Next the three mnemonic characters are input at lines 2980-3080.
Non-alphabetic characters cause an error exit. The mnemonic is
then stored in a buffer MBUFF. Lines 31203230 return the mnemonic
code in MNMON by comparing the three stored mnemonic characters
against the ASCII table Arv1. If no match is found then the characters
were not a legal 6510 mnemonic, in which case an error exit results.

Relative Instructions

Having got the mnemonic code we can now tell if our instruction
code is a relative branch by comparing it against ReLTAB (at lines
5340-5350) which is a table of mnemonic codes for all the relative
branch instructions. This is done by lines 3330-3390. If the com-
parison fails control passes to NOTREL at line 3810, and otherwise ISREL
(lines 3410-3760) gets in the branch destination address and uses it
to calculate the offset byte for the relative instruction. reL concludes
by jumping to comst at line 4830, with the x register containing the
code for relative addressing (se8) and the Accumulator containing
the offset byte. More of comsLin a moment.

Non-relative Instructions

As we have seen the relative branch instructions are a special case.
For all other instructions the addressing mode is deduced from the
characters input. This is best understood by looking at lines
3810-4740. If the next character after the mnemonic is A then the
addressing mode is Accumulator. If #, then it must be an immediate
instruction, and so on. We need to input characters until the
addressing mode is unequivocally established and we then load x
with the code for that mode before jumping to one of comx, comxt,
coms or comsL at lines 47904830 depending on what has been
pushed on the stack in the process.

For instance, if the first character is $ there is a possibility of six
different modes. We start by assuming that it is Absolute addressing
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and branch to ABsoLU at line 4050. A hex byte is input in Aand pushed
on to the stack. We try to input another hex byte, but if on return
from HexGET the Carry flag and Zero flag are both set then the buffer
is empty. In this case we can assume Zero-page addressing and
jump to the zpraGe routine at line 4380. Otherwise, we push the
second hex byte on to the stack and search the buffer for a xor ,v
sequence to check for indexed modes, and so on.

Lines 4790-4830 perform any necessary pulling of stored operands
off the stack and store these after the instruction address. At REGRUP
in lines 48904980 the addressing code is stored in ADMOD and a
search of the ARv2 and ARY3 tables is made for values of mnemonic
code and addressing code corresponding to the values held in
MNMON and ADMOD. The value of the index upon exit from this loop is
the op code for our instruction and so it is finally (lines 5030-5050)
placed at the instruction address and exit is made via the common
exit routine COMExT in the control program.

Error Exit (Lines 5160-5200)

Since errors may be encountered with various data pushed on the
stack the error exit has three points of entry, x1, x2 and x3, which
perform the PLA operations necessary to tidy things up. The carriage
return character output by line 5180 is to counter the ‘cursor up’
performed at the start of the routine.

Command File 2: The @M, @ (Group (a)) and @w, @c (Group (b))
Commands

Assembler Listing: Command File 2

1828 #=¥-888

168280 e
1048 CURR =%$4D
1656 FLAG =$FD
1868 ——————————

16ve EXITE =%$CBAA
1a8a COMEXT =3Cd@nAB
1898 SPACE =%C168
1188 SPACES =#C16A
1116 ADROUT =$C113
1128 OUTPUT =3$C132A
1136 HEXGET =%$C150
1148 HXTBYT =$C17F
1156 GETADR =$C1A8
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11680 ;-

1178 :~-0UTPUT MEMORY RS HEX-——

11368 :PRINT CURRENT RADDRESS IM HEX
11928 ;/GET HEXT 8 BYTES FROM (ADDRES=SD
12668 :AND OUTFUT IM HEX WITH A SPACE
1216 :BETWEEN ERCH-PRINT 5 SPACES

1220 e

12368 MEMORY JSRE AODROUT

1249 p T e —

1256 LDA #%$a7
1268 STA FLAG
izvae LDY #0
1286 RAS LDA <CURR)>»,Y¥
1296 RA& SR OUTPUT
132886 JZR SPRCE
12184 CEC FLAG
1320 EMI ER?Y
1320 e

1248 JESR METBYT
1356 JHMF RA&
1260 e

1278 RAT LOX #%0%5
1386 JMP SPRACES
1398 e

1498 :—-QUTPUT MEMORY AS ASCII--

1416 :PRINT CURRENT ADDRESS IN HEXA/GET
1428 :HEXT 8 BYTES FROM (RDDRESS)> AND
14368 :PRINT AS ASCII CHARACTERS.-IF EYTE
1440 230 THEN SUBTRACT #$8&~/IF BYTE IS
1456 ;>$60 OR <$28 OR="COLOW" . @°.0F
146@ :"#7 THEW PRINT “. /IF BYTE=

147@ :"SPACE" THEN PRIMT "%~

1480 ;e

1496 INTERG J3SF ADROUT
1508

1518 LD #$@7
1528 LDY #0

15368 TARE LOA <(CURRD,Y
1548 TRV BFL TRg

15506 EOR #$38&

1568 THAS8 CHMP #%60

137e BCZ OUTOF

1588 CMF #3400 2@

1598 BE® OUTOF



1508
161@
1620
1638
1648
1656
1£60
1678
1688
16986
1708
1716
17260
1736
1746
1759
17E0
1?7y

178a
1798
1800
181@e
1320
12%09
1841
1850
1868
18va
1888
1898
1508
1310
1928
19z6@
154¢
1956
1366
1376
1988
1996
2008
2019
28za
2830
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CMP #$3A R
BE® OUTOF

CMFP #$2R 2T
EE® OUTOF
CHMP #$20
BCC QOUTOF
BME HITIT
LDA #$2A
BME HITIT

"SFRACE

‘18

*

oomme conse cooes e sreve covus smses oasen e Smeme.

OUTOF LDA #$=2E T
HITIT JSE $FFDz

e

BMI HITITZ

JSR NXTBYT

JMP TRV
HITIT2 LDX #$85

JMP SPACES
:~—WRITE HEX BYTES TO MEMORY--
;PRINMT [CURSOR UPI~GET IN HEX
»ADDRESS FROM BUFFER-IF ILLEGAL
*THEN EXIT/GET IN MEXT 8 HEX BYTES
:FROM BUFFER-IF MORE THAM & OR IF
sHON-HEx THEN EXIT/STORE BINARY
MALUES AT <(ADDRESS»~PRINT “RET”,
TR, .7 L ADDRESS+E2, TSPACE T YEXIT

MURITE JSR GETADR
BCS MOUT
LOY #&
JER HEXGET
BCC DUBIOS
BECES MOUT

FI JSR HEXGET
BC3S HACCEF

DUBIOS STA $8380.%

CPY #$69
BCC PI
BCS MOUT

131
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2048 fem—m—

2058 HACCEP BHE MOUT
2868 -

287a DEY

20868 0K1 LDA $8320.Y
2090 STA (CURR>.,Y
2188 DEY

211@ BFL 0K1
21280 p-—mm e

213a JMF COMEXT
2140 e

21568 MOUT LDA #$680
2166 JSR $FFDz
217@ JMFP EXITO
2188 r—emmee

2198 ;—-HWRITE ASCII BYTES TO MEMORY--
2288 :PRINT [CURSOR UFPI1-GET IN HEX
2218 :ADORESS FROM EUFFER-EXIT IF
2228 :ILLLEGAL OR HOW HEX/GET IM NEXT
2238 2 ASCII CHARES FROM BUFFER-EXIT
Z2248 :IF MORE THAM &/STORE ASCII CHARS
258 ;AT CADDRESS» UNMLESS =7." THEH
22668 :STORE “SPARCE/PRINT “RET", ®7,
2278 7.7 ,ADDRESS+8, "SFACE " ZEXIT

>

2298 THTIHMP JSR GETADR
2306 ECS TOUTZ
2310 jmm—— e ————

2520 LDY #$FF
2338 REBOU  IHY

2346 JSR $00873
2356 STR $8388,Y
2369 BNE REEOU
237@ TYA

2380 BEG TOUTZ
2390 CPY #$089
2406 BCS TOUTZ
<5 | - BT ——

2428 TK@ DEY

2430 BMI TK3
2448 TE1 LDA $833@,Y
245 CMF #$2E 27
2460 BEQ TK®

2478 CMFP #$2A PR
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2480 BHE TK2

249 LDA #$2@ 2 EPRACE
2588 Tk2 STA (CURRD> .Y
2318 BME TK&

2328 j——————————

2538 TK3 JMP COMEXT
2540 j——————————

2558 TOUTz LDA #$8D
250 JSE $FFO=
25ve JHMP EXITA
2388 f——————————

BasiC Loader: Command File 2

1896 C=t
ia1 RERD D#$

16z IF D#="EHD" THEHM FRIHT D%:EHD

183 D=YALO%>» : IFD<& THEN 166

184 X=i#+1:C=C+0:POKE S13227+X,0

185 GOTO 1@l

186 IFC=RABS{D>» THEN 1@

187 PEINT "ERROR IH BLOCK " :INTOXAE4>
188 GOTO 198

118 REM ——- BLOCEK 1
111 DATRZ22.13,132,185 .7,

112 DATA®,177 .77 ,32,958,1533.32.8
113 DATHIZZ2,.198,.2582,42,5

114 DATATES, 139 . .286, 182
115 DATA22.,12,.1332,182,7,168,4, 177
116 DATATY ,16,2,73.,123,201 .95,176
117 DATRZ22,201.,64.248,.12,281 .32 ,2406
112 DATA14.281.,42.,.2432,.18,.281 .22, 144
113 DATAR-&9a1

i2é REM ——- BLOCEK 2

121 DATARE, 288 ,6,189,.42.288.2,1689

122 DATAR4E€,32,218,255,.2682,48,.6,.32
123 DATAH1IZV , 133, V6,1562,200,.152,5,.76
124 DATA1G,193,.32,160,133,17V&,. 38,1668
125 DATHE.32,80,133.,144, 7,175,259

125 DATAZZ.28,.1532,178,.184,.1532 . 122,32
127 DATAR288,192,9,.144 ,243,. 176,14 268
128 DATAHLZ, 136,185,128, 2,.145.77 . 126
129 DATAR-VASS

136 REM ——-— BLDOCEKE &

N NN

oo
~
Y]
I
~
ey
[ )
-\]
~
[y
o
w
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131 DRTH16,248, €,171,192,1689,13,32
132 DATA210,255,76,168,.192,.22.168,.193
133 DATALVE,41,.168,.255,208,.22,.115,.44
134 DATA1532,128,2.288 ,=4T,1QQ.J4@.Q.
135 DATA192,9,176,.22,126,48,17,185
136 DATAL12E8.3.201 .46.,.2 4@.245,2@1,42
137 DATR2Z2G8S,2 169.52,14q,.. 203,236
1238 DATATE 171192 ,.169,132,32,218,235
139 DATR-Z428

1480 REM ——— BLOCK 4

141 DATAVE,. 168,192

142 DATR-428

143 DATAR EHD

1688 REM —--EMABLE @M

1681 FOKE 49697,103:PUOKE 4989&,132
1882 REM —-EHABLE @W

16863 POKE 49783,217 :POKE 43724 .260
1864 REM —-EWABLE @I

189S POKE 43693.109:POKE 43784,13
1006 REM —--EMAELE @C

1887 FPOKE 497@5,12:POKE 4378E& 261
18638 END

Group (a) Commands @mand @!

Dump Eight Bytes of Memory as Hex for @m (Lines 1230-1380)

As with the DsAsBL routine we first print the current address by
means of ADROUT. The rest of the routine is very simple compared to
the disassembler. We get in the next eight bytes from (Curr) and use
OUTPUT to print them as hex bytes, with a space between each. The
location FLAG is used as a counter for the loop, since both index
registers are occupied with other things.

Dump Eight Bytes of Memory as ASCII for @ (Lines 1490-1780)

This routine is structured in exactly the same way as the hex dump
routine above, but is complicated by a number of checks required
for various reasons:

1. ASCII codes greater than $se will produce graphics characters,
which are not very useful, so in line 1550 $so is subtracted (by
‘flipping’ bit 7) from all values over $so to make them alphanumeric.

2. Many ASCII codes are not printable and others, when printed,
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produce either graphics characters or characters which confuse the
BAsIC editor or ‘Wedge-MON'. The program checks for such codes
and replaces them with the code for a full stop character. The
disallowed codes are those greater than $ee (graphics) or less than $20
(unprintable), @ (confuses Wedge-MON) and : (confuses BASIC).

3. Space characters are intercepted and replaced with *, because
the BasIC editor has a nasty habit of eating leading spaces. To avoid
confusion with ‘space’ the * character must then also be replaced by
the full stop.

In view of the foregoing it should be obvious that what gets printed
on the screen by @ may well not be an exact representation of the
memory that was read. You should now finally see why, if you try try
to re-enter ASCIl dumps back into memory with @c, you may cor-
rupt the region concerned!

Group (b) Commands @wand @C

These two commands are effectively the opposites of the Group (a)
commands @M and @!. Unlike the Group (a) commands, which are
all passed by the main module to a common address MAINLP, the
Group (b) commands are initially handled by separate routines but
come together at cOMexT when the processing becomes similar.

Write Eight Hex Bytes to Memory: @w (Lines 1890-2170)

The routine GETADR prints ‘cursor up’ and places the command
address into (CURR). Lines 1920-2030 get eight hex bytes into a buffer
located in Page Three. If there are more than eight bytes or any
other errors in the line the whole line is rejected. Otherwise the
eight bytes are stored in eight consecutive memory locations start-
ing from the command address (CURR). Exit is by the common exit
routine COMEXT.

Write Eight ASCII Bytes to Memory: @c (Lines 2290-2580)

This routine follows a similar procedure to the hex input command
above. You should merely note that full stop characters (#$2) are
ignored and not stored in memory and that all asterisks are replaced
by ‘space’ characters. Exit is via COMEXT.
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Command File 3: The @1 (Group (c)) Command

Assembler Listing: Command File 3

18268 #=$C28a

b D] = [ P —

1648 STRT =%4[

1856 EHND =%4F

1668 HEMWST =%%51

1878 SI1ZE =59

1888 e

1898 EXITE =%C8A4

1186 PARAMS =$fCBE&

1118 PRAREHT =$CBEZ

1126 CHCLUD =%$C1C8

1138 fem e

1148 :——MEMORY TRAMSFER ROUTIHE--
1158 :GET IN PARAMETERSCSTRART-EHD OF
1168 :TRANSFER BLOCK» IF ILLEGAL OF
11va :IF OHLY 1 FPRARAMETER THEHM EXIT.
1126 :GET IW COMMAAGET IH THIRD

1133 :PARAMETER IH HEWST CHEM START?
1266 :/SUEBTRACT START FPARAMETER

1z1@ :FROM EMO TO GIYE SIZE OF

1228 :TRAHMSFER ELOCK IW SIZE -~ IF
1228 :HEGATIWE THEH EXIT-COMPRRE
1248 :START WITH MEW STARET TO DETERMIHE
1258 :MHETHER MEMORY MOWE IS FROM LOMER

128 :ADDRESS TO HIGHER ADDRESS OR WICE
1278 :“ERZA/PERFORM CORREZFPOMOIMG
1z2e8 :MEMORY TRAHSFERAFEIWT 0K AESIT
1298 g e

1288 TEAHWZF JSE PARRAME

1z1a BCE TROUT

1326 EBEX® TROUT

123a JSRE $0@a732

13248 CHMFP #$20C A

1256 ENE TROUT

1356 LI #5822

1378 JER PARENT

1228 BCE TROUT

1298 s

1416 LR EHD
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1426 SEC STRT
1436 STA SIZE
1448 LDA END+1
1456 SEC STRT+1
1468 STA SIZE+1
1476 BCC TROUT
R R P —

1498 LOA NEWST
1566 CHMP STRT
151a LOA MEWST+1
1526 SBC STRT+1
153@ BCC SHRIMK
154@ BCS EXPAMD
15 P —

1568 TROUT JMF EXITE
LT R P —

1523@a :MOVE MEMORY FROM HIGHER TO LOWER
1538 :ADDRESS

168t

1618 SHREIME LDOY #4&

1620 LOX SIZE+1
1536 BEG ENT

16840 e

165@ Hz LOA (STRT>.Y
16646 STR ‘HEWST:».,%
1&67@ INY

1686 BME Nz

169a INC STRT+1
1706 INC NMEWST+1
i171e DEx

1720 BHNE Mz

1730 e

1748 ENT LDX SIZE
175a BE® CHCL
1760 o

1776 INX

1780 N3 LDA <STRT).,Y
1798 STA C(NEWST»,¥
186a INY

18108 DEX

1820 BNE H3

1836 BEG CHNCL

1840 fommmmeee e
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185 :MOVE MEMORY FROM LOWER TO HIGHER
1868 :ADDRESS

1870 o

1888 EXPAND CLC

13908 LOAR STRT+1
13586 ADC SIZE+1
121a STR STRT+1
19za CLC

1936 LDA NEWST+1
1946 ROC SIZE+1
1350 STR MEWST+1
19680 j————m——————

197a LOx SIZE+1
1986 IH=

1990 LoY SIZE
2006 EEL NEXKTZ
2818 f————————

2826 NExT1 LDA (STRT>».Y
283a STA (HEMWST> .Y
2840 DEY

2850 BHE NEXT1
2860 r-————————e

2870 HExT2 LDAR CSTRT> .Y
2086 STAR CNEWST2 .Y
2896 DEY

2186 DEC STRT+1
211@e DEC HNEWST+1
21z DEx

2138 BHE HNEXT1
2148 ;————m————-

2158 CNCL JMP CHCLUD
2168 p——mm

BAsIC Loader: Command File 3

188 C=#

181 RERAD D#

182 IF D$="EHND" THEH PRIMT D#F:END
183 D=VYAL<D$>»:IFD<G THEN 186

184 K=x+1:C=C+0:POKE S15&832+X .0

185 GOTO 101

186 IFC=RES{D» THEM 18@

167 PRINT "ERROR IN BLOCK ":INTCH/64)
18g GOTO 188



118
111
112
113
114
115
116
117
118
113
1za
1=1
122
123
124
125
126
127
12&
125
120
1=1
132
123

1864
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REM ——— BLOCK 1
DATASZ.230.132,.176,.43,.240 .41 ,32
DATAL11S5.8,.281, 44.2@d,g4 162,22
DRATRZ=Z2 "-_’-.'{:_vlgc., 175 r..‘.'n" .-50 1':-5-1 a
DARTARZZ22 .7V ,133,89,155,88,.229,78
DATARL1IZ3.98 . 144,12, 185,81 137 .77
DATALBS . 32,229,778, 144,u.176 a2
DATAVE, 188,132,158 .8, 156,98, 248
DATAL4 177 .77 ..145,.81 208,288,249
DRATA-V342
REM ——- BLOCK 2
DRTH=238 ., 73,228, 82 . 282 . 288 . 242, 166
DATASS, 248,51 ,232, 177, 7
DATR=zZB0 202,288,242, 240 .48, 24, 155
DATAVS 181,528,132 ,78,24,. 165,82
DHTHIEI,SB,ISS,; H1EE,.38, 222,154
DATARES ., 248,717 ?7,145.u1 136
DATAZAE 249, 1"7 7v,145,81,136,138
DATATE, 128,82 288,237, Ve, 200
DATAR-3178
REM ——- BLOCEK
DATAH1=23
DATA-192
DATH END

REM —-EMAEBLE @T

.'
'
=,

2ez

r‘\-’

(Y]

1881 POKE 49vav,127:POKE 49788, 281
1882 END

139

Strictly speaking, this routine is not so much a memory transfer
process as a memory copy, since the area that is copied from is left
unchanged unless overwritten. Writing a memory transfer routine is
not quite as straightforward as it may seem at first. A problem arises
when the ‘destination’ range for the memory block overlaps with
the ‘source’ range. If you are not careful you can corrupt the data as
you are moving it. Perhaps a diagram will make this clear:
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(@) (b)
$C000 1
$C001 1/ 2
$C002 2/ 3
$Co03 3/ 4
$C004 4/ 5
$Coes 5/ 6
$C006 6/

Suppose we want to copy memory block (b) at scese-sceos to block (a)
at $coe1-5Ce06. There are two possible ways of executing the move.

1. Start from $C000 and work down in an incrementing loop:

LD #EE@
LOOF LDA 2008,

STAH FCO61 .=

IH=

CP= #f2S

EHE LIOOP

2. Start from $C006 and work up in a decrementing loop:

LOX #$F8&
LOOF LDA 0883,

STH #0881 -

DE:

EFL LOQOF

The first method is incorrect, since it will corrupt the second ele-
ment in the table that it is about to move, by overwriting it with the
first shift operation. If, however, we were moving block (a) to block
(b), i.e. from a higher to a lower address, the opposite would be true
and the second method would be abortive. We must therefore, after
having got in the parameters for our transfer, check whether the
source address is higher or lower in memory than the destination
address, so that the appropriate ‘move’ routine can be executed.
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Get Parameters (Lines 1300-1380)

The pArRAMS routine should be familiar to you by now. Here it is used
to get in the sTRTand eND parameters. Lines 13301350 get a ‘comma’.
In lines 1360-1380 we are using PARAMSs in a different way. By entering
at the location PARENT with #$02 held in x we get the third parameter
(new start address) in $51,$52 (NEwsT) instead of the usual $4D,$4E (STRT).

Subtract STRT from END (Lines 1400—1470)

This subtraction gives us the extent of the block of memory for
transfer, which is stored in size. The Bccin line 1470 checks for the
error condition of the start parameter being greater than the end
parameter and exits should this be the case.

Compare STRT to NEWST (Lines 1490—1540)

This comparison determines which move routine is to be used. If
NEWST is greater than STRT then control jumps to EexpanD (lines
1880-2150), and otherwise the jump is to SHRINK (lines 1610-1830).
This method of comparing two 16-bit numbers is quite neat, using
the cmpinstruction like a sec while avoiding the need for an initial sec
operation.

Move Memory from Higher to Lower Address (Lines 1610-1830)

The high byte of size (the extent of the transfer block) is used as the
index for a loop (lines 1650-1720) transferring (size+1) minus 1 pages
(256 byte blocks) of memory.

The low byte of size is used to index a loop (lines 1770-1830)
transferring the remaining bytes, calculated as size-1. Because the
transfer block is of indefinite size it is necessary to use indirect
addressing techniques.

Move Memory from Lower to Higher Address (Lines 1880-2130)

size-1is first added to sTRT+1and NewsT+1and register v is loaded with
size. The x register is loaded with size+1. Therefore, (sTrR7),Y and
(NEWST),Y respectively point to the bottom of the transfer block and
the destination block. The loop at lines 1970-2050 transfers the
remainder bytes while the loop at lines 2070-2130 transfers x pages.

The exits for this routine are TROUT at line 1560 which is the error
exit and cncLat line 2150 which prints ok.
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Command File 4: The @F (Group (c)) Command

Assembler Listing: Command File 4

16z8 #=%CAZ26

1936 ;——————
16460 STET =$F4D:%
1a56a END =$4F 2 ¥
1860 -

18v8 EXITE =#$COR

1a3a PARAMS =%CBES

1996 HEXGET =#0C1350

li1@@ CHCLUD =$C1Cg

1118 -

1126 :—~-FILL MEMORY ROUTINE--~

1138 :GET IN PARAMETERSC{START-EMD)
11468 :SUBTRACT START FROM EMD-IF
1156 :NEGATIYE THEN EXIT/GET COMMA-GET
1160 :THIRD PARAMETER/STORE AT

1176 :START ADDRESSACOMPARE START TO
118@ :END-IF EQUAL THEN FINISH ELSE
11960 INCREMENT STRRT AND LOOF BRCK.
1200 f———— e

1218 FILLUP JSR PARAMS

1228 1t BCS FOUT
123 t BE® FOQUT
1248 pem—mm e

1258 t SEC

1268 T LDA END

12ve t SBC STRT
1288 t LDA END+1
1298 7t SBEC STRT+1
1380 T BCC FOUT
1318 -

i3z6e Tt JSR $08vz
1336 t CMP #£2C BT,
1348 t EME FOUT
1358 T JER HEXGET
1366 t BCS FOUT
1378 -

1388 T LDY #6

1328 FILL1 STA (STRT>.,Y
1468 T LDOx STRT

1418 + CFX EHND
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1420 t BNE INCR
1430 t LDX STRT+1
1448 1t CPX END+1
145@ T BME IMCR
1460 Fom e

147@ T JMP CHCLUD
1480 jomm—mmm e

1498 INCR  INC STRT
1508 T BME FILL1
1518 + IMC STRT+1
1528 T JMP FILL1
7 S P—

1548 FOUT  JMP EXITE
1550 fe————m e

BAsIC Loader: Command File 4

188 C=8

1@1 READ D#

182 IF D="EHD" THEHN FRIMT D%:END
183 D=YAL<O#$» :IFDCBA THEW 10&

184 ¥=¥+1:C=C+D:POKE 51832+X,0

185 GOTO 161

18& IFC=ABS{D> THEH 121

187 PRINT "ERROR IN BLOCEK " pIMNTOEA 840
188 GOTOD 106

1186 REM ——~ BLOCK 1

111 DATA32.236,132,1V&,53,248,51 .56
112 DATAHLES, 7S, 229,7V7, 165,88 ,229,78
113 DATAL144 .48 ,32,115,0,201 44,288
114 DATA33,32,80,193,176,28.160.0
115 DATAL4S,.77, 166,77 . 228,79.208,9
11€ DATAL1EE,.7V8,228,80,208,3,.7¢5,260
117 DATAR192,236,77,.2682,235,2360,78,76
118 DATAL168.,282,76,168, 192

119 DATA-VVE3

128 DATA END

1608 REM --ENABLE @F

1881 FPOKE 495703,.127 :POKE 49718.,202
188z EHD

The jump to the PARAMS routine gets in the range parameters strtand
eND and the loop at lines 1256-1300 checks for a nonsense entry.
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Lines 1320-1360 get in a comma and a single hex byte from HEXGET. At
lines 1380-1520 the hex byte is then stored at consecutive locations
from the lower value (sTrT) of the memory range and the pointer
incremented until it is equal to the higher value of the memory
range (eNnD). The error exit path is through rout at line 1540,

otherwise exit is via cNCLUD at line 1470.

Command File 5: The @H (Group (c)) Command

Assembler Listing: Command File 5

1820
1839
1a4a
1958
1660
18va
1886
1g9a
1166
1118
1128
1130
114@
1150
1168
117a
1136
1128
1zea
1218
1228
1238
12408
1258
1260
12va
1256
1290
1300
1310
13268
1330
1340
1356

e o e sovne st e e o s S

END =$4F
TEMPP =%51
COUNMT1 =3FD

P e e e

L e T

PARAMS =#%CEBE6
SPACE =%C1@G8
OUTPUT =#C1ZR
HEXGET =%C156
CNCLUD =#C1C8

:GET IN PARAMETERS (START-END>
:SUBTRACT START FROM END-IF
*MEGATIYE THEN EXIT/GET COMMA/IF
sMHEXT CHARCTER IS HEX OR - THEN
:GET IN SUBSEQUENT BYTES AS HEX/IF
:ASCII THEN GET ASCII BYTES AND
sSTORE THEM IN BUFFER/STORE INDEX
#IN COUNT1-CHECK FOR STOP KEY-IF
sPRESSED EXITACOMPARE CONTENTS OF
2BUFFER WITH CONSECUTIYE MEMORY
:LOCATIONS STARTING AT STARTAIF
$SEQUEHCE FOUND THEN PRINWT RDDRESS
:WHERE SEQUENCE STARTSAIF SIX
;ADDRESSES HAYE BEEN PRINMTED THEHW
sPRINT “RET’~/IF CURRENT ADDRESS=
:END THEM FINISH AND PRINT OK



1366
137a
i38a
139@
14008
141@
142@
1435
14408
1458
146a
147@
1486
1490
1566
15186
1526
1530
1546
1559
1566
1578
158@
1528
1686
1518
1626
1638
1644
15656
16686
157@
16e8
169a
1786
171@
17z@
1738
1748
1758
1766
1778
178e
17986

PARRAMS
HOUT
HOUT

EHD
STRT
END+1

> STRT+1

HOUT

0673
#¥2C
HOUT

HEXGET
BIMNGET
HOUT
#$2A
BINGET
#$27
HOUT

ASCGTZ

BINGTZ

LDv
INY
J3R
3TH
BHNE
INC
TYA
BHNE
BE®

STH
IMY
JSR
BCC
BEG!

BYTES

. %81

#$FF

$0873
BUFRR . V¥
ASCGTz
81

COLLEC
HOUT

#0
BUFRR .Y

HEXGET
BINGT2
COLLEC

The Wedge-MON monitor

145
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1308
1318
1328
1338
1s46
1358
1386
18ve
1886
13896
1968
1318
1926
1338
1346
1956
136@
1278
1980
19290
2008
2018
2820
20838
2046
2856
2058
28re
2888
2@9a
21848
2i1@
2128
2138
214@
2156
2168
21ve
2188
2196
22808
Z21a
2228

2238

HOUT

»

CMF
BEG

s oo e e semee s s Semow Gotee e

INY
IM¥
CPX

-
td

#E2A
BINGTZ
»1Te

*

COUNT1
#$67
COUNTZ
#a

#0

31
FIHSH

BUFRR
CSTRTY Y
MATCH
#+£2A
MATCH

IMEM
TEMPP
STRT
TEMFP+1
STRET+1
ABORT

NHOYO
STRT
TEMFP
STRT+1
TEMPP+1

COUNT1
SERCH

TEMFP+1
OUTFUT
TEMPP
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2248 JSR OUTPUT
226 JSR SPACE
2260 DEC COUNTZ
z2a2vea BNE HORET
2280 LDA #$60 :"RET
2298 JSR $FFD2
2300 LDA #$07
2318 STA COUNTZ
2320 jo———em e

2338 MORET DEY

2348 CLC

2354 TYA

2366 ADC STRT
2378 STA 3TRT
2380 BCC ABORT
2390 INC STRT+1
2488 ;——————————

2410 RBORT LDY #8
2420 LOx #@
2438 p-————

2440 IMEM INC STRT
245@ BME CMPHAR
2460 INC STRT+1
247@  pem e

2480 CMPAR LDA END
249@ CMP STRT
2500 LDA END+1
2518 SBC STRT+1
2520 BCS SERCH
2530 j——————————

254@ FINSH JMF CNCLUD
2550 r-—————————

BASIC Loader: Command File 5

l1ga
1@1
102
193
lo4
185
196
1av
las

C=a

READ 0¥

IF Df="END" THEH PRINT DO$:EHDO
D=VAL<D%> : IFD<@ THEN 16&

HK=X¥+1 :C=C+D:POKE S1367+X .0

GOTO 1e1

IFC=RAES{D>» THEHW 106

FRINT "ERROR IH BLOCK " :INT(H.-64)>
GOTOD 196

147
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118 REM —--— BLOCK 1

111 DATAS32,238,192,176,71.,248,.65,1865
112 DHTH?9.19-,r-,165,88.229,73,144
113 DATASS.32,115,08,281 ,44,268.52
114 DATA3Z,80.1332,144,.30,240,45,201
115 DATAR4=2.240,24,2601 .39,2088,37,198
116 DATAR129.1€0,255,200,32, 115,6.153
117 DATALZS, 3,208,247 ,230,129,152, 268
118 DATAZZ, 246,17 ,1680.8,1533,.128,3
119 DATA-V361

126 REM ——- BLOCK 2

121 DATARZ984,32,80,193,144 .24V ,246,7
122 DATAZO1 .42,248.241 ,.VE€.168,152,132
1223 DATAZS53,1689,7V.133.254,158,8, 152
124 DATAB,.35.145,16,.99,.1359,128,3

125 DARATAZBS .77 .,240,18,281 ,42,248, 14
126 DATALI3S,.2480,63,.165,81,133,77,165
127 DATASZ2.133,7V8,7V6,17V2,2832,1358,268
128 DATAB. 165,77V, 133,81 ,165,.78,132
129 DRATA-3228

138 REM —-- BLOCK 3

121 DATREZ.200,232,.222,25%,283,218,. 165
132 DATA8z.22,58,193,165,81,32.58
123 DATA193,32,8,193,138,254,203,9
134 DATAL1E2,13,32,210,255,162,7,.133
135 DATAZ254,136,24,.152 181, v,133,77
136 DATAL144.2,238,V8.168,08,162.,08

137 DATAZ38,77V.,288,2,234,78,1585,73
138 DATALZV,.V7,165,.80,229.78.175,.153
133 DATA-2315

148 REM ——- BLOCK 4

141 DATAVS . 268G, 133

142 DATA-4€9

143 DATAH EHD

1608 REM --ENABLE @H

1881 FOKE 45711,255:POKE 49712,202
108z EHD

Lines 1370-1490 get in the sTRT and END parameters as usual. At line
1530 the next entry in the input buffer is analysed. If it is a hex byte
or a * wildcard character then we go to BINGET at line 1740. If it is a ’
(apostrophe) character we go to line 1610. Any other input causes an
error exit. BINGET and the routine at line 1610 get in succeeding hex
or ASCII bytes from the buffer and store them as a ‘search string’ at
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BUFRR (located in Page Three memory at $0380 onwards). When the
end of the input buffer is reached we pass on to the sercH loop at
line 1920, which searches consecutive memory locations for the
search string. The search loop works like this:

1.
2.

© NV W

9.
10.
1.
12.
13.
14.
15.
16.
17.

If ‘stop’ key pressed then 17.

If next byte in the search string equals contents of (current
address + vindex) then 6.

If search string byte is * character then 6.

If search string byte is the first value in search string then 14.
Load current address from Temppand go to 14.

If search string byte is not the first value in search string then 8.
Store current address in TEMPP

If search string byte is not the last value in search string then
increment yindexand go to 1.

Print Tempp

Print ‘space’

If count + 1 <> zero then 13.

Print ‘return’. Count =7

Current address = address plus yindex

Set search string byte to STRT. Set Yindex to zero

Increment current address

If current address not equal to end of search range then 1.

End

Command File 6: The @G and @r (Group (c)) Commands

Assembler Listing: Command File 6

189268 #=F_CDa

1838 -

1640 ASTOR =FfA2ABR

1858 «3TOR =$82ZAC

1g&éa YSTOR =$82A0

18709 FSTOR =$02ZRE

1888 -

1980 EXITEG =3%CAA8

1166 PARAMS =%$CBE6

1119 SFACE =%$C183

1128 QUTPUT =%C1ZAR

1138 HEXGET =%C150

1148 e

1150 :~-GO TO DESTIMATION ROUTIHE—--—
1158 :GET IN PARAMETER “DESTINHATIOM>
1178 :FPUSH RDDRESS OF REPL OW STRCE.
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1186
1130
1264
1218
1228
1238
1248
1256
126
12v8
1286
1298
1368
1z18@
1328
132318
1240
1358
1288
1z78a
1386
1338
14ae
1418
1426
1436
1448
1458
1450
147@
1486
1429
15606
1518
1526
15306
1540
13556
15&6
15v8
1588
1590
1606
1518

2INITIALIZE
:-0.ES AHND
:¥F2 TO MAS
*FLAGSJUMP

BC=
BHE
LDA
PHA
LDA
PHA
LDOA
AN
PHA
L0
Lo
LOA
FLF
JHP
:0H RETURHI
tREGISTERS
:"RET "~ JUMF

,— D e

»—-SET REGI
:GETIH UFP T
AT ASTOR E
:THWICESPRIM
2APRIMT COH
:UNDER REGI

REGSTRS FROM MEMORY
PROCEZSOR STATUS WITH
K QUT BCD AMD IHTERRUPT
TO DESTIHATION ADORESS

PARAME
GouT
GouT
#OREFL-1

#CREFPL-1

PETOR
#$F3

“WSTOR

YSTOR

ASTOR

CHEBE40

HG FROM @G STORE
IN MEMORY-/PRIMNT
T ER ROUTINE

ASTOR

% WETOR

WSTOR

PSTOR

#$a0 :RET

2 $FFD2

RETURHM

* EXITE

STERS FOR ®E3—-—

0 4 HEx BYTES RAHD STORE
TC. . “PRINT [CURSOR UP3J
T REGISTER DESCRIPTIONS
TEWMTS OF RASTOR,C.D.E
STER DESCRIPTIOMESA/ERIT
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16268 RGETRS LDK #6
1638 GTREG1 JSR HEXGET

164& BCC HEXTE
18564 BE® PRIN
1&666a BCS RGOUT
1678 HEXTE STR RSTOR., X
1634 IHX

1&28 CPx ##%04
1786 BCC GTREG1
1718 e e

17268 FRIN LOA #$91 2 "CURS LUP
173a JSR $FFD2
1740 JER $FFD2
1¥58 e

1v6@ :ENTERS HERE AFTER ®G
1778 e

1788 RETURN LOX #8

1798 GT LOAR DESCRIP,X
188a J3F $FFD2
1318 IH

1826 CPX ##12
133a BHE GT

1840 e

185a LDY #6

186G GTREGZ LDA ASTOR.Y
i8va JSE QUTPUT
138a JSR SPACE
1398 INY

1266 CPY #$04
1218 BCC GTREGz
1920 e

193a LDA #$al
19248 JSE #%FFD2z
1958 ;e

1960 RGOUT JMP EXITE
1978

19868 DSCRIFP .ASC " AC X¥E YR SR"
1996 .BYTE £@D

2008 .ASC "@R "
2a18

‘sa
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BASIC Loader: Command File 6

164
11
182
1az
164
185
l1as
187V
1ag
118
111
112
113
114
1135
116
11v
11¢&
119
128
121
122
123
124
125
126
127
1zz
1239
1z@
131
132
133
134

1880
1881
laaz
iees
1884

C=@a
READ D¢
IF D$="EHDO" THEH PRINWNT D#F:EHND
D=YAL0O%> : IFD<H THEN 1686
H¥=r+1:C=C+D:POKE S52223+X.D
GOTO 161
IFC=ABS<D>» THEH 182
PRINT "ERROR IN BLOCK " :INT(X/64)
GOTD 196
REM ——— BLOCK 1
DATA32.236,192,176,49.288,47,1&3
DATAZ84 ,72,169,31,72.173.174,2
OATR41 ,243,72,174,172.2,172,173
DATARZ.17V3.1V1,2,48,1688,77 .8
DATAR141,171,2,142,172,2,146,173
DATAR2.,8.,1604,141,174,2,169,13
DATA32,218,255,76,84,204 .76, 168
DATALSZ2,182,.8,32.80,193,.144 .4
DATA-7@82
REM ——- BLOCK 2
DATAR2480,183,175,50,157,171.,2,232
DATAZZ24,4,144,239,169.145, 32,218
DATR255.,32,219,255,162,6,189,121
DATARAzZE4 ,32,210,.255,232.224.18,202
DATA245,1€8,8,.185,171.,2,32,58
DATALS3,32.,2,193,20G,192,4,144
DARATAR242,1£3,13,.32.,.218,255,76, 168
DATAL1322,32,32,.32,65,67,32.38
DRTA-3328
REM —-—— BLOCK 3
DATAB2.22,89,82,32,.82,82,13
DATAG4 .82 ,32
DATR-&73
DATA END
REM ——-EHABLE @G
POKE 49717 ,255:POKE 49718 ,2832
REM —-—-ENABLE @R
POKE 43719,56:FOKE 49720,26864
END
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Go to Address with Registers Set (Lines 1230-1530)

PARAMS gets in the destination address in $4D,$4€. Lines 1260-1320
push the two bytes of the repL ‘return address’ on to the stack, so
that an rts will return control to repL (line 1430). The contents of
ASTOR, XSTOR, YSTOR and pSTOR are loaded into the A, x, Yy and P (status)
registers respectively. Bits 2 and 3 of the p register are ‘masked out’
using AND #$F3 to protect the Decimal and Interrupt flags. Finally,
control is transferred to the user routine by an indirect jmp to the
parameter address ($604D).

When control returns from the user routine to RrepL the register
values are stored back in ASTOR, XSTOR, YSTOR and PSTOR and a carriage
return character is printed. A jump is then made to the @ command
code, entering at RETURN (line 1780) to print out the register contents.

Set Registers for an @G Command (Lines 1620-1740)

Get in as many bytes as there are in the buffer (up to four) and store
these in ASTOR, XSTOR, YSTOR and PSTOR. Print two ‘cursor up’
characters.

Output Current Register Contents (Lines 1780-1960)

Lines 1780-1830 output the register ‘descriptions’ stored in the table
DSCRIP. Lines 1850-1910 output the current values of locations ASTOR,
etc.

Command File 7: The @s and @L (Group (c)) Commands
Assembler Listing: Command File 7

1620 #=$C0O0

1020 —— e

1048 STRT =$4D

1656 EMO  =$4F

1068 3 ——— e

1876 EXITE =$COAEA

1086 PARAMS =$CBES

1996 HEXGET =$C150

1198 CNCLUD =$C1C8

1110 oemme e

1128 ;--MEMORY SAVE ROUTINE—-

11308 ;EXIT IF NO PARAMETERS-USE ROM
1148 ;ROUTINE TD HANDLE FILENAME/GET
1156 ;COMMAAGET DEYICE IN HEX-USE TO
1168 ;SET UP LOGICAL FILE-GET COMMA.
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1178 :GET IN HEX PARAMETERS (START-END>
1188 :USE AS “YALUES FOR ROM SAYE MEMORY
11%@ :ROUTIMESIF OH RETURMN CARRY SET
1208 :THEM ERROREXIT/GET IHW STRATUS

1216 :WORD-IF BIT 6 SET THEWM ERROR EXIT
1228 :~'PRINT "OK’7/EXIT

12380 f————

12480 SAVEIT JSE $8673
1258 BER SOUT
1260 JER $E2TV
12ve JSR #8873
1286 CHMP #$2C .
1298 BNE SOUT
1308 JSR HEXGET
13180 BCs S0UT
1326 TR

1336 LDY #@

1349 JSE $FFBA
1356 JESR $0673
1360 CMF ##2C A
137v0 BHE SOUT
1386 JSR PARAMS
1396 BCS SOUT
1480 BE@ SOUT
1416 LD END

1420 LDY END+1
1436 INK

1440 BHNE SAVE
14506 INY

1460 SAVE LDA #STRT
14va JSR #FFDE&
1480 BCC TESERR
1490 e

1588 ERER LOA #<ERRMES
151@ LDY #>ERRMES
1528 JSFE $#RB1E
153@ =ouT JMP EXITO
1548 e

1558 :—-L0AD ROUTINE--

1568 :IF MO PRRAMETERS THEW EXIT.

1578 :HAMDLE FILEWAME %IA ROM ROUTINES
1586 :GET COMMA-GET DEYICE HUMBER-
1526 :ASSUME MACHIKE CODE LOARD AND
1588 :SET UP LOGICAL FILESIF CARRY SET



118
1828
15328
1549
165@
1658
1eve
1538
1658
170e
1718
1728
1738
1748
175ea
1768
1778
ivsa
1726
1808
181@
1826
1338
1848
1856
188
1876
1286a
1898

The Wedge-MON monitor

:THEH ERROR EXITSGET STATUS MWORD-

:IF BIT & 5
PRINT "0k "

LOADIT JSE
BER
JSR
JER
CHMP
BHE
J=
BCS
TA
Loy
JSK
LDA
JSE
BCS
TESERRE JSE
AHD
BHE
JHP

JMP

ET THEM ERROR EXIT/
SERIT

-y o,
e
ot

$0
LauT

*E2SV

@7

#$20C 2,
LouUT

HEXGET

LouUT

#¥01
$FFEBEA
#0
¥FFDS
ERRE
$FFRBV
#EBF
ERRR
CHCL LD

EXITH

ERRMES .BYT
- ASC
.BYT

E 6D, 380
"ERROR"
E #06D.$00

K

BASIC Loader: Command File 7

1a8
181
laz
1@z
184
1@S
12&
187
188
118
111
112

C=
READ ¥
IF D$="EHD"

[xv]

THEW PRINT D#:EHD

D="ALDF> : IFD<CE THEM 10&

M=k+1:C=C+D:POKE 52473+, D0

GOTO 1821

IFC=ABS.D> THEH 18&

PRINT "ERROR IN BLOCK ":INT{xS840
GOTO 1848

REM ——— BLOCE 1
DATAZZ,115,0,248,.57,32, 27,226
DATA3Z 121 .68 .,.281 .44 ,282 .47, 22

155
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113 DATASE, 133,176 ,42,170,168,8,32
114 DATALSE . 255,32,115,8,201 ,44 .28
115 DATAZS,.32,.238,132,175,24,248 22
116 DATALEE,. 73,164 80,232 ,.208,1 ,289
117 DATALES, 77, 232.216,255,144,43, 163
112 DATAL111 168 ,.285,322,38,.171 .76, 166
113 DATA-7433

REM ——— EBELOCK 2
DATAL192,32,.115,8,.248,38,.32.,87
DATAZZ2E,.32,121,60,.201 , 44,202 .25
DHTH-;,@B 132,176,22,.17V0, 168, 1
DHTH"° 1 €.255,.169,.8,32,.212,255
DATH1V 1?,°° 123,255, 41,191 288
DHTH:@&,.h,3B@.193,?6,16G 122,13
DATR1Z .89 ,22,82,73,82,13.8
ODATA-=462

DATA EHD

REM ——-EHAEBLE @S

FPOEE 423712,.255:POKE 42714 284
FEM —--EMAELE @®L

2 POKE 43715.64 :FOKE 49715,285
1884 EHD

p%

(]

GO S W0 mARE R

Pt bt b b ek ek ek peb ek b b bt e
D BB U (RO (VI OV (R I CRR UV T L D A L O ()
| 1]

O

[y
[y}
o

Save rRAM Between Limits to a Device (Lines 1240-1530)

The ROM routine at $e257 is part of the BAsIC SAVE command. It gets an
ASCII filename in quotes from the input buffer and calls the Kernal
routine SETNAM ($FFBD) to set up a filename for our save. In lines
1270-1320 we recover the device number from the buffer for the
Kernal seTLrs routine ($FFBA), which sets up a logical file. PARAMS gets
in the limits for the command STRT - END which are set up as para-
meters for the Kernal save routine (sFFD8). The x and v registers
contain respectively the low and high bytes of enD, while A contains
the low byte of the Zero-page pointer to sTrT (Note: not the low byte
of sTrT). If the Carry is set upon returning then an error message is
printed and the routine exits at ErrR, lines 1500-1530. Otherwise the
branch to line 1790 is made, where the Kernal routine READST ($FFB7) is
used to check the 1/O Status byte for errors. If an error is found then
branch to ErrR, else jump to cNcLuD at line 6130 to print ok and exit.

Load rRaM from a Device (Lines 7595-7690)

This routine is very similar to that for @s, except that the Kernal
routine LOAD ($FFD5) is used.



5 ExtendingBasic: The
command handler

Many commercial programs, such as Simons BASIC, are now available
which add new commands to the 64’s Basic, and indeed seldom was
a BAsIC more in need of extension. To be fair to the designers, Basic 2
was conceived by Microsoft with the old 8K PET in mind, but for
reasons best known to CBM it has been carried over unchanged
from these early machines to first the Vic 20 and later the 64. The
BasiC does not offer such ‘toolkit’ commands as RENUMBER Or DELETE,
nor does it support any of the 64's graphics or sound features, and
compared with the versions of BasiC implemented on other micros
such as the BBC and Spectrum it seems a very basic BAsIC indeed.
Commercial packages like Simons’ Basic and Adamsoft’s ‘Ultrabasic
64’ go a long way towards filling the gap, but do not come cheap.
However, with a little general knowledge of the 64’s operating
system and some programming work there is no reason why you can
not put together your own extended BAsic. Read on!

As with ‘Wedge-MON' the BasiC language expander program
presented here consists of a collection of utilities controlled by
commands entered from the keyboard. There is a control section
consisting of a ‘Command handler’ module which directs control to
a number of independent command routines. As with ‘Wedge-
MON’, once the command handler has been entered into memory
then you can gradually build up the program by adding the com-
mand routines one by one whenever you feel like typing them in,
and the BAsiC expander has again been designed so as to be easily
extended by the user. Beyond this, the similarity between the two
programs fades, for whereas ‘Wedge-MON' operates in parallel with
BASIC routines, the ‘Expander’ program can be regarded as an
extension of BasIC itself. ‘Expander’ commands are processed by the
BASIC interpreter exactly as are standard BAsiIC commands like PRINT,
LIST, RUN etc., and, unlike ‘Wedge-MON’ commands, can be used
from within BAsIC programs as well as in direct mode.

Entering the Command Handler
As with ‘Wedge-MON’ full source listings are given of all the ‘Expan-
der’ code and if you have an assembler you may wish to assemble
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this source code directly. In writing ‘Expander’ Brad Templeton'’s
PAL assembler was used, which allows the assembly of large pro-
grams by ‘chaining’ together smaller source files. ‘Expander’ was
assembled as ten such files. It is not crucial that your assembler
possess this facility as each of the command routines will ‘stand
alone’, i.e. has its own set of labels and does not utilise any sections
of the other command routines. The ‘Command handler’ however,
requires the start addresses of all the command handling routines
for its action address tables and will therefore need to be treated
differently. The idea will be to assemble these tables with dummy
values and then POKE in the correct addresses as you assemble each
individual command routine. We will come back to this later.

For those without assemblers the situation is simpler. The ‘Com-
mand handler’ has been provided as a BAsiC loader program. Type
this in and (having first saved it to tape or disc!) RUN it until no errors
are flagged. You may now use ‘Wedge-MON’, if you have entered it,
to save the machine code directly to tape or disc. For tape use:

@S ’EXPANDER",01,8088-9700
For disc, use:
@S " @0:EXPANDER",08,8088-9700

If you have not yet entered the @. and @s command routines into
‘Wedge-MON’ then fear not, for here is a BASIC program that will do
the same job.

Tape Version:

28 OPEMS, 1.5, "EXPRAMDER P, W"
=8 PPIHT#q CHR£C126) :CHREC 1280
40 FURM=32304TO38855

S8 FRINTH#S . CHREIFEEK (a0

&8 MEXTH

v8 CLOSES

Disc Version:

18 OPENH1S.2.15."18

28 OPEMS, 2.5, "@0 :EXPANDER . P . WY
30 PRIMTHS,CHR$ (1360 ;CHR$C 1280
48 FORKX=32284T038656

S8 PRINTH#S, CHR$F(PEEK (X2
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&8 NEXTH
va CLOSES
28 CLOSELS

Enabling the Command Handler

Once you have entered the ‘Command handler’ into memory then
try entering svs 33132 <return>. This should cause the following
message to be printed if all is well:

***x EXPANDER 1984 JP GIBBONS ****
**% 21247 BASIC BYTES FREE ***

Next, try entering some of the ‘Expander’ commands, e.g. pLOT
<return>, DRAW <return>, RENUMBER <return>. These commands
should be accepted by the 64, i.e. they should not generate syntax
errors. If they do then re-check your BasiC loader program for errors.
However, you will find that they achieve precisely nothing, because
although the ‘Command handler’ now recognizes these commands
the command handling routines that execute them have not yet
been entered. You will start to enter these in succeeding sections of
the book. First let us examine the process of adding commands to
the 64’s Basic, and see how the ‘Command handler’ works.

Modifying Basic

We saw in the discussion on ‘Wedge-MON’ how we can redirect
control to our own machine code routines from BAsIC by examining
keyboard input before it is processed by the Basic editor. As you will
recall, this was achieved by ‘wedging’ into the CHRGET routine in RAM.
Although fairly simple to program there are certain disadvantages to
this method, especially if the new commands are to be used from
within BAsIC programs. One important consideration is that since all
characters fetched from the BASIC program text area have to be
checked for new commands in addition to all the normal processing
operations BASIC execution slows down noticeably.

An alternative approach to the problem is to extend the normal
processing of BAsIC to take in our new commands. This is trickier to
program than a CHRGET wedge because of the way that Basic
keywords are stored in memory and it requires the alteration of four
separate interpreter routines. These are the ‘Tokenise BasiC Text’
‘Token List’, ‘Command Dispatch’ and ‘Function Evaluator’ routines.

Thanks to CBM these four important routines are all easily
accessible to the machine code programmer through raM vectors in
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Page Three memory at se304, $0306, 50308 and $030A respectively. You
will recall from earlier sections that at strategic points in the Rom the
ROM code JMP’s indirectly back to itself through vectors located in
RAM, and that by changing these vectors to point to our own code we
can insert (‘wedge’) code into the ROM routines.

Before we can design and code wedges into these routines we
must examine how the routines work.

The ‘Tokenise’ Routine

When a line of BAsiC is entered from the keyboard one of the first
processes it undergoes is scanning by the RoM ‘Tokenise’ routine.
This searches the input buffer for BAsic keywords and operators such
as PRINT, PEEK, +, *, etc., and replaces each with a token value
between 128 and 255 decimal which corresponds to that particular
keyword. The reason for tokenisation is that tokens both take up
less space in memory and are executed more quickly by the inter-
preter than would ASCII coded keywords. When adding commands
to BasiC we exploit the fact that not all the available tokens are used
by the existing Basic. We alter the ‘Tokenise’ routine so that it
includes our new commands in its search for keywords, and we
assign to the new commands some of the previously unused token
values.

The ‘Tokenise’ routine is located as $As7C — $A612. It is a complicated
routine, and if you disassemble it with ‘Wedge-MON’ you will prob-
ably find it difficult to understand at first. The basic idea is that the
‘old’ (untokenised) line is scanned and a ‘new’ (tokenised) line
created. This requires two buffer pointers to be created, one into
the old line (at $7a) and the other into the new line (at $71). The
process operates as set out below:

Stage 1. Get Bytes from ‘Old’ Line

1. Load a byte from the old line
2. If byte value less than #sso then 5.
3. If byte=pi character then 19.
4. Incrementindexand goto 1.

Stage 2. Check for Special Cases

%))

. If byte=space character then 19.

6. Store byte in s0s

7. If byte=quote character then 24.

8. If value in soF > #$40 (i.e. if a DATA statement is being pro-
cessed) then 19.

. If byte=2 character then load byte with PRINT token (#$99) and
goto19.

Ne)
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10. If byte=decimal number character then 19.
11. Store ‘new line’ buffer index in $71

12. Initialise Token Counter $e8 to zero

13. Store ‘old line’ buffer index in $7A

14. Initialise Keyword Table index to zero.

Stage 3. Compare Buffer Contents with Keyword and Derive Token

15. Byte=byte minus current keyword character. If byte not zero
then 17.

16. Increment old line buffer index and keyword table index and
goto15.

17. If byte not equal to #$8e then 25.

18. OR byte with token counter $8 to give the token

Stage 4. Store Character or token in New Line

19. Load new line index from $71 and store byte at the end of the
new line

20. If byte=zero (indicates end-of-line) then 27.

21. If byte=: (colon) (indicates end-of-statement) then load ser
with zero

22. If byte=DATA token then load soF with #$49

23. If byte=Rem token then load ses with zero

24. Dump succeeding bytes from old line into new line until
byte=value in ses, then go to 19.

Stage 5. Get Next Keyword From Keyword Table

25. Increment token counter o8 and increment keyword table
index to point to the next keyword. Go to 15. if not end of
table

Stage 6. Exit

26. If byte=a non-token then 19.

27. Store byte and end of new line plus 2
28. Reset CHRGET pointer to $1FF

29. Return

In order to follow the sequence of the ‘Tokenise’ routine given
above, a few more facts need to be noted.

Entries in the Rom keyword table are made up of ASCII characters,
with separate keywords demarked by the device of making the last
character in each keyword equal to its ASCII value plus #$80, i.e. with
bit 7 set. Hence, in step 17. above, the result of subtracting the final
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character of a keyword from its buffer equivalent is #sso, indicating
the end of the keyword. It is because the keyword table is arranged in
this way that Basic commands may be entered in shorthand form, e.g.
L followed by <shift>1 for isT since <shift>1 is equal to ASCII 1 plus
#580.

The most confusing part of the above code is probably that which
deals with ‘special cases’. These include PRINT strings in quotes, REM
lines and DATA statements, each of which must be excluded from the
tokenisation operation. For quote and Rem lines this is handled by
step 24. where data is transferred directly from the old line to the new
line, bypassing the main routine until a certain value (stored in $o8) is
encountered. In the case of a quote line this value is the ‘closing’
quote, and for a Rem statement a zero, indicating end-of-line. DATA
statements are handled differently, with a flag (soF) being set to #s49 to
indicate to the main routine that aDATAline is being processed. A zero
byte or colon resets this flag to indicate the end of the data statement.

The ‘Token List’ Routine

The ustT command rOM code exploits a ‘Token List’ routine which
effectively performs the opposite function to that of the ‘Tokenise’,
routine, since it retrieves tokens from memory and uses them to
index into a table of keywords. The keyword is thereby Listed to the
screen. |f we wish to add commands to BAsiC we must obviously alter
this routine so that our new tokens will also be processed. The ‘Token
List’ routine is at $A71A — $A741, and is part of the larger BasiC ‘Text LiST’
routine starting at $A69C. Bytes are brought in from the BAsIC text area
and passed to ‘Token List' to check for tokens. A step by step
explanation of the operation is as follows:

Stage 1. Token List

If byte=non-token (less than #$s0) then 7.

If byte=pi character then 7.

If quote flag is set (i.e. if bit 7 of $oF is set) then 7.

Token=token minus #$80

Work through keyword table decrementing token by one for
each keyword encountered

When token=zero then print current keyword except for last
byte (using $AB47 which is a ROM print routine)

VTRWNA

o

Stage 2. List Non-token bytes

7. Print byte

8. If byte='quote’ then invert (i.e. set if unset and vice versa) the
‘quote’ flag ($oF) by EORing with #$FF

9. Get next byte. Goto 1.
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Note that since token bytes are all greater than #sse (i.e. have bit 7
set) they may be discerned from ASCII characters and tested for by
using the BpL and BMmi instructions, which test bit 7.

The ‘quote’ flag (soF) is used to indicate whether the current byte is
part of, for instance, a PRINT or LOAD string and is therefore not a
token. This flag is used for a similar function in the ‘Tokenise’
routine.

The ‘Command Dispatch’ Routine

The execution of individual BAsiIC commands is directed by the
‘Command Dispatch’ routine. It uses a command token as the index
value to access a table of the action addresses of Basic command
handling routines. Control is then transferred to the address
derived from this table. When adding commands we need to
arrange that our tokens are similarily used to index into a table of
our command routines. The ‘Command Dispatch’ routine is located
between $A7e4 and $A803 and is part of the BASIC command execution
loop starting at $A7AE. It functions as follows:

Stage 1. BAsIC Execution Loop

1. Update CHRGET pointer

Stage 2. Command Dispatch Section

. Getin a byte of BAsIC text
. Jump subroutine 5.
. Goto1.
. If byte=zero then 12.
. Byte=byte minus #$s0
. If Carry clear then byte was non-token (i.e. value less than
#$80). Go to 12.
8. If byte greater than #$23 then it is not a command token (i.e. it
is a function or operator token). Go to 12.
9. Multiply byte by two
10. Use byte as index into the command action address table and
push action address on to stack
11. JMP to CHRGET
12. ... other processing. ..

NO G WN

Note that not all tokens are commands. Some are operators such as
+and -, or and AND; others are functions like INT, Asc, and FrRe. These
are dealt with in a different fashion than are commands, and by
other sections of the Basic interpreter. In step 11. above, the com-
mand dispatcher exits by means of a JMP to CHRGET. This means that
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when control passes to the command routine A will contain the next
byte of BAsIC text after the command token, which will probably be a
parameter for the command. Notice that the rts at the end of CHRGET
is being used as a JMP to the command routine, as we saw in
‘Wedge-MON'.

There are generally two possible exits from a command routine,
the first being an error exit via the rRAM vector ($0300), in which case
the stack is cleared and BAsiC execution terminates with an error
message, and the second by means of an r1s which returns from the
subroutine at step 5., control passing back to the top of the BAsiC
execution loop at step 1. of the sequence.

The ‘Function Evaluator’ Routine

As we noted, not all Basic keywords are commands, and this routine
is concerned with functions, such as sIN, cos, peek and the like.
These are processed in a similar way to commands, but differ in that,
rather than simply performing an operation, they must evaluate
some parameter of the system or alter data in such a way as to give
rise to a result, i.e. they return a value. This result must then be
made available to the system through a Rom routine known as the
Expression Evaluator so that it may be used in arithmetic expres-
sions. Adding new functions requires us to wedge into the appropri-
ate section of this ROM routine.

The ‘Function Evaluator’ is part of the Expression Evaluator, which
is a complex, lengthy (approximately 0.5K) routine residing at $AD9E.
When a string or numeric expression is expected by the interpreter
(after an = or a PRINT statement, say) the expression evaluator gets in
the following sequence of bytes from the input buffer, checking for
syntax errors and accumulating the result of the expression (if
numeric) in the Floating-Point Accumulator bytes in Zero-page $61—
$70. Token values equal to or greater than sB4 are identified as
functions and are sent to the ‘Function Evaluator’ routine at $AFA7
where they are subdivided into string and numerical functions, the
latter being of particular interest to us. A call is made to a subroutine
at $Aer1 which evaluates the parameter between the brackets of the
function as a two-byte integer in $14,$15. Finally, the token is used to
index a table of addresses of function-handling routines, the
address being placed in Zero-page at $55,$56. Zero-page $54 contains
an absolute jMp, so that a jsr $0es4 passes control to the function
code. Upon returning from this function subroutine control passes
back to the expression evaluator. Wedging code into the ‘Function
Evaluator’ routine requires that we distinguish our allocated func-
tion tokens from those of the 64’s functions and use these to index a
table of our function handling routine addresses.
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Note that we Jsr to the function handling routines through a
Zero-page indirect subroutine similar to to that which was used in
‘Wedge-MON'. This contrasts with the ‘Command Dispatch’
routine, where control is transferred to the command routines using
an RTs acting on an address previously pushed on to the stack. This
means that the action table for function routines will consist of
precise addresses, unlike that for the command routines which
consists of the address minus one.

The Command Handler Code

Assembler Listing: ‘Expander’ Command Handler

1830 e

164 TOKEHZ =$¥S@08
1650 e
1850 ®#=TOKEHZ+$22
b e

1686 :—-TAIL-EHD OF "TOKEMISES -—
1696 :CHECE "HORD” TABLE FOR HMEMW
1166 :KEYWORDS/CONWERT TO HEW TOKEHZ
1118 2——CSEE TEWT)—-

1128 e
11328 EBEE® HEDTOK
1146 HOF

115 HOF

1166 HOF

1178 e

1188 EXHIT JMF FA&ES

b (| R ——

1286 WEDTOE LDOY #$FF
1z21@ DE

1226 STERET1 IHNY

12382 I

lz46 STERTZ LDA #8290 .-
1258 SEC

1266 SBC WORD .Y
1278 BE& STERTI1
1286 CMF #£36
1238 BER TOKEHZ+§43
1266 L £7A
1z21: IMNC $8E
1zze LOoP IHY

1336 LOA WORO-1.Y
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146
1478
146
1436
1586
1518
132

153a
1546
155@
1556a
15VE
13ga
1558
1686
1=1@
leze
15328
1&46
1556
lee8
1e7va
1=88
128
17aea
171a
1vza
1738
1746
1758
1veea
17va

-

f——"TEWT LIST”

]
-

-
K3

BFL
LA
EHE
LA
EBFL
BMI
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LOOF
WarD '
STERTZ
F@z208 -
TOKENZ+$4E
ERAIT

TURHNE HEWM

FEYHORDS F

WEQGE -~
TOKENS BACK
OF THE LIST

D
—t

P——0SEE TEETI——

-,

L

L

QOF
BER
INY
LOA
EFL
EMI
INY
LA
EMI
JsR
ENE

QopPYy

FaF
ouTE

#E00

- BACK
. #HECE

$43
#3FF
FOTIT
MORD %

LOGaFY
LOOF A

WORD, Y
auTl

$AB47
FOTIT

IHNTO HEW
COMMAND



17g@
1738
1208
131@
132a
13326
1846
1356
1866
1&87a
18386

290
190a
1216
19za
123a
1246
13256
1266
1976
198a
1228
2006
ZB1a
2128
28za
26846
=858
2066
2a87a
2826
28924
210a
211@
2128
21328
214@
215@a
2168
2178
2188
21308
220a

2210

Extending Basic: The command handler

:——"CHARACTER DISPATCH” WEDGE--
2JUMP TO HANMDLING-ROUTINES FOR
sHEW COMMANDS--(SEE TEXT)—-—
DEPTCH JSE #9673

CHMF #3$DRA

BCE GO

JER 6073

JHMF $ATEV
GQ JEsrR MYCODE

JHMF £AVRE

MYCODE SRC #30A

ASL A

TAY

LOA ADDRS+1 .Y
PHA

LDA ADDRS,Y
PHA

JHP #0673
:——-TOKEM EVALUATIOH MWEDGE--
:REDIRECTS CONTROL TO HEW FUWCTION
JROUTIHES——C(SEE TEXT2

s cvsoe evos e todem Somms e it St S e S S (i Svent

BCS ACCEP1
REJECI JMP $BCF3
ACCEP1 JSR $B113

BCC ACCEFZ
*“_———;;;—SHFQB

ACCEPZ CMP #$FF "q
BME ACCEFP3

JMP $RESE

‘38
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251/
23za
2338
23408
2350
236a
237a
238a
2238
2400
2418
2426
2426
244a
2458
24:68
247@
2480
2430
2500
251a
23z2a
2530
235408
2554
2556
2ava
2520
25943
2E86
2&18
26z
2638
2E48
2ETA

ACCERP= CHMP
BEG
CHP
EBHNE

e e e s smaee caren pates soemn sesen oo

RCCEP4 CHMP
BEQR
CHF
BCE

#E2E
REJEC1
#FAE
ACCEP4

$AFED
#EHA
STARRT
#¥B4
EWAL

$RERS

s oo s e seene et aanen G ot s

P

MOTFHC JMF

A

£88v2

. #ESQF
; EWALZ

$AFD1

#$98

: HOTFHNC

#+B4
NOTFHC

: $RAEF1

‘a3

3
-

r

4D

CEGHD

FUNCE-$28 .Y

$55

FUNCS~-$37 . %

£356
$8a54
A0SO

S
L4

°

r

:——EMTRY PO

INT~~

:COPY DOWN ROM TOKEWISE

sROUTIME IN

TO RAM



2668
2670
26886
2E9a
2706
271a
2rza
273a
2748
2v5ea
276l
2vra
2vea
27324
280
2214
2328
23326
2348
2856
2358
2eva
28860
2398
2386
29168
2528
2936
2246
2256
“QGB

8
293
3666
zale
zaza
ZRza
2046
2956
056
A7
zese
2836

PP
RN [.
l_';l (i) nSI

Extending Basic: The command handler

e s e satee eve et e Soems e Sares St o St Soctn S

ENTP? LD~ #$88

L1 LOA $ASVB. X
STA TOKENZ-1,X
DE:
BHE L1

COPY BASIC ROMAAMEMD LIST ROUTIHE

‘a8 ‘s Cve

LOY #$Q0
LDA #$R6
STY #14

=ZTA #15

LOx #$1F
RAJY LOA 140 .%
STA c$£140 .Y
DEY

BHE RRJJ
INC #15

DEX

BPL RAJJ

P ———

LDA #$66
STA #A7V14

r

:CHAMGE BRSIC PHN WECTORS TO POINT
:TO MY WEDGE ROUTIMES

°
>

Lz L0 #$av

L LOAR WCTRS . X
STH #9364 ¥
DE®
EFL L3

PPIHT CPEDIT ME SAGE
LOR #<CREDIT
LCY #CREDIT
JER ¥AB1E

o — R

R T

#SET HMEMW TOP OF BRSIC TO PROTECT
AMACHIME CODE

2 o e o e e e e e e e e s e s

LOA #$088

169
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z19a
Z11@
21z8
2136
2146
2156
2168
217a
zZ12a
19
3206
z218
2228
223a
Z24a
2258
3260

g oy
5.'&'.""::1

228a
2298
2360
Zz18

L

L

L

\}

2426
2420
2440
3458
2466
247A
2486
2490
3560
251a
3526
35328

Extending asic: The command handler

Loy
STH

#$56
£33
$37
$34
£38

B e e e L TR

PRIMT IT “IA $BDCD

. #E02

#¥080
*eOCD

:=-PRIWT “BRASIC BYTES FREE—-
:THE STRING SITS AT $E456

LDA #3568
LOY #3$E4
JSR #ARIE

FEXIT TO BRASIC-PRINT “REARDY

JHMF #R474

F——D0uUMMY COMMAMDAFUNCT IOH-—-—

D e

-
’

:—~PROGRAM DATA--
:REFPLACEMENT WALUES FOR BASIC
:RAM YECTORS

WCTRS  JWORD TOKEHWZ,LIST.DSPTCH

HUMBEFR OF BYTES FREE
:{=EHD OF MEMORY-EHND OF BRSIC)
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3546 - WORD FUHMCT

205 - - -

2566 ;CREDIT MESSAGE FOR FRIMTIHG BY
3578 :ROM ROUTINE $RBI1E

1 R O ——

3590 CREDIT .BYTE $6D

608 LASC * *¥¥ TOOLKIT 19"
518 .ASC "84 JP.GIBBOMHS #%#"
262a .BYTE $80,$6e0

36308 JASC " "

2646 .BYTE %60

1< R P ——

366@ :ACTION TAELE OF YECTORS

1115 [ T ———
269G FUHMCS . MORD DUMMY ,DUMMY , DUMMY
2700 .WORD DUMMY , DUMMY . DLIMMY
371e LWORD DUMMY , CLMMY , CILMEMY
3726 LWORD DUMMY  DUMMY . DUMMY
3730 . WORD DUMMY . DUMMY

Ol - S T ——

3756 :ACTION TABLE OF YECTORS FOR
3768 ;HEM COMMAMDS (ALL -1

T [ T —

37860 ADORS . WORD DUMMY-1 ,DUMMY-1
27908 LWORD DUMMY-1 , DUMMY -1
3308 .WORD DUMMY-1 ,DUMMY—1
3E1@ LWORD DUMMY—1 , DUMMY-1
3320 «WORD DUMMY-1 , DUMMY-1
23 .WORD DUMMY—1 , DUMMY =1
3846 .WORD DUMMY-1,DUMMY—1
3350 .HORD DUMMY—1 , DUMMY-1
866 LWORD DUMMY—1 , DUMMY—1
3378 .WORD DUMMY-1 ,DUMMY-1
3886 .WORD DUMMY-1, DUMMY-1
3598 .WORD DUMMY—1 ,DUMMY—1
239606 .WORD DUMMY-—1, DUMMY—1
3918 .WORD DUMMY-1 ,DUMMY-1
3920 .WORD DUMMY-1 , DUMMY-1
3930 - -

s ‘s

3940 :ASCII TRBELE OF NEW TOKEN

3958 :KEYWORDS<BRIT 7 IS SET IN THE LAST
3%¢6@ :LETTER OF EACH KEYMWORDALIST

397va :TERMINATED BY ZERO



172

4626
48308
484
4@5@
4860
&7
4686
4832¢
418@
4118
4126
413
4146
415@
416@
4179
4186
4136
4266
4210
4226

238
4246
4256
4266
42va
4280
4z598
4380
4318
4320
43z
4348
43508
4366
437a
4380
4290
44606
44183

Extending Basic: The command handler

WORD RS "JO It
.ASC "FIRT"
«ASC "HSP_M
<ASC "Y3P_L"
« ASC "CDUM~m"
«ASC "DDUuM-t
« ARG "EDUM-M
« ASC "FOUMS"
« ASC "GDUM~"
« ASC "HOUM-Y
ASC " IDUMS
< REC "JDUMS
. ASC "KDUMS"
. ASC "LDUM~"

2COMMAMD TOKEMS

o et e e

. ASC "RENLUMBE._"
.ASC "DELET—"
«ASC “SEARLC |"
. ASC “"REPLRC™
«ASC oLt
«ASC "AUTM"
~ASC "IMSM
«RASC "PUTH |

- ASC "HIME-."
«RASC "SPRIT—
ASC "KSPRIT
«RASC "JESPRIT"
«RSC "SOUN—
.ASC "BITMAF-"
«ASC "BITHMAT"
< ASC MOy
«ASC "PLOL"

- ASC "UNPLO| ™
« ASC "DRAD"

. ASC "UNDRAO"
«ASC “"TEXI"
«RSC "FILL"
«ASC "SCROLL"
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4426 «ASC "DUMMY—"
4430 « HSC "DUMMY—™
4446 - ASC "DUMMY "
4456 - ASC "DUMMY| "
44 €6 « ASC "DUMMY |
4478a - ASC "DUMMY- "
4434 - HSC “DUMMY -
EEL T R P—

4508 .BYTE $06a
4518 e

BASIC Loader: ‘Expander’ Command Handler

188 C=8

181 RERD D#

182 IF D$="END" THEH PRIMT D%:EHD

162 D=VAL<D$> :IFD<G THEH 166

184 ¥=H+1 :C=C+D:POKE 32283+x.D

195 GOTO 161

18é€ IFC=ABZ:0O» THEH 1806

187 PRINT "ERROR IN BLOCK " :INTOH-64)
188 GOTO 188

1186 REM ——- BLOCEK 1
111 DATAz48,6,234 ,.224, -
112 DATA1E0 255,262 .28 -1

113 DATASE , 243,33, 143.J4U 245,201,128
114 DATAZ46,.167,.166,.122,230, 11._@@ 185
115 DATASZ2.131,1&,258,. 185,33, 138,268
116 DATARZ2S.129.8,2,.16.149.43,.213

117 DATALE 47,2811 .255,.248,43,. 36,15

113 DATA4E,.39.261 .2684.144,29, 222,263
113 DATA-2885

128 REM -—-- BLOCEK 2

121 DATALVA,.132,.732,160,255,.202.,.240. 2
22 DATARZ2Z08.,185,.332,138,15.256 .42 ,.245
122 DATR288,135,3%,130,.48,.8.32.71

124 DATALTL 288,245 ,.76, 36,167V .75, 2359
25 DATALSS . V5. 242,106,323, 115, 6,281

234

- l1es
2'_: =

g
2

W w
L

QM
P2

| ..\' [',_l

126 DATAZ1S2.176,.6.32,.121.6.,.76 . 231

127 UHTHlb.,:A,AS Pl2E, Ve 178, ir. 233
128 DATAZ1E,12,168.185.34.,.136., 185
129 UHTH—5485

138 REM ——— BLOCE 2

121 DATA23.1360,72,.76,.115,8.162 .8

173
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bt b b b b b

L0 00 D) Qg G g o
[ RN s VO ) I ORIV I LN ]

129

Extending Basic: The command handler

DATALZ2,.13,.32,.115,8,178,3,.76
ODATAZ43,188,32,19,177,144 2,76
DATA46 175,281 ,.255,208,.5.76,158
DATALV4 . 281,46 ,.248,234,201,171 ,.288
DATAZ.VE, 13,175,201 ,176.,.240,213
DATARZO1 . 1238.1V6,3,.76, 185,174,108
DATATZ, 178, 32,115,.0,.224.,143,17V6
DATAR-VE43

FEM ——— BLOCEK 4
OATA3.VTE . 209,175, 224,152,144, 25
DATAz24 , 1868, 176,21 ,32,.241.174,. 1684
DATALES . 135,189,122 ,.133,.85,185.114
DATAL29,. 133,86, 32,84 ,08,.76,.141
OATHLVZ . . VB, 177,175,182, 136,133, 123
DATALIES 157V . 255,127,202, 208 .247 . 150
DATA®,. 163,168, 132,268,133, 21,162
DARTASZL . 177,.28,145,20, 136,268,243
DATR-34&8

FEM ——— BLOCE S
DATAZ28,.21,202,.16,244 189,35, 141
OATAZB . 167V, 162,77V, 183,205,129, 157
DATA4 ,3,.202, 16,247,162, 214, 160
DATALZ2,.32,.20,171.162,0, 158,91
DATAL122,3531,133,55,132.52,132 .56
DATASE 223 ,45,.72,152,.229,45, 168
DATRZ4.104,185,.2.178, 152,185, 4
DATAHZ2.285, 183,185,596, 150, 222,32
DATH-74&7

REM ——— BLOCK &

DATAZ2 32,32 .42, 42 42,32 .24

DATAPS .79, V&, P35, 732,84,32,.43

DATASY . S6.52,32,74,20,46 .71

DATAY3., 66,586,793, 73,83, 32,42
DATAR4Z2.42,13,132,32,32,.32,32
DATA3Z,22,.322.322,8,205,123 205
DATA-4422

REM ——- BLOCEK ¥
DATR129.,285,129.,.285, 129,205, 129 .2a5
DATAL129.285,. 129,285,122 .205, 129,265
DATR129,205, 125,205, 129,205, 129,285
DATALZ29 .204.123,284, 129,204,122 .24
DATR122.204, 129,204, 129.284,125 2684



176
177
178
173
180
131
182
133
184

a5
186
167
188
189
19@
131
192
193
194
135
196
197
198
199
260
2@1
282
287
204
285
206
267
203
269
218
211
212
213
=14
215
216
217
218
219
220

Extending Basic: The command handler

DATAL129.284,129,.204,129,204 129,204
DATA123,204,129,204,129.204,129,204
DATA122,204,123.284,.12%9,204 ,123,264
DATR-18668

REM ——- ELOCE &
DATA129,2084 129,204 ,129,284 129,204
DATAL122,.264 129,204,123 ,264 129,204
DATH129.204,122,.264,129,74,79.217
DATAVSG, 73,822,197 ,.88,.83,868,210
DATAZ22,.383,80,2108,83,67 .73, 76
DATAZ84 .85 .687, 732,786,284 .69 .68
DATASS, 77,285, 74,588,855, 77,25
DATAVL,68.35,7V7V.,.205,72.58,.85
DATAR-?315

REM ——- BLOCE 9

DATAY? .205,73,68,.85,77.205,7

DATAREE . 85,77, 285,.75,.68.853.77
DATRZE8S, Vs, 68,.85,77,285,. 82 .69
DATAPE ., 35,77 .06,.62.210,68,63

DATAVE .59.84,197,.82,69,.65, 32

DATAGY 288,82 ,69,80,76.65.67
DATAL12V.73,7VE6,.156,55,85,84, 207
DATAVZ, 78,2683 .86 ,35,.84 .88, 217
DATAR-6521

REM ——— BLOCK 18
DATAV2.V3,7V7.62,205,52,.80,82
DATAVE.,84.137,.75,.83,80,82.73

DATAS4 .19V, 74 ,83,88,82,73,34
DATA19V.33,.792,85,.78,.196,68,732
DATAS4 , 77 ,65,88,195,66,.73 .84

DATAVY .65.208.VV.79.86,197 .80
DATATE.,73.212,85.,.72,80,7&,73
DATAZ12,68,82,.65,215,85,.72,68
DATH-&8333

REM —-— BLOCK 11
DATAS2.85,215,84,62,88.212.70
DATAV3,V6,204 ,83.67,:82,.79,.7V6
DATAZ84 ,£8,85,77 .77 ,82,136,€63
DATASS .77 ,.Vr7.89.197,68,85,77
DATAY?Y.89,138,68,85,.7V7.,.77 .89
DATA199,68,.85.7V7.77.82,200,.68
DATRZS,77.,77.89,2681,&8,85,77

DATAVV ,89,202.0

DATAR-5924

DATA END

175
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The Command Handler Routines

Initialisation (Lines 2670-3430)

We deal with this section first as it is the entry point to the routine.
Sys 33132 initiates ‘Expander’ and causes several things to happen.
Lines 2670-2890 copy some ROM code down to RAM so that we can
alter and use it. The first part of the Rom ‘Tokenise’ routine is copied
down to just below ‘Expander’ in memory, as this part will be
required in our ‘Tokenise’ wedge. Lines 2750-2890 copy the whole
of BAsIC into the raM memory lying ‘underneath’ the BASIC ROM,
creating a RAM copy of BasiC which we can access by switching out
the ROM version. Lines 28802890 alter the LisT command in this RAM
version of BAsIC by adding an rTs instruction (se60) at $A714. This is for
the benefit of the ‘Toolkit’ SeARCH and RePLACE commands, and will be
covered later on.

‘Expander’ is actually enabled in lines 2940-2980, by changing the
Page Three ‘Tokenise’, ‘Token List’, Command Dispatch’ and ‘Func-
tion Evaluator’ vectors to the respective ‘Expander’ values (stored in
the vcTRs table at lines 3530-3540). Since ‘Expander’ is sitting in the
BASIC program area it is necessary to protect its code from being
overwritten by BAsIiC. This is done in lines 30903140, which lower the
top of memory. The top of memory is lowered to $sBee, further than
is necessary to protect ‘Expander’, in order to accomodate a bit-
mapped screen for the new pLOT and bRAW commands and to allow
space to store sprites. This leaves only 21247 bytes free for BAsIC
programs. If the hi-res screen is not required, however, this mem-
ory may be recovered using the HIMEM command, giving 30719 bytes
for BasiC. This will be explained later.

Now all that is required is to print the number of bytes free and
exit. This figure is calculated by subtracting the End-of-Basic pointer
from the Top-of-Memory pointer in lines 3200-3320. The result is
output to the screen in line 3320 by a very useful ROM routine,
located at $8DCD, which outputs as ASCII decimal a two-byte binary
number passed to it in x (low byte) and A (high byte). Finally, we exit
via the ROM routine at $A474 which prints ReADY and returns us to BASIC.

Wedge Routines
These are the first routines given in the listing.

‘Tokenise’ Wedge (Lines 1130-1390)

Upon initialisation we copied the first #s8s bytes of ‘Tokenise’ down
to RAM location $8ees, which is the ‘Tokenise’ routine as far as step 25.
in the description given earlier of the operation of this routine. At
step 25. we have got to the end of the Rom keyword table and failed
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to find a match with the contents of the input buffer. But now,
rather than going on the step 26. which is what would normally
happen, control instead passes to our wedge code. This can be
thought of as an extension to ‘Tokenise’ which is tagged on to the
end. The extension code compares the contents of the buffer with
entries in the ‘Expander’ keyword table worp. The wedge code
follows a similar methodology to the rom tokenise routine and
should therefore not to be too difficult to follow. Lines 1290 and
1380 are branches back to earlier parts of the routine. Steps 27.
onward of the original ‘Tokenise’ have been replaced with a jmMp at
line 1180 to the corresponding code in the ROM.

‘Token List’ Wedge (Lines 1460-1760)

Lines 1460-1580 check for non-tokens, the pi character and the
quote condition, and return to the RoM routine if any of these are
found. ‘Expander’ tokens are identified by lines 1520 — 1530 on the
simple condition that these will all have the value #scc or greater. If
a standard 64 Basic token is found then control is passed back to the
ROM routine. Lines 1540-1550 subtract #$cs from the token to pro-
duce a counter for the loop at lines 1580-1640 which obtains the
correct keyword from our keyword table worb. In lines 1660-1700
the keyword is output to the screen by the ROM routine residing at
$AB47, after which we exit back to the RoM code at line 1740.

‘Command Dispatch’ Wedge (Lines 1820-1990)

This is similar to the corresponding ROM routine, except where (in
lines 1830-1870) we identity normal Basic tokens and pass these back
to the RoM code. We use ‘Expander’ tokens to obtain an index into
the two-byte action address table ADDRs. This address is then pushed
on to the stack and we exit via CHRGET. Upon returning from the
command handler control is passed back to the interpreter loop in
line 1900.

‘Function Evaluator’ Wedge (Lines 2050-2610)

The first step is to initialize the system variable sep which indicates
the type of data being evaluated. This location holds seo if data is
numeric and $FF if the data is string. Next we input a byte from CHRGET
at line 2070 and reject non-tokens. If the Carry flag is clear on
returning from CHRGET it indicates an ASCII numeral, which is not a
function token, so exit back to the RoM is made at line 2100. The
JSR$B113 instruction at line 2120 eliminates ASCII alphabetic bytes;
lines 2170-2200 reject pi, line 2220 gets rid of decimal fractions and
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lines 2240-2270 do the same for negative numbers. A leading plus
sign (e.g.+1) is ignored (lines 2290-2300) and causes the next byte in
the buffer to be fetched. Finally (phew!) we check for function
tokens in line 2310. The token value is multiplied by two, and in lines
2450-2480 command tokens and 64 Basic function tokens are rejec-
ted, leaving only ‘Expander’ function tokens. These are finally used
to select the function address in lines 25402590 from the action
address table FUNCs (set up in lines 3690-3730).

‘Expander’ Action Tables (Lines 3690-3920)

The Action tables FuNcs (lines 3690-3730) for functions and ADDRS
(lines 3780-3920) for commands are assembled in the BAsic loader
version of the ‘Command Handler’ so that all their entries point to
the dummy routine at line 3470 which consists of just an rts. If these
tables were assembled to contain the actual command addresses
then an inadvertent call to one of the commands whose handler had
not yet been entered would probably have resulted in a system
‘crash’. As it is actually arranged it is necessary, for each new com-
mand or function added to ‘Expander’, to perform two POKEs to enter
the address of the appropriate handling routine into the respective
table.

You will notice that there exist, at the end of each table, some
extra dummy addresses (eight in the case of functions, and seven in
the commands table). These correspond to dummy entries in the
‘Expander’ keyword table, and allow the user the option of adding
further commands and functions to the program. After taking a look
at the ‘Expander’ commands and functions | will demonstrate how
you may add your own.

‘Expander’ Keyword Table (Lines 4011-4500)

This is the ASCII table where the ‘expander’ keywords are stored.
Note that the last letter of each keyword has bit 7 set (i.e. is plus
#$80). On the PAL assembler you can represent this by using a shifted
character from the keyboard in the .Asc pseudo-op, as in the listing
given. Other assemblers may require a .BYTE command for entry of
this last character. For example, in the case of joy the code would
need to be:

ASCJjO”
.BYTE $D9

The dummy entries facilitate the adding of extra commands by the
user. This will be covered later.



6 Extending Basic:
The toolkit utilities

This chapter presents the first set of command routines for use with
the ‘Expander’ program, of which the core ‘Command handler’
routine was presented in the last chapter. The first command
routine listed gives you the INK, PuTxY and HIMEM commands. This is
the shortest of the command routines and will provide a quick entry
~into using the ‘Expander’ program. The routine which follows for
the ‘Toolkit’ set of commands is rather more extensive and will take
some time to enter, so you will be able to see the command handler
in action sooner if you take them in the order presented. Of course,
you may enter any of the command routines which make up the rest
of this book in any order, as they all contribute to the fully fledged
‘Expander’.

Entering ‘Expander’ Command Routines

Assuming you have entered the ‘Command handler’ section of
‘Expander’ we need to add some command routines. Each of these is
again provided in both assembler source code and sasic loader
program format. The BasiC loader programs all have the same for-
mat: Lines 100-108 are the actual loader program which reads the
DATA statements, loads their contents into memory and checks for
errors; lines 110-999 are DATA statements containing the machine
code arranged in blocks of 64 bytes with a checksum value at the
end of each block. Finally, lines 1000 onwards contain POkes, two for
each new command added to ‘Expander’. These pPOkes enter the
address of the new command (or function) into the correct ‘Com-
mand handler’ action address table.

In every case the procedure needed to incorporate a new com-
mand or function into ‘Expander’ is the same:

1. LoAD the ‘Command handler’ program into memory

2. LOAD the BasiC loader for the new command(s)

3. RUN the BAsiC loader and correct any errors

4. RUN 1000 to link the new command(s) into the ‘Command
handler’
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5. New the loader (having first saved it to memory)

6. Use ‘Wedge-Mon’ or the BAsiC machine code sAve program
(provided in the previous chapter) to save Handler, plus the new
command routine(s) memory as one program (‘Expander’)

7. Enter New and then svs 33132 to enable ‘Expander’.

If you go through the above procedure and try the new commandy(s)
but get no result then one of several things has happened:

1. (Most likely.) You have set the command parameters incorrectly,
e.g. so as to produce an ‘invisible’ sprite or a sound with zero
volume. For each command specific pitfalls of this sort are con-
sidered, so read the section corresponding to the command con-
cerned again.

2. (Less likely.) If the new commands cause a BASIC ‘warm start’, i.e.
a result similar to hitting <run/stop> <restore>, or else just simply
crash the 64 then the pokes at lines 1000 onwards in the loader may
be entered incorrectly. These are not ‘checked’ like the machine
code in the DATA statements and so it is up to you to get them right!
3. (Most unlikely.) If the pokes are right then rRUN the loader again
and check for errors in the DATA statements. If none are flagged then
a typing error has managed to bamboozle my checksum error sys-
tem, e.g. there is an extra spurious zero byte or two errors that
cancel each other out, and you will have to check all the paTA the
hard way, by hand. Good luck!

Note that in use ‘Expander’ commands should behave in every way
like standard CBM commands except in one trivial respect (and |
must admit that | don’t know why it should be so). The IF... THEN
statement in BAsIC normally allows any legal BAsic command to be
placed after THEN:

10 IF X=0 THEN PRINT “/RAT"”
But for some mysterious reason it does not allow any ‘Expander’
commands in this position. This, however, is completely fixed by

simply putting a colon after THEN, before the ‘Expander’ command:

10 IF X=0 THEN: SCROLL

The INK, PUTXY and HIMEM Commands

These are three simple commands that require a minimum of typing
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to enter but which demonstrate the three stages of execution com-
mon to all BASIC commands:

1. Getin the Command parameters
2. Perform an operation on the basis of the parameters
3. Return to the interpreter via an rTs

INK

The INk command changes the text foreground colour to the INK
parameter value. This is like typing <control> followed by 1-8 or
<commodore> 1-8, except that in the case of INKk all characters on
the screen are changed to the new colour along with the cursor.

Syntax: INK (colour number)

Example: INK 1 changes all the characters on the screen to white
and all subsequent printed characters are white.

PUTXY

The putxy command allows characters to be PriNTed at any position
on the screen given by the (column), (row) command parameters.
pUTXY thus eliminates the need for PRINT statements to be cluttered
with the innumerable illegible cursor control hieroglyphics often
seen in listings.

Syntax: PUTXY (column),(row),(any legal print item)

Example: PUTXY,10,12,TEST” prints TeST at column 10 and row 12 of
the screen. The limits for the parameters are (columns) 0-39 and
(row) 0-24, but note that printing on row 24 will cause the screen to
scroll up aline.

HIMEM

HIMEM entered without parameters causes the number of bytes left
free for BasiC to be printed out. If there is a parameter then the
Top-of-Memory pointer is first set to the parameter value, with all
necessary BASIC pointers being reset. HIMEM, with or without a para-
meter, always has the effect of a BAsIC CLR command, causing all
variables, arrays, user-defined functions and files, etc., to be erased
from memory. However, providing that the top of memory is not set
to below the end of BAsiC any BAsIC program in memory will be
unaffected.

Syntax: HIMEM (address)

Example: HIMEM 32768 sets the top of memory to 32768 (sse00)
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The Nk, PUTXY and HIMEM Code

Assembler Listing

10668 =SB0

119 e ——— —

1828 :—-GET IH “IMNK" COLOUR--—

1838 :GET COMMA/GET COLOUR IH .xASTORE
1848 :IH #928& (SYSTEM “YARIABLE -

1658 :CURREHT CHARACTER COLOUR>

1ag@ :—— ——— -

1678 IHEY JSFE ¥BYSE

188a THA

1826 AND #$0F

1186 STR $028¢&

iii1@g ;—— - -

1128 —-FILL COLOUR TRBLE--
1126 ;COLOUR TABLE IS FILLED WITH “IMK”
114@ COLOURARETURH T BRSIC

1158 :—~ ———— e e e e e
1160 LD #$06

117é TAJ STA $D80@,
1180 STAR $D28a,
1196 STA $DARBEGE, X
1200 STA $DBOO,x
1210 DEx

12208 BHE TRJ

123a RTS

1248 e -
1250 :——"PUTRY " COMMAND—--
1260 : -

1278 <POS =$0334

1280 YPUOS =$A3235

1298 e -

13860 :~-GET X-POSITIOM--

1318 :GET COMMA/GET X PARAMETER IN .X./
1328 :REJECT IF > ##$28

1338

1348 PRIN JER $BVSE
13560 CPx #$28&
1368 BCS ERREX
1378 ST« HPOS
1388 :

1398 ;-—-GET Y-POSITION--



1408
1418
142@
1438
1448
1458
1456
147@
1488
1496
15680
1516a
152@a
153a
1548
1556
1568
1378
15808
1596
1568
151@
1628
1638
1549
1656
1€58
1678
1588
1696
1788
1via
1728
1738
1748
1756
1766
1vvea
1788
1796
1808
1g1@
1328@
1838
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:GET COMMAC/GET ¥ PRARAMETER/REJECT
:IF >#$13-6GET FINAL COMMA

JSR $£AEFD
JER $BYSE
CPx #$19
BCS ERREX
S3Tx YPOS
J5R $REFD

£==MOVE CURSOR AHD JUMP TO ROM—-
:LOAD .Y WITH X-POSITION AND .
AWITH Y-POSITIONAJER TO KERMAL
2TPLOTT ROUTIHNE TO SET CURSOR./
JEXIT YIA ROM "PRINT" ROUTIHME

Loy HPOS

LD+ YPOS

JER $FFFa&

JMP #RAS0D
:——ERROR EXIT—-—
;LOAD X WMITH “ILLEGAL QUANTITY”
:C0DE AMD JUMP TO ROM ERROR
FROUTINE

ERREX LDOx #$OE

JMFP (#0308
g—-="HIMEM" COMMAMD—-
:—-SET UPPER LIMIT OF BRSIC-
fGET IW LIMITASTORE IM $27V.$38
:CHIGHEST ADDR USED BY BRSICOH/
SUBTRACT FROM THIS THE END-0OF
fBASIC POINTER AND OUTFUT RS
*BASIC BYTES FREE/IF MO LIMIT
;PARAMETER THEW JUST QUTFUT HNO.
:0F BYTES FREES

LOA $37V
LDY $3&

183
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1840
1858
1560
1gva
1230
1898
12806
1916
1920
1238
1248
1958
1560
1976
13386
1996
2800
2016
2828
2830
2e4a
2856
2060
2ava
2880
2896
21600
2116
=128
2138
2148
=158
2166
217a
2188
2128
2=2ea
2216
222a

2230 »

»

e o Sonee e e e Suume Sense saene S

CALCIT JSEK

JSR
LOA
LOv
STH
sTY

INFORM

4

INFORM

SEC
SBC
PHA
TYA
sBC
TAY
CLC
PLA
ROC
TH
TYA
ADC

$2E

#¥02

#$00

‘a8 ‘va ‘es es

$BDCD QUTPUTSE A
<X (HIGH> AND .A

2

BYTE HUMBER IH
CLOWD

JSE

$BDCD

:¥E480 CONTAINS THE “BASIC BYTES
:FREE® MESSHGE

LOA
LoY
JSR

#$60
#$E4
$AB1E

a
-
-
-
o
>

S0 ‘ws

E
WHICH RESETS
EBASIC POIMTERS

JrF

$ASEE

XIT VIR THE BARSIC “CLR” ROUTIHE
THE REST OF THE




BASIC L

106
181
182
1832
184
185
188
1av
188
11@é
111
112
113
114
115
115
117
11
113
1z@
121
122
123
124
125
128
127
1z2
29
128
1686
1961
18az
188z
1684
18as
1 aae
18a7
1888
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oader
C=&
RERD D#
IF D#="ENMD" THEM PRINT Q%:END

D=YAL D$» : IFDCG THEN 186
H=d+ 1l :C=C+D:POKE 253227+¥.0
GOTO 181

IFC=ABSD> THEN 188
FPRINT "ERROR IN BLOCE " :IMT{H €643
GOTO 18@
REM ——— BLOCK 1
DHTH:L'IJB 183,138 41,155,141 ,134
DATARZ ,162.8,.157,8.216.157 .8
DATR217 lq.,U,JIb 15v.8.213,.202
DHTHBBU;L41,36¢ML;1‘Ur183;224 4a
DATALTE . 32,142,552, 3,532,253, 174
DATAR32.,152,.183.,224, 25, 176,12, 142
DATASZ.2,32,253.174,24 172,52
DATA3,1V4,52,.3,32,248,. 255, 7
ODATAR-7Z1a
REM ——- BLOCE 2
DATR1ISY . 17V8,162.14.,.188 .8 .3, 288
DATARE 165,595,164 ,596.,.203,. 14,32
DATAL38, 172,322,247 . 183,185,209, 164
DATAZ21.133,.55,.132,56 .36, 229,45
OATAVZ,152,229,46,.1568,.24.,.104, 185
DATAZ.17V9,152.,165,.6.,.22,.205, 189
DATARIES . 3¢, 1868 .228,32,30,171,7
DATAZE . 166
DATAR-&356@
DATA END

REM -- EMNABLE HEW COMMAHDS ——
AD=3332%

REM - IHE

POKE AD.2535:POKE AD+1,137

FEM -~ PUT=Y

POKE AD+2.26:POKE AD+Z.138

REM — HIMEM

FOKE AD+4,.78:FPOKE AD+5.1323

EHD

185
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The next section looks at the code for these three commands and
how they are put into effect.

The INK Routine (Lines 1070-1230)

Lines 1070-1100 use the ROM input routine at $879t to input a byte
parameter (literal, variable or expression) in the x register. This is
our ‘ink’ value and in order to change the current text colour we
store the input byte value in the system variable at $0286 which holds
the current character colour. This will not change the colour of any
text already printed, however, and to achieve this we must store the
ink colour in the screen colour table, between spsee and $DBFF.
Although this requires that more than 256 bytes of memory be filled
it is possible to do it in one loop without resorting to indirect
addressing. In lines 1160-1230 the table is filled in four 256-byte
blocks. This is a faster method of accessing tables than is utilising
indirection, although where the table is larger than about 2K the
number of operations required becomes unwieldy, and it is prob-
ably then better to write a loop using an indirect pointer or self-
modifying code, as we saw earlier in the case of the CHRGET routine.

The puTxy Routine (Lines 1340-1680)

PUTXY is a specialized form of BASIC's PRINT routine. Lines 1340-1480
are concerned with getting in the X co-ordinate and Y co-ordinate
parameters using the ROM routines $879 and sAerD. The parameters
are rejected if they fall outside the screen limits of #$27 for the X
co-ordinate and #$18 for the Y co-ordinate. In lines 1560-1590 these
parameters are used to position the cursor on the screen using the
Kernal pLOT routine at $rFro. The PLOT routine is used by the 64 for
formatting the screen and can operate in two modes: a call with the
Carry set returns in the v and x registers, respectively, the X,Y
co-ordinate position of the cursor, while a call with the Carry clear,
as is the case of our routine, positions the cursor at the X,Y- co-
ordinates specified by register values v, x. Finally, we jump into the
normal PRINT routine at $AA9D.

The error exit at lines 1670-1680 prints a syntax error message if
the parameters are outside the permitted range.

The HIMEM Routine (Lines 1800-2220)

If there is a parameter after the HIMEM command it is brought in by
the lines 1860-1910. The ROM routine at $AD8A evaluates an expres-
sion or variable and that at $87F7 converts it to an integer value stored
in locations $14,$15. This is in turn stored in the Top-of-BAsic pointer,
$37,38. If the command has no parameters then then the Top-of-Basic
pointer is loaded in A and v, and control passes straight to the
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second part of the routine at lines 1930-2040. Here the number of
‘bytes free’ is calculated from the Start-of-Variables pointer value,
less the Top-of-Basic pointer, minus 2. The result, held in A (low
byte) and x (high byte) is passed to the ROM routine at $8DcD, which
outputs it to the screen. This routine is used, by Basic, mainly to
output line numbers for the isT command. Finally, in lines
2140-2220 we use the routine at $AB1E to output the ROM BASIC BYTES
FREE message held at se460 and then exit to BASIC via the CLR routine
which tidies up all other system pointers.

‘The ‘Toolkit’ Commands

The ‘Toolkit’ routines add to BAsIC six major commands which could
have been included in the standard rRom. They come under the
category of programmer’s utilities in that they aid the writing of BasiC
programs. The commands and their syntax are given below.

RENUMBER

RENUMBER, as you might guess, renumbers BAsiC lines and all line
references in GOTOs, GOSUBS, etc. It is a two parameter renumber
routine allowing both the starting line number and the increment or
step to be defined.

Syntax: RENUMBER (step), (start)
where (step)=the renumber increment
and (start)=the starting line number

Example: RENUMBER 5,1000 renumbers in steps of 5 starting at line
1000. Typing RENUMBER with no parameters defaults to step 10 and
start 1000.

DELETE

The peteTe command deletes a line or a range of lines from the Basic
text.

Syntax: DELETE (start)-(end)
where (start) is the first line for deletion and (end) the last.

Example: DELETE 1000-2000 deletes all lines between 1000 and 2000,
inclusive.
AUTO

The auto command enables automatic line-numbering, i.e. each
numbered line that is entered will be followed by a new line number
equal to the last line number plus the step value.
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Syntax: AUTO (step)

Example: AuTO 10. Every numbered line input is followed by a line
number equal to that of the input line plus 10. Typing AUTO @ or AUTO
with no parameter disables auto line-numbering.

SEARCH

The searcH command searches for a character or string of characters
within a BasiC program and Lists all lines containing the search string.

Syntax: SEARCH /(string)/
where (string)=the search string

Example: SEARCH /PRINT x/ will LisT all program lines containing PRINT
x. A line will be printed only once regardless of how many times the
search string occurs within the line. Leading and following spaces
may be included in the search string.

REPLACE

The rerLacE command replaces a search string with a replacement
string wherever it occurs within a BAsIC program and LisTs the line(s)
concerned.

Syntax: REPLACE (search string)/(replace string)/

Example: RePLACE x/v/ replaces all occurrences of x in the BASIC text
areawith v.

OLD
The oLb command recovers a program Newed in error.
Syntax: oLD

oLD takes no parameters. It may be used in conjunction with a reset
switch or svs e4738 to ‘cold-start’ the 64 and yet recover the BasiC
program currently in memory.

After incorporation of the routines is accomplished by the pro-
cedure laid out in the introductory section of the preceding chapter,
you can use any of the ‘Toolkit’ commands.

Potential Problems

Of the ‘Toolkit’ commands RENUMBER, DELETE, OLD and AUTO are fairly
straightforward and should give no particular problems. The seArcH
and RrerLACE commands however may sometimes appear to produce
strange results.
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This is a consequence of the fact that Basic keywords are stored as
tokens and that the parameter strings for SeARCH and REPLACE are also
tokenized. For instance take the following BAsic program:

18 FRIMT "REM"
28 REM PRINT
28 REM FRINTER PRFER

The command SearRCH/PRINT would only find the PRINT token in line 10
and not the PrRINT's in lines 20 and 30 because, since these are within
REM statements, they are not in tokenized form. Similarly, SEARCH/REM/
would only find the rems in lines 20 and 30 and not that in line 10.
SEARCH/PRINTER PAPER/ would fail altogether because the SsearcH string
parameter would be partly tokenised to (PRINT token)+ER PAPER in
ASCII codes and this string does not occur within the program.
SEARCH/REM PRINTER PAPER/ would however succeed. It is important to be
aware of such possible ambiguities in these commands.

We will now give the ‘Toolkit’ code listings, and hope that by this
stage in the book the size of the listing will not prevent you either
keying it in, or working through the code systematically in conjunc-
tion with the text that follows. More than half the code is the
RENUMBER routine, so not much would be gained by splitting the
routine. especially since DELETE uses routines in common. Anyway,
here goes!

The ‘Toolkit’ Code

Assembler Listing

1008 #=$2560

Tz - S P
1818 WKSPC1 =$13
1815 WKSPCZ =%1A
1620 WKSPC3 =$1B
1825 WKSPC4 =$1C
1830 FLAG  =%1D
1835 ERROR =%1F
1848 SFACE =$2@
1@45 PFLAG =$21
185@ INCRD =$4B:%
1655 SRC =$4E 3 ¥
1868 DST =$56 %
1865 MBUFF =$52
1878 DIFRNC =$53
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1875 STRT =$3T7 » ¥
1888 SIZE =$03 ¥
1885 YOFSET =%$5B
1898 HOFSET =#35C
1895 CURR =$FD %
11880 e
1183 AUTSTP =$G3FC %
1118 e
1115 BUFFER =%$01086
1128 BUFF1 =$a33C
1125 BUFFZ =%$@36C
1138 e

1135 :—-FRENUMBER ROUTINE--

114@ :GET IN START AND INCREMEWMT
1145 :PARAMETERS/CHECE LEGALITY
1158 :-IF ILLEGAL ERROR EXIT
1155 pemmmmm
1168 RENUMB BEQ DEFLTI1
11&5 BCS EXREH
11ve JSR $A96E
1175 LDA %14
1iza Ll £15
1185 STA IMCRO
11358 STy INCRO+1
1195 JSF 8672
1200 BE® DEFLT=Z
1285 JSRE $AEFD
1218@ J3R $A2EB
1215 LDA #14
1228 LD #£15
1225 5TA STRT
1236 5T« STRT+1
1238 JHP STRET
1248 e

1245 EXREN LDX #$0E
1258 JHF C$a30a)
1235 j——————————

126@ DEFLT1 LDA #3$6R
1265 LD #@

127a STA IMCRO
1275 STx INCRO+1
1286 DEFLTZ LDA #$EE
1285 LD #$63
1290 STA STRT



1295
1288
1385
121@
1315
1226
122%
13238
13325
1246
1345
135a
1355
13668
1365
izv7a
1375
1.38a@
1385
1290
1335
1486
1465
141@
1415
1426
1425
1436
1435
1440
1445
1456
1455
14&a
1465
147@
1475
14ga
1485
149a
14935
1500
1565
151@
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STH STRT+1
START LDOA INCRO
ORrRA IMNCRO+1
BEL ERF
=R TESTF
BCC OK
ERE LOA #<ERROF1
LDY #>ERROR1
JMP $AB1E

e cmme ot e Semse et ot e Sonte Soetn st Swnwe Smaes Sntes o

LOA #8

STA ERROR
:——MAIN REMUMBER CONTROL LOOP——
:SEARCH BASIC TEXT FOR KEYWORD
2TOKEMS TAKIMWG A LINE REFEREHMCE
:RENUMBER LIHE REFEREHNCE~AWHEN
:ALL REFERENCES RARE DOME RENUMBER
;PROGRAM LINES/CHECK ERROR FLAG-
:IF SET PRIMT ERROR AND EXIT/ELSE
:RECOVER CHRGET POIMTER FROM RAM
sAHD EXIT WIA THE BASIC CLR
FROUTIHEAYCURREY POINTS TO LINK
:0F CURRENT TEXT LINE

B e oo e oo e cainn e s Soone ot s saven Sooem Socee e

F1 STA CURE
ST CURE+1
Rz LOY #s01
LDA <(CURRX .Y
BEG ROUT

191
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13515 LOY #£63
1528 s———m—e———

1525 R3 INY

1538 R4 LDA (CURRD> .Y
1535 BE&® TS

1548 -

1545 :——CTOKEN)> COMPARISONS-- ALL THESE
1556 :KEYWORDS CAN HAYE RASSOCIATED
1555 :LINE REFERENCES

1560 fo—m—m

1565 RS CMP #5359 2CGOTOY
1570 BEG Y1

1575 CMP #$30 ;L GOSUB )
155@ BEQ Y1

1585 CMP #$3E sCLISTY
1556 BEG! Y1

1595 CMP #$3F 2 CRUNY
10a BE® '1

1665 CHP #$A7 2 CTHEN:
1610 BEG Y1

1= & J T —

1626 CHMF #3$CE £OGODY
1625 BME Rz

e 1 R ——

1635 ; GO° TOKEN SPECIAL CASE

1=V R —

1645 IJ IMY

1656 LDA CURR>,"

1655 BEG TS

1E6ER CMP #$2@ " SPACE
1665 BEG JJ

1678 CMP #$A4 20TOD
1675 BHE RS

T - R P —

1685 :HNOFSET HOLDS POSITIOM OF HUMBER
1523 :IN CURRENT TEXT LINE/ALL SPRCES
1695 :BETWEEN KEY HWORD AHD MHUMBER ARE
1Vva6 :FPRESERVED

i = P —
171a vi LOx #s0@
1715 ST® FLAG
1726 vs ST MOFSET
1725 INY

17309 LOR CCURRDY 'Y



SN Ak LD

D]

bk b b ek ek ek bbb ek b b b e

R

i IUTTRL U £ 1]
UGN NIANG A

1825
12328
1325
1240
1245
1250
1855
1368
1365
1278
175
1238
18a%
1890
189%
1268
1965
1218
17315
1228
1925
1323@
193S
1348
1945

1258

CMP
BEQ
DEY

AASCII LIHE
:IM AMD STO
2HOLDS HO.
:SET IF OW

BER
CHMF
BEQ
CHMF
BCC
P
BCE
3TH
IHx
BHE

"
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#£20
Y

HUMBER BYTES RRE GOT
RED IN "BUFFER"-“MEBLFF
CHARS IM BUFFER-1-FLAG
GOTO OR OH GOSUE

CCURED .Y
#$20

we

* SPACE

A1

* #E2C ‘.

‘18

noT

#FRE D
ooT

#+39 27a
auT

#£3A L
ouT

BLUFFER .=

e

W
FLAG
HUH

#a
BUFFER . x

. SPACE

YOFSET

2 "REPLAC” REPLACEZS OLD LLIME

sREFEREMCE

___________
Ed

JEE

WITH HEW

REFLAC

:IF “FLAG

SET THEM GO BRCK AMD

:GET REMAIMIMG LIMNES ELSE GET MNEXT

:EEYHWORD TO

Loy

KEN

YOFSET

193
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1355
1966
1965
1376
1375
1580
1985
1398
1995
2e8a
2065
2018
2015
2eza
2025
2839
2035
2840
2045
285a
2855
2060
2865
28va
2875
2836
2085
2899
2895
2104
21685
211
2115
21za
2125
2138a
2135
2149
2145
2154
2155
21e8
2165

21ve

HUH LOA FLAG
BHE Y1
EBE® R4

TS LDy #$61
LDA <(CURRX .Y

LDA {CURRED> .Y
JMP R1

:——HALL REFEREHCES REMUMEERED--
sRENUMBER LIMESAIF MO ERROR THEH
;EXIT YIR "CLRT ELSE FRINWT ERROR
SAND EXIT

B e e s e e e oo cnons oo o s et e Smase s
-

2OUT JER RENUM
BEIT ERROR
BPL. CLEAN
LDA #<ERRORZ
LOY #>ERRORZ
JSK $AB1E
CLEAM  PLA
STR $VE
PLHA
STH $7A
JMF $RE63
;——RENUMEER A LINE REFERENCE--
sCOMYERT RSCII HMUMBER IM "BUFFER”
:TO BIMARYAFIMD CORRESFONDIMG
:LINE IN TEXT INCREMENTIMG H
sCOUNTERZ/COMWERT COUNTER TOD ASCII
:DECIMAL IW BUFFER/EXPANDO OR
sCONTRACT BARSIC TEXT AS REQUIREDS
;REPLACE BUFFER CONTEHNTS IN TEXT
;A5 HEW LIME REFERENCEATIDY UP
;BRSIC POINTERSARETURH
REPLAC JSR ASCBIH
JER LINCHT
JSR EBIHASC
J5R EXPO
BCC SKPF
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JSR PUTBRAEK

JHP TIDY
SKPP JMF PUTERK
;——-CONVERT ASCII TO BINARY-—--
sASCII DECIMAL HMUMBER IM "BUFFER-
IS CONYERTED TO A 2 BYTE BIHARY
NO. IW $14,. %15 USIHG CHRGET AND
sROM CONWERSIOHM ROUTIME

ASCBIM LDA #<BLUFFER

L #>BUFFER

STH $7A

ST $7B

JER $pevs

JMP £A9EB
:——COWMYERT BIMARY TO RSCII——
:A 2 BYTE BINARY HUMBEFR IM WKSFC3,
:WESFC4 = COMWERTED TO RASCII
DECIMAL DIGITS IN "BUFFERT BY
SSUBTRACTING FROM IT SUCCESSIWELY
:DECREASING POMERS OF 16-/LEADINMG
:Z2ERDES RRE SUPFRESSEDATHE HO. OF
0DIGITS IN THE BUFFER-1 IS STORED
:IM HBUFF

STH SRC

LOY #Foo
FF LD #E
FJS SEC

LOA MESPCZ
SBC TEMS .Y
STAH SRC+1
LA WUESPCY
SEC TENS+1.Y
BCC TWAM

STH WKSPC4
LOAR SRC+1
STA WESFCZE

EHNE FJS
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2395
24008
2405
2419
2415
24za
2425
2428
2435
2448
2445
2456
2455
2468
24€5
2478
247S

2488
2485
2433
2495
258a
2505
2518
2515
=526
2525
25308

=
2535

254a
2545
=558
2555
2550
2T6ES
TR
257
25
=385
2590
28595
2508
2685
2618

“
S
é

TYEM  THA
ORA SRC
BER TO4

' THA

TO= LO¥ SRC

ORA #$32a
S5TA BUFFER.X
IMC SRC

BMI QIT
CFY #$02
ECS PP
LDOA WKSPCE
BCC TD3

QIT STx NBUFF

:——ZEARCH BARZIC FOR A LINE MO, ——
:THE BINWARY LIME REFEREHCE IS
:3SERRCHED FOR IN THE BARSIC TEXTS
tHWESPC3 .4 IS IMITIALIZED TO STRT
AHDO IHCREMEWTED EY IHCRO FOR
EVERY TEXT LIHE ENMCOUNTERED =0
:THAT OH EXITIHG MWESPCZ,4 IS EQUAL
2T THE FRENUMBERELD REFEREHWCE~IF
:WESFPC4 (IWERFLOME THEW THE ERROR
sFLAG IZ SETA/THE EHMTREY POIWMT AT
:"TESTPS I3 USED FOR “YRLIDATIOW OF
,IHPHT FARAMETERSZ-IF THE LIHE HU1.
2S0UGHT IS MOT FOUND IM THE EBRSIC
2TEXT THEHN MWKESPCZ .4 IS SET TGO
2 ¥FFFF

TESTP LDA #3FF
STA %14
STA #1%5

LIHI HT LOA STRT
LD STRT+1
STH MWKSFC3
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2EL1S ST WEKSPC4
2628 e

2625 LDR 2B
2e30 LD $2C
2E20 e

2648 JRG STH SRC
2645 ZTH SRC+1
2658 LOY #£611
2655 LOA CSRCH.Y
25868 BER RUM1
ZE65 IHY

2E7a IHY

ZETD LOA CSRC» .Y
26808 CMP #1%5
2685 BHNE AWCL
2690 DEY

ZE90 LOAR tSRC».Y
2708 CHMP $14
27aS BER RUMZ
2718 e

2715 AWOL CLC

2v2ae LOA WKSPFC3
2725 ADC IMCRCQ
2720 ZTAR MWESPC3
27325 LDA WKSFC4
2v4a ROC IMCRO+1
2745 STA MWESPC4
2758 BCS RUM3
2755 e

2758 LOY #f@1
27E5 LOA <SRCH .Y
2vra TH=

2773 DEY

2vV38 LOA {SRCH .Y
2735 JHF JPG
2790 e

2795 RLM1 LDA #$FF
2808 STH WESPC2
2885 STH WKSFC4
2818 STH ERROR
23815 EUMZ CLC

2220 RUMZ RTS

2828 f———————————————
2838 :—--REHUMEBER PROGRAM LIMHES—-—
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2835 :ALL LIHES ARE RENUMBERED STARTING
2848 :AT STRT AND IH STEPS OF INCRO

2845 e
2238 REHUM LDA STRT
28955 LDY STRT+1
2366 STR WESPC1
2865 STH WKSPC2
2870 pe—m—m— e

2375 LDA $2B

2380 L0 $2C

2885 e

2590 TV STA CURR
2895 ST¥ CURR+1
2980 e

2905 LOY #5611
2219 LDA <CURR» .Y
2915 BE2 OFF

2928 e

2925 INY

2934 Iy

2925 LOA WKSFC2
2540 STA <(CURR>.,Y
2945 DEY

2956 LOAR WKSPC1
2955 STA (CURR> .Y
2950 P

2965 CLC

2978 LOA WESPC1
29735 ADC INCRC
2580 STAR WEKSPC1
2985 LDA WKSPC2
2994 ROC INCRO+1
2995 STA WKSPCZ2
3008 e

3aas DEY

za1a LOA “CURR>.,Y
2015 TAX

389za DEY

3025 LDA <CURE>.,Y
3824 JMP T

1] = 1 T T —

20849 OFF rRTS

3045 e

38950 :—--REPLACE LIME REFERENCE--
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:THE ADJUSTED LIME REFERENCE IS
*REPLACED AFTER THE KEYWORD TOKEH

FUTBRAK LI
Lo
IHY
I
LDHA
STH
DEC
EPL
RTS
2==TIDY UP BASIC--
:ROM ROUTIME $AS33 EEBUILDS ALL
LIMES IM TEXTAHEW EHD-DF-BRSIC
:POIMTER SET

NOFSET
PE1

BUFFEFR , =
LCURR S .Y
NBUFF
FE1L

r

TIONY

2——ExFAND OF COWTRACT BASIC——
JSUBTRACT THE LEMGTH OF HMEW LIHE
:REFERENCE FROM SPRCE AWAILABLE
I TEXT - IF ZERQ THEH RETURH
:CARRY CLERRS THE

:DIFFEREMCE IS STORED IM DIFREHCS
SCALCULATE STARAET AMD SIZE OF BLOCK
2TO BE MOWED.IF “DIFFERENWCET IS
POSITIWE THEN JUMP TO SHRIME
:ROUTIHE ELSE EXPARHD

K

SPACE

: MBUFF

“l

199
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3273 RTS

B0 e

2285 ¥1 STA DIFRHC
229 e

2295 cLC

2388 LOA CURE
2285 ADC YOFSET
3318 53TR SRC
33135 LOA CURE+1
I3za ROC #&
2325 STH SRC+1
J330 e

3335 :ENTRY POINT FOR MEMORY MOWVE USED
33460 :BY DELETE COMMAND
BCIC 1= . T R ——

3358 R3z SEC

22355 LOA $20
2366 SBC SRC
3385 STA SIZE
3378 LDA $2E
JI7S SBC SRC+1
2386 STA SIZE+1
3335 pm————————

23296 LDA SIZE
2395 BHE F44
24068 DEC SIZE+1
24605 FEd44 DEC =I1ZE
[T § | - R —

2415 SEC

3428 LOA YOFSET
3425 SEC DIFRHC
34 3@ STA YOFSET
2435 -

3446 LDA DIFRMHC
2445 BEG® SHRHKZ
3456 BPL SHREIHE
24550 pem e

3468 ~-EXPAND BRSIC TEXT--

3485 ;CALCULATE SOURCE AMO DESTIHATION
3470 :ADODRESSES IN SRC AND DSTS

3475 :EXFAHD BASIC TEXT TO RCCOMODARTE
34868 :LARGER LIME REFEREMCE-“RETURHN
2439 :CARRY SET

w
B
\D
2
~




3495
3560
3565
3510
2515
3528
35295
3530
3533
3548
3545
35568
3555
356a
3565
2570
3573
3580
35895
3596
3595
3600
3685
z61a
3615
2620
2625
2638
2635
3€40
645
3650
3659
36€a
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ExPAMND CLC
LOA SIZE+1
ADC SRC+1
STA SRC+1

LA DIFRHC
ECFR #$FF
ADC #%$01
STA DIFRNC

ROC SRC
STR DST
LDA SRC+1
AOC #$090
STA DST+1

IHC SIZE+1
LOx SIZE+1
LoY SIZE
BER NEXRTZ
Y ——
NE:AT1 LDA <SRG .Y
STAR <DOST»,Y

ENE NEXXxT1
NE®xT2 LDA (SRCH .Y
STR <DST».%

DEC SRC+1
DEC DST+1

BHE HEX<T1

P e s e s e e e e e e e e

F——SHRIMK BRSIC TEXT—-

:CALCULATE SOURCE AMD DESTINATION
:AODRESSES IW SRC AND OST.
2SHRINK BRSIC TEXT WHERE HEW LIHME
sREFEREHCE IS SMRLLER THAW OLDs
:RETURN CHRRY SET

201
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3719
37¥28 SHREINK SEC

3r2S LDOA SRC
37326 SBC DIFRHNC
3735 STH DST
3740 LDA SRC+1
3745 SBC #3$006
3756 STA DST+1
G¥VS8 e

37e@ SHREHNEZ2 LDY #0

3765 LDOx SIZE+1
27ve BEQ ENT
P70 e

2788 Mz LOA <SRC>.Y
3F8S STHR CDST2,Y
3796 IHNY

3795 ENE N2

38a6 INC SRC+1
338S INC DSET+1
381@ DEX

1S BHME Hz
3820 e

329 ENT LDOx SIZE
383@ BEG CHCLUD
3835 e —————

3846 IHx

2345 M3 LDR <{SRC».v¥
2356 STA <DSTy.,.Y
3855 INY

38608 DEX

33635 BHE HNZ

ZEVO e

I8VD CHCLUD ZEC

3886 RTS

3885 -

3896 ;—~-DELETE COMMANDO--

3825 :GET IN PARAMETERSAUSE ROM ROUTIHNE
3966 :¥RE1Z2 TO FIND RDDRESSES OF LIHES
335 :IN TEXTA/DEFINE AS SOURCE AND

391@ :DESTIWATION FOR REMUMBER SHRIHMK
3915 :ROUTIMWEASUSE LATTER TO “CLOSE UP”
3520 :TEXT AROUND DELETE RANGE-TIDY
3925 :BRSIC POIMTERS/EXIT TO BARASIC YIAR
3233@ :ROM "CLRT ROUTIHE
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935 e
39460 DELET BEG EXDEL
3945 BCC EGG
395a CMP #$ARE HLE
23955 EHME EXDEL
3960 e ————

3965 EGG JSE $R96R
397a JSR $RE12
23975 LOAR $SF
3286 LOY %@
=980 =STR DST
994 STY DST+1
ZHAG e

46086 JER $£8a79
48005 BER OMEL
40160 P

4315 CHMF #$RB LU
4@26 ENE EXDEL
40925 JER #9673
4326 JSF $ASEE
4Q35 BHE EXDEL
4046 LoR #14
4043 ORA $15
4856 BHE SPEC
4385 f——— e ————

40660 SEC

4AE5S LOA #20
4@7aE SBEC #$502
4RA75 5TA SEC
4086 LOA $£2E
4835 SBC #@
496 STH SRC+1
4395 BHE DOIT
41008 e

4185 ZFEC JSE #RAS13
4116 BCC HMLH
4115 e

4126 OMEL LOY #&
4125 LA ($FSF.Y
41326 STA SRC
4135 INY

414a LDA cFS5F2 .Y
4145 STH SRC+1

4158 BER DOITZ
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4155
416
4185
4178
4175
418a
4185
4156
4135
4206
4285
4218
42173
4228
4228
4220
4233
4248
4245
42568
4255
4266
4265
427

4273
422
4285
4290
4235
4z86
4365
431@
4315
43268
4325
433

4335
4348
4345
4358
4355
1266
4365
437@

BCS DOIT

K

HLH LDA £5F
LOY ¥€@
STH SRC
STY SRC+1
WQIT LOA SEC+1
CHMF DS5T+1
BCC EXDEL
BHE DQITZ
LOR SRC
CHMP DST
BCC EXDEL
DOITz LDA #4
STAR DIFRENC
JSR R33
JZR TIDY
DOITE  JMF FAE32

EXDEL LD¥ #$9E

JHMF ($B30a3>
:——REPLACE AND SERRCH COMMANDSE——
:BIT 7 OF FLAG IZ SET FOR REPLACE
:AND CLEAR FOR SEARCHASGET SEARRCH
AND REPLACE STRIHGS IWNTO BUFF1
sAMD {FOR REEPLRCE)» BUFF2 LUSING
fCHRGET MWHICH IS FIRST ALTERED TO
2ACCEPT SPACESARESTORE CHEGET.
:SEARCH BASIC TEXT FOR SEARCH
!ESTRINGAIF REPLRCE THEHM
sSUBSTITUTE REPLACE STRINWGAFLAG
:LIME CONTRIMING STRIMG BY USE
:0F LIST ROUTINE COPIED TO RAM
AT SETUPA/RETURM TO BASIC “IR
:CHRGET
REFLC FHF

LOY #%FF

BMI COMML

B e o e s e e ot oot e vt e o S Sa0en e
r

SERCH PHP



Extending sasic: The toolkit utilities 205

4375 LDY #8

R 1 —
4385 COMM1  STY FLAG
439@ ; -

: ——
4395 :ALTER CHRGET AND GET SEARCH
4486 :STRING IN BUFF1

4485 : —_—
441@ PLP

4415 BERQ EXSER1
44208 BCC EXSER1
4425 CMP #$RD
4434 BHE EXSER1
4435 femmm—————

44406 LDA #%a1l
4445 STA %81

Y 3] C [ ————

4455 LDx #$FF
446G PET JSR $04a73
4465 BEG EXSER1
4478@ CMP #$A0
4475 BEQ STGz
4450 CMP #$2F
4485 BEG STGz
4490 INX

4495 STA BUFF1.¥
4500 JHMF PET
4505 e

451a STGZ2 INX

4515 BER EXZSER1
4528 ST® SPRCE
4525 BIT FLRG
4534 BFL HNEXXT
4535 e

4540 :IF REPLACE COMMAND GET REPLACE
4545 STRIMG

BT
4555 LOx #$FF
456@ TET JER $@673
4565 BEG EXSER1
4578 CMP #$AD
4575 EER STG3
45ge CHP #$2F
4535 BER STGE

4526 IHe
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45395 STR BUFF2.%
45606 JMF TET

4EES e — e

46168 TGS IH-

4615 BEG EXSER1
4626 ST HBUFF
4625 BHE HMEHXKT
4538 —

4&35 —--EXIT ROUTIMES—-
4640 :EMSER1 1% THE ERROR EXIT/CHRGET
4545 15 REPARIRED BEFORE ERXRIT
GESEA e e e
4655 EXSER1 LDA #£20
4568 STAH %81

4865 LI #$0E
4676 JMFP ($630@)
4675 f-———

4680 EXSERZ LDA PFLAG
4£85 BEGR EXSERZ
4696 J3R $A613
4695 JSR LISTIT
4706 EXSER3 JMFP $8073
4785 - ——

4716 HEHSKT LDA #%20
4715 STH £831

4720 P

4725 LDAR #8

473a STA PFLAG
4735 -

4748 LOx $2B

4745 LDA #£2C

4750 e

4735 INTRA ST CURR
47660 STA CURR+1
4V6S e A
477a LDY #f@1
4779 LDA (CURR> .Y
473a BECG EXSERZ
4785 INY

4798 LDA <CURR>».,Y
4795 STA STRT
4200 INY

4385 LOAR <CURRD> .Y

4810 STA STRT+1



4815
4820
4825
4830
4835
4340
4845
4856
4355
486568
4365
487V@
4&vS
4&86
4585
4896
4335
4984
4365
4916
4315
4326
4925
49368
4335
4346
4945
4358
43955
4368
4365
4970
437
4386
49335
49306
4995
Seaa
Saes
Sel1a
S@15
Seze
oS
563
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——SEHPCH STRINMG COMPARISON LOOF--
LDDP?l LDx #@
LOOFPY2 IHY
LDA CCURRD .Y
BE& TR
CMP BUFF1.%
BEG LOOPYZ
CPx #6
BEQ LOOFY2
LoY KWKSPC1
LD #
EBEEG LOOPYZ2
LOOPY3Z CFx #8
EHE LOOPY4
STY MWKSFC1
LooPYd Ihi
CF¥ SPRCE
BNE LOCOPY2
STY YOFSET
BIT FLAG
BFPL COMMOM

‘a8 es ‘as

k3

: —_ -
»SWITCH SWITCHES REPLACE FOR
2SEARRCH STRING PERFORMIMHG TEXT
SMOVES AS REGUIRED

ISR SHITCH
COMMON LDA PFLAG
BNE COMM3
INC PFLAG
BNE COMMS

IF CURRENT LIHE COWTAIMING SERRCH

sSTRIMG IS NOT EQUAL TO “OLD® LIME
:THEH “OLD’ LINE IS LISTED
COMME  LDA STRT

CHMP $14

ENE COMM4

LDA STRT+1

207
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S035 CHP $15
S4a BEG! COMME
SE45 - -

5858 :LIST A SINGLE LIME USIHG ROM LIST
S@E55 :ROUTIME RESIDING IM RAMS CURRENT "
See8 :LINE BECOMES “0OLD" LIHME

5065 P
Seve COoMHM4 JSR $#A613
S@vs JER LISTIT
Sese LOA #$91
5885 JER $FFD2
Spse COMMS LDA STRT
Sass LO¥ STRT+1
5100 STA #14

5165 ST« #£13

5116 CcoMMe LDY YOFSET
S11S BHE LOOPY1
5128 f——————— e

S125 TR LoY #a

S13@ LDAR <CURRD .Y
S135 THx

Si4a INY

5145 LDOA <CURRD .Y
S15a JMP INTRA
S159 e

S1e@ —-SWITCH REPLACE FOR SEARCH--
S185 :PERFORM ANY RE®. TEXT MOVEASTIDY
S1Ve :BRASICAINSERT CONTENTS OF BUFFz

=3 - T
5188 SWITCH IMC YOFSET
5135 JSR EXPO
5196 DEC 'YOFSET
5195 BCC FUB1
S2ea JSR PUB1
S2ES JUP TIODY
S218 PUEL  LDY WKSPC1
5215 LD¥ #6

5226 PUB4  LOA BUFFZ2, X
5225 STA C(CURRY,Y
523@ THY

S2a5 IHX

S24@ CP¥ MBUFF
5245 BNE PUE4

5254 RTS



5255
S2ea
S2Ee9
Seve
5279
Sz23a
S285
S29a
S235
Sz
5385
521ia
S21S
S326
5325
Saza
I b
5240
5345
5250
S355
52668
S365
Sa7E
S3FS
s5.386

Lt
\n oo
o A

BB p W
[ U RN o]
Ao

o annOnoonon
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:——MODIFIED BRSIC LIST—-
2SMITCH OUT BRSIC ROMSCALL RMEMDED
:LIST ROUTIME TO LIST A LIME

STH #01
JER $ASBO
LOA #$37
STAH $#£01
RTS

o o e e e s s e e s o e e o

F——0Ln COMMAND-—-—
:RESET START-0F-ERSIC POIMTERS
MAKE HOM-ZERQ HIGH BYTE OF FIRST
LINKEATSRE TO REHUMBER TIDY ROUTIME
2 TO REBUILD LIHKS AMD RESET EHD-
OF-BASIC FOIWTERSEXIT WIA ROM
:"CLR" ROUTINE
OLDE BHE EXOLD

LDY #3461

LO #Eas

ETY ¥2B

3Te #£2C

TYA

S5TH C$2ZE>» .Y

JER TIDY

JMP $R56E

P e e e e e e e e .t e e

:——RAUTO COMMANMDO--—
:GET IM "STEP” PARAMETERASTORE IH
PAUTETPACHAMGE BRSIC WARM-START
:RAM YECTOR TO POIMT TO WARMST.
2ERITAIF HO PRRAMETER OF STEF = @
:THEN CAMCEL AUTO BY RESETTIMG
PWECTOR TO DEFARULT WHALUE
AUT BEG CAMCL

JER FASGE

LDA $14

LD #15

209
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S47S STRA AUTSTF
S4oa ST® AUTSTP+1
S485 ORF #15
5498 BER® CAMCL
34935 jemm e

5588 LOA #CWMRMET
5585 L0 #-WEMST
551@ STA $836z2
5515 STH #6383
552a RTS

5525 f——————————

5530 CAMCL LDA #$32
o535 LOx #$R4
5546 STA #6382
5545 STH $23a3
555@ RTES

5555 - e

SSe8 :——CHECE FOR LINE HOS. IW BUFFER-—--
5565 :WARMST REPLACES ROM LIME INFPUT
5578 :L00P BUT IMCLUDES R CHECK FOR
SS¥S :LIME NUMEBERS IHW INPUT BUFFERAIF
5586 :LINE NUMBER PRESENT RECOWER IT IH
3585 :#14.15 AHD ADD STEPA/CONWERT

5590 :RESULT TO ASCII DECIMAL USIHG
5595 :RENUMBER BINMASC ROUTIHES/STORE IM
Seo@ :KEYBOARD BUFFER PRECEDED EY A
Se@3 :SPACE/RETURN TO ROM LIME IMPUT
5616 :L0O0P TO RESUME PROCESSIHG LIME
S613 p—- -

5628 WRMST J3SFE $A560

5625 ST $PA
5528 STY $7B
S&e35 JER #8732
Seda BCC EXAM
5645 JHMF £R480
5650 e

S655 ExAM PHF

5666 STw YOFSET
S665 STY MNOFSET
S6v JERE $A96E
SE7TS BEG YARMOO
5680 cLC

S&89 LDA $14

3636 ADC AUTSTP
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STA HEKSPC3
LDA #1535

ADC AUTSTF+1
STA HKSPC4
JER BIMASC

ST $C6
LDA #f28
STA $£8277. X

STA $B277 .~
<1 DE
BMI “AMOO
LDA BUFFER,X
STA @277,
BHE DX1
Y ——
WAMOO LD YOFSET
STx $7A
LDY NOFSET
5TY #7B

e o oot o smate e Goans Sesan b e Sabee Somte e Soome Sonen

}PONERS OF TEW FOR REMUMBER
:BIHASC ROUTIHE

[
>

TENS  .BYTE $01,$00,$0RA,$00
.EYTE $64,$00,$ES, $03
.EYTE $108,$27

:MESSAGES FOR PRIMTING BY

“ROM ROUTIME $ABLE

ERROR1 .BYTE $60
.ASC "ILLEGAL PARAMETERS"
.BYTE $60,$a6

ERRORZ .BYTE #$6D
«ASC "CAUTIOM-BARD LINES!"
.BYTE $6D, 00

AT

21
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‘Toolkit’ Basic Loader

19a
1681
182
183
194
185
1as
1av
188
118
111
112
113
114
115
11¢€
117
118
119
12@
121
122
123
124
125
126
127
123
29
138
131
132
133
134
1325
1z&
137
13&
129
148

C=8
RERD DO#
IF D#="ENDO" THEMN PRINT D%:EHD

O=VAL<D$>» : IFD<{O THEN 186
¥=K+1:C=C+D:POKE 34047+x .0

GOTO 1@1

IFC=ABS"D> THEHW 10908

PRINT "ERROR IN BLOCK " :INTOXA/64)
GOTO 1820

REM —-—-— BLOCK 1
DATRZ248.48,176,33,32,107,1583, 165
DATAZB 165,21 ,.133,75,134,76,32
DATHLIZ21.9,2408,30,.32,253,174,32
DATALGV . 1€9,165,26,166,21,1332,87
DATH134.88,756,53,123,162,11,108
DATARG . 2,169,160,162,08,133.75
DATAL134.7V6,169,232,162,3,.133,87
DATAL124,.85,165,.V3.5,.76.248,35
DATA-6475

REM ——- BLOCK 2

DATH3Z,90,134,.144 7,159,199, 150
DATAL3Y ,7VE.30,171,165,122,.72. 165
DATAL123,72,169,0,133,31.1635,43
DATALEE,44,133,2532,134,254, 1€, 1
DATARL1VY ,253,240,.124,168,.3,2080,177
DATAZSZ.240,.106.201 137,248,322 .2081
DATAL41 . 246,22 .201,155,.248,25,.281
DATALZE.248,21.,.201 167 .246 .17 . 201
DATR-2256

REM ——— BLOCE 3

DATARZ283, 208,227 .20, 177 . 253,248, 77
DATAZ61 .32 ,240.247,281 164,203,219
DATAR1&2.,0,134,.29,132,32.280,177
DATAZ53 .. 2681 , 32,248,247 . 136,260,177
DRTARZ253.2901,322.246,245,201 ,44 ,.240
DATALEZ,2081,.17V1.240,.14,281 ,42, 144
DATAR1Z2,2061,.52,.176,8,157.,8.1
DATAZ32,208,227V.230,29,138,248. 15
DATR-9328

REM ——— BLOCK 4



141
142
143
144
145
14€
147
148
149
158
151
152
133
154
155
155
1579
158
159
1c@
11
le2
1532
164
155
16
167
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DATR162,8,157,.08.,1,202,.134,32
DATAL32,.31 .32.247,.132,154 ,21 , 165
DATRZ22.283,133.240,145,154,1,177
DHTHJﬁd 178,136,177, 252,76,30,1232
DATRZZ, 189,134 ,.36,31,16,.7,169
DATAZ28.,166,137,32.28,171 .164 ,133
DATR123.184, 133, lh_'-b.99,1 S6 .32
DATAL4,.134,22,.96,1324,322.28.124
DATR-7228

FEM ——- BLOCE S
DATA32,3,.135,144 5,32 .226. 1.
DATAVE , 242,134,766 . 226,124,163,
DATAR1S8Z2,1.,1322,122,134,123,32,121
DATAB .75, 187 . 169,.169,8,133.78
DHTHID@'u 152.0,56,185,27,249
DATALIBS2 137 . 133,73 ,165,28,.2432,.128
ODATR1I37V ,144,5 1332,28,185,7V3,133
DATARZ7 ,.232,.283,.232,128.5.73.,.248
DATR-V3214

FEM ——-— BLUPV &

DATALI® 133,185 ,78,3,.483,.157,8
UHTH1,23U'-U'1-D 12 ,.48,.2,192
DATRZ 17,287,185 .27 .144 . 235,134
DATARARZ .36 . 189,255, 1323,20,13232,21
OATALISS .8V, 166, 38,133 ,27,.134,28
DATALES , 43, 165,44 ,13233,78,.134, 73
ODATA188,1.,177,73,.248,41 LMG, 208
DHTHI?T.TH;I?F,Ql,QBB,n,136,1??
DATAH-7282

REM —-—-— BLOCE 7V
DATARV3,127,268,248,34 ,24 165,27
ODATAL161 .7v5,.133,.27.165.28. 181 .78
DATAR1I3Z,28,17&6,.26,.168,1,.177,78
DATALVE . 136, 1-7,?5,-6 1Bu,1*4 169
DATR255,132,27V.132,28,133,.21,24
DATAZE . 150,37;156 E€8,133,.25.134
DATR26,1685,43,166,44 , 132,253,134
DATA2S4 . 16@,1 . 177 . 252,240, 24 2068
DRATR-V253

REM —--— BLOCK &

DATR288 ,1585,26.145,253, 13236, 165,25
DRTA145,252,24,165,25.181 ,75,.133
DRTAZS . 165,226,101 ,7Vs5,.133.26,1326
DATAL?V,252,170,13€,177 252,76, 181

LYL -
| A Y

m'ﬁ

213
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125
186
1387
18%
189
198
131
192
133
194
135
19s
197
138
133
2aa
za1
282
283
264
285
286
2av
2as
2a9
218
211
212
213
214
215
216
217
218
213
228
221
222
223
224
228
226
22v
228
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DATAL134.96.162,255,164 .92, 200,232
DATA182,0,1,145,.25%2,198.82,1¢
DATR245,96,32,.51,1685,24, 165,34
DATAL1BS,2,133,45,.165,35.1685,.0
DATAR-7VES8

REM ——- BLOCEK 2
DATAL33,46,96,56,1685,32, 229, 8
DATAZRE .2 .24,36,.133.83,.24,163
DATAZ253.181 ,91 ,.132,73,185,254, 185
DATAB . 132,.73,55,.1685,45,222,76
DATALZE, 82,165,486, 229,79, 15338,.30
DATALES .. 89,208 .2,198,.90, 132 .83
DATASE ., 165,91 ,229,83,13%3,21,163
DATASZ, 248,71 ,16,56,.24 165,38
DATAR-V38a

REM ——- BLOCK 1@
DATR1BL,V3,133,73,24,165,83,73
DATARZ5S.185,1.133.82,24,161 .78
DARATAHLZ23.88,165,73,.185,0,133,81
DATAR228,98, 166 .98, 164,822,248 .7
ODATALYY .. 78,145,888, 136,282,243, 177
DATAVE . 145,80,136,198,72, 123,81
DATRzZE2, 288,237 ,.56,36,56, 165,78
DATARZ22,8%,133,.80,165,7V9.233.,0
DATAR-VV14

REM ——— BLOCK 11
DATAL33,.81,160,8,165,.96,246,14
DATALVV ,VE,.145,80,200,.205,.249, 238
OATAVS, 230,81 ,202,208, 242, 166,33
DATARZ240.9.232,.177.78, 145, 86,208
DATRZzZBZ2 , 283 ,248,58,936,240,1132,144
DATA4,201 171,282,167 ,.32,167,169
DATAR32.19,156,185,95,1684 .35, 1332
DATARSG 132,81 ,32.121.8.2464,38
DATAR-8€89

REM ——— BLOCK 12

DATR2611 .171,208,84,22,.115,8,32
DATA1G7V . 1€9,.208,.7V6,165,20.5,21
DATAZBS8,15,56,165,45,233,2,123
DATH?E, 165,46 ,.233,.0,133,79,26088
DATRZE,32,13,166,144 .15, 160,86
DATALYY .95,133,78,200,177,95,13%
DATAV3 ., 246,34 ,176,8,165,95,164
DATAHSE ,133,78,132,79,165,.79,.197

-
o
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DATAR-&9385

REM ——- BLOCK 1=

DATAS1 . 144 .21 .288,.6,.165,. 78,137

: DATAS0,144,13,169,.8,133,.22,32
DRATARAZY,135,32,242,1324 ., 75,51, 166
DATALE2,11,108.0,%2,8,.160,255
DATAR48,.2,8,1€0,0,132,23 .44
DATR248.76.144 . 68,261 ,173,.203,64
DATA1&9,.1,.133,129,162,255,32,115
DATARG, 246,553,201 .1732.246,11,291
DATAR-5827

REM ——- BLOCK 14

DATR4Y . 246 ,7,232,157.,68,3,75

2 DATARS4,136,232.,.240,35.134, 32,36
DATAZY9,16,51,162,255,32,115.,6
DATAZ48,22,281 . 1732.248,11.281 ,47
DATHZ248 .7V, 282,157,188, 3, 75,35
DATALZE . 232,248 .4 .134 .82 ,.208,22

¥ DATAL1&3,.32,133,123,162,11.,188,98

DATA3,165,33,248.5,32.13,. 186
OATR-58%0

REM ——— BLOCK 15
DATARZZ,37V.137.V&,.115,8,189,32

2 DATH1IZ3.129,162.8,.133,332,.166,.43

m
o

U VI VI G I AN B CU G S I LN

W B B R AR Y]
Py = WO W

DATH1ES, 44,134 , 253,133,254, 1€0,1
DATALV7V, 252, 248,221,200, 177,252,132
DRTRS8V .288, 177V, 252,123,.88,182.,0
DATAZO8 . 177 ,.253,.248,78.221,60.3
DATARZ49 ., 10,224 ,8,.248,242, 154,25
DATALEZ,8.240,236.224,0,288,2
DATA-87S1

FEM ——-- BLOCK 1€
DARTAL122,25,282,.228,.32,288, 225,132
DATHSL . 26,29.16,3,32,6 137
DATR1ES,3%,268,4.238,33.208, 22
DATALIGS .87, 1597V .26, 208 . 6. 165,88
DATAR137V.,21,248.,19,32,19,186,32
DATA37,137,169,145,32,2168,.255,1&5
DATARSY ., 166,88,.133,28,134,21, 164
DATA21,203,.171.160,08.177.2532.178
DATAR-V323

REM ——— BLOCK 1V :
DATARZ8@, 177 ,253,75,146, 135,238,921
DATA32,3,.135.,.198,91 .144, 6.3
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PR=RNONOARL

JPIO PR PRI RPN
ORI Bl B BN B ¥ B Mt

294
235
298
297
29
293
peic o)

DATAZ21,137,76,242,134,164,25,162
DATAB,189.108,3,145,253,200,232
DATRZ228.,82,208,.245,96,169,54 ,133
DATAL,32.189,16€6,.169,55,133,1
DATRSE6 ., 208,17,168.,.1,182,.8,132
DATA43,134 .44, 152 ,.145,.43,32,242
DATA-?e21

REM ——— BLOCK 18

DATAL134 . 7E, 36, 166,96 ,240, 28,32
DATAR1G7 . 1€69,.165,20,168,21.141 .252
DATAZ . 142 . 253.3,5,21.,.240,11
DATALES . 110,162.137,141,2,3.,.142
DATAR2.3.96,169.131.162,164,141
DATAZ . 3.,.142,3,3.96,32,96

OATHISS, 134 ,122.132,123,32,115,8
DATAL44,3,V6, 141,164 ,.8.13234,321
DATR-6233

REM ——- BLOCK 19
DATAL132,.92,32,.1687 ., 169,248,422, 24
DATALES.,20.102,252,32,133.27.165
DATRZ1 .1802,253,3,133,28,32,228
DATA134,232.,232,.1234.198,. 169,32, 157V
DATAL12.2,262,.157,119.2.262,48
DATAS.189,8.1,137.119,2,288
DATARZ24S5 . 166,21 . 134, 122,164 ,.92,132
DATA12Z,48,.76,138.164,.1,8.18
DATAR-5346

FEM ——-— BLOCE 2@

DATRE . 189,808 ,.232,3,15,39,.13
DATAVZ.VE,VE,69,71.65,.76 .38
DATRSE ., 85.82,65,.V7.69,.84 .83
DRATARZ2 .5

0
-

o

24}

0

“

o

Ly
[

DRTH:S

DARTR-295S

DATH EHD

FEM —— EMARELE HEWM COMMANDS ——

AD=33313

Z REM - REHUMEBER
¢ FORE RD.2SS:POKE AD+1.132

REM - DELETE
FOKE AD+2.154:POKE AD+32. 135
FEM - SEARCH
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1887 POKE AD+4,.33:POKE RDO+5,136
1888 REM - REFPLACE

1962 POKE AD+E,28:POKE AD+7, 136
1a1@a REM - OLD

1811 POKE AD+E,.48:FOKE AD+3 . 137
112 REM - AUTO

1613 POKE AD+18,62:POKE AD+11.137
1814 EHD

The RENUMBER Routine

The RENUMBER routine is the largest section of the ‘Toolkit’ com-
mands code, and is also the most complex. In order to appreciate
how the renumber routine works it is obviously necessary to first
know how BASIC programs are stored in memory.

A BAsIC program is composed of lines, each consisting of binary
line numbers, tokenised keywords and ASCII characters arranged in
what is known as a linked list structure. That is, each BasiC line is
preceded by a two-byte binary link address which points to the
address in memory of the next line in the list. The end of a line is
indicated by a zero byte and the end of the program by a zero link
address. Each line has a structure like this:

] | ] | | ] | | So0

LINK LINE TOKENS/ASCII BYTES OF LINE END
ADDRESS NUMBER OF
LINE

Apart from the storage of text lines BAsIC also requires RAM space for
the storage of program variables. Numeric variables are stored
immediately after the BasiC text, working upwards, with array vari-
ables stored above simple variables. String variables are placed at
the top of memory and work downwards. Several Zero-page poin-
ters are required to keep track of all this stored data:

Pointer Stores

$2B,2C Start of BAsIC Text
$2D,$2E Start of Basic Variables
$2F,$30 Start of BASIC Arrays
$31,$32 End of BASIC Arrays
$33,$34 Bottom of String Storage

$37,$38 Top of BAsic Memory
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By altering the values of the pointers it is possible to protect areas of
memory from being overwritten by Basic. We have already seen an
example of this in lines 3090-3140 of the ‘Command Handler’. These
ideas may become clear if we take a look at a concrete example,
such as this BASIC program:

19 GET A$:IF R¥E="" THEH 1@
28 FRIMNT "RAT" :

38 FPRIWT "TRAP"

48 EHD

This is stored in memory as:

0801 17 08 —Link to line 20 ($0817)

0803 0OA 00 —Line number for line 10

0805 A1 —Get token

0806 20 41 24 —ASCIl* Ay’

0809 3A —ASCIl

080A 8B —IFtoken

080B 20 41 24 —ASCIl* a¢

080E B2 - =token

080F 22 22 20 —ASCI] #er?

0812 A7 —THEN token

0813 20 31 30 —-ASCIl’ 10

0816 00 —End of line 10

0817 25 08 —Link to line 30 ($0825)

0819 14 00 —Line number for line 20

081B 99 — PRINT token

081C 20 22 52 41 54 20 22 3B-ASCll‘ “raT"}’

0824 00 —End of line 20

0825 30 08 —Link to line 40

0826 1E 00 —Line number for line 30

0827 99 — PRINT token

0828 20 22 54 52 41 50 22 —ASCIl* “TrAP"’

082F 00 —End of line 30

0830 36 08 - Link to end of program
($0836)

0832 28 00 - Line number for line 40

0834 80 —END token

0835 00 —End of line 40

0836 00 00 —End of program
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The values for the BasiC text pointers will thus be:

Start of BASIC - $0801
Start of Variables - $0838

Designing the Renumber Routine

You may have noticed above that, while BaAsic line numbers are
stored as two binary bytes and are thus of constant length, line
references following THEN, GOTO and GOsus statements are ASCII
decimal digits and are therefore of variable length, depending on
the size of the line number. For instance, the line reference in GoTo
10 occupies two bytes whereas that in GOTO 1000 requires four.

This fact complicates considerably the writing of a full renum-
ber routine for the 64 because renumbering line references may
require that BasiC text be expanded or contracted depending on
whether the new (renumbered) line reference is longer or shorter
than that which it replaces. The actual renumbering of line numbers
themselves is in comparison quite a simple procedure and we can
safely leave that job until last.

The RENUMBER Algorithm
The sequence of operations for the RENUMBER routine is as follows.

1. Get in the (increment) and (start) parameters for the com-
mand and check the legality of these.

2. Next search through the Basic text for those tokens which
have an associated line reference that must be renumbered
e.g. GOTO, GOSUB, etc.

3. Having found such a token we get in the ASCII line reference
which follows and store this in an area of memory called
BUFFER.

4. The ASCI!I line reference is converted to a binary line number
(two bytes).

5. Search the BasiC text looking for this line number. At the start
of the search a counter is initialised to the value of (start) and
for every new line encountered in the search it is incremented
by (increment). The value of this counter on exiting the search
is then equal to the new (renumbered) line number.

6. Convert the value of the counter to an ASCII line reference in
BUFFER.

7. Expand or contract Basic following the token depending on
whether the new line reference is longer or shorter than that
which it replaces.
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8. Put the contents of BUFFER in after the token.
9. Rebuild the ‘chaining’ of lines via link addresses.
10. Go to step 2. unless the end of code has been reached.
11. Renumber program lines starting at (start) and in steps of
(increment)
12. Finished - return to BASIC via the CLR routine.

We will now describe the code which executes this algorithm in the
program.

1. Getin and test parameters (Lines 1160-1345)

Lines 1170-1230 are concerned with getting in the increment and
start parameters into INCRO and STRT. Two ROM routines are used
which you will not have met before: the routine at $AerD checks to
see if the next byte in the buffer is a comma. If not, then it causes a
syntax error. It returns via CHRGET with the character after the comma
in A. $A98 gets an ASCII integer number (up to 65535 decimal) into
$14,$15. If there are no parameters after the command, or only one,
then defaults of STRT=1000 (s03e8) and INCRO=10 ($¢A) are set up. At line
1325 the command parameters are tested to make sure they are
legal. This is done using the routine responsible for step 5. of our
general algorithm. In this case, if the counter overflows out of two
bytes then we reject the parameters and print error message 1 BAD
PARAMETERS, returning to BASIC via the ROM print routine at $AB1E. As we
have seen before, this routine prints a string of ASClI bytes, which is
terminated by a zero and the address of which is pointed to by the A
(low byte) and v (high byte) registers.

2. Search Basic for tokens with line references (Lines 1370-1675)

In Lines 1370-1400, having checked that our parameters are legal we
save the CHRGET pointer on the stack, since we will be altering it later
on, and initialise the error flag to zero.

We are now ready to start searching the BasiC text for tokens. In
lines 14701490 the text pointer CURR is initialised to the start of BasiC.
Lines 1500-1515 check for the end of BAsic, while lines 1525-1535
check for the end of a text line. In lines 1565-1625 succeeding bytes
are checked for the tokens for GOTO, GOSUB, LIST, RUN, THEN and GO.
(Lines 1645-1675). The Go token is a special case since we also have
to look in succeeding bytes for a T0 token, ignoring any spaces in
between. (The ‘Toolkit’ tokens RENUMBER and DELETE are not included
in the search since these are obviously not meant to be used from
within programs, although it is possible to do so.)
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3. Getin ASClII line reference (Lines 1710-1895)

In lines 1710-1745 spaces between token and line reference are
accounted for and NOFSeT holds the index v offset from (CURR) of the
last byte before the line reference. Lines 1780-1850 get in successive
bytes of the line reference into Burrer until a non-ASCIl numeric byte
is reached. If this non-ASCIl numeric byte was a comma or a hyphen
(minus) character then the flag FLAG is set (line 1860) to indicate an ON
GOTO, ON GOSUB, or LIST (number)-(number) type statement, i.e. a
statement where there is more than one number associated with the
token. In lines 1875-1895 a zero is placed at the end of BUFFer and the
number of characters (less 1) in the buffer is stored in space (which
indicates how much ‘space’ is available for the new line reference),
while the Y register offset from (Curr) of the next byte after the line
reference is stored in YOFSET.

We have now placed the line reference in BUFFer, and at line 1920
we JSR to RePLAC, which is the routine which actually renumbers the
reference.

4. Convert ASClI line reference to Binary (Line 2150)

The subroutine AscBIN (lines 2225-2250) performs this conversion
using the ROM routine at $A%B. You will recall from step 1. that we
used this routine to get in ASCIl parameters from the input buffer.
By making the CHRGET pointer point instead to the location of BUFFER
we can use it to convert our ASCII line reference into a binary line
number held in $14,$15. This is the reason why we placed the con-
tents of the CHRGET pointer on the stack in step 2.

5. Search Basic for line number in $14,$15 (Line 2155)

The JsR to LINCNT (lines 2600-2820) performs the search. It is easy to
locate the line numbers in BAsIC text, since they are offset two bytes
from the link address in each line. Our ‘counter’ is wkspc3 (low byte)
and wkspcs (high byte), and it is initialised in lines 2600-2615 to the
(start) parameter STRT. The text pointer srC is initialised from $28,$2C
(the BAsIC system pointer to the first BasiC link) in lines 2625-2630. In
lines 2655-2660 a check is made for the end of Basic (zero link
address). Assuming the end of BAsIC is not reached we INY until the ¥
register holds 3, and compare the current line number with $14,$15
(lines 2665-2705). If a match is found then exit at line 2815 with Carry
flag clear. If no match is found then we add the (increment) para-
meter INCRO to our counter (lines 2715-2750), get the address of the
next line in A and x, go back to the top of the loop at line 2640 and
start again.
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There are two possible error exits for the two types error condi-
tions. The end of BasiC being reached with the line number not
found, for example, if there was a GOTO to a non-existent text line
produces the first type of error. This is dealt with in line 2795 where
the counter is set to $FrFF (65535) and the error flag is set. The second
type is produced if the counter overflows. This is checked for by the
BCs in line 2750 and it causes a return with the Carry set. This later is
used in step 2. to check the validity of the command parameters. In
this case entry is at Testp, line 2580, instead of at LINCNT, where $14,$15
is set to $FFFF to ensure that we search the whole of BasiC. Returning
with Carry set indicates that the parameters were invalid in this case.

6. Convert wkspcs, 4 to an ASCII line reference in BUFFER (Line 2160)

The BINASC routine (lines 2310-2490) carries out this operation. After
step 6. the counter wkspc3,4 should contain the binary value of our
(renumbered) line reference. By successively subtracting from this
value decreasing powers of 10 (i.e. 10,000 . . .100, 10 etc.) we may
obtain the ten thousands . .. hundreds, tens, units digit sequence
for a decimal number which is easily converted to ASCII and stored
in BUFFER. There is a ROM routine which can perform this task, used to
output decimal numbers, but since it is very slow it is not used here.
The powers of ten required for our routine are stored in a ‘look-up’
table Tens (lines 5835-5845). In lines 2325-2385 these powers of ten
are subtracted in a loop from wkspc3s until it ‘underflows’,
whereupon the x register value of the index for the loop is ored with
#$30 to convert it to ASCII and then stored in BUFFER as a decimal digit
(lines 2415-2435). Lines 2395-2405 prevent ‘leading zeroes’ being
stored in BUFFER by setting the flag skc when the first non-zero digit
has been generated, so that if the digit is zero and src is also zero
then the digit is not stored. Lines 2455-2475 continue when the tens
have been subtracted to set the remainder to the units digit. Finally,
in line 2485, the length of the new line reference (the number of
characters in BUFFER minus 1) is stored in NBUFF.

7. Expand or Contract BASIC as required (Line 2165)

The routine expo at lines 3250-3880 carries out this procedure. Lines
3250-3275 determine whether any memory move is required by
subtracting the length of the new line number (from step 6.), held in
NBUFF from the space already available, which is stored from step 3.
in spACE. If the result is zero then no memory move is required and
we exit with Carry clear. If the result was not zero then the ‘dif-
ference’ between the two values is stored in pIFRNC. The memory
block that requires moving is from the first byte following the old
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line reference to the end of Basic. The start value of this block, src,
is calculated in lines 3295-3325 by adding the value of YOFSET (from
step 3.) to the text pointer Curr. The size of the block is calculated
in lines 3350-3405 by subtracting src from the End-of-asic (Start-of-
Variables) pointer $20,$2e and subtracting 1. In lines 3415-3420 vOF-
seT is updated for the memory move by subtracting DIFRNC from it.

Finally, in lines 3440-3450, depending on whether DIFRNC is posi-
tive or negative we either branch to a memory SHRINK routine or
carry on to the memory expAND routine to effect the actual move.
You may ignore line 3445 for now, as this is only used specifically
by the DELETE command. DIFRNC can never be zero for RENUMBER. If
you look back to the discussion of the ‘Wedge-MON’ memory
move command @T you will recall that we had to make a distinction
between moving memory from a higher to a lower address and
moving from a lower to a higher address, since different routines
were required in each case. This is exactly the same situation as
here. In order to protect data from being corrupted during the
memory move we must employ different routines for expansion or
opening up a space in the BAsiC text and shrinking or closing up the
program text.

Lines 3495-3675 carry out expansion. The source, srC, for the
memory move is calculated in lines 3495-3510 as equal to the start
location of the memory block plus the high byte of its size. The
destination DsT is calculated in lines 35203575 as equal to the srcC
plus the ‘absolute’ (2's complement) value of DIFRNC. The transfer
loop at lines 3610-3660 transfers size bytes plus size+1 pages of
memory from (SRC) to (DST) working downwards through memory.
The routine exits with Carry set.

Lines 3720-3880 carry out the shrinking of Basic. The source for
the move is the start of the memory block src while the destination
DsT is calculated in lines 3720-3750. The transfer loop at lines
3780-3865 transfers size+1 pages plus size remainder bytes from (src)
to (DST moving upwards through memory. The routine exits Carry
set.

8. Replace the contents of BUFFER after the token (Lines 2170-2185)

If no memory move was required in step 7. then the Carry flag will
be clear and we can skip step 9. and jump straight to the puTBAk
subroutine (lines 3070-3110) which replaces the contents of BUFFER,
i.e. the new (renumbered) line reference, after the token in place
of the old line reference. Note that the offset from (Curr) of the
first free byte after the token is derived from NOFsET.

If however the Carry was set after returning from the step 7.
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subroutine then a memory move occurred, and so we must must
pass on to step 9. after a Jsr to PUTBAK so that the BAsiC link addresses
can be rebuilt and the pointers adjusted.

9. Rebuild chaining of Basic and update BAsiC pointers (Line 2180)

If a memory move occurred in step 7. then the BasiC link addresses
around the point of the move will be disturbed and will need to be
rebuilt. Also the Start-of-Variables pointer (End-of-Basic) will need to
be amended. The routine TIDY (lines 3145-3185) performs these tasks
using the rROM routine for rechaining Basic found at $As33 and
deriving the new Start-of-Variables pointer by adding two to the
final value of that routine’s ‘text pointer’ held in $22,$23.

10. Go back to Step 2. unless end of Basic reached

Upon returning from RePLAC at line 1950 the position in the BAsIC text
is recovered from YOFSET so that (CURR),Y will equal the next byte after
the last renumbered line reference. In lines 1955-1965 we examine
FLAG. If set this indicates that more than one line reference is associ-
ated with the last token (e.g. for an ON...GOTO) so we go back step 3.
to look for subsequent line references. If clear then loop back to
step 2. and look for the next token.

11. If end of BAsic reached then renumber lines (Line 2035)

We should by now have renumbered all ASCII line references in the
BASIC program and it is only left to renumber the program’s binary
line numbers. This comparatively simple job is undertaken by the
RENUM routine (lines 2850-3040). This works in the same way as the
LINCNT routine of step 5. We initialise a counter wkspc2,3 with the
(start) parameter STRT. For every line number encountered we
replace the line number with the value of the counter and increment
the counter by the value INCRO. We exit when the end of BAsiC is
reached.

12. Check errOR flag and exit via CLR routine (Lines 2040-2085)

If the BAsIC text contained some non-existent line references then bit
7. of the error flag erRROR will be set. We test for this in lines
2040-2045. If there are no errors then we exit via line 2065, first
recovering the CHRGET pointer and then jumping into the CLr routine
which normalises all Basic pointers and returns us to Basic. If how-
ever there are errors then before exiting we print error message 2,
BAD LINES via the ROM routine $ABiE. The spurious line references will
have been renumbered to 65535. It would seem better to finish
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renumbering the program and then flag an error than to halt the
renumber process midway.

Designing the DELETE Routine

The DeLeTE command routine is shorter than that for RENUMBER, but it
utilises many of the RENUMBER subroutines. It is however complicated
by its range of possible command parameters. The basic idea of
DELETE is to find the addresses in memory of the BAsiC text lines
specified in the DELeTe parameters. This done, the SHRINK routine
from RENUMBER may move memory from the higher address down to
the lower address, thus excluding the range of lines in between.

Lines 3940-4050 are concerned with getting in parameters for the
command. The parameters for DELETE are similar to those of the BAsiC
LisT command. The possibilities are:

a) LINE deletes a single line

(b) LINET —LINES2 deletes arange of lines

() — LINES2 deletes from start up to LINES2
(d) LINE1T - deletes from LINES1 to the end
(e) - deletes from start to end

Our code hence has to be able to cope with these five possibilities.
It is worth looking at this in some detail. Line 3940 causes a syntax
error if there are no parameters at all, and we then proceed as
follows.

First parameter

In line 3965 the ROM routine at $A%B is used to get in the first
parameter as a binary line number in $14,$15. The $A9B routine cannot
cope with non-numbers so if a ‘minus’ token (a hyphen is tokenized
to the minus arithmetic operator) is in the buffer then the routine
will return $14,$15 equal to zero, effectively making the first para-
meter equal the start of the program and coping with possibilities (c)
and (e) above. At lines 3970-3990 the address of this line within the
BASIC text is placed into $5F, $60 by the ROM routine at $a613. This
routine searches through Basic until it finds a line number equal to
or greater than the value held in $14,$15. This address is then stored
in DsT, since it will be the destination for our memory move.

Second Parameter

At lines 40004005 a check is made for possibility (a) above, i.e. no
further parameters. If this is the case then we branch to lines
41204155 where the source src for our memory move is defined as
the address of the next line after that found in line 3970 (given by
$5F). If there are further parameters they are got in by lines
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4015-4050. If there is just a hyphen (minus token) then in lines
4060-4090 the source for the memory move is set to the End-of-BAsic,
taking in possibilities (d) and (e) above. If, however, there is a
second line number (possibility (b)) its address is pulled in at line
4105. Note that the routine at $A613 conditions the Carry flag depend-
ing on whether the sought-after line is found or not. If the line is
found then the routine returns the line’s address with the Carry set,
otherwise it returns with the address of the next line with the Carry
clear. The branch instruction at line 4110 copes with possibility of
being asked to DELETE a line that does not exist. Thus, if the Carry is
set then src will equal (s5F), and otherwise srRC=$sF,$60. Lines
41904220 reject silly entries such as DELETE 100-10.

The actual DELETE operation is effected by lines 4230-4250. We use
the routine from ReNUMBER called expo (lines 3145-3880) and enter it at
line 3350. expo calculates the size of the transfer block, size, and by
first initializing DIFRNC to zero control is directed straight to the
SHRINK routine (lines 3720-3880), entered at line 3760, which per-
forms the memory contraction.

At line 4245, after returning from the memory move, a Jsr is taken
to the TIDY routine from ReNUMBER (lines 3145-3185) to rebuild
‘chaining’ and reset the Start-of-Variables pointer. Exit is, as with
RENUMBER, Via the CIR routine. Lines 4260-4265 are the error exit, with
#$08 being the code for ‘syntax error’.

Designing the seArcH and RepLACE Commands

The seArRCH and RePLACE commands are fairly complex to program but
the seARCH code is similar to the (simpler) @4 (Hunt) command of
‘Wedge-MON'. repLACE has much in common with ReNUMBER and also
uses some of its subroutines.

The SEARCH/REPLACE Algorithm
Get Parameters

1. Place SEARCH string into BUFF1. Store number of characters in
SPACE

2. If rerLACE specified then get REPLACE string into BUFF2. Store
number of characters in NBUFF

Search for SEARCH String

3. Set (CURR) to start of BAsIC. Initialise PFLAG to zero
4. Initialisextozeroandvyto1

5. Store line number in sTRT

6. If End-of-Basic then go to step 28.
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7. Incrementy. If end of line then go to 27.
8. If (CURR),Y=BUFF1,x then go to step 11.
9. If x=zero then?7.
10. Load Y from wkspct. Set x to zero. Go to 7.
11. If x greater than zero then 13.
12. Store Y in WKSPC1
13. Increment X. If x<>SPACE then 7.
14. Store Y in YOFSET
15. If only SeArcH specified then 21.

Replace SeARCH String with REPLACE String

16. Increment YOFSET

17. JSR tO RENUMBER EXPO routine

18. Decrement YOFSET

19. Load Y from wKsPC1

20. Place contents of BUFF2 at (CURR),Y

Print Old Line ($14,$15) if Current Line Number (sTrRT) Different

21. If PrLAG>0 then 23.

22. Increment prLAG. Go to 25.

23. If sTRT=$%14,$15 then 26.

24. uisT the line with its line number in $14,$15

25. $14,$15=STRT

26. Load y with yorseT. Load x with zero. Go to 7.

Access Next Text Line

27. Set (CURR) to point to next line. Go to 4.

Exit at End of Search

28. If prLAG=zero then 30.
29. ust the line with the line number in $14,$15
30. Exit to BASIC via CHRGET

Some of the above might at first seem unnecessarily complicated,
but there are good reasons for this, however. For example, in the
search loop (steps 2. to 15.) when a match is found in the text with
the first character of BUFF1 the Y register offset in the text line is
stored in wkspc1 (step 12.) The reasons for this are twofold. Firstly, if
the command is a RepLACE then we know that the replacement string
is to be placed at (Curr)+wkspci. Secondly, if there is only a partial
match between the text and BUFF1 we want to re-start the search at
(CURR)+WKSPC1+1, and not at any later point. As an example, say our
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search string was /RAT/ and occurring in the BAsIC text was the line:
10 REM RRAT

There would be a match between the two R’s of RAT and RRAT but the
next R of the text and the A of the search string would not match.
Now it is important that we re-start the search at the second text r
and not at A, or we will fail to find the match.

Another area of complexity is that in steps 21. to 25. we LisT not the
line with the current line number but that with the previous line
number. The reason for this is simple. Take the useless BAsiC pro-
gram below as an example:

10 REM RAT RAT RAT RAT RAT
20 REM RAT RAT RAT RAT RAT

If we were to SEARCH for RAT with the command SEARCH/RAT/ it would be
most inconvenient if each line were to be LisTed five times, once for
every RAT found. We only ever need a line to be Listed once,
regardless of the number of times the search string occurs within it.
However, this device of only LisTing the old line numbers could
leave us with an ol/d line unusted at the end. This is checked for in
steps 28. to 29.

Note also that in step 16. we increment YOFseT before the Jsr to
expO. This is because the RENUMBER routine EXPO expects YOFSET to be
one greater than the SEARCH and REPLACE strings, just as it does the old
and new (renumbered) ASCII line references in RENUMBER. The next
section describes how this algorithm has been coded.

The searcH and RePLACE Routine
Get Parameters (Lines 4410-4625)

Although both the commands use the same code they are distin-
guished by the value of FLAG, which is set to s$FF for RePLACE and $00 for
SEARCH (lines 4350-4385).

You may find lines 4440-4445 confusing. By storing the value #$01
in location $81 the CHRGET routine is altered so that it no longer
ignores ‘space’ characters. This enables leading spaces to be incor-
porated in the search and replace strings. Before finally leaving the
routine at lines 4655 and 4710 CHRGET is restored to normal. The
string delimiter for SEARCH and RePLACE is the oblique stroke, ‘/ which
is one of the characters that is tokenised into a BASIC operator, in this
case as the division sign. Now, while the opening oblique in a SEARCH
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or RePLACE command will always be in token form it is necessary for
the succeeding characters to check also for the untokenized (ASCII)
oblique character. This is because a ReM or quotes may be included
in the command string, in which case subsequent characters would
not be tokenised. For example in SEARCH /ReM RAT/ the first backslash
would be the token (#$AD), but the second would be the ASCII
character (#s2F).

Search Loop (Lines 4830-4930)

This should be fairly easy to follow from the algorithm description.
Note in lines 4920-4930 how the differentiation between seARcH and
REPLACE is achieved by BiTing FLAG. This operation will result in bit 7 of
the p register (the Negative flag) being set if FLAG is #$FF, and the
branch will not occur.

Replace SEARCH String with RePLACE (line 4960)

The replace is carried out by the switcH routine at lines 5180-5250.
This is rather like a combination of the RENUMBER routines RerLAC and
PUTBAK.

LIST a BASIC Line (Lines 5070-5115)

This routine requires us to ‘bank out’ the BASIC ROM. You may
remember from the ‘Command Handler’ program earlier on in the
book that one of the initialisation activities of ‘Expander’ was to copy
the whole Basic interpreter from ROM down to the RAM area under-
lying the ROM. We also altered the rRaM version of the ROM LIST routine
by placing an rts at $A714. Now you will see the reason for this.
Altering the list routine in this way enables us to use it as a sub-
routine from our own programs to LisT individual BAsIC lines. Line
5070 prepares data for the ST routine by using the ROM routine at
$A613 that we met in DELETE to derive the address of the line contained
in $14,$15. The actual uisT is performed by usTiT at lines 5288-5305. In
order to gain access to our RAM version of BASIC we must first ‘bank
out’ the ROM version of BASIC by using the 6510 1/O port located at
address $01. Lines 5280-5285 switch out the ROM by writing #3536 to
address $01. A JSR to $A6BD performs the LisT and at lines 5295-5305 the
ROM BASIC is switched back in. After LisTing a line it is necessary to
cursor up one row to prevent blank lines being left between Listed
lines. This is achieved by outputting a <cursor up> character at
lines 5080-5085.
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Exit Routine (Lines 4655-4700)

Lines 46554670 are the error exit. Exit is back to BAsiC at line 4700
through cHRGET, since the CHRGET pointer is still pointing to an oblique
character, which would otherwise cause a syntax error.

The oL.bo Command Routine

The oLb command is a simple but very useful routine that will get you
out of a lot of programming scrapes. To understand how oLDp can
magically resurrect accidentally or inadvertently Newed BAsIC pro-
grams it is first necessary to know precisely what happens when you
type NEw:

1. Two zero bytes are placed in the first link address of Basic. This
address will usually be seso1, s0802 if you have moved the start of Basic.
You will recall from the ReNUMBER routine that a zero link address
indicates the end of BAsiC text. The 64 thinks no program exists.

2. The Start-of-Variables pointer at $2D,$2€ is set to the start of BASIC
plus 2.

3. The CHRGET pointer is set to the start of BASIC.

4. At this point the New command joins the cLR command.

To recover a Newed BASIC program it is necessary to reverse the first
two steps by rebuilding the first link address of Basic and resetting the
Start-of-Variables pointer to the end of the Basic text. We have already
seen how to do this in the TIDY routine of RENUMBER.

Before we jsr to TIDY, however, we must change the high byte of the
first link from zero or TIDY will not work. This is achieved in lines
5380-5385. After returning from TIDY we exit to BASIC via the CLR
routine.

The auto Command Routine

The idea of an AuTo command is that after any numbered line is
entered via the keyboard the next line number, equal to the pre-
viously entered line number plus whatever Auto increment value has
been set should automatically be printed to the screen. You should
remember that in connection with ‘Wedge-MON’ we discussed the
technique of wedging BasiC via the warm start vector at se302. This
allowed us to examine keyboard input before it was passed to the
BASIC editor. You may also recall how by writing to the Keyboard
Buffer at $0277 we were able to ‘instantaneously’ print characters to the
screen as though they had been typed in. Combining these two
techniques gives us an AuTO facility.
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Setting Up the Wedge (Lines 5455-5550)

This section of the code gets in the (step) parameter and sets up the
wedge. The step value is stored in AuTsTP which is located at so3Fc,
$03fD, a relatively safe area of memory. It is important to note that
since AUTSTP must be preserved any subsequent programs you write
must not corrupt these two memory locations if you want AuTo to
work. If AuTsTP is greater than zero then the warm start vector is
changed to point to line 5620. If, on the other hand, autste equals
zero then the vector is reset to the system default value and Auto is
disabled.

The Wedge Code (Lines 5620 — 5810)

Lines 5620-6545 duplicate the ROM code. Line 5620 gets characters
into the input buffer until a <return> is entered. In line 5635 the
first character in the buffer is retrieved by cHRrGET. If the Carry is
clear, i.e. ifitis an ASCII line number, then control passes to the rest
of the wedge at line 5655, otherwise we exit back to the normal rom
routine at line 5645. In lines 5655-5670 the CHRGET pointer is tem-
porarily stored and the ROM routine at $A%B is used to input the
ASCII line number from the buffer as a binary number in $14,$15. If
this is zero we immediately exit to line 5785. If non-zero this is added
to AUTSTP to produce the AUTO line number in wkspc3 4. At line 5715
the RENUMBER routine BINASC is used to convert wkspc3 4 to ASCII digits
in BUFFER. The x register value (from BINASC) is incremented twice and
then stored in the system variable $ce as the number of characters
currently held in the keyboard buffer. In lines 5735-5775 first a
‘space’ and then the contents of BUFFER are placed in the keyboard
buffer. Finally, in lines 5785-5810 the CHRGET pointer is recovered and
we exit back to the Rom code.



7 Extending BAsic:
Graphics and sound

This final chapter presents a further set of command routines for
‘Expander’, concerned with graphics and sound programming. SprITE
and kspriTe simplify enormously the programming of sprites, and
JSPRITE enables the movement of sprites to be controlled by a joys-
tick, with the speed of movement specified. SOUND similarily eradi-
cates the multiple pokes normally required to handle sound on the
64, enabling a single BAsIC instruction to produce a note or noise.
scroLL gives a left and right character scroll facility, and the group of
Hi-res commands allows simple drawing and plotting on the bit-
mapped screen. Finally, four functions for use with the spriTe and
JsPRITE commands are given. The ‘Expander’ program is then com-
plete, but as mentioned before, there is room for you to add your
own routines, as soon as you've finished the typing for this lot! As
usual, both assembler code and Basic loader versions of the routines
are given, and incorporation of the new commands into ‘Expander’
follows the same procedure as that given at the start of Chapter 5.

The spriTe and ksPriTE Commands

Anyone who has tried programming sprites in BASIC knows what a
pain it can be. To put a sprite on the screen requires at least five
pOkes, and possibly as many as eight or nine, depending on what
parameters you want to set up. Such a mess of pokes leads to a large,
slow and generally unreadable program. But help is on its way!

The ‘Expander’ sprite command spriTe allows multiple sprites to be
controlled easily and naturally by allowing you to enter all the sprite
parameters, or as many as you wish to enter, using only the one
command. In order to enable and position an expanded, multi-
coloured, sprite at given screen co-ordinates and deriving its data
from a given memory block you require only one Basic command!

SPRITE

Syntax: sPRITE (number), (x-position), (y-position), (block), (colour),
(expand), priority
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Where: (number) defines the sprite number
(x-position) defines the sprite’s horizontal co-ordinate
(y-position) defines the sprite’s vertical co-ordinate
(block) defines the memory block from which the sprite
derives its pattern information
(colour) defines the sprite colour (values > 15 enable
multicolour)
(expand) defines how the sprite is expanded: @=unex-
panded, 1=x—expanded, 2=y—expanded, 3=both x and
y expansion
(priority) defines the sprite’s display priority with regard
to background text. 1 specifies sprite has higher priority,
0 specifies lower priority.

This list of seven parameters may seem a bit daunting but luckily (or
by design!) not all of them have to be entered every time. The spriTe
command will accept as few or as many parameters, up to the full set
of seven, that you choose to set. Typically, the user would set up all
the parameters to initialize the sprite and then just enter as many as
are required to identify and position the sprite.

Example: sPRrITE 0 simply enables sprite zero without affecting its
other characteristics, while sPrITE with no parameters enables all
sprites. SPRITE 9,100,180 moves sprite zero to position 100,100 without
changing its colour, expansion, etc.

KSPRITE

ksPrITE kills or disables sprites. It takes only one parameter, which
identifies the particular sprite to be disabled. kspriTe with no para-
meters kills all sprites — they may be all re-enabled with spriTe.

Syntax: KSPRITE (number)

Example: ksPrITE 0 turns off sprite zero. Its position, etc., remains
unchanged and spriTe 0 switches it back on. A most important use of
KSPRITE if you possess a disk drive is to switch off all sprites prior to
disk access. It seems to be a quirk of the VIC chip’s Phase 2 DMA
(Direct Memory Access) that having sprites on the screen upsets the
timing for disk activities. The problem arises when the VIC Il chip
stops the processor momentarily so that it can access sprite data in
memory. | personally do not know what the situation is as regards
tape, but the best advice would seem to be to do a ksPRrITE before any
SAVEing or LOADiIng, and use SPRITE when you have finished, if you
want to ensure the integrity of your data.
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Potential Problems with SPRITE and KSPRITE

If the machine crashes, ‘warm starts’ or performs the wrong com-
mand then see the discussion of problems in the introduction to
Chapter 6.

If you go through the incorporation procedure and try the SprITE
command, with the result that the machine does not crash but you
get no sprites then you may have set the command parameters such
as to produce an ‘invisible’ sprite. This may be due to setting the
sprite colour equal to the background colour, the sprite data com-
ing from a memory block full of zeroes, or the sprite being posi-
tioned off the screen. To check, try the following statement:

SPRITE 0,120,150,0,7,3

This should produce a large yellow undefined sprite in the middle of
the screen under all circumstances. If this does not work then we
must assume some typing error. Go back and read the introduction
to the previous chapter. Now comes the code for the commands,

and then we will look at how the sPrRITE and kSPRITE commands are
coded.

The spriTe and kspriTe Code

Assembler Listing

1988 *=FIBOA
16818 e
1826 PTR =%1 :
1828 SFRIT =f8
1848 HYCOOR =%
1956 YCOQOR =f0337

1868 BLOCK =%$83338

1876 COoLOUu =f@a339

198 EXPAM =%$B823A

18908 e

11880 ;—-KILL SPRITE{S)—-—

1118 :IF NO PARAMETERS THEN CLERF

1128 :SPRITE-ENABLE REGIZTER ELSE MASK
112@ :0UT BIT CORRESPONDIMG TO SPRITE
1140 e

1158 KSPRI BHNE KSEL

116@ LDR #$806

11ve BE® KALL

1188 j————mm— e



1196a
12088
1210
1228
1236
1240
12568
1268
12va

28
1238
1z68a
1z1@
1328
13z0
1248
135&
1368
13vea
1388
1326
1408
1416
1426
1436
1440
1456
1456
147e
1480
1428
15088
151@
1526
153a
1548
1556
1568
1576
15828
1598
1e@a
lela
1528

K3SEL JSR $BVSE
TA
ANLD #$87
TH*
LOA MSK .. X
EOR #¥FF
AND #0615
KALL STA #DB1S
RTS

:——SETUFP A SPRIT
:GET IM SFRITE N
2CORRESFPOMDING E
;ENABLE REGISTER

AMHD #£87
STA SPRIT

LDA MEK.,¥
ORA $D@1S
SPRIZ STR $Dais
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oo o s com oot e (e s

Eom
UMBER AHD SET
IT IN SFRITE-

:——GET IM SPRITE

JER CHKIT
JSR #ADESA
JER #BVFV
LOAR #14
LD $15
STR XCOOR

¥ POSITIOM-——

ST XKCOOR+1

B o o e s e v e o e e e e

:——GET IM SPRITE

Y-POSITION——

JER CHEIT
JSR ¥BVYIE
5Tx YCOOR
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1638 e

1548 :~-FEED PARAMS TO %IC II CHIF —-
1656 :THE ¥ AMO Y POSITIOWS ARE STORED
15668 :I1W THE CORRECT REGISTERS

16V8 e e

1628 LDAR SPRIT

1620 ASL A

1788 TR

1v1ie LOA XCOOR

eds] STR #Dora, -

1728 LOA YCOOR

1v4a STH #Doal , X

1758 LOx SPRIT

17ve8 LOA MSKE ,«

1vva LOY HCOOR+1

17&8a BER® HOTH

1798 OrRA $¥DB16

1588 BHE COHZ

121a HOTH EOR #¥FF

1228 AND #¥D@16

1238 CONE STAR $Da1B

1848 e

1258 :~-GET IH MEMORY BLOCK--

1868 e

128va ’ JSR CHEIT

1280 JER $BVSE

1890 STx BLOCK

1288 e

131@ :—-STORE ELOCK AFTER SCREEWH--
1228 :THE SCREEHM RODRESS IS DERIWED
1228 :FROM THE “IC II AND CIA REGISTERE
1948 :THAT DETERMIHME ITS POSITIONS
1958 :ELOCK I3 STORED AFTER THE SCREEHN
13649 :H THE SFRITE POIMTER
18978 e

1288 LOA #0213

1998 AMHD #$F0
2888 LR A
Zela LSRR A
2828 ORA #$03
28aza LDY #$F2
2848 5TY PTR
2e5e STA PTR+1
2868 LOA #0Daa
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2158
2lg8
21vea
2188
219@
e 1
2218
2228
2228
22448
2256
2258
z22va
2286
229
2288
2318
2326
2328
2348
23568
2366
227a
2389
2Z98
24808
2416
2428
Z243@
2448
2458
24689
247a
24388
2436
2588
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AHD #F6832

EQR #3832

CL.C

ROR H

ROR A

ROR H

DRA PTRE+1

STA PTE+1

LDY SPRIT

LOA BLOCK

STAH CPTRY .Y
:——GET SPRITE COLOUR-——
sCOLQUR IS STORED IM CUORRESPOMDOING
:SPRITE COLOUR REGISTER/ZIF COLOUR
IS T #$8F THEN CORRESPONDIHG
:BIT IN MULTICOLOUR REGISTER SET

JER CHEIT
JER $BVYSE
THA

LOx SPRIT
STAR #0027V .¥
CMF #$10
BCC HMMCOL
LOA MSK . ¥
ORA #081C
STA *£DB1C
BHE ExPR

-

HMCOL  LDA MSK .=
ECOR #$FF
AND $¥DE1C
STA $Dbalc

2=—GET IN “SPRITE EAPAHMD" FARAMS——
:GET IH PARAMETERSIF BIT @ IS SET
sTHEN SET CORRESPOHDING EBIT IH
AHORIZOMTRL EXPRAMD REGISTER ELSE
:RESET IT
EXFA JESR CHKIT

J5R $B7TIE
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25108 ST¥ EXPAN

2528 LD¥ SPRIT

253a LDA #$01

25408 BIT EXPAN

2550 BER VERZ

2558 LDA MSK . X

257a DORA $0@17

2584 STR $Da17v

252a EBHE HORZ

2600 e

2618 VYERZ2 LDA MSK.X

2628 ECOR #$FF

26308 AND $0817

2640 STA $#Dai1v

26560 —-— -

2668 :IF BIT 1 OF EXPAND PRRAMETER SET
267v@ :THEN SET BIT IN WYERTICAL EXPAHD
26860 ;REGISTER ELSE RESET IT
2690 P
278a HORZ LOA #%02

2716 EIT EXPAN

2720 BE& HORZZ

=vza LOA MSK . X

2744 OrRA $0DB1D

27Voa STA $Da1D

27sa BHE PRIOR

2770 e

2788 HORZZ LDA MSEK.,.X

2796 EOR #$FF

2288 AND $0D@iD

2216 STA $DG1D

2838 :~-GET IWN DISPLAY PRIORITY--
2832 :IF=1 THEN SFPRITE HAS PRIORITY
2834 (ELSE IF=8 TExXT HAS PRIORITY

"
0
(8]
[\

2840 jom———— -~
2850 PRIOR JSR CHEIT

2860 JSR $BP9E
28ve LDY SPRIT

2859 “A

2896 AND #$01

2891 BNE DOMIN
2892 LOA MSK,Y

2893 ORA $D@1B
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2894 ENE COALES
2895 j—————————e

26896 DOMIN LDA MSK,Y

2897 EOR #$FF

2966 AND $0G1E

2910 COALES STA $DO1E

=1 3 1 (R T
2912 ;—-EXIT TO BASIC—-
=2} B T ——
2914 RTS

o= - O —

2968 ;-~CHECK FOR ENHD OF COMMAMD--
2978 :IF MO MORE PARAMETERS THENW FOF
2984 :STARCE AND RETURM TO BRSIC ELSE
29%a JUMP TO COMMA HRNDLEER

3806

3B1@ CHKIT JSR $8879

IE28 BEQ BYPARS
3036 JMP $REFD

T

38560 BYPAAS FLA

IB60 FLA

307a RTS

s =1 T

3896 ;~-BITMASKS—-
3188 :YALUES CORRESPOMD TO 2  WHERE ¥

2116 = SPRITE {8-7>

2128 - -

3138 MSK -.BYTE $@1 .$082 . %64 .$68
3148 .BYTE #18,%20,$40,%c0
3158 p——- ————— e

BASIC Loader

188 C=d

181 RERD D#

132 IF O$="EHD" THEH PREIHWHT D#$:EHD

192 D=VAL-DF> :IFDLE THEH 165

184 ¥=x+1:C=C+D:FOKE 35333+4,

185 GOTO 181

1aé IFC=ABS<0O» THEHW 1884

167 PRIMT "ERROR IN BLOCE " IMTI{XA/640
188 GOTO 198
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FREM ——— BLOCEK 1

DATARZEE . 4,165.8.248,15,322,152
DATA1S2Z., 3&,41..,1“@ 182 .64 ,.148
DATATZ. 255,45 ,.21.,.208,141 .21, 268
ODRTASE . 2&3 . 4, 1b°,255.23 SlE. 32

ODATALSS, 183,138,417, 141 .52, 32

DATALVE . 183 .64, 146 13,.21,2858,.141
DATHZ1 282,32 .53, 148,32, 132,172
OARATA3Z .. 247, 183, lhu,g@ leg. 21,141

ORATA-F152

REM ——— BLOCE 2
DATASZ2,.3.142,.54,3,.32,53. 148
DRTAZ2.152,.183,142,55,3,.17 u,SZ
OATAZ,18.17@,173,52,3,157
DATAZBS, 172 ,55,3,.157 I.ZBQ 1?
DATARS2.2,.139,54 . 148, 1.;,44 =
DATA240.5,13,16,202,288.5,.732
DATAR2ZS5S .45, 15.2@8 141 ,.18,2882,32
DATASZ.146,32,158,.183,142 .56 .2
ODRTH-5355

REM ——- BLUEK =
DATALIV3,.24.2028.41.248,74,74 .2
DHTHG.lSU._48 lgé,_@ 2,221,173
DATRE . 221 .41 ,3,732.3,24,186
DﬁTHlBG,l@E,S,El_l 9,21 172,5
DATAZ,173,.56,3.145,28,32,53
DHTH14B,32,158,183,14°.174,52,3
DATR1ISY . 39,288,281, 16 144.11.13%
DATASY , 1481, 13,28, 268,141 .28 ,.288
DRTA-5930

146 REM ——-— BLOCK 4

141 DATARZ6E,11,.189,84,148,73,255,45
142 DATRZE.208,141, 2u;;8u.22'53r14a
143 DRTH32,.158.183,.142,52,.3,174 .52
144 DATARZ,162.1.44,58,32,.248.11

145 DATHIBS . 64,148,13,232,282,141 ,23
14 DATAZAE.20E.11,.189,.64,140,.732,255
147 DATR4S,23,288 141._a,_88 162,2
148 DHTH44,QU,Q,Q4B,11 189,864,148
145 DRATAR-5671

158 REM ——- BLOCK S

151 DATAH13,.29.,2838,.141 ,.23,283,2838,11
152 DATA129.64,146,73,.255,45,.22,208
133 DATAH141 ,.29,.2082,.32,.52,148,32,158
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134 DATAL123.172,52,.3,138,41 .1 .2688
13535 DATARS, 135,684,148, 132,27 .2088 268
1536 DATAS., 1ud;b4 148,732,255 .45,27
157 DATRZGE., 141,h.,_@ LDE,.32,121 .6

152 DATAZ246.2.76 5&,.1’4,1@4,1@4,96
132 DATR-£974
158 REM ——— BLUOCK &

161 DATAL.2,4.3,168.32,64.122

162 DATA-255

163 DATA END

1668 REM —- ENABLE HEMW COMMANDEZ ——
1881 RAD=2323Z

1882 REM - SPRITE

1863 POKE AD,.24:POKE RDO+1.133

1664 REM - KSPRITE

1685 FOKE AD+2.255:POKE AD+Z2.13¢&
106 END

The ksprITE Routine (Lines 1150—1270)

A parameter is stored in x by the routine at $879e. Lines 1200-1220
transfer it to A and then AND it with #$07, thus masking our values
greater than seven (since only the bottom three bits of the para-
meter value are now used to identify the sprite). This value is used to
index the bit mask table mMsk (Lines 3130-3140) and find the mask
corresponding to that sprite. The bit mask is equal to 2, raised to the
power of the sprite number. In lines 12301270 we ‘flip’ the mask by
eORing the mask value with #sFr. This has the effect of turning all the
1’s to @’s and vice versa. ANDing this binary pattern with the Sprite
Enable register, location $pe1s, causes the bit corresponding to the
parameter sprite to be turned off and consequently that sprite is
selectively disabled. If there are no parameters for ksprITE then the
Sprite Enable register is simply zeroised, disabling all sprites.

The spriTE Routine

Enable Sprite(s) (Lines 1340-1460)

The sprite parameter is pulled in and used to select a mask from the
MsK table which is ored into the Sprite Enable register at spe1s. The
sprite number is stored in spriT. If there are no parameters then the
register is loaded with #sFF and all sprites are enabled.

Getin X and Y Positions (Lines 1500-1830)

In lines 1500-1620 the sprite’s position parameters are input and
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stored in XCOOR, XxCOOR+1 and YCOOR. From now on, before any
parameters are input the end of the input stream is checked for by
cHkIT (lines 3010-3070). This checks first to see if the buffer is empty,
in which case it pops the stack and returns to BasiC. If there is further
data in the buffer it returns via the comma handler routine at $AeD.
In lines 16801830 the position parameters are written to the VIC Il
registers which correspond to the selected sprite. These are indexed
by the sprite number from sprit. If the high byte of the sprite X
co-ordinate position is set then the corresponding msk value is ored
in to Position register $Do10, else its 2's complement form is ANDed
out (lines 1810-1820).

Get In Sprite Memory Block (Lines 1870-2170)

In this section the sprite memory block is input and stored in its
position after the screen table. Since the screen can be moved
around within a memory bank and different memory banks may also
be selected (see below, under the BITMAP command) it is not suf-
ficient to assume that the screen will be at seseo. In lines 1980-2170 a
pointer to the end of the screen is calculated in (PTr) from the Screen
Address and Bank Address registers $pe18 and sppee. The sprite
number from sprIT is used to v index PTR and select the correct sprite
pointer for the sprite concerned.

Set Sprite Colour (Lines 2260-2410)

The sprite colour is stored in the Colour Register $pe27, indexed by
the sprite number from spriT. Colour values greater than 16 cause
the bit corresponding to that sprite to be set in the Multicolour
register $Do1C, else that bit is cleared.

Set Sprite Expansion (Lines 2490-2810)

Lines 2530-2540 and 2700-2710 respectively test bits @ and 1 of the
sprite expansion parameter input in lines 2490-2510. On this basis
the corresponding bits in the Horizontal and Vertical Expansion
registers $De17 and $D01D are either set or cleared.

Set Display Priority (Lines 2850-2910)

Lines 2850-2910 clear or set the respective bit corresponding to that
sprite in the Sprite-Text Priority register $pe18, depending on
whether the priority parameter was 1 or zero.

Exit back to Basic at line 2914.
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The jspriTE Command

The jspriTe routine, which illustrates use of the BasiC Interrupt and the
reading of Joystick data is an exciting command for the reason that it
makes available to the BAsic programmer a facility that would nor-
mally require a total machine code implementation. JsPRITE is meant to
be used in conjunction with the spriTE and ksPRITE commands of the
preceding section and its function is to link the movement of
designated sprites to the movement of Joystick 2. That is, once a
sprite’is so linked it will move right when the joystick is pulled right,
and so on. Up to eight sprites simultaneously may be so linked and
command parameters include ‘wall’ limits for each sprite and the
overall speed of movement. By using JSPRITE it is possible to move
sprites smoothly around the screen far faster than would be possible
from BasiC, allowing the development, for instance, of Basic games
virtually indistinguishable from their machine code equivalents.

JSPRITE

Syntax: JSPRITE (number), (low x—limit), (high x—limit), (low
y—limit), (high y—limit), (speed)

Where: (number) defines the sprite number
(low x—limit) defines the leftmost boundary of the screen
window for movement
(high x—limit) defines the rightmost boundary of the
screen window for movement
(low y—limit) defines the topmost boundary of the screen
window for movement
(high y-limit) defines the bottommost boundary of the
screen window for movement
(speed) defines the speed of sprite movement

JSPRITE with no parameters ‘un-links’ all sprites, while jspriTe x unlinks
sprite number X. The speed parameter is optional and defaults to a
value of 16666. It is really an ‘inverse speed’ since lower values speed
up movement while higher values reduce it. It is only possible to set
one overall speed and that set for one sprite applies to all. When
changing the speed parameter you will notice the cursor flash rate
and the speed of cursor movement will vary accordingly. The reason
for this will be made clear below. While speed is optional it is
necessary in order to link a sprite to define all four limit parameters.

Example: SPRITE0,100,100,0,7,0
SPRITE 1,100,100,0,7,0
JSPRITE 0,11,331,39,239
JSPRITE 1,11,331,39,239
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These BAsIiC statements will enable sprites 0 and 1 and link them to
the joystick and they will observe the normal screen limits. See the
section on Functions later in this chapter for the xsprx) and YsPr(x)
functions, which further enhance the usefulness of JsprITE.

Potential Problems with JSPRITE

What was said in this regard for the spriTE and KsPRITE commands
applies equally for jspriTe. Additionally, as we shall see, jspriTE works
by ‘piggy-backing’ on the system Interrupt Request (IrRQ) interrupt,
but makes no allowance for other user IRQ wedges. So if you are also
using the IRQ for another program it will have to allow for jspriTe or
strange things could happen. We shall look in detail at how jspriTE
works after giving the code for the routine.

The jspriTe Code

Assembler Listing
1888 ¥=$2008

1818 —_ ——
16268 SFEED =$833&:%
1628 :

1848 :~-GET IW SPRITE PARAMETER—-—
1856 :IF HO PARAMETERS THEW CLEAR
1868 : "ENABEL” BYTE AMWD LIMITS TABLE.
1678 :RESTORE DEFAULT IR® YECTOR ANDO
1888 :IRE RATE/RETURM

1898 e —_— -
1196 JSPRI BHE OK1

1118 e

1128 LD¥ #$26
11za LDA #<+66
1148 STC STA ENABEL., X
115@a DEX

1166 BFL <TC

1178 s

1188 SEI

1138 LOA #3321
1288 LDY #$EA
1218 STA $8314
1228 STY #8315
122@ LOR #£1A
1248 LOY #%$41

1256 STA $0Ce4



izen
12ve
1288
1296
i360
13108
1328
1338
1248
1356
1368
1378
1380
1298
1468
1418
1420
1436
1440
1456
1458
1478
1436
14986
158e
1516
1526
1538
1548
1556
1568
1578
1588
153@
1580
16168
1620

1636 U

1548
1656
lag@
1&va
1630
1€3@
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STY $DCES

CLI

RTS
AMULTIPLY SPRITE HUMEER BY 2 RHD
SSTORE IN MSPRASMULTIPLY BY & ARMD
STORE IM NSPRESA

JSR
TxH
AHD
ASL
S5TH
ASL
CLC
ADC
STR

1t o

)

K1

$BVIE

#5097
A
MSFR
A

H3FF
NSFPRBE

ceoes e e semen o e deere coten Saest Moo St SO Mo St Semet SOseS B0wh o Gurn S4eew couse $0000 e

f=—UHLINK SPRITE-~
:IF HO FURTHER PARAMETERS THEN
;UNLIHE SPRITE ’
P s e e e e e —
JER #8073
BHE 0Kz
LOx NESPE
LODA MAASK ,
EOR #$FF
AMO ENABEL
STA ENAREEL
RTE
2——GET IM ¥-LIMITS-—
2GET IN LOWER x LIMITASTORE IN
LIMITS TRELE AT LIMITS,LIMITS+1
2 C+EPRITE HUMBERHS )
FAEFD
FR0OE
$¥BVFV
NZPRE&
¥14
LIMITS.,Y
%15

JSR
J5R
JSK
Lov
LOA
STH
LDA

245
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178a BER STLx

171e LD NSPR

ivze LDAR MARSK .

1738 =TLH STA LIMITS+1,Y

1748 - —— ——————————

1758 :ETURE UFPER ¥-LIMIT AT LIMITS+Z2.
1768 :LIMITS+32 C+SPRITE NHUMBERMS)
1Vv78 e e e

1786 JER $REFD

1798 JER #ADSA

1886 JSR $BVF?V

1816 LDY NSPRBS

182a LDA #£14

1836 STA LIMITS+2.Y

1848 LDOA #$15

1856 BEG STHx

1268 LD NSPR

12ve LOA MAASE ,

1886 STHX STA LIMITS+E,Y

1898 p———mmee ——— o e e

128 :~~GET IN ¥ LIMITS~-

1916@ :STORE LOMER Y-LIMIT AT LIMITS+4
1328 ;'+oPPITE NUMBER¥S >

1938 ———- ——— ——

1246 JSR $REFD

133@ JSR $EVSE

1966 LOY NSPRB&

1878 T+A

1384 STH LIMITS+4.Y

1998 ;- -

2880 :STORE UFFPER % LIMIT AT LIMITS+S
2018 ;(+SPRITE NUMBER¥E)

2R2E e e e e

2834 JSR $AEFD

zZB4a SR $BTYOE

2856 LOY HNSPRBS

28608 THA

28vea STA LIMITS+S.,Y

288a @ - — -

28968 ;--GET IH IRG RATE--

2180 :IF HO PARAMETER THEN DEFAULT RATE
2118 :$411A (16665)1/STORE IM SPEED.,+1
z1z@ ; _—

2138 LDx #£1R
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LDY $#$41
JSR #0679
BEG DFL
JSR $AEFD
JER $ADSA
JSR $BFFV
LD #14
LOY $15
OFL STx SPEED
STY SPEED+1

:——ENABLE JSFRITE--

P o s et canen tnans Genee S Soe2e G e e Shene Seats St S Saee Saaa Same rome Poee Gvetd Soma

“8

:IF ALL PARAMETERS ENTERED THEN
:LINK SPRITE TO JOVSTICEK BY
2SETTING BIT IN ENABEL BYTE

LD¥ NSPR

LDA EMABEL

OFRA MAARSK .«

STR ENABEL
:——RE-YECTOR IRQ INTERRUFT--
:CHAMGE IRR WECTOR TO POINT TO
2O0UR CODEAIMITIALIZE TIMER WITH
2SET SPEED

o %

LOA #CIRG
LOY #>IRE
STR #6314
STY #0315
LOA ZPEED
LOY SPEED+1
5TR $DCa4
STY *DCes

:——READ JOYSTICK——
:MASK OUT UPPER 4 BITS AMD FLIP
:LOKER 4

IRG LOA $DCvo

.
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258a
2590
26040
2a18a
2624
2634
2544
2650
2660
267VE
2680
2626
g 1<)
2v1a

2968
297a
2584
2996
petulaic)
3810

)
,
-
r

A
EQR
BER

#$0F
#£8F
EXSH=

F——SETUFP INDIRECT SUBROUTIMHE--

SMULTIPLY JOYSTICK WALUE BY 2 AND
:USE IT TO IMDEX RACTIOMW THRELE OF

"DIRECTION-HAMDLIMNG”

ROUT INE

ADDRESSES/STORE ADDRESS IM
RUTEEH+2 , +3

T o o oo o ot e e G G s S G e Senne s S St o St S S

5
R

8 e %z ‘vs ‘s

SPRITE.

ACTION

ACTION+1 ¥

e
.

RUTEEHN+1
RUTEEN+2

OTHTI

NG

~-SFRITE MOVE SELECTIOM LOOF—-
ELECT WHICH SFRITES

T0 MOYE BEY

EMABEL BWYTE - CARRY SET

sIMDICATES MOWE CORRESPOMDIMG
CAREY CLEAR MEAMS DO HOT

MOVE. /EXIT AFTER 8 ROTATES.

b

SH

HE
,

sMULTIPL

o'

XY

r

LODP

CLC
LD
DEX
BMI
ROL
BCC

#$08

EXSH
ENABEL
SHLOOP

2 AMD

B'Y

& CIN

e

Y LOOF COUNTER BY 2 <IM

THHA
FHA
ASL
THX
STA
RSL
CLC
ROC
TARY

A

HSFRBE
R

NSPRBE



3626

saze
30848a
3856
2060
36va
Jasa
zZ8926
zlaa
i@
=120
2136
3148
3158
2168
2178
2138
=196
Z200
3216
3220
3239
2240
3259
264
32ve
22380
3290
3306
Z31@a
3320
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——MOVE SPRITE IW GIYWEN DIRECTIOM-
:JSR TO SELECTED ROUTIHWE TO MOWE
:SPRITE ¥ IN THE JOYSTICK DIREC.

JER RUTEEN

58 w8 ‘se M3 ‘vm

rPECU”ER LOOFP COUNTER FPUH STACK
SSET CRRRYA JUMP BACK TO TOP OF
H LUUF’f
PLH
TH
3EC
BCS SHLOOF

——EXIT LOOP —~
sROTATE EHAEBEL OHCE MORE TO
*RESTORE “ALUE.

:——TDVSTILF DIRECTIOM ROUTIHES--
$IF LIMIT IS REACHED THEN DO NOT
SMOVE

HOR LOA *Doa1l .=
CMP LIMITS+4,
EER MR-

DEC s$Dhgal .=

o

249
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3460 SES JSR S0u

347a - et o e e
486 ;-—MUVE EAST--

2490 pm e
35068 EAS LDA #D80a.x
351a CHMP LIMITS+2,Y
3526 BHE ECOM

3538 LOA #0818

3548a AND MAASK , =
3558 CHMP LIMITS+3.Y
2564 BE® ERX

3578 e

358@ ECOM INC $DOBa,
3598 BNE EAX

3689 LOA MAASE ,x
3618 ORA #%DO18B

36z24a STA $DB16

I638 ERx RT3
2640 p-—

36506 ;——MUJE SOUTH-MEST—-
3660 e e e

2eva SMWE JSE MWES

3680 -

3&96 —-MOVE SOUTH--

ZFea - - -

IFvia sou LDA #Doa1l .-
3vza CHMP LIMITS+5,Y
I7v3a BEQ SRX

3v48 IMC $DB@1 .~
3758 SRX RTS

3IVED ——

FvVva ;—-MOVE NORTH-WEST--
avse - -
3V98 MHUWE JSR MHOR

3868 : -

Zg18 —-MOWE WEST--

3828 » -

3826 MWES LOR $Dosa.
3844@ CHP LIMITS,?
3850 BHNE WCOH

3866 LDA $D918&
3878 AND MAASK . =
cioicic) CMF LIMITS+1.,Y

sE2a BEG MWEX
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2900 pemmeeee e

331@ bWCoM LOA $Dogi: .,

3920 BHE WCONZ

2938 LDA MARSK . X

324@ EOR #$FF

3354 AND $D&19

3260 STA $Dho1e

397@ WCOM2 DEC $D080 ..

3988 MWEX RrRTS

329@ - ————————— e

4000 :—--2 BYTE BIT MASK TARABLE-—-
4010 P

4828 MAARSK .BYTE $01.,$00.%0z . $068
4Q30 .BYTE %084 .%960 %02, $06
484a CEBYTE £10.%06.$20, 560
4358 -.BYTE #4089, $80,$230, 08
4A50 P

4G7v@a :~-TABLE OF DIRECTIOW AORRESSES-——
4080

439G ACTIOH .HORD $06G@a ,HOR , SOU
418a - WORD $£800& , WES . HHE
41180 <HORD SHE ., #9006, EAS
4126a .WORD HES . SES

4130 o

4146 ;--STORAGE SPACE--

4150 P

4
4160 RUTEEH JMP $6000
4178 WSPR  MOP
4180 NSPRBE HNOP
4190 ENABEL BRK
4200 LIMITS #=¥+$30
Y - S ——

BAsIC Loader

186
181
182
18z
184
185
1@e
187
1@e

C=@

REARLD D%

IF D$="END" THEH FRIHT 0¥ :EHD
D="AL 0% : IFDO<@ THEH 186
M=H+1:C=C4+0 :POKE 38835+, 0

GOTO 11

IFC=ABS.D» THEHW 10&

PRIMT "ERROR IH BLOCEKE " :IHTCXA€4)
GOTO 196

251
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118 REM ——— BLOCK 1

111 DATARZBE,.332,162,40,169.8,157.131
112 DATA142,.282.16,2560,126,169,49.168
112 DATARZE4 141 ,20,3,140,21,3,162

114 DATAZE . 168,655,141 ,4,220,148.5

115 DATRZ20.88,36.32,158,.183,138,41
116 DATAT . 18,141 ,179.142,16.24 . 1682

117 DATARLITI 142,141 ,180,142 ., 32,121 .8
118 DATAZBE,15,174,.173,142,189,.138,.142
119 DRATHR-V252

1286 REM ——- BLOCK 2

121 DATAVZE,.255,45,181.142,141.181,142
122 DATAZE,.32,.253,174,32,138.173,32
123 DATAZ247 ., 182,172,130, 142 165,28, 133
124 DATALBZ . 142,165,211 ,240,6,.174,173

2 DATAL142.182,.138,.142,.1533,183,142,32
& DATAZSE, 174,32, 138,173,32, 247,183
v OATALYZ..120,142,165,28,153, 184, 142
2 DATALSS,.21.248,.6,.174,179,142,189

2 DATRA-283&

8 REM ——— BLOCK &

1 DATAL3E,.142,153,185,142,32.253,174
2 DATA32,152,183,.172,180,142,138,152
1323 DATALE6,.142,32,25%,174,32,15&8,. 123
134 DATALVZ.180.142,138,153.187 142,162
135 DATR2:S,160,65,32,.121.,8.248,12

126 DATA32.253,174,32,138,173,32,247
127 DATARLIZ32,.16€6.20, 184,21 . 142,54, 3

138 DATA146@,55,.3.174,.173,142,.173,181
139 DATAR-3351

148 REM ——- BLOCK 4

141 DATR142,.25,133,142,141,181.142.1z28
142 DATALE® . 224,160,141 .,.141,20,.3,.148
143 DATARZ1.2,17V32,54,3,172,55,3

144 DATAL41,4,.226.140,.5,.2260 82,96

145 DATALITR.0,220,.41,.15,73,15,248

146 DATAR49.160,17V@.182,.154.142.188,.155
147 DATAL42,141,177,142,.148,173,142 .24
148 DATALEZ . 8.202.48,.26,46,.181 142

149 DATA-F186

156 REM ——- BLOCEK S

151 DATHL44.243,13€.72,18,1768.141.186
152 DATAL42,18,.24,1603,.186,.142,165,32
132 DATALYS. 142,184 ,.170,56,. 175,227 .45

[FYRRCR TR B OO 0N I OV (U ()
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-

154 DATALE1 142,766,423 .224,322.47 . 142
155 DATA189.1.282.217.135,142.248 .3
156 DATARzZ22.1., ?€8,9b,g=.u4 142,185
157 DATAG . 282,217,184 .142 . 208,11 . 172
158 DATALS,.282,51.,.128.142.217.125, 142
153 DATAR-8322

168 REM ——— BLIOCEK &

151 DATR246, 14,254 .8 ,.2038,208.%,.189
162 DATAH132S 14_,15.15.3@h.141 1€,208
152 DATARSE,.32,99,142,189,1.,.282,.217
1&4 DHT9187,14L.24B,9._44 1.,283.26
165 DATR2Z.,.32.142.139,8,208,217.,1832
166 DATAL4Z2,.288,11,.173,16,2688,61.,.138
157 DATAL42.217.183,.142,240,13, luS.B
168 DATAZBS . 262,11.18%9,133.142,.73.,.255
162 DATR-3434

178 REM ——— BLOCK 7

171 DATAR4S,.15,.2088,141 ,15.208,222 .4
172 DATAZBE.95.1.8,2,8.4.,8

173 DATARZ2.8,.1&6,08,32.8,.64,8

174 DATRIZE.8,8,68,32,.142.84,142

175 DRTARB.8,29,142.96,142 .31 . 142

176 DATAB.0,47.142,29.142 .44 ,.142

177 DATAVS.8,.8,.234,.234 .8

172 DATA-3&687

¥9 DATAR EHD

18986 REM —- EHABLE HEW COMMAHLD ——
1661 REM - JSFRITE

16862 FOKE 33235.2535:POKE 232333&.148
1863 EHND

1

’_s

The jsPriTE Routine

In the introductory chapters of the book it was mentioned that Basic
used something call a ‘Timed 1/60th second rRQ Interrupt’ to handle
such jobs as scanning the keyboard for keypresses and updating the
jiffy clock. However, no detail was provided as to how this may be
used by the machine code programmer. JSPRITE is a perfect example
of its use. You may recall that when a processor interrupt occurs the
6510 suspends its current operation and jumps to FFre)) This vector
is in ROM and is therefore immutable in the standard configuration
64, although it is possible to change this vector by re-configuring the
64 and switching out the Kernal Rom. However, the 64 operating
system makes the system IRQ available to the programmer via a
second vector at $6314 that is in RAM and may hence be altered. IrRQ
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wedge programs change the vector at $8314 to point to their own
code and having completed their operations then jump to the
default system vector. Unless the wedge program is doing a very
large amount of work its presence will be transparent to the user
and it should not affect normal BasiC processing. The jSPRITE routine is
just such an 1IRQ wedge. It uses the IrRQ to sample the input from
joystick 2, and on the basis of that input it alters the positions of any
sprites that have been previously linked to it.

Get in Sprite Number Parameter (Lines 1100-1560)

The sprite number is input in lines 1340-1400. It is subsequently
stored, multiplied by 2 in NsPr and multiplied by 6 in NsPrBe. Note
that the multiplication by 6 is achieved by adding the number*2
result to the number*4 result. In lines 1480-1490 a check is made for
the end of the input buffer. If there are no more parameters then
the corresponding sprite bit is ANDed out of the JsPriTe Enable regis-
ter ENABEL and we return to BAsIC. If there are no parameters at all to
JsPRITE the ENABEL and LIMITS tables are cleared, the IrRQ wedge is
disabled and the IrRQ rate is set back to the default value of 16666
(1/60th second).

Get In Sprite Boundary Limits (Lines 1630-2070)

If there are uMITS parameters then they are placed into the area of
memory corresponding to that particular sprite’s boundary limits.
Each sprite requires six bytes to define its horizontal and vertical
boundary limits, i.e. two x co-ordinates (each of two bytes) and two
y co-ordinates The high x co-ordinates are stored in separate bytes
as their respective sprite bit masks to simplify later comparison.

Get In IRQ Rate (Lines 2130-2230)

The Interrupt rate parameter is optional and if it is absent then a
default rate of 16666 or $411A is assumed. The rate parameter is stored
in SPEED.

Link Sprite to Joystick (Lines 2310-2340)

If all the limits parameters were entered successfully then the sprite
is linked into JsprRITE control by setting the appropriate bit in the
ENABEL register. Note that the table of bitmasks MaAsk is a two-byte
table. This is so merely for the convenience of not having to require
a third sprite pointer. Having ‘enabled’ the sprite the IRQ wedge is
set up in lines 2410-2510 by first setting (se1) the IRQ disable bit of the
P register in line 2410 and then changing the IrQ vector to line 2570



Extending Basic: Graphics and sound 255

and setting the IrQ rate to equal speeD. Before exiting to BAsIC the IRQ
disable bit is cleared.

The IRQ Wedge (Lines 2570-3980)

Every 1/60th of a second (or whatever rate is set) the processor is
directed to line 2570, where the joystick input is read from Data Port
A of the CIA#1 chip, at spcoo. If there is no input then the program
exits directly to the system IrRQ vector in line 3260. If there is an input
then the value is multiplied by two and used to index an action table
of direction handling routines. This address is stored at RUTEEN+1 and
RUTEEN+2 for the ‘indirect’ subroutine rRuTEEN. The joystick data refers
to bits 0 to 4 of the data byte, representing ‘up’, ‘down’, ‘left’ and
‘right’ switches respectively. Each bit is normally set (1) and is reset
(0) if a switch is closed. ANDing with #serF sets the high nybble of the
byte to zero. Eoring with #3oF swaps 0’s and 1's in the byte, giving a
value for the switch or combination of switches activated.

Sprite Selection (Lines 2830-3160)

Lines 2830-2880 determine which sprites are to be moved by rotating
the ENABEL register in a loop indexed by x. If the result of the roL
operation is a set Carry flag this indicates that the bit corresponding
to sprite x was set in the ENABEL register and it is hence to be moved
in the direction indicated by the indirect subroutine ruTEEN. If the
carry is clear then sprite x is not to be moved. In lines 2930-3010 x
values for those sprites which are to be moved are multiplied by two
(in x) and by six (in v) to index the Sprite Position and LimITS tables
respectively and the sprite is moved in the chosen joystick direction
by a jsr RUTEEN in line 3070. Upon returning the loop is resumed until
ENABEL has been rotated eight times when it exits to line 3220 where
ENABEL is rotated once more to restore its starting value. At line 3260
the IRQ wedge exits to the system interrupt routine.:

Direction Handling Routines (Lines 3340-3980)

The names of these routines follow the compass directions. There
are four fundamental directions: NOR at line 3380, sou at line 3710,
EAs at line 3500 and wes at line 3830. Intermediate directions are
obtained by combining two of the four fundamentals. What each
routine does is compare each sprite position with its LiMIT value. If it
has reached its limit then it is not moved. On the other hand, if it has
not reached its limit then it is moved.

Variable Storage and Interrupts
When writing IRQ routines you have to be very careful about variable
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storage. You must either use memory locations that you know the
main program will not be using or, if you are forced to use variables
in common with the main program (such as certain Zero-page loca-
tions) then they must be stacked upon entering the interrupt and
restored upon exiting. If this is not done you are almost certain to
get conflict between the two. JsPrITE stores all its data for use during
the interrupt just after the JspriTe code (in lines 4160-4200), where it
will not be touched by any other program.

The sounp Command

Just as is the case with sprites the 64’s sound facilities are normally
only available to the Basic programmer through a mountain of poke
commands. The problems are worse with sound in that the SID chip
is finicky about the order in which pokes are made. For instance,
pOkeing the volume to zero immediately after a note can result in
ugly unmusical clicks, while ‘gateing’ the waveform before setting
up the envelope produces no sound at all! it is better of course to
have a single sounD command to take care of everything simply and
efficiently.

SOUND

Syntax: SOUND (voice), (pitch), (volume), (A), (D), (S), (R),
(waveform), (pulse-rate)

Where: (voice) defines one of the three SID chip voices,
numbered 0-2
(pitch) defines the frequency register value from 065535
of the selected voice oscillator
(volume) defines the volume of sound from 0 (silent) to
15 (loudest)
(A) defines the Attack parameter of the sound envelope
0-15
(D) defines the Decay parameter of the sound envelope
0-15
(S) defines the Sustain parameter of the sound envelope
0-15
(R) defines the Release parameter of the sound envelope
0-15
(waveform) defines the type of sound produced: 0=Tri-
angle, 1=Sawtooth, 2=Pulse and 3=Noise
(pulse-rate) defines the form of the pulse. This only
applies if the Pulse waveform (2) is selected. Effective
range is 0—4096
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A table of frequency register values for musical notes is provided in
Appendix 6 with the corresponding audible frequencies. Like the
sprITE command considered earlier SounD does not require all of the
parameters listed above to be entered each time. Thus it is possible
to obtain a note with just SOUND 0,4000, for example. Unlike sPriTE,
however, where parameters not entered are simply absent, in sOUND
a series of default values are established, since the SID chip
generally requires that all these parameters be initialized for each
sounding of a note. The defaults for the minimum command of
SOUND (voice), (pitch) are for Triangle waveform, A,D,s,R and values of
0,9,0,0 and maximum volume. Note that if any one of the envelope
parameters (A, D, s, and R) are entered then they must all be entered,
and that if the waveform value of 2 (Pulse waveform) is selected then
a pulse rate must also be entered. After sounding a note the sound
is not switched off but allowed to decay naturally, which can result
in a constant buzz for certain envelopes. If this is the case then the
sound will have to be switched off after an appropriate delay by a
SOUND voice command e.g. to switch off voice @ use SOUND 8. SOUND
with no parameters has the effect of clearing all SID registers and
putting SID to sleep with a click.

Multiple voices are no problem. Simply have two or three sounD
commands, one after the other. For instance:

16 SOUHD 8,441
S SOUNHD 11,5813
28 S0UMD 2,68875

will play a chord in the key of C.
The sounp Code

Assembler Listing

1006 %=$3FD6

1918 ——————— e

1628 WAVEF =$0336

1938 YOLUM =$8357

1846 wOIC  =$0338

TR o1 - J T —

1966 ;~—SWITCH OFF ALL YOICES-—-

1678 :IF NO PARAMETERS THEM CLEAR ALL
1080 ;51D REGISTERS

1090 §o—————— -
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1168
1114
1126
1138
11406
1156
1168
1178@
1188
1196
1z88
1218
1226
1238
1246
1258
1266
12va
1286
1298
1306
1318
1328
1338
1348
1356
1368
137v8@
13846
1396
1488
1418
1426
14306
1448
1456
1460
14ve@
1480
1436
13506
1516
1526
1538

SOUN BHE SOUNZ

o e o o o e e s G 2 e s s et i o e e

LDx ##£18

LDA #$00
SOULF  STA $D4@@.x

DEX

EPL SOULFP

RT=

o Grte sat eve Staen coawe Geens Soeme Seeae e Semee S0 e Shaee Seome Snans Saace Sweee Semes St

.

:==GET IN "VOICE® PARAMETER
*REJECT “ALUES GREATER THAHW 2.
;CLEAR WAYWEFORM REGISTER FOR
2CHOSEN WOICES

-

S0UMZ2 JSR $BYIE
CPx #3083
BCS ERSOU
ST« WOIC
LDA #*aa
LDY WOICET.H
STA *D4a4 .Y

:IF HO FURTHER FARAMETERS THEHN

JSR 8879
BNE SOUHN=
ETS

-="ILLEGAL QUANTITY " ERROR EXIT-

JMFP (383885

e e et o e s e e e e e e e e

;——GET IN "PITCH® PARAMETER
;OSCILLATOR FRERUENCY IS STORED
:IN REGISTERS OF CHOSEM “YOICE

SOUHE JSR $REFD
JSR $ADSA
JSR $BVF?
LDx wOIC
LDY YOICBV.,x
LDA #14



1546
1556
1568
157a
158@
1598
1580
1€1@

28
163@
1548
165a
15888
1676
1&68@
1594
17604
1vie
i7za
1736
1748
1758
1v6a
1778
1738
17326
13608
131@
1328
1226
1243
1256
1268
127ve
1838
1398
190&
1918
1526
1928
1248
1356
1368
1976
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STR sD4aa,v
LDA #£15
3TR $D481.,.Y

}——GET YOLUME PHRHHETEP—~
'DEFFIULTc TO MH%INUN IF MO PARAM
DFDLT LDH #$BF
OrRA $0418
STA #0413
JER $00673
BER DFOLTE
JSR #AEFD
JER $BV3E
ST WOLUM
LDR #0418
AND #EFa
OrRA YOLLM
STA *D413
*—hET EMYELOFE~—
IF MO PARAMETER DEFAULTE TO
FADSE 8.2,.8.08
DFDLTB LD WOIC
LOoY WOICEY .=
LDA #Fa>
STA #D4@5S,. %Y
LOA #$ad
S5TR $D48s .Y
JEF #0673
BEE® DFOLT1
JER OATEDCY
LOW WOIC
Loy WYOICEY . X
STAR D485 .Y
JSE ATKDCY
LO WwOIC
LOoY WOICBV.X
STH #D40c .Y

s
Ed
-
K
»
r

;——GET HMAYEFORM——

259
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1988 :DEFAULT MWAVEFORM IS B=TRIAMGLE
1998 :1=5AWTOOTH 2=PULSE 3=MOISE

=eea - - ———
2818 DFOLT1 LOA ##£11

S@za STHR WAVEF
28z0 JER £0B7S
2040 BE® DFOLTZ
2838 e

Zgsa JER $REFD
2Bvea JER $BVIE
Sa3e THA

Za%a AND #$83
218a THx

211a LOA WAVE . X
21z STH MWAVEF
2138 CMP #$41
2148 BHE DFOLTZ

2156 :- ———— -
216@ :IF WAYE WAS PULSE THEM GET IM
2178 :PULSE RATE

2180 f— e
2194 JESR #AEFD
2288 JER #ADSA

2216 JSFE #BYFY

2228 LD YOIC

223a LOY YOICBV, =
2248 LOA €14

22560 STR *Dgez.Y
& LDA #$15
AND #$0F
STR #D483.,Y
:——S0UND THE HOTE--
FSOUMDING IS EWABLED BY GATIMG
;THE MWAVEFORM “YALUE

a
-

DFOLTZ LD WwOIC

Loy WOICEV . ®

LOA LARYEF

STA D44 .Y

RTS
:~—GET IM A.D OR S,F WALUES-—-—-
:GETS IN 2 HYBBLES ARMD COMEBINES
:THEM IMTO 1 EY¥TE

PIPIR PR MR NP MNP

BB bW W WP
Py Q0O B P G0N
QARG EAO
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< T R —
2440 ATKOCY JSR $REFD
245@ JSR $BVSE
2468 THA

2470 ASL A
2480 ASL A
2496 ASL A
2560 ASL A
2516 STA WAYEF
2520 JSR $AEFD
253@ JSR $B79E
2548 THA

2550 AMD #$0F
568 ORA WAYEF
2576 RTS

2580 ;
25908 :—-TABLE OF WAYFORM YALUES—-
2608 ;

2610 MAVE  .BYTE $11,$21,$41,$81
2620 fem e

2636 ;--YOICE#*3 TABLE--

e e

oo e s e v o soans oo s sno

BASIC Loader

188 C=8

121 REARD D¥

122 IF DE="ENDO" THEH FRINWNT D#F:EMND
182 D="ALLD¥»:IFD<B THEM 186&

184 H=x+1 :C=C+D:POKE 2&587V+4.,.0

105 GOTO 161

186 IFC=AEBS<D» THEH 10&

187 FRINWT "ERROR IH BLOCE "2 IHTC(HA 540
1838 GOTO 168

116 REM —--- BLOCE 1

111 DATARZE8.11,162,.24,152,4, lqarﬁ
112 DATARZ12.282,16.259.26,. 32,153,182
113 DATR224,3.,176, 1.,14_,36,3,1ad
114 DATAG . 188,.246,.143,153,4.,. 212,32
115 DATAL121.,.8,.208.6,95,. 162,144,183
116 DATAA,3,.32,252.174,32,138.,172

261
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117 DATA3Z,247,18&,174,56,.3.,183,246
118 DATAL143,.165.28.153,68,.2312,.1685,21
1192 DATAR-717E

128 REM ——— BLOCK 2

121 DATA1S3.1.212,183,15.,13.24.212
122 DATAL41.24,212,322.121.08.240.20
122 DATA32,253,1V4,32.158,183,142,55
124 DATAZ.173,24.212.41,240,13,55
125 DATAZ. 141 .24,212,174,56,3,188
126 DATAZ46,143,.169,9.152,.5,212.169
127 DATAB,1353,6,212,32,121.0,248

128 DATAZ4 .32,213,143,.174.36,.2,188
125 DATH-E2383

138 REM ——— BLOCK 3

131 DATRZ246.143,.153,.5,212,.32,215,143
132 DATALVY,56,3,188.246,.143, 152, 6
133 DATAZ12.,163,17,141,54,.3,32,121
134 DATAG,248.,47,32,.2533,174,32,138
135 DATAH1IS3,1328,.41,3,178,18% ., 242,143
126 DATAL41 .54 ,3,201,65,.268.27,32
13V DATRZ32,174,32,138,173.32.247,183
128 DATAL1?4.58,.2,.188,246.,. 143,165 .26
132 DATR-7EVO

1468 REM -—— BLOCK 4

141 DATALS3.2,212,165,21 .41 ,.1%5,153
142 DATAZ,212.174.56,3,188,2495,.1432
143 DATAL?Y3,.34,3,153,.4,212,96,.32

144 DATAZ53.174,32.138,123,138,.16,10
145 DATA1B,.18,141 .54 ,3,.32,253,174
146 DATA32,158,1832,128,41,.15,.132,54
147 DATA3,96.17,33,65.129,8.,7

148 DATA14

142 DATR-5147

158 DATAR EHD

18868 REM —- EMABLE HEW COMMAND ——
1681 REM - SOUHMD

1882 POKE 33337.2355:POKE 33338.,142
18683 EHMD

The sounD Routine

Get Voice Parameter (Lines 1100-1370)

If there are no parameters for the SouND command it causes all the
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SID chip registers to be cleared in a loop at lines 1120-1170 before
exit to BasiC. Parameter values greater than two are rejected and lead
to an error exit at lines 1410-1420. If the (voice) parameter is legal
then it is first stored in voic, and then used to index the voice*7 table
voics?7 and the waveform register for the chosen voice is cleared in
lines 1240-1300. Note, the voics7 table is used because the corres-
ponding SID registers for the three separate voices are stored seven
bytes apart from each other. So, for example, the waveform register
for voice 0 is at $D484 + 0, that for voice 1 at $pD404 + 7 and for voice 2,
$D404 + 14. If there are no further parameters after (voice) then exit to
BASIC.

Get Pitch Parameter (Lines 1480-1560)

The (pitch) parameter is stored in the corresponding voice fre-
quency registers.

Get Volume Parameter (Lines 1610-1730)

There is only one volume register for all three voices, and so we
simply input our value and store it in the appropriate register.
However, the volume register is a ‘shared’ register, with Filter Mode
selection bits in the high nybble, and so we must be careful not to
disturb these other values when we change the volume. This para-
meter is optional and the default setting is maximum (15).

Get Envelope Parameters (Lines 1790-1950)

The Attack/Decay and Sustain/Release values are pulled in by a
common routine, ATKDCY, at line 2440. This routine gets in two bytes
from 0-15 separated by commas and combines then into a single
byte value. As with (volume), these parameters are also optional, the
default values being 0,9,0,0 for (A), (D), (S), (R). However, if you
enter one of them then you must enter all four.

Get Waveform Parameter (Lines 2010-2140)

The default value is 0, Triangle. 1 gives Sawtooth, 2, Pulse and 3,
Noise. If (waveform) was 2, Pulse, then you must subsequently enter
the pulse rate or a 2SYNTAX ERROR is generated. The value may be up to
65535, but the correct range within which the pulse waveform varies
is 04096, since the register is a 12-bit location.

Sounding the Note (Lines 2340-2380)

Once all the parameters are entered the note is sounded by ‘gating’
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the chosen waveform value in its corresponding waveform register
and then exiting to BASIC.

The scroLL Command

scroLL is a command that facilitates some interesting screen effects
for games, etc. It allows the screen contents to be physically scrolled
by one character in the upwards, left or right direction, depending
on the parameter. In the case of left and right scrolling both the
character that is scrolled onto the screen and its colour may be
defined as parameters, the default character being a space.

SCROLL
Syntax: scroLL (direction), (char code), (colour)

Where: (direction) defines scroll direction: 0, Left or 1, Right
(char code) defines the screen code of the character that
will be scrolled onto the screen from left or right
(colour) defines the colour of the scroll character

sCROLL without any parameters performs an upwards scroll, and it is
not possible to change the ‘space’ scroll character, which is also the
default character for left and right scrolling if no parameters follow
the direction. The default colour is the current text colour.

Potential Problems with scroLL
Excepting those already discussed in relation to loading for other
commands the only real problem you might find in using scroLL is
that of ‘glitch’. If you try to use these scroll routines in concert with
the VIC Il scroll registers to get a smooth scroll as described in the
Programmer’s Reference Guide you will find it very disappointing.
You will remember from the introductory chapter on the hardware
that | discussed using the raster register of the VIC Il chip to elimin-
ate glitching in graphics programs. Unfortunately, in the case of the
scroll this is not really good enough, since the time it takes to scroll
the screen is greater than the available interval of one raster scan
period. Several solutions to the problem exist. One way is to write
much faster scroll routines by avoiding the use of programming
loops and indirect addressing and instead generating thousands of
LDA BYTE/STA BYTE sequences. However, even using the fastest possible
routines there is not time within one raster scan to scroll both
screen and colour table and furthermore you will find that about 4K
of RaM will be taken up with each scroll routine.

The obvious way around this is either (a) to scroll only a portion of
the screen or (b) to avoid scrolling the colour table by having a
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monochrome screen or working entirely in multicolour. Such
routines would make use of the raster interrupt techniques demon-
strated in the multiple sprite routine of Appendix 8 to ensure that all
scrolling occurred either behind or in front of the raster line.

If such compromises do not suit you and you are prepared to lose
some scrolling speed then another effective method is to allow the
scroll to occur over more than one raster scan by scrolling between
two separate screens of data and raster-synchronising a switch
between two screens, i.e. do the scrolling on the screen that is not
being displayed and then when the scroll is complete flip screens.
This requires that RAM be made available to house the second
screen, usually done by moving the bottom of BAsiCc up by 1024
bytes.

Itis really a rotten shame that Commodore did not see fit to make
the 64 a 2MHz rather than TMHz machine in which case scrolling
would not be such a problem. On the whole, considering the
inconvenience involved in these methods, unless you happen to be
writing the latest improved version of ‘Defender 64’ | would learn to
live with the glitch.

The scroiL Code

Assembler Listing

1800 *=%32604

18180 pem————————

1826 SSEC =%4E 2 %

1828 CSRC =$50 2 ¥

1840 SCRRL  =$82R7 :%#

1856 INSER =%¥@336

1866 INCOL =%$0337

1878 e e

186G :—~—GET DIRECTIOW PARAMETER--

1696 :IF=2ERC JUMP TO UPS/

1188 :1IF =1 OR =2 MULTIFLY BY 2 RHND USE
111@ :TD IMDEX THE DIREC TABLE FOR THE
11260 :RODRESS OF THE SCROLL ROUTIHES
1136 :STORE ADDRESS IW SCRREL+1 AMD +2
1148 :AND PUT AR JMP <(#$4C>» IHN SCRERLS
1159 JUMP TO COMSCR.

1188 fmmmmm e

1176 sSCRO JER $0879

11806 BEG UPS
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113586
1286
1218
12za
1238
1248
125@
12608
1278
1280
1258
1300
131@
1328
1336
1340
1358
1zE8
1378
1388
1398
14600
1418
1420
143@
1440
14506
1468
1478
1488
1548
1550
156@
1578
1588
1590
1588
1618
1628
1638
1€48
1550

B e e T
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$EVIE

#s01
A

DIREC, X
SCRRL+1
DIREC+1 ., X
SCRERL+2
#&4C
SCREL
COMSCR

;—-SCROLL T
:ROM ROUTIN

HE SCREEN UP--
E TO SCROLL UF

PS JHP

$ESERA

N (C we

»—=-=GET SCRO
:GET IN ASC
JSCROLLED O
»PARAMETER

]

LL PARAMETER--

II CHARACTER TO BE
NTO THE SCREEN/IF NO
THEM ASSUME “SPACE

Ed

COMSCR LD
JER
BE®
JSR
JER

COMSC2 ST

#5200
$0avs
CoMSCz
$AEFD
$BVSE
INSER

:=-GET COLO
!ASSUME COL
:HONE

UR FOR SCROLL PRRAM-—-
OUR UMDER CURSOR IF

td

LOX $8286
JSR $86879
BE& COMSC3
JSR $AEFD
JSR $BVIE
COMSC3 ST INCOL

-
,




1666
167a
1636
1598
1708
1v1@
1728a
1738
1748
175
1768
1770
1736
17328
1366
1816
1826
1e38
1248
1850
1368
187a
1881
1898
15a8a
1914
13258
193@
1240
1950
1968
197a
1286
15999
2086
2010
2020
2836
2048
205a
2066
2ava
2086
2698
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»—-COMMON LOOP FOR L AMD R SCROLL-
PINITIALIZE 2 POINTERS - SSRC INMTO
»THE SCREEN TABLE AND CSRC INTO
;THE COLOUR TABLEAJUMP 25 TIMES TO
;INDIRECT LINE SCROLL ROUTINE
2(EITHER LEFT OF RIGHT» RODING 48
:TO THE POINTERS FOR EVERY LIMES
:RETURM TO BRSIC

STA SSRC+1
ST« CSRC+1
STY SSkC
STY CSRC
LD #$1&
SCLOOP JSR SCRREL

LDA SSRC
ADC #$£28
STA SSRC
STR CSRC
BCC W2z
IMC SSRC+1
INC CSRC+1
Wz DEX
BPL SCLOOFP

;—=SCROLL A LINE RIGHT--

:SCROLL 32 CHARACTERS 1 POSITION
:TO THE RIGHT AND FUT THE IHWSERT
;CHARACTER IN THE LEFTMOST
;POSITION

LOOR LDA (CSRCH .Y
PHA
LDA (SSECO .Y
INY
STA (SSRCH .Y
PLA

267
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2108 STA (CSRC>».,Y
2118 DE'

2120 DEY

2138 BFL LOOR
2148 INY

2158 LOA INSER
21s5e STA (SSRC» .Y
21va LOA INCOL
=186 STA C(CSRC»,Y
2198 RTS

220 -

2210 ;~-SCROLL A LINE LEFT—-

2228 :MOVE 4@ CHARARCTERS 1 POSITION TO
2230 :THE LEFT AMD PUT THE INSERT

2240 CHARACTER AT THE RIGHTMOST

2258 :POSITIONS

226 P e

2270 SCRLFT LOY #f01

2286 LO0OL LOA (CSRC .Y

2290 FPHA

2308 LDA (SESRC».Y
2z1a DEY

2326 STA CSSRC,Y
2334 FLA

2340 STHR (CSRCH .Y
2358 IHNY

2368 IHY

2=7a CFY #3$28
23868 BHE LOOL
2398 DEY

2408 LDA IMSER
2418 STR (SESRC» .Y
2426 LOA IMCOL
2430 STR (CSRCY.Y
2448 RTS

2458

2468 :LEFT AMD RIGHT SCROLL ROUTINES

24v@ FOR THE INDIRECT SUEROUTIHE SCRRL
2480
249a
258

NIREC .WORD SCRLFT,SCRRIT

ve Du
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BASIC Loader

186
1:1
1@z
163
1e4
185
166
17
168
11@
111
112
113
114
115

118
117
lig
119
128
121
122
123
124
125

-

MO LR Y

Nl S S e T

(VU PN DR LI U Y I NI OV YO N
Rt s YRR QO Y I (N U O Y I e

—_
=
131
o

1@@1
1gaz
1883

=W

RERD D#F

IF D¥F="END" THEH PRINMT D$:EHND
D=YAL D> : IFD<@ THEH 186

H=i+1 :C=C+D :POKE 37V375+¥.,D

GOTO 1e1

IFC=ABS<D>» THEH 18

PRINT "ERROR IH BLOCE " :IMTC(=A542
GOTO 18@

REM ——-— BLOCK 1
DATRZZ2.121.8,.2408,28,32.,158.183
DATA132.41.1.10,178.189, 167 . 146
DATAR141 .158,.2,189,168,146,141 ,189
DATAZ.162.V6,.141 167, 2,76 .36
DATA146 .78 234,23;,1h S32,32.121
DATAG, 240 ,.6,.32.2532,174,.32.158
DATR18Z,142.54.3,174,.134 .2 .32
DATALZ1,8,.240.6.32.252,.174,32
DATAR-E961
REM ———- BLOCK 2
DATAR1S3,133,142,.55.,2,162.,.4,152
DATAZ1S,.168,6,.123,73.134 .21 .132
DARTARVS.132,84,162 .24, 22 . 157, 2
DATA24 , 185,788,185 ,48,. 123 ,.78,1332
DATRSG ., 144 .4 ,.226,79,236,.81 .,.282
DATAR1E.235,96,168,.22, 177 .84 ,72
DATAL17Y .V8.,288,. 145,782,184 , 145 8a
DATAI3E 136, 15,241 .200,1732 .54 . 3
ODATA-7124

REM ——— BLOCK 2

OATARI4S . FS,173.25.3,145,88,3&
CATALE® 1,177V .88, 72,177 ,.7E. 1326
ODATH1I4S5,.72,184 . 145,288,208 .208,.192
OATA4E, 282,232,128, 172,54 ,.2,.145
DATAVZ . 1732,.595,3,145 .28, 3& . 126
DATAL4E . 187 . 146

DATA-432&32
DATA ENHD

REM —— EHABLE HEM COMMAND —-—
REM — SCROLL

FOKE 233537 ,.255:POKE 333%5&2.145
EHNL
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The scroLL Routines

Get Parameters (Lines 1170-1640)

If scroLL has no parameters then we simply jump to line 1360, where
we exit to the ROM SCROLL (up) routine. There is also a ROM routine to
scroll down located at $e981 but since this upsets the screen editor
pointers if used repeatedly it is not included in the routine here. If
the scroLL command has a parameter this is ANDed with #$01 and
multiplied by two to provide an index into the word table DIRec,
which holds two addresses for the ‘indirect’ subroutine at scrrt. The
chosen address is stored at scRrR+1 and ScrRRL+2 and a JMP absolute
(#$40) is placed at SCRRL. At lines 1430-1480 the scroLL character is
pulled in. This is the character that will be scrolled onto the screen.
A second parameter, for the colour of the scroLL character, is
entered at lines 1590-1640. Both of these parameters are optional,
the defaults being a space character of colour equal to the current
text colour.

Common scroLL Loop (Lines 1750-1950)

In lines 1750-1810 two Zero-page pointers are set up, one into the
screen memory, SSRC and the other into the colour table, csrc. In
lines 1830-1950 a loop is set up which jsr’s 25 times to the ‘indirect’
line scroll routine scrrt. For every line scrolled 40 is added to the
value of the pointers, and upon terminating this loop the whole
screen has been scrolled so we exit to BASIC.

Individual Line scroLL Routines (Lines 2030-2440)

In lines 2030-2190 a line is scrolled from left to right and the scroll
character enters from the /eft, while at lines 2270-2440 a screen line
is scrolled from right to left and the scroLL character enters the
screen from the right.

The Hi-res Commands

This group of command routines, consisting of the BITMAPC, BITMAP,
MOVE, PLOT, UNPLOT, DRAW, UNDRAW and TexT commands is lumped
together into one of the larger programs in the book because they
are all concerned with Hi-res graphics. Hi-res is one area where BAsiC
simply is not capable of producing acceptable results and hence
some recourse to machine code is nearly always required. The
problems arise from the large amount of data that has to be shifted
around in setting up a bit-mapped screen and the amount of arith-
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metic required to calculate addresses in the bit-map from x and y
co-ordinate values. The BITMAP and BITMAPC commands are designed
to cope with the first problem and allow you to simply select a 320 by
200 pixel bit-map ‘mode’. The pLoT and uNPLOT commands allow
points to be very quickly plotted onto this bit-map at given co-
ordinates at a rate limited only by the speed of Basic itself, while the
DRAW and UNDRAW commands utilize the fast Bresenham line draw
algorithm to draw lines between specified points. Text is included
for completeness, but is not really vital since the BiTMAP mode is
designed to ‘collapse’ back to standard text mode upon enping a
program, or in response to any error condition. All the commands
use the value of the last point plotted (stored by the routine) as an
implicit parameter where appropriate.

BITMAPC
Syntax: BITMAPC (foregnd), (backgnd), (border)

Where: (foregnd) defines the foreground colour, i.e. the colour
in which points and lines are plotted
(backgnd) defines the background colour
(border) defines the screen border colour

All parameters are optional, the default being white foreground on a
black background with black border. The Last-Point-Plotted is
initialised at 0, 0 (top left corner of screen).

Example: BITMAPC 2,68 clears the bit-map area, setting up the mode
with blue background and orange border colours, with a red fore-
ground plotting colour.

BITMAPC 2 clears the bit-map, sets a red plotting colour and default
(black) background and border.

BITMAP

The BITMAP command is exactly the same as the BITMAPC command
with the exception that the bit-map mode is enabled without clear-
ing the old bit-mapped screen.

PLOT

Syntax: Plot (x-coord), (y-coord)

Where: (x-coord) defines the horizontal co-ordinate in the bit-
map from 0-319
(y—coord) defines the vertical co-ordinate in the bit-map
from 0-199
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Example: PLOT 160,100 writes a point in the middle of the screen.
This point is stored as the Last-Point-Plotted.

UNPLOT

This command has the same syntax as the PLOT command and UNPLOT
(x-coord), (y-coord) acts as a PLOT so long as the specified point is
clear, i.e. in background colour. If, however, the point is set then
UNPLOT unsets it or erases the point.

DRAW
Syntax: DRAW (x-coord), (y-coord)

Example: DRAW 319,199 draws a line from the Last-Point-Plotted to
319,199 in the current foreground colour. 319,199 is stored as the new
Last-Point-Plotted co-ordinates.

UNDRAW

UNDRAW has the same syntax as DRAW and bears to it the same
relationship as does UNPLOT to PLOT. Thus if you UNDRAW over a line
already present on screen then it will be erased, but otherwise it
performs as a DRAW command.

TEXT

TEXT takes no parameters. It simply re-establishes Text mode, as will
the ending of a program.

MOVE

With syntax similar to that of pLoT, MOVE allows you to reset the
Last-Point-Plotted without actually writing any data to the bit-map.

Potential Problems

As is pointed out above the bit-map mode automatically reverts back
to text mode when the program either ends or encounters an error.
Halting a program by pushing the <run stop> key, however, will
leave you in the graphics mode. To get back to text mode either type
TEXT <return>, LIST <return> or, probably easiest, generate a syntax
error by pressing any key followed by <return>.
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The Hi-res Commands Code

Assembler Listing
1988 #=¥3300

< R
1820 CHTAB =$143%
1836 D =$1B %

1@46 ENDH =%10 2%
1058 INCR1 =%1F:%
1886 IMCEZ =%21:%
18va FOS =$23 1%
1638 FOS1 =$4E » %
189@ COUNT  =#$4D:%
1166 YSIZE =%4F %
1118 RCOORH =$5V

1128 YCOORH =$5&

11386 TEMP1 =%$59

11488 TEMPZ =%$5A

1158 TEMPZ =%$5B

1160 p-—————————

1178 WHICHX =$02RA »¥¥
1188 WHPLOT =$@2AD0 ;%*¥

1198 s
1286 XC1 =$D2CH » ¥
1218 xCcz =$02C2 » %
1228 DX =$02C4 : ¥
1238 DXNEG =%$82C6&
1240 j————————
12586 YCi =$@2C7?;
1268 YCz =502C 2 %
1zve ov =$B2CB ¥
12886 DYNEG =%02CD
1298 p—————o

1388 WRITE =%02F0:%
1318 COLSTR =$8312
1328 XSTOR =%0334:%
1330 ;—————————
1348 LASTK =%$63F9:%
1358 LASTY =%$G3FB;

1368 ;-
1379 YL =$SA00
13886 YH =$5B00

1298 LOXL =$9080
14068 HIxL =$900a
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1418
1426
1436@
1446
1458
1466
147@
14886
1496
1588
151@
1526
153a
1548
155a
1566
1578
1580

1596
1666

1518
1626
1628
1646
1656
lee6
1€78
leza
1698
1786
1718
17z6@
17326
1740
175a
1768
17va
1784
1790
1866
1818
1820
1838
1848

LO=H =$2E0a
HI=H =$9F 00

;——CLEAR EIT-MAP-——
JFILL BIT MAP WITH ZEROES.
:ENTRY POINT FOR “BITHMAPCT COMMAND
MAPC LOA #%66
STA CHTAB+1
LOA #$06
STR CHTRE
LD #$1F

RAJ STAR C(CHTRE> .Y

BNE RAJ
INC CHTAE+1

BPL RRJ

=="BITMAF’ COLOUR PFPARAMETERS-——
;GET IM ANMY PARAMETERS-TEMPl=
FOREGHD COLOURATEMPZ=BACKGHD COL.
s TEMP3=BORDER COLOUR/DEFALLT IS
MWHITE OM BLACK:

:EMTRY POINT FOR "BITMAP” COMMAMD

e e cvmne sotne somn swnwe Saeee Socon oo o

MAF LOA #$61
LD #$00
LoY #$08
STA TEMP1
STH TEMF2
STY TEMP3
JSRE $88v9
BEG CLS
JSR $BV2E
ST TEMP1
JSR #0679
BE® CLS
JER $REFD
JSR $BVSE
STH TEMP2
JSE $08v9



1856
1368
18va
13g8
139a
150@
131@
1226
1338
1946
1958
13606
13ve
15988
1390
2000
2aia
28:2a
2aze
2846
2856
2856
2ava
2880
282a
2106
211a
2120
21380
2148
215@a
2166
21ve
2186
2190
2200
2216
222a
22348
2”59
2268
22va

2280
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BER CLS

JSR $REFD
JER #BVSE
3T« TEMP3

e L L L L L

:~--CLEAR SCREEM--
sFILL SCREEM WITH “BITMAP-
,PHFHNETER VALUES/
LOX #3000

GET STA $£5C00.x

STA $5D@a, x

STH $5SEBO.,X

STA $5FBa.x

BNE GET

;——SETUP VIC II CHIP~-
»SCREEM (#3C@@>» BIT-MAP (000>

2——SELECT MEMORY BEAMHK 1--

LDAR $DDa2
ORA #$£032
STR $Dhhaz2
LDA $DDhoa
AHD #$FC
ORA #5682
S5TH $DDBa
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2298
23286
2z1a
2320
2330
2348
2358
2366
2370
2380
239a
24600
2418a
24za
=430
2448
2456
2460
247a
2486
2496
2586
2518
2520
2530
=254a
2350

&

J

S SN T Ty P O O
P PO E = G

QI VIR LN C R CO R OO OO I O B N X VI ()

IR AE

:—=SETUP RAM PLOT TRAEBLE--
2 —=""-COMPONENT

LDA #<YL
LOue #2YL
STA PUOS
ST POS+1
LDA #<YH
LOx #>YH
STA POS1
STx POS1+1

LD #8
START1 LDA #@
STA TEMF1

LT T I T
<
w

TEMPZ .. 3= 80%64

ROL TEMP1

ASL H

ROL TEMF1

ASL A

ROL TEMF1
ASL A
ROL TEMP1
ASL A
FROL TEMF1
5TR TEMFPZ
LD TEMP1
STY TEMF2

-



VRN LR VI LU VI VI N
0¥ BY B M B MY BN |
oM As W
DUV U R

I
D
Ly

-

289a
2960
29106
2920
2930
29408
2954
2960
237a
2980
2999
3009
3G18
382a
3938
040
@50
3068
3@a7a
2886
29909
Z18a
Z11a
3124
21368
=140
2156
3160

Extending Basic: Graphics and sound

AZL A

ROL TEMP1

ASL R

FOL TEMF1
2 OCPANDP 2+ (Y AR R2TE p 4 (Y SB NG44 0
2THIS YALUE IS =TORED IM MEMORY

,

AND #£87
ADC TEMP2
STH TEMFZ
BCC ROT
INC TEMFZ

ADC TEMPZ2
LDY #o6

S5TA CPOSH,Y
LDOA TEMF1
ADC TEMP?Z
STR <POS1>.Y
IMC POS

INC POS1
EHE SKIP1
IHMC FOS+1
INC POS1+1

BHNE STRRETI1
:—==SETUF RAM PLOT TRBLE--
2 ——d—=COMPOMNENT

LDA #CLOx0L
LI #:LOXL
STA POS
5T POS+1
LOA #<LOKH
LD #>L0OXH
STA POSI
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31ve
=188
Z15a
3288
3218
3226
3234

W Ly
(IO (N (NI N
)
iy

W L
WP P
o\ W
Q0o

3z1a
2328
233e
33406
3356
23266
337ve
3388
3398
S48
3418
3420
3438a
3440
2450
3468
3470
a48a
3490
3588
3518
35280
353a
3548
3550
356a
3578
358a
3598
3608

5T+ POS1+1
LDY #0

STY COUNT
STY COUMT+1

r

L) B TR T

-
DI
T
-
m

LDA COUNT+1
STA TEMF1
LOA COUNT
LSE TEMF1
ROR A

LSRR TEHMP1
FOR A

L5FE TEMF1
ROF A

CHA/ED¥2 THIS YALUE IS STORED

AT T

R1]

ASL A
ROL TEMP1
ASL A
ROL TEMP1
ASL A

STA (POSH .Y
LDA TEMP1
STA <(POS1O.,Y

e oroee s Sr s caene cvmme onave Smbes St

-

INC POS+1
INC POS1+1
SKIP2 INC COUNT
BNE STARTZ
INC COUNT+1
LDA COUNT+1
CMP #$62
BNE START2

;——RESET SYSTEM ERROR YECTOR--

e



3618
3628
3638
3640
3656
3660
3670
3686
3636
378
CIg B
3Irvze
3v3e
3748
3rse
3rvea
37va
3v8e
3798
3880
3816
382a
3838
2840
3856
3868
38va
288a
38%a
3904
3916
3920
Z936
3240
3956
3960
38va
3980
3990
4860
4@1@a
4828
4830
4840
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LDA #<EXITZ
LOY #OEXITZ
STA $8368
STY #6361

B L e

:—=INITIALIZE PLOTTER AND RETURN-—-—

LDA #$006
STA LASTx

STA LASTH+1

S5TA LASTY

RTS

}——"MOVE’ COMMAND--

:GETS - AND ¥- PARAMS FROM BUFFER
:USE THEM TO SET PLOTTER POSITION

Mov JSR PRAMS

MOv2 STX LASTX

STY LASTY

STA LASTX+1

RTS

PLO LDA #<ORIT

LOY #20RIT

BME CONSO
2——"UNPLOT" COMMAHND--—
UNPLOTS A POINT AT «H. Y

caemt oo e e tanae covee o o tnmen s

CONSO  STA WRITE
STY WRITE+1
JSR PRAMS
JER MOvz2
STA XCOORH
JMP PLOT
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48568 :--X.Y PARAMETER INFPUT--

4866 :GET IN PARAMETERS PRECEDED BY
4878 :COMMASAIF OUTSIDE SCREEN LIMITS
4888 :THEM EXIT+.¥ = x COORD <LOW>~
40898 :.A = ¥ COORD (HIGH»~ .Y = % COORD
4188 :~RETURN

411@ - - -
4120 PRAMS JSR $0679
4130 BEG EXIT1
4140 JER $ADSA
4158 JSR $BVF?
4160 LDA €14
4170 LD» #15
4180 STR XSTOR
41986 STX XSTOR+1
4200 CMP #£40
4210 TXA

4220 SEC #$01
42306 BCS EXIT1
4240 2—————m————

425@ JSR $AEFD
4268 BEG® EXIT1
4276 JER $BVSE
428@ CPx #$C8
4290 BCS EXITI1
43080 ;——————————

431@ THA

4320 TARY

4332@ L0 KSTOR
4348 LDOA XSTOR+1
4356 RTS

4360 e e

43v0 :—-ERROR EXIT—-

4386 :CLERH UP STACKALOAD .X WITH THE
4390 :”ILLEGAL ARRGUMENTS” YALUE-RESET
4488 :SYSTEM ERROR VYECTORA/JUMP TO
4418 :SYSTEM ERROR ROUTIME

4420 po— e
443@ EXIT1 PLA

4440 PLA

4456 LDX #$8E

4460 EXIT2 JSR TEX

447@ LOA #$SE

4486 LOY #$EX
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4490 STA $630a

4506 STY $@361

4518 JMF ($a36a)

4520 j————————

4538 ;—-RESTRABLISH TEXT NDDE——
4548 :RESET MEMORY BRAMK @/RESET YIC II
45356 :CHIP DEFRAULTSA/RETURN
4566 ¢ - —— —_
4578 TEX LDR $DD&2

4530 ORAR #$03

4359a STA $DDaz

4600 LOA $DDes

4610 AMO #$FC

628 ORA #4$03

4630 STA $DDea

46408 Pm—m—mm

4E58 LOA #£1E

4660 STR $Doi1

4678 LOA #$15

4568@ 5TR $0a18

4690 LDA #$6E

470a STAR s$Dhezo

4716 RTS

4728 e - —_—
4738 ;—-"DRAW" COMMANDO-—-

4748 ; —_———

47350 DROR LOA #<0ORIT

4760 LoY #>0RIT

4778 BHE DCOODL 1

4788 - - - —
4798 :—~—"UHDRRKW” COMMAND-—-—
4800 » - —_—
4216 UHDROR LDA #<ECQRIT

482 LDY #>EORIT

4830 fm—m e
484@ :5ET THE INDIRECT JMP RODRESS FOR
48568 :THE PLOT AND PLOTEZ ROUTIMES
Ly T T —
4876 DUUDLI STA WRITE

4888 STY MRITE+1

48BE e e
4986 :~—IMITIALIZE “DRAM" AHO “UHDRAK " -
4918 :SET (X1,¥1» RHD CHZ. Y2

2za

fIMITIALIZE WARIABLES

281
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4936 : -

4940 DOODLZ2 LDX LASTX
4358 LDY LASTY
4360 LOA LASTH+1
4976 STH K1
4520 sTY vC1
4938 STA XKCl+1
Seea LOA #$00
Sale STA YC1+1
Seze JSR PRAME
S83d JSRr MOva
S840 STH HC2
S85a STY WC2
S8ea STR XC2+1
S8ve LDA #$6a
S88a STR YCa+1
2098 - ————

S106 STR DYHMEG
Si1@ STA DXNEG

S1z2a —_—
5138 :--SET UP "JMP’'S FOR IMDIRECT
51408 SUBROUTINES——

T}

5158 - - -
S168 LDA #$4C

S17ve STA WHICH=

S18@ STA WHPLOT

5198 e -
5z88 : Dx=XC2-xC1

S21e - -
Sz220 SEC

S523a LDA xCz

S248 SBC XC1

S258 STA DX

5260 LOA XC2+1

Szve SBC XCl+1

S28@ STA Dx+1

5290 BCS HNEXT

5308

5318 : ABSCDX> IF DX IS MEGATIVE
S328 p——- - -
5338 INC DXNEG

5348 LDA #$FF

5356 EOR DX

5360 STA DX



Se26
35630
5640
S65a
S668
Seve
S68a
5696
Svae
Svie
Svze
sv3a
Sv46
5vo0
Svea
S57ve
Svea
5790
5888
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INC DX

LDA #$FF
EQOR Dx+1
STA Dik+1

D¥=YC2-¥YC1

NE=T SEC
LDA vC2
SBC YC1
sTR DV
LDA YCzZ+1
SBC ¥YCi+1
STA DY+1
BCS

r

INC DYHNEG
LDA #$FF
EOrR DY
STA DVY
INC D¥
LDA #$FF
ECOR DVY+1
STA D¥Y+1

‘s ‘so

0
K
®
"

:=1IF DY—>DW THEN SHWAF ¥ AND Y
:AND SET IMDIRECT PLOT ROUTINE TO
sFLOTE CPLOTS Y.x)> ELSE PLOT
2CPLOTS X, Yo

[
r

! LDH #CPLOT
LDY #>PLOT
STA WHPLOT+1
STY WHPLOT+2
LDA DY
CMP DX
LDA DY+1
SBC Dx+1
BCC SLOLEF

LDA #<FLOTE

r
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S816
Sgzea
5836
58408
5856
5868
Sgva
Sese
S589a
596008
S9216
S920
59368
S940
5956
S960
Sove
5980
5996
50600
€010
6620
6830
€040
6858
6a6a
68va
€880
€096
61808
&€11@
6126
6130
6140
6158
€160
€178
6180
€196
6280
5216
&2z6@
6230
6240

»
-
»

AT TR T

e e e e s e cotn cnane G e

LDv
STH

#OPLOTR
WHPLOT+1
WHPLOT+2

#$06
#C1 X
YC1.%
YC1.,x

R B

~CALCULATE IHCR1, INCRZ AND D-

e ooen a0ee o oo e S Gutwe SHete SeneD Sea0e S S SeSe W0 e e Game e Som oo S

STH
LOA
AsSL
STH
ROL

DY¥+1
INCR1+1
DY

A

IMCR1
INCR1+1

D=IMCR1-DX

SEC
SBC
STA
LDA
SeC
STH

DX

D
INCR1+1
DX+1
D+1

ASL
ROL
SEC
LDA
SBC
STR
LDA
SBC
STA

D
DX+1

INCR1
DX
INCRZ
INCR1+1
DX+1
INCR2+1



6258
6268
6278
6280
6290
63008
6318
&z2a
63206
&340
&350
&Z68
=X rgc)
€380
5398
5480
6410
6420
6430
6440
&450
&460
€47
€486
6496
€580
€518
&52a
&£530
654E
&550
&S50
&357e
&58a
€590
s50a
5516
&2
EEZE
S&48
&65a
Ee58
&eve
c&ga
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“o

--SET START AHD ENMD OF LIMHE——
FLOT FROM LOMWEST % TO HIGHEST ¥

~COMPARE YC1 TO YC2-
LOA DYNEG

BEQ TAP

LDA #$02

%8 ‘ez ‘vs v um

LDA XC1. ¥

LOA KC1+1.%
LDY YC1+1.,.x
STR XCOORH
STY YCOORH

EOR #%92

LDA XC1.¥
LOY XC1+1,¥
STA EMON
STY END¥+1
~SET PLUSX OR MINUSY FOR ¥
DJUST> IMOIRECT SUBROUTINE
HICH:
' LON #<PLUSH
LOY #3PLUSX

L LINR TI 1)
I |

LA DHEHEG
EOR DYHEG
BEGQ EG1
LEGe #CMIMUSH
LOY #:MIMUSK

H -—

‘sg
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6690 EG1 STH WHICHX+1

&780 STY WHICH=®+2

6716 PLA

&vV20 THX

67328 PLA

E740 TAY

6758 JSR WHPLOT

&7vE8

67vva :BRESEMHAM DRAMING LOOF
EV88 e -
E790 EGZ CF¥ ENDH

58008 BHE PAT1

6810 LOA XCO0ORH

6328 CMFP ENDX+1

£330 BE® EXIT

E848 P

6850 PAT1 JSRE MHICHX

62608 LOA DO+l

6378 BFL STAR

€38a JSrk DNEG

6898 JMP BRARG

6908 ZTHR INY

6218 BHE TWEE

€920 INC YCOORH

€536 TUWEE JSFE DPOS

€240 BARG JSE WHFPLOT

&950 JHMP EG2

€968 ;- -

6978 :——EXIT TO BARASIC—-—

5384 : —

6992a EXIT RTS

7e80 ;—— -
7v018 ;--PLOTAUNPLOT A POINT AT
¥B28 :.% AND .Y CONTAIN ¥ AND ¥ COORDS.
7838 ¥ AND ¥ COMPONENTS OF RAM PLOT
78408 :TABLE ARE RDDED TO DERIYE PLOT
vaSe :ADDRESS

resa :

verva PLOT CLC

7084 STY TEMPZ

vE98 e

7108 LDA ¥COORH

vilig@ BNE BIGXC

Extending sasic: Graphics and sound
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LDAR ¥YL.Y
ADC LOXL -
STA CHTAE
LDAR YH.Y
ROC LOXH. X
ORA #$50
STH CHTARBE+1
BHE PUTIT

BIGHC LDA YL.,Y
ARDC HIXL.,x
STA CHTRB
LDAR YH.,V
ADC HIXH.*
ORA #$66
STA CHTAB+1

:¢MAMDT? SELECTS CORRECT BIT MASK

FUTIT TxA

AND #$87
TAY

LDA MASKS.Y
LDV #0

Ry
[
c
-
-
Zz
m
-
X
3
o
c
Q
I
N
=
A
-t
-
m

JMP CWRITE>

——PLOTA/UNPLOT A POINT AT ¥, ¥——

s %o ws

STY TEMF2

LDA YCOORH
BNE BIGXCEH
LOAR YL,
ADC LOXL.Y
STRA CHTRB
LDA YH., ¥
ADC LOxH.,Y
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7570 ORA #$66@
7580 STR CHTAB+1
7596 BHE PUTITG
1 - R P——

7610 BIGKCR LDA YL,¥
7620 ADC HIXL.Y
7636 STA CHTAE
764G LOA YH, X
7650 ADC HIXH,Y
7660 ORA #$60
7670 STA CHTAB+1
rg- 1 T

7636 PUTITG TYA

7rep RHD #$87
7718 TAY

7ren LDA MASKS,Y
7736 LDY #8

7Pa40 JMP <WRITE>
7750

s ‘os

7768 ;——PLOTAUNPLOT OUTPUT ROUTINES--
veve :0RIT "ORS” THE MASK INM WHILE
¥788 :EORIT “EORS” IT OUT

7796 ; - ——
7808 ORIT ORA <CHTAB),Y
7510 STA (CHTAB),Y
7820 LDY TEMP2
7830 RTS

7840 —mm e

7850 EORIT EOR (CHTABY,Y
7868 STA (CHTRBY,Y
7ave LDY TEMPZ
78s@ RTS

7890 -
790@ ;—-ADD IMCR1 TO D--
7O e

7920 DNEG  CLC

7930 LOA D

7940 AOC IMCR1
7950 STA O

7960 LOA D+1

7ove ADC INCR1+1
7980 STR D+1

7390 RTS

Seea

N8
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8816 :—-ADD INCRZ TO D--

8828 -
3836 DPOs CcLC

8048 LOR D

385a ADC INCEZ

[6sa STR D

seva LDA D+1

2688 ADC INCRZ+1

883/ STA D+1

2ilea RTS

8118 g ———
28128 :—-AROD 1 TO XCOOROD-—--
8130 s
2148 PLUSH IHNx

150 BHE &2

2160 INC XCOORH

317ve 2 RTS

2188 ;———- —— ———
813@ :—~-SUBTRACT 1 FROM XCOORD-—-—
g2 e e
3216 MINUSY THA

8228 BHE &5

8238 DEC XCOORH

248 QS DEX

256 RTS

2260 e e

8290 MASKS .BYTE $80.%40,%$20,¥19
838a .BYTE $08,#%04.3%02,%01

BASIC Loader

16é C=8

181 RERD D%

182 IF D$="END" THEN PRINT D#$:END

183 D=VALD$>»:IF0<CB THEN 18¢&

184 K=K+1 :C=C+D:POKE 37V631+X.,0

185 GOTO 1081

igé IFC=ABS.D> THEHW 18@

187 PRINT "ERROR IN BLOCK " INTC(X/64)
188 GOTO 198

11 REM ——— BLOCK 1
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111
112
113
114
115
116
117
118
113
128
121
122
123
124
125
126
127v
128
129
13@
131
132
133
134
135
138
137
138
139
146
141
142
143
144
145
146
147
148
149
1568
151
152
153
154
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DATA169.96,133,21.169,0,133,20
DATA162,31,168.,.145,20,136,208,251
DATAZ230,21.,202,16,245,169,1,162
DATAG.1660,.8,133.82,134,96,132
DATA21.32,121.0,248,31,32,158
DATA183,134,859,32,121,0,240,21
DATA32,253,174,32,158,183,134,908
DATA3Z,121.6.246.8,32,253,174
DATAR-7E88

REM ——— BLOCK 2
DATA32,138,183,134,91,165,89.,186
DATA16.10,168,5,360,162,0,157
DATARB,22,157,0,93.157,0,94
DATA157.,8,95,.202,2608,241.169.59
DATA141 .17 ,268,169,120.141 .24 ,288
DATA165,91.,141,32,288.173,2.221
DATAS.,3.,141.,2,.221,173,8,221
DATA41 ,252,9,2.141,8.221.1639
DATR-5696&

REM —-—- BLOCK 3
DATARB,162,154,133,35,134,36,169
DATARG,162,155,133,.75.134,76..162
DATAB,169,8,133,.85,138,7V4,74
DATAV4,.10,38.89.10,38,.89,1@
DATA38,89,18,38,8%9,18,38,8%
OATAL16,38,89,1332,.90,164,82,132
DATH21.18,38,82,180,38,89,7V2
DATAZ24,138,41,.V,101,980,133,.3@
DATA-4962

REM ——- BLOCK 4
DATAH144,.3,236,91,.24,184,181,30
DATA160,8,145,3%5,165,83,1081 ,91
DATA145,75,2306,35,2360,75,208,4
DATAZ238.,36,238,76,232,208,178,163
DATAB®,162,156,133,35,134,36,163
DATAB,162,158,133,75,134,76,160
DATAB,132,77,132,78,165,78,133
DATAB9,165,77,78,89,.10€6.70,83
DATR-7207

REM ——— BLOCK S
DATA186,78,89,106,10,38,89,16
DATA38,89.,10,38,83,145,35,.165
DATA82,145.75,238,35,238,75,288
DATA4 ,236,36,230,76,230.77,208



155
156
157
158
159
1e8
151

152
163
164
ies
156
167
168
1€9
1ve
ivi
17"')
173
174
175
17e
17?7
ire
1vo
18a
181
182
183
184
185
186
iav
183
ig9
196
121
192
193
194
195
196
197
198

Extending sasic: Graphics and sound

DATA212.238,78, 165,788,261 .,.2,2088
DATARZ2G4 , 159,156, 166,148,141 6.3
DATA140.1.3,169,8,141 ,249,3
DATA141 .258,.3.141,251,3,93&6,32
DATR-VB83

FEM ——— BLOCK &

DATHRIB3 . 148,142,245 .32, 148,251 .3
OATAL41 . 2568,3, 96, 16: 173,168,156
DATAZGE .4, 169,188,158, 158, 141 246
DATARZ. 148,241 .2,32,1683,148,32
DATAGE 148,133,387 ,76,59,150,32
DATALZ1,8.,.248 .44 ,.22,138,173,.32
DATARZ247 . 183,185,208, 166,21 ,141 ,52
DATAZ.142,53,3,201,64,.138,233
DATAR-7496

REM ——— BLOCK ¥
DATAL,1V6,21.32,253,17V4,240, 18
DATA3Z. 158, 183 224 .,20808,176,9,138
DHTHISS 174,52,3,173,53.,3.,96
DATAR164,184.162.14,32,172,148,169
DATALI39,156,227,141,0.3,146,1
DATAZ,188,.8,3,173,2,221.,92
DATA3.,141.2,221,173,0,221,41
DATAZ252,2.3,141,6.221,16%2,27
DATAR-&614

REM ——-— BLOCK &

DATAR141 .17 ,288,162,.21,141 ,24,208
OATAL169,14,141 .32,288,.96.162,.173
DATR1E8,.156,288.4,.169,180,166, 150
DATA141.240,2,148,241,2.174,249
DATAZ,172,251,3,172,250.,3,142
DATAL152,2,146,199,2,141,123,2
UHTH169,8;141,299,2,32,183,148
DATA3Z,.66.148.142,194,2,140,261
DATR-7882

REM ——— BLOCK 9
DATR2.141,195,2,169,0,141 ,262
DATAZ2,141.2085.2.141,198,2,16%
DATARYE, 141,178,2,141,173,2.56
DATAL173.194,2,237.,.192.2.141.1396
DATA2,173,1595,2,237,193,2,141
DATAL37,2,17V6,22,238,198.2.169
DATAZSS.77,196,2,141,196,2,238
DATAL196.,2.169,255,77,197.,2,141
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193
286
201
282
283
284
285
286
287
288
289
218
211
212
213
214
215
216
217
218
219
228
221
222
223
224
225
226

227

TR PV RNV I (VI (N

VIR QU WU VI (VI OV LI VI VI (VI LN X
W W W
WONHARWR = QDO
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DATAR-77VA5S

REM —-—- BLOCK 10
DATA197,2,56,173,281,2,237,129
DATAZ, 141 .203,2,173,2082.2,237
DATARz0O,2.,141,204.,2,17V6,22,238
DATA20S,2,169,255,77,2083,2,141
DATR28E,2,238,203,2,169,255,77
DATA204 .,2,141,204,2,169,59,.166
DATA1ISO,141,174,2,140,175,2,.173
DATAZ032.,.2.205,196,.2,173,204,2
DATA-8182

REM —-—-- BLOCK 11

DATRZ37V ., 157 ,2.144,.28,162,116,1€0
DATA1SG.141,174.2,140,.173.2,162
DATARE,189,192,.2,188,139,2,157
DATA199,2,152,157,192.,2.262 .16
DATRZ40,173,204,.2,133,32.173,283
DATAZ2.10,133,31,38,32,36,.237
DATAL26,2,133,27V,165,32,237, 197
DATARZ2.133,28,14,196,2,46.,.1597
DATR-Y162

REM ——- BLOCK 12
DATARZ,.5&,165,31 ,237.,136,.2,133
DATA33,165,.32,237.197,2,13%,34
DATALV3,.285,2,240,2,169,2,170
DATAL185,.13%,2,72.189.192.2,72
DATH189,193,2,188,2080,2, 133,87
DATA132,88,.138,72,2,178,139,192
DATAZ.188,193,2,133,23.132,38
DATAl162,215,160,150,173.138,2.77
DATH-7352

REM ——- BLOCK 132
DATAZ0S.2,248.4,162,221, 166,150
DATA142.171,2,140,172,2.184,170
DATR184 ,168,32,173,2,228,29,.268
DATAG . 165,287,157 .30 ,.240,27,32
ODATRLVE.2,185,.28,16,.6,32,187
DATALSG.7E,.52,150,200,208,2,230
DATARSES,32,291,158,.32,173,.2,76
OATA21 . 158.26,24,.132,.96,16%,87
DATAR-5968

RFEM —~—- BLOCEK 14
DATRZGS3,26,185,6,154,125,8,156
DATA133,26,185,.6,155,125,0,158
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243 DATAZ,.96,1332,21.282,.18,.185,08
244 DATALS4 . 125,8,157,.132.28,.185.8

MO R DO OV N (VI N

M ™A O MM AN AAdag;

(RN I R (VI N LN (I VO OV I VI (N

P

WO AR LN @Y 0dEdA R W R

[y
&l
)
o

1081
1082
1863
1664
1685
1888
1gav
1868
1663
1a1a
1g11
la1z
1813
1014
1915
1915
181v
1818

DATAR15S.,125,8.152.92,96,132,.21
DHTH158,41,.,150,185,226.15U‘16@
DATARB 188, 248,.2,.24,122,98,165

t DATASE . 288.20,189.0,.154,121 .8
DATAR-S3284

REM ——— BLOCE 15

DATALSS . 13232,.28.189,8,155,121 .08
DATALISE . 2,26, 133,21 .208,.12,189
DATHEG, 154,121 .6, 14.,135.2u 185
DATAB, 155, lal,m 159,.2,.96.1323
DATARZ1.152.41,7V.168, 185,2J8 15a
DHTHIS@ 8.188.240,.2,17,20.145
DATARz8,. 164,980,936 .81 .28,145,20
UHTH164,9u,96,24,165,2r,lul,41
DATR-58:31

REM ——— BLOCK 1&
DATA132,.2V.165.28,181 ,32,.133,2
DATARE .24, 165,27, 181,33, 132,27
DATR1ISS. 28,181 .34, 133, 28,936,232
DHTHZBu.E,ZBB.u..-G 138,288 .2
DATALS8.,87V.202.96,128,64 .32 . 1&
DATAS .. 4.2.1

DATAR-3&V9

DATA EHD

&

REM —— EHAEBLE HNEW COMMAMDE ——
AD=3232339

REM - BITHMAPC

FOKE RAD.255:POKE AD+1.14€6

REM - BITMAP

POKE HD+¢:~@ POKE RD+3.147
REM - MOWE

FOEE AD+4,62:FOKE RD+S ., 142
FREM - PLOT

FOKE AD+&,7S:POKE AD+7 . 148
REM — UWPLOT -

FQEE AD+&,21 :POKE AD+9,.148
FEM — DRAM '

FOKE AD+1@,.28S5:POKE AD+11.,142
REM -~ UMDRAK -~

FOKE AD+12,.211:POKE AD+13.14&
REM — TEXT

FOKE AD+14,171:POKE AD+15.148
EHD
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The Hi-res Routines

Screen Memory

The memory area for the bit-mapped screen is held at se80 onwards
in memory bank 2, below the ‘Expander’ code which starts at $seeo,
and the colour table for the bit-map is stored below the bit-map
itself, starting at sscoo.

Clearing The Bit-map Memory Area (Lines 1480-1590)

This loop provides a good example of how to access a large area of
memory (the 32 pages required for the bit-map) using post-indexed
indirect addressing. The number of pages to be cleared, minus 1, is
contained in the x register. This is the point at which the BITMAPC
command enters.

Setting Up the Colour Table (Lines 1680-2070)

At this point the BITMAP command enters, avoiding the routine to
clear the bit-map. Lines 1750-1880 get in any parameters after the
command into Temp1, TEMP2 and Temp3. If there are no parameters
then the defaults established in lines 1680-1730 are used. The values
in TEMP1 and TeMpP2 are combined into a single byte in lines 19001950,
and this determines the value that is written into the colour table at
lines 2010-2070. Note that in a colour table for a bit-map the upper
and lower nybbles (four bits) in each byte represent the foreground
and background colours respectively for the corresponding 64 pixel
(8 by 8 block) region in the bit-map.

Switch to Bit-map Mode and Position Bit-map (Lines 2120-2270)

The VIC 1l control register $D#11 controls the graphics ‘mode’, while
the position of the bit-map and colour table within a memory bank is
determined by spe18. Since we are changing memory banks we also
need to change the bank select bits (0 and 1) of Port A of the CIA#2
chip, located at spDeo. Before we can change these it is necessary to
set bits @ and 1 in the Port A Data Direction register, sppDe2.

Setting Up a RAM Plot Table (Lines 2320-3580)

In order to plot a point in a bit-map it is necessary to be able to
calculate the address in the bit-map of the byte containing the point
on the basis of its x and y co-ordinates. This is a time consuming task
involving several multiplications, and if we were to perform the
calculation each time a point were to be plotted it would con-
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siderably slow down the process. An alternative strategy, where, as
here, enough RAM memory is available, is to perform the calculations
beforehand for every value of x and y and store the result in a table
that can be quickly accessed. The calculation that must be per-
formed involves the summation of two components, one depending
on the y co-ordinate and the other on the x co-ordinate:

y component=INT(Y/8)*320+(YAND?)
x component=INT(X/8)*8

Address=(x component)+(y component)

The position of the specific bit within the byte is given by 21x, two to
the power of x, but this is easily taken from a lookup table and will
be left to the individual command routine.

What has been done is to construct 2-byte tables of the results of
the above calculations for x values to 319 and y values to 199, v, YH,
LOXL, HIXL, LOXH, HIXH. When the time comes to plot points deriving
the plot address will simply be a question of adding the y-table
value, indexed by y to x-table,x. Thus, at the cost of making the
BITMAP command fairly slow (though not so you’d notice), the pLoT
and brRAW commands become much quicker.

Note that the multiplication v*320 is achieved by adding v+256 to v*64
in lines 2540-2910.

Reset System Error Vector (Lines 3620-3650)

Whenever an error is detected in a BASIC program it causes an
indirect JMp to the routine which prints the corresponding error
message through a raM vector at ($e300). By changing this vector to
point to our code we can make errors switch off bit-map mode and
re-establish the text screen before they are printed. The reason for
doing this is that otherwise the error messages would not be visible
and debugging BAsic would become a guessing game (somewhat
like debugging machine code).

Initialise pLoTter (Lines 3690-3730)

The ‘Expander’ bDRAW command is a two-parameter draw routine, i.e.
it DRAWS to the parameter x,y position from the last position pLoTted
or MOVEd to. BITMAP commands initialise the Last-Point-Plotted to 0,0,
the top left hand corner of the screen. At line 3730 we return to
BASIC.
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MoVvE Command (Lines 3790-3830)

PRAMS gets the x and y co-ordinate parameters into v (y—coord), x
(x—coord low) and A (x—coord high). These values are then used to
reset the plotter position.

pLOT and UNPLOT Commands (Lines 3880—4030)

The only difference between these two commands lies in the fact
that in the case of pPLOT data is Ored into the bit-map while for unpLOT
it is Eored. The PLOT routine at lines 7070-7410 which performs the
plotting has a variable element in the form of an indirect jump to
(WRITE) to cope with the two sorts of pLoTting. This indirect address is
set up at the entry points for the two commands, so that for pLOT the
WRITE vector points to the ORIT routine at line 7800 and for unpLOT the
WRITE vector points to EORIT at line 7850. Line 4000 gets in the com-
mand parameters from PrRAMS and jsR MOV2 updates the plotter for the
new position. Finally a jmp is made in line 4030 to the PLOT routine at
line 7070 onwards.

PLOT accepts the x and y co-ordinates in registers x and v, with the
high byte of the x co-ordinate stored in XCOORH. In line 7100 XCOORH
is checked to see if the (x-coord) parameter is greater than 255, in
which case we must access the x-component rRAM table 256 bytes up
from the start, i.e. in HixL, HIXxH, at x-coord low plus 256. The two
components from the raM table are then added to give an address in
cHTAB. In lines 7320-7350 the correct bit mask for the plot is selected
as MAsK,Y where Y equals X AND 7. Finally, a JMP to (WRITE) either ORs or
EORs the mask into the bit-map and returns to BAsiC.

X and Y Co-ordinate Parameter Input (Lines 4120-4350).

The praMS routine gets in command parameters and checks them
against the size of the screen. If they are outside the screen limits of
x co-ordinate 0—319 and y 0—199 then the stack is popped and an
ILLEGAL QUANTITY error is generated at lines 4430-4510.

Error Handler (Lines (Lines 4430-4510)

exiT1 is for errors generated within PRAMS. EXIT2 is the new system
error vector set in BITMAP. Any system error causes a JSR Tex which
resets text mode and then the default system error vector is restored
in lines 4470-4500, followed by a jmMP to the latter.

DRAW and UNDRAW Commands (Lines 4750-6990)

In similar fashion to the pLOT and uNPLOT commands this pair is
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handled by the same code except for the indirect (WriTe) vector
which points to oriT for the brRaw command and EORIT for UNDRAW. In
lines 4950-5080 the two points for the line are set up. xc1 and vc1 are
derived from the Last-Point-Plotted, while xc2 and vc2 come from the
command parameters.

Drawing Lines

There are several possible methods for drawing lines on a micro. For
example, one possibility is the so-called incremental method works
thus: A

1. Increment x
2. Calculate y as sSLOPE*x
3. Plota pixel at x, (y rounded)

The problems with this method are that the calculation of sLope*x
and the rounding of y are time consuming, since floating point
numbers must be used to obtain sufficient accuracy.

An alternative is the Bresenham algorithm, which uses only
integer numbers. This works by accumulating, for each x increment,
a ‘decision variable’ b whose value determines whether y is to be
incremented, i.e. if D>0 then increment y. (Maths freaks are directed
to Fundamentals of Interactive Computer Graphics by Foley and Van
Dam, published by Addison Wesley.)

The above method, however, only gives lines for e>=sLopPe<1 or
1/8th of a circle. To obtain other slopes you must:

1. Decrement x instead of incrementing
2. Swap x with y and ploty,x

This gives a range of half the circle. The other half is obtained by:
3. Always plotting from the lowest y to the highesty

Below is given an example of the same algorithm coded in Basic, and
you should find the Basic and the machine code very similar. There
are however several points worth noting, as follows.

Lines 190-240 of the BAsiC program are performed by lines
5690-5920 of the machine code. Notice that in the machine code
version Dx and Dy are not recalculated from the ‘swapped’ x and y
co-ordinates, but are included in the swap in lines 5850-5920. Note
also that instead of setting a flag (F in the BAsiC) to determine which
PLOT routine is used (x,y or y,x) the machine code uses an ‘indirect
subroutine’ at wHPLOT. ’
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Line 350 of the BAsiC program is also handled rather differently in
machine code. When Dx and Dy are calculated in lines 5220-5620 two
flags, DXNEG and DYNEG, are set if the original values of bx and DY were
negative. These flags are then used later on, in lines 6310-6340, to
compare YC1 to vC2 (see line 300 of the BAsiC version) and in lines
66206640 (corresponding to line 350 of the BAsIC).

In place of the variable u in lines 340410 of the BAsiC another
indirect subroutine is set up in the code to determine if x is incre-
mented or decremented in lines 6470-6700. Also, note that in the
machine code two PLOT routines are required, PLOT which plots x,y
and pLoTQ which plots y,x.

106
118
126
13@
i48
15@
158
ive
188
1396
288
219
226
238
248
256
250
278
288
250
306
318
320
aze
346
bC Tl
360
37
386
32a
488
418

BITHMAPC

®l=186:Y1=106
¥2=010:Y2=040

F=8a

O¥=¥2-¥1 sAX=ABS (D>
OvY=Y2-%Y1 :AY=ABS0OY>

REM . ———

REM IFRX<AY SWAP ¥ AND ¥

IF AX>=AY THEH 2&@

F=1

T="2s¥Y2=K2 1 42=T
T="1:¥Y1=K1::1=T
Di=H2-X1 :AX=ABS ([Ox >
DY=Y2-%Y1 :AY=ABS<DOY>
REM -

REM INITIALIZE DA/I1-12

I1=AY¥2:D=11-AX

I2=2%¥%AY-Ax>

IFY1>Y2THENZ2G

H=l iY==Yl XE=X2 :GOTOZ3a

H=X2 :1¥Y=Y2 1 KE=X1

GOsUBSHa

=1
IFDX<aANDOY<A0RDK=8ANDDY=8THEMN4 86
U=~1

REM -

REM BRESENHAM LOOP

REM
IFX=XETHENS3&
H=K+U
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428 IFD=>ATHEN446
4368 D=D+I11:60T0456
448 Y=Y+1:0=0+12
45@ GOSUB S@8

4668 GOTO 466

478 REM-—
480 REM PLOT ROUTINES
438 REM- -
566 IF F>@8 THEN Sz@

S1@ PLOT X,Y:RETURH

5208 PLOT ¥Y,x:RETURN

Sz WAIT198,.1:POKELSS. @
S4@ EMD

Functions

This section presents four functions for incorporation in ‘Expander’
which, although quite short and straightforward, considerably sim-
plify the handling of sprites and joysticks. Tasks which would
otherwise require a lot of tedious peeking of registers and ANDing of
data to derive the needed result are handled by the function
routines, which return the result after processing.

JOY(N)

The jov(N( function reads the joystick and returns a value corres-
ponding to the state of the joystick (0 or 1) specified in the brackets.
Jov(0 returns the value of Joystick 1 and jov() the value of Joystick 2.
The values returned for the various joystick directions are as
follows:

JOYSTICK DIRECTION  JOY(N)

Centred (no direction)
North

North-East

East

South-East

South

South-West

West

North-West

NOoOoOUToowhaNnsS

These particular values were chosen because they facilitate the
writing of a joystick handling routine based on the oN ... Gosus
construction of BAsiC. An example of such a routine would be:
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10 ONJOY(0) GOSUB 20,25,30,35,40,45,50,55
15 GOTO 10

20 GOSUB 35

25 Y=Y—1:RETURN

30 GOSUB 45

35 X=X+1:RETURN

40 GOSUB 55

45 Y=Y+1:RETURN

56 GOSUB 25

55 X=X—-1:RETURN

FIRE(N)

FIRE(N) returns a value indicating whether or not the fire button of
joystick of which the parameter is N (0 or 1, as for Jov(N)). This value
is 1if the fire button is being pressed, and a 0 if not.

XSPR(N)

XSPR(N) returns the x-position on the screen of the sprite whose
number is specified in the brackets. Thus, PRINT XsPr@) will print the
current x-position of sprite 0.

YSPR(N)

YSPR(N) returns the y-position of the sprite whose number, specified
in the brackets, is N.

These two sprite position functions enable you to keep track of the
positions on screen of sprites whose movement is linked to the
joystick by the jsprITE command. Together, JSPRITE, XSPR(N) and YSPR(N)
make a powerful tool for the writing of BAsIC games.

The Functions Code

Assembler Listing

1866
1918 -
1628 ;--"HSPR™ FUNCTIOM--

1838 :GET SPRITE PARAMETER INTO $14.
1@4@ :SEE IF EIT COORESPONDING TO FPRRAM
1858 :SPRITE SET IN REGISTER #D218.1IF
18680 ;50 THEN LOAD .A WITH 1 ELSE ZERODA
167@ :LOARD .Y WITH SPRITE Y-POSAEXIT

*

=$9186

‘so



l1eg6a
1850
1168
1118
1128
113z6@
1148
1154
118
117va
1186
1190
1266
1218
1226
1238
1248
1258
1266
12708
12886
1290
1366
131@
1320
1330
1346
1356
1360
137a
1756
1ves
17ve
1v8a
1728
15806
1218
i3za
1236
1248
1851
18568
187vE
1386a
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:VIA ¥L391 (COMVERTS IMTEGER TO
sFLOATING POINT.?

-
g

SPRIX JSE
LDA 14
AHD #$a7v
ASL A

TAK
LDA
AMO
BE®
LDA
PHA
LoY
PLA
JMP

$BYFV

$Do16
MMASK , &
HISKFP
#301
HISKP
sDoaa , ¥

$B391
2——"YSPR" FUNCTION--

:GET SPRITE PARAMETER IN $14/USE
;TO INDEX SPRITE Y-POSITION REGSTE

:LOAD A WITH ZEROZEXIT YIA $B391

SPRIY JSR
LDA
AND
ASL
TAX
Lov
LOA
JHP

$BYFY
$14
#$07
A

$Doal , =«
#$00
$B351

2—=7JO%" FUNCTIOM--
sGET PARAMETER INTOQ $14.#%1S5/FLIF
:BIT ZERO AND USE TO INDEx CIA 1

tDATA PORTSAFLIP LOWER 4 BITS OF

sFPORT AHWD USE RS IMDEX INTO JOYBIT
:TABLEA/RETURN WIA #B391 (CONVERTS
:INTEGER TO FP.O)«

JOYeY

JSR $BVF?
LDA #14
AND #£01
EOR #%$81
THX

301
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1398 LDA $£DCO8,x
1308 AND #$6F
191@ EOR #$0F
1326 TAX

1230 LDY JOYEIT.,x
1248 LDA #$08
1956 JHP $E391
1960 e

15376 ;~-"FIRE" FUNCTION--

1982 :GET PARAMETER IHN #$14,15-FLIP BIT

1990 :2Z2ERD AND USE AS INDEX TO CIA DATA
2088 ;PORTS/"AND” PORT YALUE WITH #$18

2818 :IF ZERO RETUREN “ALUE 1 ELSE

2628 :RETURN &+

Zeza : —_——— ————

2848 FIRRE JSR $BVFV

285a LOA 14

288 ANMD #3081

28vea EOR ##01

2838 THE

2856 LDY #$06

2106 LOA #£10

211@ AMD $DCBAa , x

212 BHNE ZERJOY

=136 LDY #3061

2148 ZERJOY LDA #$00

2156@ JMF $B321

2168 e

2178 MMASK .BYTE $01.$82,%04 .88
2188 .BYTE #$10,$20,%$40,3%20
2199 » - - -

2280 JOYRBIT .BYTE $00,$0:2,$06, 300
2216 .BYTE #0Z.%$07,.%035,. %00
2224 .BYTE $04.%31.$03
2238 -

BASIC Loader

168 C=8

181 RERD D%

182 IF DE="EHND" THEM PRINT D% :EHND
163 D="AL{D*>:IFD<CB THEN 106

1804 RK=¥+1:C=C+D:POKE 371132+X,D
185 GOTO 1e1



1606
167
198
110
111
112
113
114
115
116
117
11&
119
12@
121
122
123
124
125
126
127
128
129
1886
1061
1062
leaz
1064
1865
1666
1887V
1088
ieas
1616
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IFC=ABS<(D>» THEN 18@
PRINT "ERROR IM BLOCK ":IMTCX~/64>
GOTO 108
REM ——- BLOCK 1
DHTH3;.247,183 165,26,41.7,18
DATAL1VA.173,16,208,.61,9€,145,.240
DATRZ. 159, 1 v2,188,8,288.104
DATAHTE » 143,1?9.32.24?,183,165,2@
DATR41.7,18,170,188,1 298,169
DATAB . VE, 145,179 . 32,247,182, 165
DATAZ2G,41,1.,V3,1.178@, 189,3
DATARZ26,41 ., 15,,0,15 17,182,104
DATA-&V47

REM ——- BLOCK 2
DATAL45,169,08,76, 145, 179,32, 247
DATALISS.,165.,20,41.,1.73.1,178
DATAR1ER,0,169,16,51,0,2208, 288
DATARZ . 166,.1,169.0,7V6,145,.173
DATHL . 2.,4,8.,16,32.64,128
DATAG,2.6.8,8,7.,5.0

DATA4.1.3

DATA-3504

DATAR END

REM —- ENABLE NEW FUNCTIONS —-
AO=332&5

REM — JOY{X2

POKE AD.44:POKE AD+1.145

REM -~ FIRECX>

POKE AD+2,76:POKE AD+3.145

REM — XSPRCX>

POKE RAD+4,8:POKE AD+S5,145

REM — YSPR(X>

POKE AD+6,27V:POKE RO+7V.145

END

The Function Routines
Now let us look at how these functions are coded.

xsPR Function (Lines 1110-1230)

303

The jsR to $87F7 in line 110 accesses a routine to convert the argument
between the brackets from floating point format into an integer held
in $14, $15. This is multiplied by two, giving an index into the 2-byte
mask table MMAsk and the sprite x-position registers. The latter value
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is stored in v. If the bit matching the parameter sprite in the x
co-ordinate high byte register is set then A is loaded with 1, else it is
loaded with zero. We exit the routine via the $8391 routine, which
converts the integer result in v, A into floating point form in the
Floating Point Accumulator #1.

vsPr Function (Lines 1300-1370)

The integer result of the argument in brackets from the $87f7 routine
is multiplied by two and used to index the sprite y-position registers.
The value from the registers is stored in register v. A is loaded with
zero. This result is passed back via the $8391 routine.

joy Function (Lines 1840-1950)

The parameter from the brackets is ANDed with #$e1, and then ‘flip-
ped’ (eored with #$01) and used to index the CIA#1 Data Ports, so
that if the value in the brackets was 1 then we access $pceo+e and if
the value was 0 we access spcoe+1. The value from the data port is
transferred to the x register and used to index the jovBiT table of
joystick values. The table value is stored in vy and A holds zero. The
result is returned via the routine at $8391.

FIRE Function (Lines 2040-2150)

The parameter in brackets is used to access the Data Ports, as with
Jov, but in this case, if bit 4 of the data port holds a 0, then we return
A, Yequal to1elseA, yreturns 0.

Adding Your Own Commands to ‘Expander’

The ‘Expander’ program given in the text added to BAsic the com-
mands which | personally thought were the most useful. Different
programmers may well disagree with the selection. This need not be
a problem, however, as the scope of ‘Expander’ is not limited to the
command routines provided in this book.

If you feel confident enough to write your own command routines
then it is very easy to incorporate them into the ‘Expander’ com-
mand handler.

If you refer back to lines 3690-4500 of the ‘Expander’ Command
Handler routine you will see that in the ‘Expander’ Keyword table
WORD there are several ‘dummy’ entries. You may also consider FiLL
(line 4390) to be a dummy entry also, as that was one command
impossible to include in the time available for writing. To add a new
function or command you must follow this procedure:
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1. Load ‘Expander’.

2. Load your new function or command routine.

3. pPOKE either the Start Address, for a new function routine, or the
Start Address minus 1 in the case of a command, into its respective
command handler action table, i.e. FuNCS for functions or ADDRS for
commands. The position of the address in the action table must of
course correspond to the position of its keyword in the keyword
table. FUNCS and ADDRSs reside in memory at locations 33285 and 33313
respectively, the first free (dummy) address being located at 33293 for
FUNCS and 33359 for ADDRS.

4. Change the dummy keyword in the keyword table to your new
keyword. Note that while new command keywords can be as long as
you like function keywords are limited to five letters, since ten
5-letter dummy function entries are placed between the last of the
book function routines, the yspr function, and the first of the com-
mand routines, RENUMBER, and it is important to keep ten keyword
‘entries’ between YsPrR and RENUMBER, or the commands will not work.
The first dummy function keyword starts at 33388 and the first dummy
command at 33561 (not including FiLL at 33551). Remember that the
last character in each keyword is held as ASCII code plus 128.

5. Save ‘Expander’ plus your new handler routine as one program.

Where to Put Your New Routines

Space has been left after each of the ‘Expander’ command routines so
that users can make amendments to them if required, and short
commands or functions could also be placed in these areas. For
example, after the functions code given above there are more than
256 bytes left free. A memory map of the ‘Expander’ command
routines is provided in Appendix 5. Alternatively, there is RAM avail-
able between s96eC and $99FF (the RAM plot tables for the braw and pLOT
commands occupy $9A08-$9FFF). A third possibility is to lower the
Top-of-Basic from $580e and put your routines under the bit mapped
screen.

Writing the Routines

The whole purpose of this book has been to show, by example, how
functional machine code is written and if it has done its job, then by
following the general methodology of the ‘Expander’ command
routines you should now be able go have a go at writing commands
and functions of your own. You might start off with something
simple, such as screeN and BORDER commands to change screen and
border colours, or Deek and DOKE (2-byte peek and POKE) routines. You
may then move on to multicolour hi-res graphics or the FiLL command
that fell foul of this book’s deadline. Remember that planning pro-
duces better code, and good luck!












Appendix 1
6510 Op codes

The tables presented in this appendix give the 6510 Op Codes, with
the hex codes for each mnemonic categorised by address mode.

The notation is as follows:

R1 Register Changed

R2 Sending Register

A Accumulator

X  RegisterX

Y RegisterY

S  Stack Register

PC Program Counter

P Processor Register (Status Flags)
M Memory Location

The P Register flags are:
Bitd C Carry

1 Z Zero
2 1 Interrupt
3 D Decimal
4 B  Break
5 * (notused)
6 V oVerflow
7 N Negative
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ZERO | Z-PAGE

MNEMONIC | DESCRIPTION Rl R2 (| IMPLIED |IMMED | PAGE X
ADC ADD WITH CARRY A 69 65 75
AND LOGICALAND A 29 25 35
ASL ARITHMETIC SHIFT LEFT AM 0A(A) 06 16
BCC BRANCH ON CARRY CLEAR
BCS BRANCH ON CARRY SET
BEQ BRANCH IF EQUALTO ZERO
BIT COMPARE BITS WITH 24

ACCUMULATOR
BMI BRANCH ON MINUS
BNE BRANCH ON NOT EQUAL TO ZERO
BPL BRANCH ON PLUS
BRK BREAK S 00
BvC BRANCH ON OVERFLOW CLEAR
BVS BRANCH ON OVERFLOW SET
CLC CLEAR CARRY 18
CLD CLEAR DECIMAL D8
CLi CLEAR INTERRUPT MASK 58
cLwv CLEAR OVERFLOW FLAG B8
CMP COMPARE TO ACCUMULATOR 9| G5 D5
CPX COMPARE TO REG-X (] E4
CPY COMPARE TO REG-Y Cco | C4
DEC DECREMENT MEMORY Cé D6
DEX DECREMENT REG-X X CA
DEY DECREMENT REG-Y Y 88
EOR EXCLUSIVE OR ACCUMULATOR A 49 45 55
INC INCREMENT MEMORY E6 F6
INX INCREMENT REG-X X E8
INY INCREMENT REG-Y Y C8
JMP JUMP TO ADDRESS PC
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Z-PAGE | INDIRECT | INDIRECT | RELATIVE | ABSOLUTE | ABSOLUTE | ABSOLUTE P-RECISTER
Y X Y ADDRESS | ADDRESS X Y INDIRECT | N'| V [*]|B (DI |Z
61 71 6D 7D 79 X | x X |x
21 31 2D 3D 39 X X
[1]3 1E X X |X
90
BO
Fo
2C M7|Mé6 X
30
Do
10
X
50
70
0
0
0
0
C1 D1 CcD DD D9 X X
EC X X
CC X X
CE DE X X
X X
X X
41 51 4D 5D 59 X X
EE FE X X
X X
X X
4C 6C
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TR0 | Z-PAGE

MNEMONIC | DESCRIPTION RI R | IMPLIED |IMMED | PAGE | X
JSR JUMP TO SUBROUTINE PC/S
LDA LOAD ACCUMULATOR A A9 | A5 | Bs
LDX LOAD REG-X X A2 | A6
LDY LOAD REG-Y Y A0 | A4 | B4
LSR LOGICAL SHIFT RIGHT AM | 4AA) 4% | 56
NOP NO OPERATION EA
ORA INCLUSIVE OR ACCUMULATOR A 09 | o5 | 15
PHA PUSH A ONTO STACK S Al 48
PHP PUSH P-REGISTER ONTO s P| o8

STACK
PLA PULL ACCUMULATOR FROM A 68

STACK
PLP PULL P-REGISTER FROM P 28

STACK
ROL ROTATE LEFT ONE BIT AM | 2AA) 2% | 36
ROR ROTATE RIGHT ONE BIT AM | 6A(A) 6 | 76
RTI RETURN FROM INTERRUPT P/ 40

PC/S

RTS RETURN FROM SUBROUTINE PC/S 60
SBC SUBTRACT WITH CARRY A B |65 | B
SEC SET CARRY P 38
SED SET DECIMAL P F8
SEI SET INTERRUPT MASK P 78

(DISABLE)
STA STORE ACCUMULATOR M A 85 | 95
STX STORE REG-X M X 86
STY STORE REG-Y MY 84 | 94
TAX TRANSFERA TO X X Al AA
TAY TRANSFERATO Y Y A| A8
TSX TRANSFER S TO X X S| BA
TXA TRANSFER X TO A A X| 8A
1S TRANSFERXTO S S X| 9aA
TYA TRANSFER Y TO A A Y| 9
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Z-PAGE | INDIRECT | INDIRECT | RELATIVE | ABSOLUTE [ ABSOLUTE | ABSOLUTE P-REGISTER
Y X Y ADDRESS | ADDRESS X Y INDIRECT [N [V [*[B|D|1]|Z]|C
20
Al B1 AD BD B9 X X
B6 AE BE X X
AC BC X X
4E SE 0 XX
01 1 oD 1D 19 X X
X X
XXX X [x % |x [x
2E 3E
6E 7E
XX [x[x
E1 F1 ED FD F9 X X [X
1
1
81 91 8D 9D 99
9% 8E
8C
X X
X X
X X
X X
X X




Appendix 2
Op codes, tokens and
ASCII characters

DEC  HEX BASIC TEST =S@2 OF-CODE HEC
C

<} aa EHO-0F -L IME BRE

1 @1 ORA CFE@,

2 “3

4 @ag

S @S ORA 86 WHITE

[ a6 ASL ¥0a

v av

= 0] FHF SHFTACOM +
= as ORA #F00 SHFTA/COM —
16 BA A3l A

11 fu]=]

1z ac

12 [ulu] OFA £8006 RETURH

14 @E AL $o8EE Lok CASE +
15 EF

15 1a EBPL

17 11 ORA CF8RAN Y CURS DO
12 12 RWS 0N

13 13 CLRAHOME
28 14 INST-DEL
21 15 OFRA $90 .1

22 1& ASL 00 .1

23 17

24 1= [

25 13 OFA #2004 .Y

25 1A

27 1B

2e 1C RED

29 10 ORA #0004, CURS RIGHT
3@ 1E ASL $PD0@a .~ GREEM

21 1F ELUE

3z =2 SPACE SR Fo0ga SPACE

=3 =3 ! AND C$00 , 40 !

24 22 " "

25 23 # #

36 24 E3 EIT *Ba E 3

37 25 kA AND $9@ kS

28 2& & ROL. $06 &



e e e e e B B B M O 00« 0 O x (xR o R o VR R R B ) R, IR A

DO Ul

0o

f
DI BN NI R O o B s PR Y N I B NS BV W R B R B I (VI OB N B O B SN A I DN I R 1]

A0 A0 W LD WD AD 0D 00 0D
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o7 . .
=& i FLF i
29 K AHD #$0@ 2
2A * ROL A *
2B + +
20 . EBIT #0QG6 .
20 - AND FB@aa -
2E . ROL F@@aa .
2 F -, ',.~'
28 EMI A
21 AHD @@ Y 1
22 2
33 3
24 4
= AHD 28,0

) ROL 88

x}

SEC
AHD F@0@m , Y

AHO
REOL ¥

DO C C R O B O P I SV Y]

moom>D o

R | R LTI Y (R Y B A B N PO OB

R | B O U U Lt Rt SR

48
41
4z
43
a4

RTI
EOF CF@@ WD

45 EOFR #208
4& SR Fen
47

4& FHA

43 ECQF

=

MoOZTIrFT I oTmoomDE

4C JMF F@86a
40 EQOR #2833
4E SR FEEER
4F

S@ BN

=31 [n] EQOR oF@@n Yy

I #*

s

[y

P
TRMOMOoOZICrFLGRIOoONMOO0T@

o
a P
el

L
[y
(1]

11
£
-
_*

=5 u EQR @@,
SE ! LSRR 86,5 5

c

= 2] 8]
S8 B CLI *
59 ks EQFR xoaaa, v T
SA < =
SEB

SC

S0 EQFR #0088, =

SE LER $8000 -
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25 &6 RTS

a7 81 ADNT @0, 0

b =3

k] (=3

168 &4

181 &5 AOC $EE

182 €5 ROR 86

1az &7

184 B8 FLA

185 &2 ADC #F06

1ge &R FOR A

187 &EB

185 &0 TP EEEEE

183 &0 ADC #RREa

11@  SE ROF SE@EE

111 &F

112 7@ Bws

112 71 AOC CF@al Y

114 72

119 72

115 P4

117 75 ROC 88 9

112 7e ROR 068,

113 77

1z V8 ZEI

1z TS ADC @86 .Y

122 VA

12z TB

1z24 7C

125 7D A -

128 FE RO #0688 .5

12v VF

122 20 EMDO

12 =21 FOr STH CFEEEA D DRAMGE
128 22 HEST

121 8= DATA

122 24 IMFUT#H# ETY #86

133 25 IHPUT ETA F0E F1

134 28 OIrM ST Fz

125 &7 RERD FIi

126 28 LET DEY v

127 &3 EOTO Fz

1z 2R FLIM T#HA Fd

132 2R IF Fe

4@ 2 RESTORE FEBERE Fz

141 20 GOSLE FRAEEE SHF T,
142 2E RETURH M 2alaisio] LF

143  &8F FEM

144 20 STOF ELACE
145 21 (i g} A DRSS R
145 22 WAIT EWZ OFF
147 =232 LOAD CLREASHOME
142 34 SRVE ) IMET/DEL
143 235 WERIF'Y FOH ERCiIH
15@ 36 DEF ETH FEE, Y LT. RED
151 97 FOKE GREY 1
152 =28 FRINT# TvA GREY =2
152 33 FRINT STAR 6888 .Y LT. GREEH



DO S BN B BN IR X BEN BN BN BN N B (s )

oo

B I S T CS R o OR O V B R B S V B O o Y o

o

RS R X X ]
Sl

RS TRR A I O O DR

b b e ek ek b b b b b b b b b b e b e b b b R e b e b e e e

L WD LR LD RGO RGO

Lo Do L0

SR
SE
ac
=ln]
SE
SF
HE
Al
A2
A3

AS

D B w i}

b lw]

COHT
LI=T
CLR
=MD
=8 =1
OFEH
CLOSE
GET
HE
TRE"
TO
FH
SPC
THEH
HOT
STEF

OR

EN T

SEH
INT
AEZ
LISE
FRE
POs
SRR
REHO
LaG
ExF
s
SIH
TAH
FTH
FEEE
LEH
STRE

I.'II H L

[ R
CHE#
LEFT#
RIGHT#
MID*
1]
Jes
FIRE#
HEPR#
TEPRES
[WIRIGIE R
I
DLt
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Loy
LOH
Lo

Loy
LOA
L

TAY
LDF
TR

Loy
LOA
L

BECE
LOA

Loy
LLOH
LD

[T
LOF
T

Loy
LD

Lo

CFY
CHF

CRY
P
OEIZ
IHY
ZMP
OE:

R

CHMP %
DEC *

EHE
ZME

FRHHE -

#¥00
CEEA D
#+00

$@a

E Ac]c]
FEE

#F00

FEQ0e
F0ea
Eulalela

cEGAED LY

004 . -
88, ¢
08,

A
[

[

#EQD

s
DO
o om o
iR
DY)

LT. EBLLUE
GREY =
FURFLE
ZURS LEFT
YELLO
AN
SPACE

317
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211 D2 DLIMMY#
21z D4 LM%
oS DUMMY# CHFE $8E, 5
De DLy DEC $08,5
o7 DUMM#
o0& DMy CLn
os IR CHP $@@63 Y
D REHUMEER:#
DE DELETE#
o REFLACE#
oo OLD# CHF 30000,
DE FAILIT O DEC #2266,
OF PLT:Y#
E@ HIMEM# CFY #$00
El SPRITE® SEC C$@E, M)
Ez SOUHD¥
E3 EITHAPCH
E4 EITHAF# CPX $EE
ES MCHE * SEC $06
EE PLOT# IHC $@6
7 UMHPLOT#
EE DIR Ak INx
E UMDRFL SEC #$06
EFA TEHT# HOF
EE DLy
EC SCROLL CPY G868
ED SEC $AAEA
EE ING $e@EE
EF
Fa EEG
F1 SEC C@ED Y
Fa
F3
Fd
FS SEC $00,
F&E ING $8E,
¥
Fi SED
Fo SEC $@05E,Y
FF
FE
252 FC
252 FD SEC #0000,
254 FE THC £E@60, 5
255 FF



Appendix 3
Useful memory
locations

All addresses in hex.

00

o1
14,15
19-21
2B/2C
2D/2E
2F/30
31/32
33/34
37/38
4B-53
54
55-60
61-70
73-8A
91
AG-A2
A3/A4
C5

C6

Cc7
CC
CE
D3
D4
FB-FE

0100-01FF
02000258
02770280
0286
0287
0288

Data direction register for 6510 on-chip 1/0 Port
6510 1/0 Port

Safe locations

Safe locations

Start-of-BAsiC pointer

Start-of-Variables pointer

Start-of-Arrays pointer

End-of-Arrays (+1) pointer
Bottom-of-strings pointer

Top-of-BAsiC pointer

Safe locations

JMP instruction for Functions

Safe locations

Floating point accumulators #1 and #2
CHRGET routine

<stopP> and <Rvs> keys flag

Jiffy clock

DO NOT USE! Temporary store for Kernal I/O status
Current key pressed

Number of characters in keyboard buffer
1=Print REVERSE characters, @=don’t
0=Flash cursor, 1T=don’t

Character under cursor

Cursor column on current line

Quote mode flag: @ when not in mode
Safe locations

Stack

System Input Buffer

Keyboard Buffer

Current character colour

Background colour under cursor

Editor screen page,=Screen Address divided by 256
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0289 Size of keyboard buffer

028A If #$80 all keys repeat

028B Repeat speed

028C Repeat delay

028D <SHIFT> and <CONTROL> keys flag
0291 0=Disable Shift, #$80=enable

02A7-02FF  Safe locations

0300/0301 Error vector

0302/0303  Warm Start vector
0304/0305  Tokenise vector
0306/0307  Token List vector
0308/0309  Token Dispatch vector
030A/030B  Token Evaluation vector

030C Storage of A for sys

030D Storage of x for svs

030E Storage of v for svs

030F Storage of sp for svs

0310 JMP Instruction for BAsIC UsSR command
0311/0312  usr address

0313 Safe location

0314/0315 IRQ vector

0316/0317  BRK vector

0318/0319 NMI vector

031A/031B  Kernal oPeN vector
031C/031D Kernal cLosE vector
031E/031F  Kernal cHKIN vector
0320/0321 Kernal cHkouUT vector
0322/0323  Kernal CLRCHN vector
0324/0325  Kernal CHRIN vector
0326/0327  Kernal cCHROUT vector
0328/0329  Kernal sTop vector
032A/032B  Kernal GETIN vector
032C/032D Kernal cLALL vector
032E,032F  Safe locations
0330/0331 Kernal LOAD vector
0332/0333  Kernal save vector
0334-03FF  Safe locations

0400-07F7  Screen
07F8-07FF  Sprite pointers

0800-9FFF  BAsIC Text area
(8000-9FFF) (Cartridge ROM)
AQOO-BFI*F  BASICROM



C000—CFFF
D00O-DFFF

D0oo-D02E
D400-D7FF
D500-D7FF

D800-DBFF

Appendix 3 - Useful memory locations

Safe RAM
1/0 or Character Generator ROM

VIC Il Chip
SID Chip
SID Images

Colour Table

DC00-DCFF CIA #1
DD00-DDFF CIA #2

E000-FFFF

FFFA/FFFB
FFFC/FFFD
FFFE/FFFF

Kernal Rom

6510 NMI vector
6510 Cold Start vector
6510 1RQ vector

321



Appendix 4
ROM routines

This appendix provides the vector or absolute addresses of the BasiC
ROM routines used in the programs given in this book. Note that some
operations require two routines to be called in succession, and one
given below a specific sequence of instructions. Refer to the program
code and descriptions for examples of the use of these routines.

Get in Data
$0073
$0079
$A96B

$ADSA
$B7F7

$ADIE
$B6A6

$AEF1
$AEFD

$B79E
$B7EB

Output Data
$AB1E

Get next byte from input buffer in A
Get current byte from buffer in A

Get an ASCII number <64000 (not expresssions) in $14, $15

Get an expression or variable in $14, $15

Get a string (in quotes) and store at an address in $22, $23.
Length of string is in x

Evaluate an expression or variable in brackets in $14, $15

Get in a data byte preceded by a comma. Return with
bytein A

Evaluate a byte variable or expression as an integer in x
Get two numbers separated by a comma. The first is a

number <65535 in $14, $15 and the second an expression
or variable <256 in x

Output to the screen a string of ASCII bytes terminated
by zero. The address of the string is stored in A (low
byte) and v (high byte)



$B391

$BDCD

$FFD2
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Convert an integer in v (low byte) and A (high byte) to
floating point form in floating point accumulator#1
($61—$66)

Output a number in x (low byte) and A (high byte) to
screen as decimal

Output ASCII character in A to screen

Basic Routines

$A533
$A613

$A660

Rebuild ‘chaining’ of link addresses in BAsIC text

Search for a line number stored in $14, $15. Returns
address of line in $5F, $60

CLR routine

Miscellaneous Routines

$0079
$A96B

LDX #$90
SEC

JSR $BC49
JSR $BDDF

$EBEA

Convert ASCIl decimal number to binary in $14, $15.
ASCII number is stored in a buffer whose address is in
$7A, $7B

Convert binary number in $e2, $63 into ASCIl decimal at
$0100 onwards

Scroll the screen up



Appendix 5
Book program
memory map

This appendix provides the overall memory areas used by the major
programs given in this book, ‘Wedge-MON' and ‘Expander’, as well
as the start and end addresses for each separate routine or memory
area within them. The smaller routines given in the text, as well as
the multiple sprite routine and the interrupt timer routine given in
the appendices will conflict with ‘Wedge-MON’, as they also use the
free RAM area from $ceee onwards, as they are listed. If you wish to
use these routines, or any of your own, they will require to be
relocated to a safe area of memory.

$C000-CD77 ‘Wedge-MON’

$C000-C23A  Control program

$C300-C816  Command file 1: @D, @A
$C880-C942 Command file 2: @m, @1, @w, @C
$C980-CA00 Command file 3: @1
$CA80-CABC Command file 4: @F
$CB0OO-CBC2 Command file5: @H
$CC00—CC8A Command file 6: @G, @R
$CDOO-CD77 Command file 7: @s, @L

$5C00-$9FFF  ‘Expander’

$5C00-5FFF  Colour table for bit-map

$6000-7FFF Bit-map of screen

$8000-8343 ‘Command Handler’

$8500-89F9 ‘Toolkit’: RENUMBER/DELETE/OLD AUTO/SEARCH/REPLACE
$8A00—8A79  INK/PUTXY/HIMEM ‘ '
$8B00—8C47  SPRITE/KSPRITE

$8D0OO-8EB5  JSPRITE

$8FOO—8FF8 SOUND .

$9100-9172 JOY/FIRE/XSPR/YSPR

$9200-92AA  SCROLL

$9300-96EB BITMAPC/BITMAP/MOVE/PLOT/UNPLOT/TEXT/DRAW/UNDRAW
$9A00-9FFF (RAM PLOT table)
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Note that locations not noted within ‘Expander’ and ‘Wedge-MON’
memory are free for user routines, e.g. $8eB6 (end of JSPRITE) to $8EFF
(start of SOUND)



Appendix 6
SOUND frequency
table

The table given below provides the information required for pro-
gramming musical note values using the SOunD command of ‘Expan-
der’, or for that matter by use of standard Basic techniques. The note
values for each semitone in six octaves are given, with the corres-
ponding audible frequency (Hertz) value produced, and the fre-
quency register values required by the SID chip. The values given
have been adjusted for an even-tempered scale based on 440 cps for
concert A, and are correct for the system clock of the 64 running in
the UK, as opposed to the CBM documentation, which is based on
the (higher) clock value used in the USA.

Hertz Note Octave Frequency

62 B 1 1055
65 C 2 1106
69 C# 2 1174
73 D 2 1243
78 D# 2 1328
82 E 2 1396
87 F 2 1481
92 F# 2 1566
98 G 2 1668
104 G# 2 1770
1m0 A 2 1873
116  A# 2 1975
123 B 2 2094
131 C 3 2230
139 C# 3 2366
147 D 3 2503
156 D# 3 2656
165 E 3 2809
175  F 3 2979
185  F# 3 3150
19 G 3 3337
208 G# 3 3541
220 A 3 3746
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Hertz Note Octave Frequency

233 A# 3 3967
247 B 3 4206
262 C 4 4461
277 C# 4 4716
294 D 4 5006
311 D# 4 5295
330 E 4 5619
3499 F 4 5942
370 F# 4 6300
32 G 4 6675
415 G# 4 7066
440 A 4 7492
466 A# 4 7935
494 B 4 8412
523 C 5 8905
554 C# 5 9433
587 D 5 9995
622 D# 5 10591
659 E 5 11221
698 F 5 11885
740  F# 5 12601
784 G 5 13350
831 G# 5 14150
880 A 5 14984
932 A# 5 15870
988 B 5 16824
1046 C 6 17811
1109 C# 6 18884
1175 D 6 20008
1244 D# 6 21183
1318 E 6 22443
1397 F 6 23788
1480  F# 6 25202
1568 G 6 26700
1661 G# 6 28284
1760 A 6 . 29969
1865  A# 6 31757
1976 B 6 33648
2093 C 7 35640
2217  C# 7 37751
23499 D 7 39999
2489 D# 7 42383
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Hertz Note Octave Frequency

2637 E 7 44903
2794 F 7 47577
2960  F# 7 50404
3136 G 7 53401
3322 G# 7 56568
3520 A 7 59939
3729  A# 7 63498



Appendix 7
Number systems

Since we tend to regard numbers as the symbolic representation of
objective universal values, it is somewhat sobering to realise that
like the languages we use to communicate with one another, sys-
tems of numbers are just another rather clumsy attempt by humans
to impose their own order on an anarchic universe. The extent to
which we have programmed ourselves to regard numbers as the
symbols of truth is supported by the fact that any given symbol or
collection of symbols is perceived as an expression in its own right,
without reference to the system of representation of which it is part.

For most of us in the West, our perception of the ‘reality’ signified
by a number is actually determined by its relationship to the decimal
system that constitutes the prevalent method of expressing quan-
tity. One of the first hurdles confronting most newcomers to com-
puting is the need to become acquainted with two alternative sets of
value representation (one of which boasts a brace of subsets critical
to the comprehension and application of machine code).

Binary representation

The decimal system with which we are all familiar makes use of ten
symbols (8-9) which can be used in combination to express an
infinite range of values. This method is referred to as a ‘base 10
system of representation, since the significance of a digit is deter-
mined by its group position and each position expresses the power
of the base value (10). Thus we assign meaning to the symbols 203 by
the automatic recognition that:

1072 1071 1070
203=2*10"2+0*10"1+3*10"0
The fundamental logic circuits (AND, OR gates, adder circuits,
memory bits, etc) of modern digital computers operate on two

different voltage levels — high and low. The initiation of any digital
computing operation is ultimately determined by the recognition of
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specific sequences of high/low voltage settings. For processing to
be established by the electrical expression of decimal values, a
computer’s processor would require the design of a circuit that
recognised an impractical ten voltage variations. By making use of
the binary system we can circumvent the need for cumbersome
circuitry and express an adequate value range using combinations
of only two symbols — 0 and 1.

As its name implies, binary is a base 2 system, that is, a symbols
position within a group expresses a power of 2 (as opposed to
decimal’s power of 10). Obviously, the lower the base value
utilised by a system, the more digits required for the expression of
a quantity. Thus while decimal can represent two hundred and
three with only three symbols, the same value in binary requires
eight:

=1*2"7+1*2"6+0*2"5+0*2"4+1*2"3+0*2"2+1*2"1+1*2"°0

Each machine code instruction is signalled by a specific sequence -
of eight high (1)/low (0) voltages which collectively express a binary
value. Each group of digits is referred to as a byte, and each ele-
ment of a byte is called a bit.

Within any given byte, individual bits are usually identified by a
number (0-7) which expresses their position. These numbers are
used as a means of establishing the weight of a given bit. Bit
numbers increase from left to right, thus:

7 6 5 4 3 2 1 0
128 64 32 16 8 4 2 1

The line of values below the bit numbers signify the weights of
individual bits (calculated by raising each bit-value to the power of
the base value - i.e. "2).

Hexadecimal representation

Despite the fact that binary notation provides us with a system of
value representation that clearly expresses the manner in which
numbers are stored and are identified by digital computers, its
endless strings of digits are somewhat cumbersome. Although at
first glance it may be difficult to believe, the hexadecimal number
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system, which is organised to base 16, can make a programmer’s life
considerably easier.

In addition to the standard symbols used by the binary system,
hexadecimal notion also makes use of the first six letters of the
alphabet. Let’s take a look at the various representations of decimal
0-15 for the number systems we have discussed thus far, as shown
below.

m
>

BIN

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
N

COENOUTAWNAS EZ
@]

TMOAWP>OENUHARWN-S T

Thus if we want to express our example value of two hundred and
three in hexadecimal notion we would write it thus:

16"1 1670
C ‘B =12*16"1+11*16"0

As we have seen, one byte comprises eight bits, and each byte is
used to hold the binary representation of a value (with each bit
storing a binary digit). Thus any byte can hold values from 0 to
11111111 binary (i.e. 0 to 255 decimal).

Perhaps now the value of hexadecimal notion is a little clearer.
Since each hexadecimal can be used to represent four ‘binary’ bits, a
complete byte can be expressed by a two digit hexadecimal number
(@ to FF).

In the ever-creative world of computing terminology a four bit
sequence is referred to as a nybble (which can be represented by a
single hexadecimal digit), and thus one byte equals two nybbles
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(two digits in hex). To differentiate between the two nybbles in a
byte, bits 0-3 are known as the lower-order nybble and bits 4-7 as
the higher-order nybble, or low and high nybbles.

Addition and subtraction in binary

Before we can outline the notational subset of the binary system, we
must take a quick look at how simple addition and subtraction are
performed. The rules for addition are simple:

1+1=(1)0
1+0=1
0+1=1
0+0=0

You'll notice that in the first example line both a zero and a one are
produced. The one is known as a Carry bit which indicates an
‘overflow’ from one column to another. Let’s see how this works in
practice with an example of four bit binary addition:

1001
+0101

1110

As you can see, column one offers an example of a Carry bit, in
which the relevant solution column takes a @ and 1 is carried over to
the next column. The same process can be applied to binary values
which are stored in eight bits:

01010011
01110100

10100111

Right, now we get to the tricky bit!. While the idea may take a little
getting used to, you're going to have to face up to the grim truth that
in binary arithmetic the process of subtraction is actually an act of
addition! Well, at least it is the addition of a positive value to a
negative value. Let’s see if we can make things a little clearer.

We'll start by thinking in decimal. Imagine that you're standing at
point zero. In one direction stretches an infinity of positive values,
each engraved on a numeric paving stone; in the opposite direction
an endless sequential footpath of negative values — and you're in the
middle of it all. Now say we wish to calculate a simple subtraction,
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for example, 8-3. We tackle the positive value first. Without hesit-
ation we turn and face the path of positive increment, and boldly
traverse eight full steps. With hardly a pause for breath, we about
turn to face zero and add to our journey by taking three equally
positive steps in the negative direction. Squinting down at our feet
we see that we've arrived on a stone storing a positive value of 5,
which is something of a relief having adopted such a tortuous path
to discover the result of 8-3!

The purpose of this rather tedious numeric travelogue is to subtly
modify your concept of subtraction. Instead of considering it as a
process which takes away a specified quantity from a self-contained
value, you'll hopefully be able to regard it as a continuous numeric
progress whose destination is determined by directions indicated by
one of two signs (+ or —).

Before we move on to see how this interminable analogy applies
to the inner world of your micro, we need to clarify the manner in
which negative numbers are represented in binary. We’ve explained
how one byte is composed of eight bits, each of which stores a
single binary digit. We also learned that each bit has a unique
‘weight’ and is normally described by one of eight referential values
(8-7) allocated in descending order from left to right. To tackle the
intricacies of signed binary arithmetic, we must focus our attention
on bit 7 (the one on the far left of the byte in question).

Bit 7 is known as the ‘most significant bit’ (msb), and establishes
the sign of a number. Under most circumstances, when this bit is
‘unset’ (0), a positive value is indicated and ‘set’ (1) when a negative
value is represented. So, when using signed binary notion we estab-
lish values and their signs like this:

Let’s take decimal 8. The value itself is expressed in bits 0-6, whilst
bit 7 determines the sign. Thus:

+8=0 0001000
—8=1 0001000

All well and good. However, the manipulation of the msb is only
part of the story of signed binary. Negative value representation can
only be accurately implemented with the introduction of the two
notational sub-systems we mentioned at the beginning of this sec-
tion—1's and 2's complement

1’s and 2’s Complement

To convert a positive binary value into its negative equivalent, we
must obtain its ‘2’s complement’. This may sound a little daunting,
but actually it simply involves an undemanding inversion.
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Let’s return to our original subtraction and concentrate on the —3.
The first step in the conversion process is to take a look at the
positive binary form of this value:

00000011

The next stage is where ‘“1’s complement’ comes in. This is achieved
by simply inverting the value stored in each bit, thus:

11111100

Now we’re very clost to a binary negative, all we have to do is add 1
to our 1’s complement conversion:

11111100
+1

1111101

The 2’'s complement value returned is the binary representation of
—3 which we can now add to the positive B in our original sum:

00001000
11111101

(1) 60000101

Since you've almost certainly had your fill of numbers systems and
their consequences, we’ll draw a veil over the overflow from bit 7
(1). Suffice it to say that the result of our efforts has generated a
binary value — 00000101 — which you'll be relieved to learn is the
representation of decimal 5. Which only goes to show that even
binary notion can convert decimal 8 - 3 into something close to the
correct result!
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Multiple sprite routine

Assembler Listing

1828t

1628 :—-0OISPLAY &4 SPRITES

1a4@ SIMULTAMEOUSLY O SCREEM USIHG
1856 :RASTER INTERRUPTS——

1868 e

1avi THE IDEAR OF THIS FROGRAM IS TO
1838 .LREHTE RAZTER IMTEREUFTS RT S
169é :POIWTS DWW THE SCREEM. EACH
1186 INTERRLUFT REZETS THE ¥ POSITION
1118 :0F A LIHE OF & SFPRITES EMABLIMG
112@ :EARCH SFRITE TO AFPEARR AT &

1128 :POIITIONS OM THE SCREEH

1148 e

1156 -THIu ROUTIME CAN BE ADAPTED TO
116@ FROOUCE OTHER RASTER EFFECTS SUCH
1178 :AZ MIZED GRAPHIC:S MODES AMD
1172 :C0L0UR BAMDIMG

1188 e

1198 $=$CH809

1298 e

1218 :—-DEFIHE A FILLED-IM SPRITE——
1228 :SPRITE BLOCK 14 J¥3@ag» IS FILLED
1238 :IH

1248 e

1258 LD #¥3F

1268 LDOA #¥FF

1278 L1 5TH #838a

128@ DE>

1298 BFL L1

1288 e

1218 :—=Z2ET UF 2 SPRITES-—

12268 :2 GREENW SFRITES ARE POSITIOHED
1338 :ACROSS THE SCREEMATHEY HRE SET
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1246
135@
126

Xy

[
R T R

[ T O 0 MY W a
SRR

XY
&

-
N

1418
1426
1438
1448
145@
1468
1470
1430
149@
15@a
151@
1520
15z@
154@
155@
156@
157
1520
159a
1606
1618
1626
1536
1640
1650
1668
1678
1630
1536
17e5
1718
1726
1738
174@
1750
1766
177e

:TO SPRITE BLOCK 14 of@E>» AMHD
sEHMRBLED

LOY #$av
LI #$BE
LOOF1  LDR #$85

5TA D@27 .Y
LDA SPx.Y
STR *Deaa, =
LOF #F0E
STH $87VF&.Y

EFL LOOF1

LOA #$CE
STH ®¥D81a
LOR #*86
STH $Da1v
STR 081D
LOA #$FF
STH $DE1S

:—-5SET UF IMTERRUFT--

B e e e e e e e

LDA #*7FF
STA #Doan

r

B ———— s e e e e

:EHRBLE RASTER INTERRUFPT/RESET IR
WECTORSSET IMITIAL POSITION OF
EASTER IR AWD IMITIAL Y POE OF
FEPRITES CRESETX

LOA #¥611

STR *Deln
STH ®De13
LOA #<IRR
LOY #>IRG
5TH 83214



G0 md

PR SDOAE QN SO S W= S WD

AP PO P e b b e b b b R b b b b b b b bk b ek et b ek b
QRIGRITIQRIATIAIIIDIIEIEEDED

o o A0 D LD D MDD LD WD MO LD OO 00 00 0 0 00 DD

2es0
28vE
2880
=836
2188
211@
21208
2138
214a
2156
216l
21ve
2188
2198
Z2aa
2218
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STY F#&3215

J=R RESET

CLI
—=MAIH FROGRAM WAITS IM AN
fEHDOLESS LOOP——

e e e e e e s e

MAIT JHP WARIT

e et e e s s e

—=L0OW BYTES OF H-FPOSITIOMS FOR =
PEPRITES——

EFH «BYTE #48,$68 20 . $A0
<BYTE *#CO,$EQ .08 . $20

RESTART REASTER IMTERRUPT
IRR LOA #3a1
E5TR D1

P e e e e s e e e e

RESET Y-FOSITIONS FOR 2 SPRITES
PSETUR HEST RASTER IMNTERRUPT
sPOSITIONS

ISR SET
}EHIT IRG WIA A ROM ROUTIHE TO

:PULL REGISTERS AND RTIS

:SET UPDATES SPRITE Y FOSITIONS
:AMO SETS THE HEMW RASTER IMTERRUFRT
2POSITIONS '

:RESET RESETS RASTER IMTERRUFT TO
:THE TOF OF THE SCREEH

SET LOAR *Dalz

CHMP #FES

BCC OMGO

337
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OO (VRN (VT NI LR VI O (N PN LI VR O OV I S
PV PN AN IR VX O NI VN O 2V I OV B (N LN (VI N LV LN (N

Fell L Whr= @O O L Wk

BASIC

16
181
182
18z
164
185
18
167
1a&
114
111
112
113
114
115
11&
117
112
113
1z8
121
1=22
123
124
129
126
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& LOA #$36
g QNGO L0 #+0E
@ ADC #$43
@ 0G1 STA $0@31 .-
a@ DE*

@ DE ™=

2 EFL 0OG1

%] ADOC #£1s
@ STR *Dhelz
a LOA D@11
a AMD #F7F
(5] STA D@11
] RTS

B om———————

8 .END

Loader

C=i

FRERD D#

IF DFE="EHD" THEH FRIHT DO#F:EHD
D=%AL0O%> : IFD<a THEH 1@8&

=4l :C=C+0:POKE 43151+% .0

GOTO 161

IFC=RAESO» THEH 19&

FRINT "ERROR IH BLOCE " :INTCHA540
GaTO 194

FREM ——— BLOCE 1

DATARLIGZ .63,.182,. 2535, 157,128,232, 282
DATAHLS . 254, 16@,.,16:.14 162,.5
DATRLISS.29.282,.1285,34 . 192,157 .8
DATHZ0Z.169 .14 . 153,248 .7, 282 . 282
DATARLIZE . 16,235, 162,132,141, 1@.;ca
OATALES .. 8. 141 232,262,141 23,288
DATALES 285,141 .21 . 262,120,162 ,127
ODATAL41 . 12,228,.162.1.141 . 2&,288
OATA-32 84

FREM ——— BLOCEK 2

DATAL141 .25.262,169,.92.1688,132.141
DATARZG8.32,146,2 .:,q:,11@ 132
DATAZS . 7E.231.192,584 .96 . 128, 18@
UHTHI:;,244,B 32.169,.1.141 .25
DATAZE2 . 32,183,132 .76,.123,.224 173
DATALS.282.261 ,222.144 .3,.24 . 163
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Appendix 8 - Multiple sprite routine 339

OATR4E 162,14 ,.185,. 2,157, 1,282
DATAZAZ . 282 .16 ,.242, 185,222,141 .18
DATHR-7114

REM ——— BLOCEK =

DATRZEE . 17V3, 17V . 282,41 127,141 .17
DATARZBE, 2

DATAR-1232&

OATA EHD



Appendix 9
Timer interrupt routine

Assembler Listing

18za
1a4a
1asa
188
187
1gga
1824
1168
1118
11z8@
11z8
1148
1156
11sa
1178

- -
-

O e 0 By o= AR 00 ) T O B 0 [ S0 00

[y
ARG ERIRR DD S5 55 E

OO O I S T SN VX 8 T (NI (A e B S O VR DV I (N X O

[ T o g S e o C o =Y

2——SETTING UF A TIMER IMTERRUFT
:0FF CIA TIMER A--

:THIS WILL BE REGUIRED WHERE AH
FIMTEREUFT IS HEEDED IM A MACHIME
ACODE PROGRAM WHERE IT IS HOT
PPOSSIBLE TO "BORROWT BRSICTS.

-

STA $0314
STY £O31S

e s e o e o e s e

:——-ZET TIMER SFEED--
F411IA = 58 IRQTS PER SECOMDO

5TR #DCoad
STY #DCBES

:——EMABLE TIMER A IMTERRUFTS——

B o e e e e e e

:——5ET TOME-SHOTS MODE IM TIMER--

P e o e et e e e e e
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1408
1416
l4z6
1438
1446
1456
1468
14706
1428
14538
1380
1518
1528
1538
15408
1358
158
1576
15868
1558
1586
1182
1628

A

Appendix 9-Timer interrupt routine

LOR #x31
STH $DCBE

B e e e e e e e e e e

:——EMAEBLE IRRS AMD BARACE TO BASIC——

2—=1IFRE HAHOLER---
IHCEEMENT SCREEM COLOUR SIETY
:TIMES FPER SECOHDS

p==IRE EXIT——
:IT IS MECESSARY TO READ FDCE0
:IM ORDER TO REZTART TIMERSFIHALLY
PLLL REGISTERS AMD EXIT VIR RTI

LOA $0OCan

FLA

TAY

FLA

TH

FLA

RTI

341
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Index

6502 microprocessor 22
op codes 309-314
6510 microprocessor 14, 16-18
operations 19
instruction mnemonics 24-25
instruction set 37
registers 25-26
6526 complex interface adaptor
chip see CIA chips
6567 video interface chip see
VIC chip
6581 sound interface device see
SID chip

A

absolute
addressing 30
indexed addressing 30
accumulator 25, 26
ADC 41
address bus 19
addressing
capacity 14
modes 28-33
ADSR values 14
algorithm 17
AND 47
ASC35
arithmetic
logic unit 18
operations 37
ASCII
codes 35, 315-318
dump 74, 81
write 74, 81

assemble 73, 80
assembler 20-23
conventions 33
attack value 14
SID chip 13
audio interface 15
AUTO 187, 230
auto increment 20

B

background colour 10

band pass filter 14

BASIC
interpreter 17
loader program 94-96, 108-125
Expander program 157-179,

304-305
BCC58

BCS58

BEQ 58

Binary system 329-330
BIT 49

bit-map mode 11, 271
blanking screen 12
BMI58

BNE 58

Border colour 81

BPL 59

branch instructions 56-59
Bresenham algorithm 297
BRK 63

busses 19

BVC 59

BVS 59
BYTE(pseudo-operator) 35



346 Index

C
cassettes 15
loading programs 79
character
base 10
display mode 10
labels 34
check for comma $AEFD 220,
242
CHROUT $FFD2 105, 106-107,
127
CHRGET $0073 97-100, 103, 105,
163, 177, 220, 221, 228, 231
CIA chips 15
CLC61
CLD 65
CLl 64
clock 16
CLV 61
CMP 42
collisions 11
colour 10-11
sprites 11
screen fill 66-67
command files (Wedge-MON)
79
command handler program
(Expander) 157-178
~ command dispatch routine
(Expander) 159, 163-165, 176
comments 35-36
conditional branch instructions
56-59
control block 18
bus 20
program code 83-96
CPX 43
CPY 43
custom characters 10

D

data
bus 14, 20
ports 15

DEC 44
decay value 14
SID chip

decimal-hex converter
(program) 68-72

default character base 10

DELETE 187, 225

DEX 44

DEY 44

disable screen display 12

disassemble 73

DRAW 272

drawing lines 297

E
.END 35
envelope generator 14
EOR 48
Evaluate function parameter
$AEF1 164
Evaluate variable $AD8A 186
exit (Wedge-MON) 76, 83
expander program 232-304
memory map 324-325
Expression Evaluator $AD9E 164
extended colour mode 11
extending BASIC 157-178, 179-
program graphics and sound
232-304

F
fetch execute cycle 20
fill 75, 82
Find line number $A613 225,
226, 229
FIRE (N) 300
flag
operations 61-62
register 27
Floating-point Accumulator 164
foreground colour 10
Function Evaluator Routine
(Expander) 159, 164-165, 176,
177



Functions 299-300
code 300-303

G

Get ASCll integer $A96B 220,
221,225

Get byte parameter $B79E 186

Get filename $E257 156

glitch 12

GO 75,80

graphics chip see VIC chip

graphics extending BASIC
232-304

H
hexadecimal
codes 309-314
system 330-332
high-pass filter 14
HIMEM 181, 186
Hi-Res commands 270-293
routines 294-297
Hunt 75, 82

|
immediate addressing 29-30
implied addressing 32
INC 45
index registers 26
indexing 26
indirect
addressing 31
indexed addressing 31
INK 181-186
input/output 15-16
instruction 28-33
modes
decoding 19
mnemonics 24-25
to processor 63
set 37ff
Integer to floating point $B3391
304

Index

interrupts 13
control registers 16
timing control 15

interval timers 15

INX 45

INY 45

J
JMP 60

JOY(N) 299
joystick 15
JSPRITE 243
JSR60

K

keyboard 15

keyword output $AB47 177
keywords (expander) 178
KSPRITE 233

L
labels 34
LDA 50
LDX 50
LDY 50
light pen 15
lines
drawing 297
load 75, 82
and store 50-52
buffer $A560 97
LOAD $FFD5 156
logical operations 46-49
loop constuction 66-67
low pass filter 14
LSR 54

M
machine code monitor
program 73-125
memory 14, 81
dump 74
write 74, 81
locations 320-321

347



348 Index

map (Wedge-MON) 324-325
mixed graphics modes 13
mnemonics for opcodes 22-25,

309-314
modifiers 34
Monitor commands 73-76
MOVE 272
multicolour

bit-map mode 11

text mode 10-11
musical notes

N

NOP 63

numbers
systems 328-334

nybbles 11

o
OLD 188, 230
opcodes 19, 23, 309-314,
315-318
operations
on flags 61-62
mnemonics 22, 23
ORA 48
output/input 15-16
Output ASCII decimal numbers
$BDCD 176-187

P

peripheral devices 15

PHA 62

PHP 62

pitch 13

pixels 11

PLA 62

PLOT 271

PLP 62

post-indexed indirect
addressing 31

pre-indexed indirect
addressing 31

Print ASCII $AB1E 99, 106, 187,

220

Print READY $A474 176
PRINT routine $AA9D 186
problems potential 187
processor 10

instructions 63

registers 18, 25-28, 76, 80

status register 25, 27
program counter 25, 28, 34

assembler conventions
pseudo-operators 35
PUTXY 181, 186

R
raster register 12
READST $FFB7 156
registers 25-28
relative addressing 32
release value (SID chip) 14
RENUMBER 187, 219
REPLACE 188
resolution

screen 11
ring modulation effects 14
ROL 55
ROM routines 322-323
ROR 56
rotate instructions 52
RS23215
RTI 60
RTS 60

S

Save 75, 82

SAVE $FFD8 156

SBC 42

screen
blanking 12
character codes 10
fill (programs) 66
resolution 11
scrolling 12, 264

SCROLL 12, 264

SEARCH 188



SEARCH & REPLACE 226-230
SEC 61
SED 65
SEl 64
serial 1/0 16
SETNAM $FFBD 156
shift
instructions 52
register 16
SID chip 13
sound 256, 262, 326-328
extending BASIC 232-304
frequency table 326-328
special effects 13
sprites 11-12
routine 335-339
multiplication 13, 335-339
SPRITE 232
STA51
stack 27
operations 61
pointer 25-27
Store integer $B7F7 186
STX51
STY 51
sustain value 14
SID chip
synchronisation 14
system clock 18
system routines 322-333

T
TAX 51
TAY 51
text
display mode 10
list $A69C 162
TEXT 272
timing
interrupts 15
interrupt routine 340-341
timer control registers 16
Tokenise BASIC text $A57C
159, 160-162, 176-177

Index 349

Tokenise Routine (Expander)
160-162

Token List $A71A 159, 162-163,
176,229

Token List Routine (Expander)
162-163

Tokens 315-318

Toolkit commands (Expander)
179f¢

transfer 74, 82

TSX51

TXA 51

TXS 51

TYA51

U

unconditional branch
instructions 59-61

UNDRAW 272

UNPLOT 272

user defined characters 10

user port 15

\"

VIC chip 10-13
video interface 15
volume 14

%%
wave form 14
Wedge-MON monitor program
73-125, 231
control program 83-96
command files 102-125
commands 79-83
memory map 324-325
wedge routines (Expander)
176-178
wedging 98
WORD (pseudo-operator) 35

X
X register 25-26
XSPR(N) 300
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Y V4
Y register 26 Zero page addressing 30
YSPR(N) 300 indexed addressing 31
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