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Foreword

Those who have already bought and used our previous book, Commodore
64 Machine Code Master (Sunshine Books, 1983) will need little introduc-
tion to what this book contains. In Code Master we showed how the
immense flexibility of the Commodore 64 in all things machine code could
be employed to extend the boundaries of the normal BASIC language. We
chose to extend BASIC because we felt that there weré too many books on
the micro market which provided machine code routines and advice which
no-one would ever actually use. Our intention was to provide routines
which illustrated machine code methods and yet which could be used in
day-to-day programming by those who had only just begun the long trek
away from BASIC.

When we had finished Code Master, we had the feeling that the job was
not finished. Reactions to that book, both from readers and reviewers,
showed that the approach and style were right but we were aware that so
much still remained to be done. The greatest strengths of the 64 are in the
fields of sound and graphics, and these we had hardly touched upon at all.
Out of that dissatisfaction, the present book was born.

Like Code Master, this is not a book of theory, nor is it a beginner’s
introduction to machine code — it is a book which shows how machine
code can be set to work. Unlike Code Master, which gave over half the
book to the listing of the Mastercode Assembler, this book is a// practical
routines to alter the face of the machine. Anyone who works their way
systematically through the book will find that they have released sound and
graphics capabilities that previously were the reserve of the skilled games
program writers. In addition, as the methods we use become familiar,
readers (or rather users) will find that they have begun to grasp how practi-
cal machine code is written and used.

But perhaps what readers will learn most of all, as we have in writing, is
just what an extraordinary machine the Commodore 64 really is. Many
have pointed to its BASIC dialect, which is admittedly beginning to show
some signs of creaking with age. Few seem to have seen the other side of the
coin — that here is a machine which, surely more than any other on the
market, is designed for those who want to go beyond BASIC. The 64 often
seems more like a chameleon than a moderately-priced personal micro, for
there is almost nothing about it apart from the colour of the box that the
user cannot change. It is the flexibility of the 64 which has made this book
possible, and its outstanding sound and graphics capabilities that have
made it worthwhile.
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INTRODUCTION
How to use this book

The overall object of this book is to provide you with a series of machine
code routines, in the fields of sound and graphics, which can eventually be
added to the BASIC language in the form of new keywords. In order to
achieve this, it is important that you use the book correctly.

1. Entering the routines

Before embarking on the main part of the book you will need one of two
things, either an assembler program of some kind or a more simple tool to
allow you to enter machine code directly into memory. Of the two, an
assembler will make the task considerably easier. The routines in this book
were all written using the Mastercode assembler which began its life in our
first book and is now available commercially from Sunshine Books.
Readers of the first book will be able to use the version of Mastercode
which was given there.

If you do not have and are not prepared to get an assembler, then you
will have to fall back on entering machine code directly in some form or
other. At the back of this book, in Appendix A, you will find that thereis a
very friendly little Hex Loader which will not only allow you to enter the
machine code from tables given in the book but will also check your entries
with a high degree of accuracy. Before using the Hex Loader, do take the
trouble to read the whole of the appendix — you may save yourself some
work later on.

2. Parameters

Because we shall be creating genuine BASIC commands, which like
normal BASIC will allow values to be specified alongside them in a BASIC
iine, the first step in using any of the routines in this book is to enter the
parameter routines from Chapter 1.

3. Extent of code in memory

There is an awful lot of code in this book — something more than 4K for
the command routines themselves. There is nothing wrong in principle
with trying to enter all the routines in a single chunk but the inevitable
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mistakes you will make, with the consequent need for reloading the assem-
bler/Hex Loader and the code itself, can make this frustrating. The
method we recommend is that you begin each of the four chapters which
contain the actual commands with only the parameter routines in memory
(or as part of the Hex Loader — see Appendix A).

4. Order of entry

Work through the commands in each section in order. While it is not
always the case that routines depend for their working on others which
precede them in the s: me section, it happens often enough to make it
inadvisable to depart from the order we give.

This does not apply to routines from other sections. Apart from the fact
that all the commands use the parameter routines in Chapter 1, there is no
interaction between the commands in different sections at all. Thus, pro-
vided that the parameter routines are entered first for each, you can have a
separate set of low resolution and high resolution sprite and sound
commands.

S. Converting the BASIC

As you enter the separate commands you will find that they can only be
used by means of SYS commands, ie they can only be run like a machine
code routine, albeit a machine code routine that works just like a BASIC
command. Have patience. Once you have entered all the routines, testing
as you go, then is the time to move on to the BASIC Extender which will
integrate the commands into normal BASIC. Up until that stage, there is
no point in trying to use any of the new keywords that you will find in the
book, they will simply result in a syntax error. You do not, however, have
to enter and use the new keywords. Provided that the routines have been
successfully tested, you can use them, in exactly the same way by
employing the SYS command.

6. The final stages

When you have four separate files holding the commands from the four
major sections of the book, you may want to think about combining your
work into one version of the Hex Loader, or one machine code file for ease
of loading and saving. Suggestions for this are given in Chapter 6.



CHAPTER 1
Utility Routines

In this section, we examine a number of uncomplicated routines which
must be resident in memory before any new commands are added.

GetWrd

One of the main purposes of this book, like its predecessor, Commodore
64 Machine Code Master, is to provide the reader with examples of practi-
cal machine code routines which can make a difference to everyday pro-
gramming. With that in mind, although you may never notice them at
work, the first three routines are a vital link in the chain. Almost all of the
new commands you will add to your BASIC in the course of this book need
parameters to work upon. That is to say, they will not only tell the 64 to
perform an action but they will also provide some extra information about
the way in which the action is to be performed, for instance GOTO 100,
where the ‘100’ is a vital part of the command.

Rather than adopt the clumsy method of POKEing the necessary values
into unused parts of memory where the new machine code routines can
find them, we have chosen to make all the routines work in the same way as
normal BASIC by picking up the information they need from a line in the
BASIC program. In addition, mimicking BASIC in this way will allow the
user to employ expressions as parameters, eg PRINT A + B + C, a prac-
tice which is essential to effective programming. In actual fact this is not as
difficult as it sounds as the 64’s BASIC interpreter, the massive machine
code program which creates the BASIC language, already contains the
necessary routines.

The first routine, GETWRD (abbreviated from GET WORD), is
designed to pick up from a BASIC line a value in the range 0—65535 or, in
computing terms, a 16-bit ‘word’. In fact, the routine consists of nothing
more than two calls to routines in the ROM. All the work of calculating
where in the BASIC line the parameter will be found and what to do if it is
not there is undertaken by the BASIC interpreter. Whether we have called
up acommand using SYS or completely integrated it with BASIC by giving
it its own keyword (see ‘How to use this book’), the parameter will be taken
from the place in the BASIC line immediately following the call, ignoring
spaces, of course. Having been picked up from the line, the resulting value
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is placed into a two-byte register at 20—21 ($14—15) in zero-page memory.
You will constantly come across references to $14—15 in the sections that
follow and, when you do, you will know that what is being dealt with is
almost always a numerical parameter picked up from a BASIC line.

GetWrd — assembly language listing

ADD.  DATEA SOURCE CODE
Y] 12 FRT
il 2@ OGBYM
] A0 ORG #0000
CRne 50 GETWRD
COpn  2RSAAD 6@ ISR FADEA
COOE  ADFTER7 7@ JMF FB7FE7
Coaé, 8@ END
TOTAL ERRORS IN FILE ~—— @
GETWRD Con
TOTAL NUMBER OF SYMBOLS ——— 1
Machine Code
ADD  DATA CHECESUM
CO0@ 2@ 8A AD 4C F7 B7 15DD
Commentary

Line 60: This is the call to the ROM routine which picks up a floating point
value from a BASIC line.

Line 70: Having picked up the value, this call is to another routine which
examines the parameter obtained, to seethat isinthe range 0—65535. Ifit is
in the correct range, then the value is converted from floating point repre-
sentation (which takes up five bytes of memory) to integer, which requires
only two for a number in this range. If not, an ILLEGAL QUANTITY
error message is automatically generated by the 64.

Testing

GETWRD is never normally called from BASIC directly, but, for the pur-
poses of testing, enter the following lines of BASIC:

10 SYS(49152) 50000
20 SYS(49152) 100000

RUN the program and you should find that you receive an ILLEGAL
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Chapter 1 Utility Routines

RUN the program and you should find that you receive an ILLEGAL
QUANTITY error message for line 20. Line 10 is accepted because the
parameter is within the acceptable range of 0—65535.

GetByt

Just as some commands work with numbers in the range 0—65535, others
arelimited to ‘single byte’ values, that is numbers in the range 0—255 which
would fit into a single memory byte.

GETBYT uses the previous routine, GETWRD, to pick up a value from
the BASICline, but then checks to see that the resulting valueisin the range
0-255. If not, once again an ILLEGAL QUANTITY error message is

generated.

GetByt — assembly language listing
ADD.  DATA SOURCE CODE

0P FRT

ol OFG #0E0s
Cons M

none CTWRD = #0008
COé T

CO0s  ZOORCE
COOY A5
COOE  DROE
COOD  AS14
COOF 60

cale
Cale  4C48R:
T )
TOTAL ERRORS N FlLE - 12

BE TWRD
GETEYT
1DERF
TOTAL NUMBER OF SYMBOLS ——- 3

Machine Code

ADD  DATA CHECKSUM
COBs6 20 0@ CO AS 1S5 DB BT AS  I6ED
COQE 14 &@ 4C 48 B2 DLE2
Commentary

Lines 110—120: As mentioned earlier, the value picked up by GETWRD is
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left in the memory at $14—15. If the value is in the range 0—255, then the
second of these bytes must be zero since the number would be stored with
its most significant byte second. If it is not zero, then a jump is made to the
end of the program where the ILLEGAL QUANTITY error message will
be called.

Line 130: On return from GETBYT, the single-byte value from the BASIC
line is also stored in the accumulator.

Line 170: Error messages are printed by a routine in the ROM. According
to where the routine entered, a different error message will be printed. This
particular entry point will print the ILLEGAL QUANTITY error mes-
sage, stop the program and return to BASIC.

Testing

As with GETWRD, this routine will not normally be called from BASIC,
but the following lines will suffice to give a rough and ready test of it:

10 SYS(49158) 100
20 SYS(49158) 1000

Once again, the first line should run without problem and the second
should stop with an ILLEGAL QUANTITY error message.

GetString

We can now deal with all the kinds of quantities which are likely to be
required as parameters for our new commands — or at least parameters
within the range of normal BASIC. There remains the problem of another
kind of parameter, a string, as in MID$(AS$,3), where the system must not
only be capable of detecting and using the ‘3’, but also of realising what is
meant by the reference to A$. The current routine, GETSTRING, is
designed to give our new commands that ability. Once again, this is a very
simple routine because we make full use of the facilities of the 64’s ROM.

GetString — assembly language listing

ADD.  DATEA SOURCE CODE

vlv] 1@ FRT

a 20 SYM

{ra’] D ORG #CAB9

Cags A9FF 0 GETSTR LDA #EFF
COBER  8HOD 120 STA %D

cogDd BH0E 110 STA #E

6
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C8F  AY6A 1350 DA #HEHA
CRwl AZOE 16 LDX #+00
CA93E 8549 170 8Ta 49
CO95 864 180 STX 4/
Co97  4CR1A9 2@ JIME #09R1
CRAYa 210 END

TOTAL ERRORS IN FILE ——— @2
GETSTR cugy

TOTAL NUMBER OF SYMROLS ——- 1
Machine Code
ADD DATA CHECESUM

C@8? A9 FF 85 @D 85 @E A9 6A  ABCC
Ce91 A2 @@ 85 49 86 4A 4C Bl  6CD1
Ca99 A9 QoA

Commentary

Lines 90—110: The function of locations $D and $E in the 64’s zero-page
memory is to indicate to the ‘expression evaluator’ in ROM what kind of
expression is under consideration. The value 255 ($FF) indicates that what
is about to be dealt with is a string.

Lines 150—180: Locations $49 and $4A are a pointer to the location in
memory of the key to the current variable. In this case, we have decided to
record the length and name of the string variable being picked up in the
three spare bytes $6A—6C, so the address $6A is loaded into the pointer.

Line 200: It is this call to the BASIC ROM which makes the GETSTRING
routine so short. The jump is to part of the LET routine in BASIC. When a
string is evaluated in an expression such as:

A$=*““ABCDEF”’
or

LET A$=B$

the LET routine clearly needs some means of determining the value of
whatever is on the righthand side of the equation. It does this by calling the
expression evaluator routine in the ROM, finding any necessary variables
in memory and, if necessary, flagging any errors in the syntax. At the end
of the process, $49 and $4A will contain a two-byte address which is a
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pointer to the position in memory of yet another pointer, this time in the
variables area. This second pointer, which consists of three bytes, records
the length of the resultant string and its actual starting address in yet
another area of memory — the string memory.

All that is done here is to jump into the LET routine at the point where it
begins the process of evaluation, and to allow it to do the work of
determining the value of the string parameter and placing the resultant
length and address in the string memory into the bytes $6A—6C indicated
by the pointers $49—4A. As aresult, LET has provided us with a full evalu-
ation of the string parameter, recorded its length for us and identified the
position at which it has been stored in the string memory. All the important
information has therefore been recorded so that it can be used by the
routine which calls GETSTRING.

Testing

Like the previous two routines, GETSTRING can be roughly checked by
seeing whether it will accept a valid string expression and reject an invalid
one. Enter these three lines of BASIC:

10 A$=*“ABCDEFGHIJ”
20 SYS(49289) MID$(A$,3,5)
30 SYS(49289) Q

No problem should be encountered with line 20, but line 30 should produce
a TYPE MISMATCH error message, since the routine requires a string
and encounters a numeric variable.

Error routine additions

Because we are going to extend the command set of the 64, we shall run up
against circumstances where errors will be generated which will not be
recognised by the error routine tailored to the existing BASIC. The object
of the current routine is to add two messages to the current set, along with
the criteria which will call them up. You are not expected at this stage to
understand the error messages — that understanding will only come as you
enter the new commands that require them.

Errors — assembly language listing

ADD. DATA SOURCE CODE

2] 19 PRT

7 1"] 20 ORG $COA9A

Ca9A 0 SYM

cCaoa 7@ ERRADD = %0622
Co2A 1868 BANKER
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CA9A A9AC 1180 LDA #MSG1-MSG1/256#2
S6
CA9C AZCA 1260 LDX #MSG1/256
COB9E 4CASCH 136 JMFP ERROR
CBA1 1568 SERROR
CBA1 A9B6 168 LDA #MSG2-MSG2/256%2
56
CBAZ AZCH 178 LDX #MSG2/256
COAS 198 ERROR
CBAS 8522 208 STA ERRADD
CBA7 8623 218 STX ERRADD+1
COA? 4C47A4 226 JMF $A447
CBAC 248 MSG1
CBAC 57524F 250 BYT 87.82.79.78.71.3
2.66.65.78.75+128
CaBé 2660 MSG2
COR&6  4FS5554 270 BYT 79.85.84.32.79.7
6.32.83.80.82
CBCB® 495445 280 BYT 7%.8B4.69.32.68.6
5.84.65+128
c]lcs 29@ END
TOTAL ERRORS IN FILE -— @
ERRADD 22
BANKER caoAa
SERROR CBA1
ERROR CBAS
MSG1 CBAC
MSG2 CBR6
TOTAL NUMBER OF SYMBOLS ——— 6

Machine Code
4phD DATA CHECESUM

C@2A A9 AC AZ CO@ 4C AS CO A9 A6DD
CBAZ EB&6 AR CB BS 22 B&6 27 4C A78A
CBAA 47 A4 S7 S22 4F 4E 47 20 6@DE
COEZ 42 41 4E CE 4F SS 54 20 4C44

COEA AF 44 20 ST SO S2 49 5 46DE
COCZ 45 20 44 41 S4 Ci @F 2D
Commentary

Lines 110—130: These instructions will be called by the later routines relat-
ing to the bank currently addressed by the VIC chip. Their effect will
be to place the address of a bank error message into registers A and X, then
jump to the main part of the additional error routine.
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Lines 160—170: The same function as the two previous lines, but for an
error relating to the sprite handling routines.

Lines 190—220: The address of the relevant error message is placed into
$22-3 (ERRADD), which is used by the BASIC error routine, and then
that routine is called. The BASIC error routine automatically tidies up
temporary storage areas in memory, clears the return stack and prevents
the entering of CONTINUE.

Lines 240—270: These lines of single-byte values represent the ASCII
values of the individual messages. The function of the BYT directive is to
place the values specified directly into memory without alteration of any
kind. Note that the value of the last character of each message has 128
added to it. This is the signal to the error routine in BASIC that the end of
the error message has been reached.

Testing
Enter SYS 49306 in direct mode, and you should see ?WRONG BANK

ERROR displayed on the screen. SYS 49313 should display an OUT OF
SPRITE DATA error message.

Note on the further use of this routine

The method used here can be used generally to add new error messages to
BASIC for your own machine code routines. Having defined your error
messages in memory, simply call the error routine starting at $§COAS, with
the address of the relevant message contained in registers A and X.
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CHAPTER 2
Low Resolution Commands

1. UNDERSTANDING LOW RESOLUTION

In this chapter, before moving on to look at specific new commands to
control the low resolution screen, we shall examine some of the ins and outs
of low resolution, especially the relationship between the low resolution
screen and the rest of the 64’s operating system, including the VIC chip.

The 64’s low resolution display, the screen which greets the user on
power-up, is a strange mixture of fine detail and crude blocks. To under-
stand what this means, take a look at a single letter of text on the screen.
You will find that it is made up of a large number of small dots, even
though the quality of the television you are using may make them appear
slightly fuzzy. The presence of these dots is proof that your 64 is capable of
handling quite tiny units on the screen. Each of the letters and symbols in
the 64’s character set is made of a grid of 8*8 spaces on the screen, each
space just big enough for one pixel. The only difference between the
various characters is which of the pixels is turned on in the 8*8 space when
the particular character is printed.

Along with this degree of detail goes the limitation that, in low resolu-
tion mode, the pixels which appear in one of the 1000 character positions
onthescreen are entirely beyond the control of the user. Characters may be
swapped for other characters in the existing character sets or it is even
possible for the user to define new character sets. The contents of any
square on the screen however, can only be one of the shapes defined in one
of the character sets, whether a predefined set or one created by the user.

What is actually seen in an individual character square is the result of the
interaction between the VIC chip, an area of memory known as the ‘char-
acter generator ROM’ and the screen memory. Each of the 1000 bytes of
the low resolution screen memory (which normally sits at 1024—2023)
holds a number which represents the ‘screen code’ of one of the characters
in the character set currently being used. It is the task of the VIC chip to
scan the screen memory and then to extract from the character generator
ROM the details of the shape of the character represented by the screen
code. The VIC chip takes this information and uses it in creating the dis-
play which appears on the screen of the television. More will be said about
this in the chapter on the high resolution screen. For the moment, it is
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sufficient to hold in mind that there must be three components to provide
the display:

1) An area of memory which holds the screen codes of the characters
which are to appear on the screen.

2) The VIC chip, which has the job of translating the screen codes into the
television display.

3) An area of memory which holds the details of the shapes of the
characters.

The relationship between these three areas of memory is a very close one,
not least in terms of where they must be located. This is because the VIC
chip is limited to ‘seeing’ only one of four 16K blocks at one time. All the
areas of memory with which the VIC chip has to deal — including the
screen, character data and sprite data — have to be in the same 16K block,
ie 0—16383, 16384—32767, 32768—49151, 49152—65535. It is this limita-
tion of the VIC chip which leads to much of the need to rearrange memory
in such a way as to fit in the data areas required.

One important component in the use of the low resolution screen
remains and that is the 64’s screen editing system. The 64’s ROM contains a
host of routines which are not so much to do with creating the display
which appears on the screen, but with such matters as moving the cursor
around the screen, placing new characters on to it (or removing them),
taking program lines from the screen and placing them into a program, and
so on. These functions are entirely separate from the work of the VIC chip
and require that the 64 has a separate record of the location of the low
resolution screen memory.

The position of the screen in memory

When the 64 is switched on, the screen memory is automatically located
between 1024 and 2023 in memory. It does not, however, have to stay
there. The screen can occupy any of the 16 1K blocks in the current video
bank, provided that the VIC chip and the screen editor pointer are told
where to find it. Some locations are more useful than others and some may
involve a rearrangement of other competing memory uses. Placing the
screen so that it begins at 2048, for instance, would have an unfortunate
effect on the BASIC program, which also starts at that point — change the
screen in any way and the program would be corrupted.

The location of the screen in memory is recorded for the VIC chip and
the screen editor system by two different registers:

a) The VIC chip: the upper four bits of the register at 53272 tell the VIC
chip in which of the 16 1K blocks it is to expect to find the screen. In the
sections which follow, this register will be described by the name [SCREEN

12
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POINTERS].

b) The Screen Editor: the register at 648 [EDITOR] stores the location of
the screen for the rest of the system to consult, expressed in units of 256
bytes (ie PEEK(648)*256 represents the address at which the system thinks
the screen memory is at the moment). It is quite possible that this is an
incorrect value since the VIC register can be changed without affecting
[EDITORI. In this case, the screen will display data from the area of
memory indicated by [SCREEN POINTERS] but there will be no cursor or
possibility of manipulating the screen.

Character data

We have already noted that the VIC chip draws on an area of memory
known as the character generator to get the details of the characters to be
displayed on the screen. This data is permanently stored in the 64’s ROM
but, since the 64’s ROM does not start until 40960, it could not be visible to
the VIC chip’s 16K-wide gaze in three of the four video banks. In fact, it is
never visible to the VIC chip in its original position since the 64 behaves as
if the section of ROM containing the character data is totally invisible and
even places other data where it should be.

The VIC chip, deprived of the chance to see the character data in the
ROM, makes up for it by seeing a mirage of the character data in a totally
impossible position. When the 64 is first switched on, the VIC chip behaves
as if it can pick up the details of the characters from an area of memory
beginning at 4096. The details of the 64’s two character sets require 4K of
memory, so the character data apparently fills the block from 4096 to 8191.
This is despite the fact that most BASIC programs will be using the
memory area beginning at 2049 and a BASIC program of any size at all will
use the memory well beyond 4096. This makes no difference to the VIC
chip since yet another part of the system, the address decoder, when it
receives a request from the VIC chip for access to any memory location
between 4096 and 8191 (in video banks zero and three) actually supplies the
corresponding byte in the memory area between 53248 and 57345. In other
words, the VIC chip, and only the VIC chip, sees character data in this
memory area, the rest of the system finds useable RAM. All of this is just
another example, though one that is a little difficult to follow, of the way
the 64 crams a quart into a pint pot when it comes to memory, in this case
adding an effective 4K on to the 16K video banks.

Having said all this about the character data at 4096—8191, the impor-
tant point to remember from the point of view of the user is that the area to
which the VIC chip looks for its character data can be moved. This can be
done by changing the current video bank, in which case the VIC chip will
look at the same block within the new bank. If the bank is shifted to one or

13
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three, the shadow character data are not seen by the VIC chip. Another
method is to move the character data area within the current video bank.
The character data area can be moved to begin at any 2K boundary and
thus again to move away from the shadow data from the ROM. This is of
particular use when redefining character sets. The position of the character
data within the current video bank is controlled by the register [SCREEN
POINTERS] at 53272. In this case, the lower four bits specify which of the
16 possible starting addresses is to be used.

In the sections of this chapter which follow, we shall be examining ways
of manipulating all of the characteristics of the low resolution screen men-
tioned here, beginning with the block of memory which is the limit of the
VIC chip’s 16K span of attention.

2. CHANGING THE VIDEO BANK (BANK)

In this section we introduce the command BANK, which simplifies the
process of moving the attention of the VIC chip from one 16K video bank
to another.

Changing bank is a relatively straightforward process which involves
three steps:

1) Aninstruction to a communication chip (CIA2) to tell it that the CPU
wishes to send data to the VIC chip.

2) Sending the instruction to the VIC chip which will move the 16K video
bank.

3) Informing the rest of the system, apart from the VIC chip, where the
screen memory now is. Failure to do this would result in any screen
editing functions, like the printing of text, being carried out on an area
of memory that was no longer the screen.

Bank — BASIC listing

10000 RE M3 3336 3 3 3 3 36 36 36 36 36 3 36 3¢ 36 3 36 36 36 36 33636 36 36 36 3¢
10081 REM CHANGE VIDEO EBANEK

10002 REM3t 33 36 3 36 36 36 3¢ 36 3 3 3 36 35 3 36 3¢ 36 36 36 3 3 36 36 36 36 3¢ 3 3¢
19818 INPUT "BANEK'";VEB

10020 IF VBB OR VEB:Z THEN GOTO 10010
10025 V2=3-VB

10038 FOKE 56578, PEEK (56578) OR =
19040 POKE S6576, (FEEE (56576) AND 252)
OR V2

1085@ VB=VE®#&64

12060 FOKE 648, (PEEE (648) AND &%) OR VE
18999 END
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Commentary

Lines 10010—10025: There are, as noted previously, four possible banks.
These lines accept an input in the correct range and then invert it so that,
for instance, bank zero becomes bank three. Unfortunately, the VIC chip
thinks of the bank commencing at address zero in memory as being bank
three and it is far more user-friendly to allow the bank number to be input
in the more natural notation with bank zero at the bottom of the memory
and bank three at the top.

Line 10030: The 64 contains two chips know as CIA1 and CIA2 which
handle input and output between the CPU and ‘external’ devices such as
the keyboard, the user ports, the game ports and so on. One of the jobs to
which CIA2 is dedicated is communication with the VIC chip. To commu-
nicate with the outside world, the CIA chip needs first to be told whether it
is being asked to output or to input, and with what device communication
is to take place. With the two lowest bits of register CIA2 + 2 (56578) set,
which is what the ‘OR 3’ does, any data coming from the CPU into the
CIA2 chip will automatically flow through the two pins which are con-
nected to these two output bits and into the VIC chip.

Line 10040: This line sets the two least significant bits of the CIA2 chip’s
main register at 56576 to the desired bank number, without corrupting the
other bits, thus changing bank.

Lines 10056—10060: We have seen in the previous section that the 64’s
screen editor is entirely separate from the VIC chip and keeps its own
record of where to find the screen in memory. If we are going to change the
bank then we must also tell the screen editor where the screen is being
moved to. In this particular case, we are only changing the bank — the
position of the screen within the bank will be unchanged. What that means
is that we only have to change the two most significant bits of [EDITOR]
since these two bits represent units of 32K and 16K respectively.

Bank — assembly language listing

Al DT SULIRCE CODE
gy 1@ T
20 ORG FCOCA
0 8YM
7B CIaz = #DDO?
80 GETEYT = *CO06
ADR2DD 130 LDA CIAZE+2
aled?y 14@
BL@ZND 15@ &
2QVLHCR 17a ISR GET
Coa4a 180

15
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Can7 RRZEO 199
Coane ALRADD 21@
CaDpc 29FC
CODE @514
COE® 49203
CoER  8DOMDLD

AS1L4
HA
i
YA
2900 ##0
851 4 #14
ADRBER 648
HYEF #EIE
514 F14
CaFs  gngsez STA &48
COF8 AR RTS
COFS AC4RER TGERF JMF $RZ48
CAFC END
TOTAL ERRORS IN FILE -—— @
Craz DDOY
GETBYT CRavs
IRERRK CarFe
TOTAL NUMBER OF SYMBOLS -—~—— 3
Machine code
ADD DATA CHECESUM

cacA AD @2 DD @9 @ 8D @2 DD 765D
CoD2 20 @6 CO C? BG4 BO® 20 AD 39DD
CBDA @@ DD 29 FC @GS 14 49 @3 4D2D
CBEZ 8D @@ DD AS 14 6A 6A 6A 6FF6
ClEA 29 CO 85 14 AD 88 02 29 SELS
COF2 3F @5 14 8D 88 02 4@ 4C Z164
CBFA 48 B2 a142

Commentary

Lines 130—150: The direct equivalent of line 10030.

Lines 170—190: GETBYT is employed to pick up the bank number. The
parameter is checked to see that it isin the range 0—3 and, if not, a branch is

made to line 380 and from there to the routine to print ILLEGAL QUAN-
TITY ERROR.

Lines 210—250: Equivalent to lines 10010—10025 and 10040 in the BASIC
program.

16
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Lines 270—360: These lines are equivalent to lines 10050—10060 of the
BASIC program. The main difference is the method which has to be
employed to translate the bank number into a start address in pages for the
current bank, so that this can be placed into the upper two bits of
[EDITORI. To do this in assembly language, we rotate the value of the
bank (stored in $14) right three times. In doing this the two least significant
bits, the ones we are interested in, are moved first into the carry flag and
then back into the accumulator at the lefthand end to become the most
significant bits. The value in the accumulator can now be ANDed with
$CO, or 192, since this will ensure that all but bits six and seven of the
accumulator are cleared. The value is now stored once again in $14, then
the current contents of address 648 are picked up in the accumulator. It is
now a simple matter of clearing the upper two bits with AND, then ORing
with the value in $14 and storing the result back in address 648.

Testing

BASIC: The best indication that the routine is working is that the screen is
still useable when you run the routine and change the bank to two (only
banks zero and two have a character set available for the VIC chip to read).
If you want to make doubly sure, you could add the following temporary
line:

10070 PRINT INT(PEEK(648)/64)

This should produce a value equal to the bank number you input each time
the program is run. Don’t forget to reset the bank to zero before you
continue.

MACHINE CODE: A good test for the routine is to enter in direct mode
the following line:

FORI=3TOOSTEP-1:SYS (49354)1: FOR J=0TO 1000 : NEXT
11

Note that there is no punctuation between the SYS address and the I in the
line.

Press RETURN on this and you should see the screen instantly fill with
garbage. The garbage should then change twice and, finally, the normal
screen should return. Unless you are sure that something has gone seriously
wrong with the routine, don’t attempt to stop this procedure with the
STOP key or you may have to turn your 64 off to get back to the normal
screen.

Syntax and use
The correct syntax for BANK is:
SYS (49354) {BANK}

17
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where BANK is a value in the range 0—3. Note: Moving the current bank to
three, while perfectly possible, places the screen right over the machine
code routines for extended BASIC and will probably lead to hopeless
corruption.

Though changing bank is not difficult in normal BASIC, once this
routine is entered into memory, the relationship between the bank number
entered and the resultant addresses is much more straightforward:

BANK NUMBER  ADDRESS

0 $0000—$3FFF
1 $4000—-$7FFF
2 $8000—-$BFFF
3 $C000—-$FFFF

When using this command it is important to remember that the VIC chip
cannot see the normal character data when it is looking at banks one and
three, so you must either do without them or define your own character
data.

3. POSITIONING THE CURSOR (LOCATE)

Moving the cursor to a specified point on the screen is one simple capability
that the 64 does not possess. The usual way around it is to use strings
containing the cursor control characters. There is nothing wrong with that
method: it is the one recommended in David Lawrence’s Advanced Pro-
gramming Techniques for the Commodore 64.

If we are prepared to leave pure BASIC, however, then even the non-
machine code programmer can achieve the results faster by making use of a
routine which is already present within the 64’s ROM. If you think about
it, there must somewhere be a section of ROM devoted to moving the
cursor around, for the simple reason that the cursor can be moved. All that
is not there, in the limited confines of the 8K long BASIC interpreter, is a
BASIC keyword which can take the routines which are used by the cursor
control characters and make use of them more directly simply to specify a
screen position.

The missing keyword will now be supplied, its name being LOCATE.
The procedure for LOCATE is in two stages:

1) Place the X and Y coordinates of the desired cursor position into
system registers normally used for this purpose.

2) Call aroutine in the ‘kernal’ section of the ROM which will update the
cursor position based on the values contained in these registers.

Locate — BASIC listing

11000 REMIH #3334 3 3636 36 36 38 3 3 3 3 3636 3¢ 36 38 3 3 36 36 36 36 36 3¢ 3¢
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11881 REM PRINT AT

11 @02 REMSE 3363636 36 38 3 3 30 3636 36 36 36 306 36036 36 36 36 36 3 30 3 30 30 36 3¢
11816 INPUT "X,Y"3;X,Y

11815 IF X>24 OR X<@® OR Y>Z9 OR Y<® THEN
11010

11826 FOKE 781,X

11838 POKE 782,Y

11835 SYS (655280)

11848 PRINT "HERE"

11856 PRINT "AND THEN HERE"

11999 END

Commentary

Lines 11020—11030: The two registers used here are unlike almost any-
thing else you will find in the memory. Rather than being storage locations
for the 64’s operating system, these two locations (and two others in the
same area of memory which we do not use) are pseudo-registers repre-
senting the contents of the actual CPU registers A, X and Y. The contents
of the registers are not genuinely what is in the corresponding CPU regis-
ters but, when a machine code routine is called by SYS, the values in these
registers are taken into the main CPU registers before the execution of the
specified machine code routine begins. Their use enables the BASIC pro-
grammer to call up all kinds of ROM routines which depend on CPU regis-
ters having certain values.

Line 11035: This SYS call is to the kernal routine called PLOT, which has
two functions — to move the cursor (if the carry flag is clear) or to obtain
the cursor X and Y coordinates in the CPU X and Y registers. The details

do not really matter — what does matter is that, having set up the pseudo-
registers with the X and Y coordinates, a call to this routine will automati-

cally position the cursor.

Locate — assembly language listing

ADD. DATA SOURCE CODE

{ra]] 1@ FRT

20 20 ORG #COFC

CerFcC i@ SYM

COFC 80 GETWRD = *C00O
CorFC 9@ COMMA = FAEFD
CorcC 100 GETRYT = #CQ0&
CoOFC 2006C0 130 GETFAR JSR GETRYT
CoFF 48 140 FHA

Cilod 20FDAE 13@ JSR COMMA

Ci0= 2006C0 160 JSR GETEBYT
Ciaés A8 170 TAY

Cia7 68 180 FLA
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Ci1@d8 AA 190 TAX

Cl1a9 60 200 RTS

CleA 20FCCo 270 AT JSR GETFAR
Ci@oD E@19 240 DOAT CFX #25
Ci1@0F EO08 250 BCS IQERR

Cii1 Cezs8 260 CFY #40

Cl1Z EBOO4 270 BCS IOERR

cils 18 280 CLC

Clié  4CFOFF 290 IJMF ¥FFFQ

C119 4C48ERZ2 00 IQERR JMF $R248
ciic Z1@ END

TOTAL ERRORS IN FILE —— @

GETWRD cCoae
COMMA AEFD

GETRYT Coas
GETFAR CoOFC

AT Cl0A

DOAT cien

IQERR ci19

TOTAL NUMEBER OF SYMEROLS ——— 7
Machine code

ADD DATA CHECKSUM
CAFC 26 86 CB 48 26 FD AE 26 3470
Ci164 @6 CO AB 68 AA 6B 28 FC 968C
CiaC CO E6 19 BO B8 C@ 28 BOA AALD
Ciil4 @4 18 4C FO FF 4C 48 B2 2AEA
ciic ralnlnlr]

Commentary

Lines 130—200: The GETBYT routine is called to pick up the vertical
coordinate and the result is pushed on to the stack for temporary storage.
COMMA is a ROM routine which detects whether the next character in a
BASIClineis acomma—ifnot,aSYNTAX ERROR is flagged. GETBYT
is called again to pick up the horizontal element and this is placed directly
into the Y register. The vertical component is pulled back off the stack and

placed in the X register.

Lines 240—270: The two values are compared with the maximum permit-
ted values for the cursor position of 25 vertically and 40 horizontally. If
either limit is exceeded, an ILLEGAL QUANTITY ERROR message is

printed.

Lines 280—290: These lines call the cursor position routine in the kernal.
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The carry flag is cleared before jumping to the routine because the same
routine carries out two functions as mentioned in the commentary on the
BASIC version. Note that, because this call is the last operation before the
IQERR line, there is no need for an RTS (return from subroutine) to exit
from the present routine and go back to BASIC. All that needs to be done is
for execution to JMP (jump absolute) to the kernal routine, where the RTS
at the end of the cursor position routine will return execution to BASIC.
You will find many cases in the routines in this book where a routine appar-
ently ends with JMP rather than an RTS to return control to BASIC.

Testing

BASIC: The BASIC routine is self-testing in that the two lines
11040—11050 print an item of text at the cursor position specified and then
another at the beginning of the following line to demonstrate that the
routine is working. These two lines may obviously be deleted before the
routine is used in normal BASIC programming.

MACHINE CODE: Given the simplicity of the method, the only practical
test is to try it out. Enter the following:

10 SYS (49418) 12,18
20 PRINT “XXXXX’’

RUNning this should result in the Xs being printed in the middle of the
screen.

Syntax and notes on use of LOCATE
The format for calling this command is:

SYS (49418) {ROW},{COLUMN}

where ROW is a number in the range 0—24, representing the cursor posi-
tion in lines down the screen and COLUMN is a number in the range 0— 39,
representing character positions across the screen. SYS (49418) 12,20
moves the cursor to the middle of the screen. It is not necessary to PRINT
characters immediately after calling this routine — the position of the
cursor will remain where it is set until it is moved by the use of PRINT or the
cursor controls.

4. THE POSITION OF SCREEN MEMORY (SCREEN)

As well as being able to move the 16K block used by the VIC chip for its
overall purpose, the 64 allows the user to specify where within the current
16K block the various elements such as screen and character data fall. With
this routine, we shall embark upon moving the screen within the block,
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using the command SCREEN.

This command has a variety of uses — such as animation (where several
slightly different screens can be used), saving the contents of a current
screen or rapid changes of scene, more economical use of memory when
user-defined character sets are being employed, or simply to allow a
machine code program to occupy the first part of the user memory.

The procedure adopted is as follows.

1) The number of the current video bank is derived from bits six and
seven of the system register at 648.

2) Anerror message is generated if the specified screen address is outside
the current bank.

3) The relative address of the screen within the current video bank is
calculated, and this is then stored in the upper four bits of the relevant
VIC register.

4) This offset is recalculated into the form of 256-byte pages for storage
in the system register at 648, not forgetting to preserve the value of the
two highest bits, which record the current video bank.

Screen — BASIC listing

13000 REM* 53935369633 3636 365 36 36 36 36 36 36 3636 96 36 36 3 3 3¢
13881 REM SCREEN MOVE

13002 REM¥E 533363638 36 3 36 36 36 36 36 3636 36 369696 363696 9 36 3 36 36 3¢
13618 INPUT "ADDRESS";SA

13820 BANK=FEEK (648) AND 192

13830 IF INT(5A/16384)<>BANK THEN FRINT
"WRONG BANK" : GOTO 13010

13040 IF SA/1824<>INT(S5A/16G24) THEN PRIN
T "ILLEGAL ADDRESS" : GOTO 13810

13050 SA=SA-16384#INT (5A/16384)

13055 SA=SA/64

130606 POKE 53272, (PEEK(S3272) AND 15)
OR SA

13865 SA=SA/4

13878 POKE 648,SA

13999 END

Commentary

Lines 13020—13030: These lines extract the current video bank from the
two upper bits of the register at 648 and check that the address proposed for
the screen is within that bank.

Line 13040: A check that the proposed address falls on a 1K boundary.
Lines 13050—13060: The screen address is first stripped of the value of the
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video bank in which it is located and then divided by 64. Strictly, we should
be dividing by 1024, which would give us the position in terms of 1K blocks.
The problem is that the 0—15 value which this would give is going to be
placed in the upper four bytes of the register at 53272 and so would have to
be multiplied by 16. Far simpler to divide by 1024/16 (64) in the first
place.

Lines 13065—13070: The value in SA is now the address relative to the
start of the current video block divided by 64. For the system register at
648, what we need is the relative address divided by 256 (ie the address in
pages). Since 256 is 64*4, all that we need to do is to divide SA again by
four. The use of ‘AND 192’ preserves the upper two bits of 648.

Screen — assembly language listing

ADD. DATA SOURCE CODE

00 10 FRT

ra]1i] 20 0ORG #C147

c147 @ SYM

ci147 11@ GETBYT = *C00@6
C147 120 IQERR = *#C144
C147 1Z@ BANKER = *CQ9A
c147 140 VIC = ¥D0O0OO
C147 2006C0 170 SCREEN JSR GETRYT
cCi4a  OA 180 ASL A

Cli4r OA 190 ASL. A

Ci14C AA 200 TAX

C14D 4D8802 210 EOR 648

C15@0 29C0 220 AND ##CO

C152 DO21 230 BNE ERROR

Ci%4 AD1BDO 250 L.DA VIC+#18
C157  290F 260 AND #FF

C159 8D18DO 27@ STA VIC+#18
C15C 8A 280 TXA

cCisDh @A 290 ASL. A

C1SE @A I0@ ASL. A

C15F @D18DO 310 ORA VIC+#18
Cl62 8D18DO 320 STA VIC+#18
Cl165 ADBBGB2 340 LDA 648

C168 29C0 IO@ AND #¥CO

Ci6A 8DBB0Z 60 STA 648

Ci6D 8A 7@ TXA

Cl6E 0DB8B2 80 ORA 648

Ci71 8D88®2 I90 STA 648

C174 60 400 RTS

C175 430 ERROR

C175 4C?ACO 440 JMF BANEER
c178 450 END
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TOTAL ERRORS IN FILE —-—f— 0

GETEBYT Coaas

IQERR Cl144

BANEER Co9A

VIC DoRd

SCREEN 147

ERROR C173

TOTAL NUMBER OF SYMROLS ——— 6
Machine Code

ADD DATA CHECKSUM

C147 26 @6 CB GA BA AA 4D 88 2EZA
Ci4F B2 29 CB6 DB 21 AD 18 DB 34FC
C157 29 GF 8D 18 DB 8A BA GA 3426
Ci1S5F &D 18 D@ 8D 18 DB AD 88 3532
Cil67 @2 29 CA 8D 88 B2 8A BGD 3179
Ci6F 88 B2 8D 88 B2 68 4C %A 6162
Ci177 C@& BeCa

Commentary

Lines 170—230: The purpose of these lines is to check that the position
specified for the screen by the user is in the 16K block currently addressed
by the VIC chip, by comparison with the two upper bits of [EDITOR] at
648.

Lines 250—270: The current contents of the VIC register are ANDed with
15 to wipe out the upper four bits.

Lines 280—320: The specified screen address in pages, which has been
stored in the X register, is shifted left twice. This has the effect of moving
the bits which record the 1K block up to occupy the four bits. This value is
then placed into the VIC register by the use of OR.

Lines 340—390: Dealing with the register at 648 is actually more simple
than in BASIC. The X register already contains the address in 256-byte
pages within the bank; this is now placed into the lower six bits of 648.

Testing

BASIC: Run the program and move the screen to address 3072, then pro-
ceed as for the testing of the machine code routine, part b).
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MACHINE CODE: a) Clear the memory of any existing program, then
enter:

SYS (49479) 3

b) The screen should now be filled with garbage. Clear it with
SHIFT/CLR. The computer should now work normally in respect of the
usual screen functions except that, if you try to load a program longer than
1K, it will become corrupted. The reason for this is that, with the screen at
the beginning at 3K and with no attempt having been made to move BASIC,
the screen will be sitting right in the middle of the BASIC program, corrup-
ting it every time a change is made on the screen. In normal circumstances,
you can restore the screen to its usual position by following the procedure
above and specifying 1024 as the screen address. If you do get caught with a
corrupted memory, enter POKE 648,4, then press RUN/RESTORE.

Syntax and use
The syntax for the SCREEN command is:

SYS (49479) { ADDRESS}

where ADDRESS is a number between 0 and 63, representing a 1K block of
memory which is within the 16K video bank currently addressed by the VIC
chip. If ADDRESS is outside the current 16K video bank, a WRONG
BANK error message will be generated.

5. SETTING THE SCREEN COLOUR (COLOUR)

COLOUR, the BASIC command presented here, will allow you to change
screen and border colour with a simple command. There is nothing at all
complex about the procedure, which is as follows:

1) Obtain the value for the screen border colour and place it in the VIC

register at 53280.
2) Obtain the value for the screen background colour and place it in the
VIC register at 53281.

Colour — BASIC listing

1SBOB REM:E 33 3 36 36 3 36 36 36 3 36 3 36 3 36 35 36 36 36 35 36 36 36 396 36 3636 3¢
150@1 REM SCREEN AND BACKGROUND COLOUR
15O REM 632626 36 9 3 3 3 3 3 36 36 3 36 36 3 3636 36 3 36 36 26 30 3 3 36 36
15818 INPUT "SCREEN BORDER COLOUR";X
15820 IF X<® OR X>15 THEN FRINT "ILLEGAL
VALUE" : GOTO 15016

15838 INFUT"SCREEN BACKGROUND COLOUR":Y
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150468 IF Y<@ OR Y>15 THEN PRINT "ILLEGAL
VALUE" : GOTO 15618

15850 POKE 53286, X

15868 POKE 53281,Y

15999 END

Colour — assembly language listing

ADD. DATA SOURCE CODE

uln) 1@ FRT

1]} 20 SYM

[ri1%] 20 ORG #C1RO

C1RO 70 VIC = ¥DOOO
C1RO 80 GETFAR = FLCOFC
C1lERQ 90 IRERR = #C1AA
CiB0 20FCCO 130 SETCOL JSR GETFAR
C1RBZ EQ1@ 14@ CFPX #*+10
CI1RS  BOF:Z 15@ BCS IGERR
Cig7 (Co10 160 CRY #¥%10
C1R9  EROEF 170 BCS IQRERR

C1IRE BE20DO 180 STX VIC+*20
C1BE 8C21DO 190 STY VIC+#21
C101 &H0 200 RTS

ciesz 210 END

TOTAL ERRORS IMN FILE ——— @
VIC DO
GETFAR CoFC

IQERR C1AA
SETCOL ClBo

TOTAL NUMBER OF SYMROLS ——- 4
Machine code:
ADD DATA CHECKSUM

CiB® 26 FC CO EG® 10 B@ F3 C@ 7AEL
CiE8 16 B® EF 8E 2@ D@ 8C 21 60839
CiCh DO &0 B200

Commentary

Line 130: The parameters for screen border and background colours are
picked up by GETPAR (a subroutine of LOCATE which you have already
entered) and stored in registers X and Y.

Lines 140—170: The two parameters are compared with 16 to ensure that
they are valid colours.
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Lines 180—190: The two colour values are stored in the relevant VIC
registers.

Testing

BASIC: Entering the value one in response to both prompts should set the
whole of the screen to white.

MACHINE CODE: Entering SYS (49584) 1,1 should set the whole of the
screen to white.

Syntax
The syntax for the command is:

SYS (49584) { BORDER} ,{ BACKGROUND}

where both BORDER and BACKGROUND are numbers in the range
0-15.

6. PLOTTING A LOW RESOLUTION PIXEL (PLOT)

The purpose of this routine is to allow straightforward plotting of a low
resolution pixel (ie one quarter of a character square) by means of the
command PLOT. The method we shall have to use is not quite as straight-
forward, however. What we cannot do is simply to write a routine which
will address all the 80*50 possible pixel positions on the screen. In low
resolution mode, the 64 does not give us the option to adopt this simple
solution.

The key to the solution of the problem lies in the fact that, whichever of
the four possible pixels are set in any one character square, there is already
a graphics character in the 64’s graphics set which is capable of expressing
that combination. In other words, with sufficient low cunning it should be
possible to use existing characters, printed on to the screen, to simulate low
resolution plotting. The particular characters in question are:

R I TR LT P T T -

Using these characters, it will be possible to plot any combination of the
quarters of any character square, or indeed to erase them.

The routines which follow are based on the convention that any of the
25*40 character squares on the 64’s screen can be subdivided into four and
the quarters numbered as follows:

01
23

To be able to switch any of these four blocks on or off will require a total of
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16 different shapes (2°4) capable of going into the one character square.

The really important step is to assume that the numbers in the square
illustrated above are powers of two. Once this is done it is possible to sug-
gest a very logical way of looking at the 16 characters. Take the following
character square:

01
10

Here the sections with values of 1 and 2 are filled in and if we regard these as
powers of two then the ‘value’ of the character squareis 6 (2°1 + 272). Take
a look at the following character squares and make sure you understand
why their values are as they are:

10 10 11 00 11 00

10 01 00 11 11 00

5 9 3 12 15 00

When the principle is properly understood, and provided the characters
needed are in a logical order, it becomes simplicity itself to find the right
character to fit the desired arrangement of pixels in a square.

Using powers of two also permits us to use the logical operators AND,
OR and XOR to their fullest in setting and resetting individual pixels by
means of the use of ‘masks’. Masks are one of the most powerful tech-
niques available to the machine code programmer and simple to use once
they are understood. The purpose of a mask is to allow individual bits in a
byte to be changed, orindeed preserved, regardless of what is being done to
other bits.

One or two simple examples may serve to illuminate the issue. Suppose
that it is desired to switch on an individual bit, say bit four, without affect-
ing the rest of the bits within the byte. The standard technique, which we
have already used several times, is to create a value where only that bit is
set, to place it in the accumulator and then to OR it with the byte which we
wish to change. In this case the value stored in the accumulator (16 = 274)
was the mask. If we had wanted to switch off the individual bit, then we
would have created a mask which had every bit set except the one to be
operated upon, and then ANDed the mask with the byte to be changed.
The mask necessary to switch off bit four would have been of a value of
255 — 16. Finally there is the case where it is desired to switch a bit to the
opposite of its present state, regardless of what that is. Here a mask is
created with only the relevant bit set but, instead of OR, XOR is used.
‘Exclusive OR’ ensures that, if the bit in the mask is set and that in the target
byte is not, then the target bit is set: if both the mask bit and the target bit
are set, then the target bit is reset. Using the two masks, then, in combin-
ation with OR, AND and XOR, we can home in on any bit, or even com-
bination of bits, we wish. This ability will be crucial to the low-resolution
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plotting routine.

1)
2)

3)

4)

5)

6)

The procedure for PLOT is as follows:

Obtain the coordinates for the low resolution pixel to be plotted.
Ascertain whether the pixel is to be set, reset or switched to the oppo-
site of its present state — ie the MODE of the plotting to be done.
Create a mask representing the value of the single pixel within the
character square, as calculated according to the method described
above.

Find out the value, again in terms of the method of calculation
described above, of what is currently on the screen at the specified
character position.

Use OR, AND or XOR to combine the mask created with the value of
what is currently on the screen.

Place the new character on the screen.

Plot — BASIC listing

16800 REM* 0363630363635 330303634 3 3 36 H 6 34K 3

16001 REM PLOT PIXELS

16082 REM# 3383636 30 30 3036 38 36 3 36 36 36 96 36 36 36 36 36 36 36 36 30 36 36 36 3 3¢

16818 DATA 32,126,124,226,123,97,255,236
,108,127,225,251,98,252,254, 160

16011 REMDATA 32,97,98,108,123,124,126,1
27,160,225,226,236,251,252,254 ,255

168020 DIM PLOT (15)

16@03@ FOR I=@ TO 15 : READ PLOT(I) : NEX

T

168048 MASK=0
16845 PRINT "[L[CLR1"
16856 INPUT " [HOMEIMODE:

CCLICCLICCLICCLICCLICCLIICLILCLILCL]

[CLICCLICCLICCLICCLICCLICCLICCLICCLILCL]
CCLICCL1";MODE

1608668 IF MODE <® OR MODE->2 THEN 16050
16878 INFUT "[HOME1IX CO-ORDINATE:

CCLICCLICCLICCLICCLILCLILCL

JICLICCLICCLICCLICCLICCLICCLICCLIECLILICL
JICLICCLICCLICCLI" ;X

1660864 IF X<@ OR X:>79 THEN 16G7@

1669@ INPUT "[HOMElY CO-ORDINATE:

CCLICCLILCLICCLILCLICLCLILCL

JICLICCLICCLICCLICCLICCLIICLICCLICLILCL
JICLICCLICCLICCLI" ;Y

16166 IF Y<B OR Y>49 THEN 16690

16110 X1=INT(X/2) = YI=INT(Y/2)

16120 MASK=—(X/2<>INT(X/2)) — 2% (Y/2<>IN
TY/2))

16130 FC=PEEK (1024+4@0%#Y1+X1)
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16148 FLAG=-1 : FOR I=8 TO 15 : IF PC=PL
OT(I> THEN FLAG=I

16142 NEXT I

16145 IF FLAG<>-1 THEN PC=FLAG

161560 IF FLAG=-1 THEN PC=2"MASK

16160 IF MODE=@ THEN FC=PC OR 2"MASK
16176 1F MODE=1 THEN PC=PC AND (15-2"MAS
k)

16175 1IF MODE=2 THEN FC=PC - 2"MA* ((PC A
ND 2°MA)=@) + 2™MA* ((PC AND 2"MA)=2"MA)
161868 FOKE 1624+40#Y1+X1,FLOT (PC)

16196 POKE 355296+4@#Y1+X1,14

16206 GOTO 16056

16999 END

Commentary

Lines 16010—16030: The values in the DATA statement are the screen
codes of the 16 characters, in that order. They are placed into the array
PLOT for later use.

Line 16040: The variable MASK will be used to hold the mask value.

Lines 16060—16110: The MODE parameter and the coordinates of the
pixel are input. The MODE values are as follows:

0 = set pixel
1 = reset pixel
2 = invert pixel

The final line of this section derives the coordinates of the actual character
position in which the pixel lies.

Line 16120: The method of calculating the value of the mask depends
simply upon whether the coordinates, both horizontal and vertical, are
odd or even. Both coordinates are numbered from zero so, if the horizontal
coordinate is even, the pixel to be set is on the lefthand side of a character
square, while, if the vertical coordinate is even, the position must be on the
top line of a square.

Lines 16130—16150: The value of the current character in the specified
screen position is obtained by the use of PEEK and compared with the set
of quarter-square graphics characters. If it corresponds to one of them, its
value will be stored in FLAG. If the character on the screen is not one of the
existing character positions then it is taken to be an empty space, ie plotting
over text will wipe out the character in that position.

Lines 16160—16175: The mask is applied with OR, AND or a simulation
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of Exclusive OR.

Line 16180: The value for the new character is POKEd on to the screen.

Plot — assembly language listing

ADD. DATA SOURCE CODE

1] 18 PRT

% 20 SYM

o6 38 ORG $CiC2

CiCc2 126 GETBYT = $C@66
cicz2 138 GETFAR = $CBFC
cicz2 148 IGERR = #$C1AA
cic2 158 MASK = $FD
cicz 166 MODE = $FE
cic2 178 DOAT = $C16D
cicz 186 COMMA = $AEFD
CiC2 A966 210 PLOT LDA #©
Cic4 85FD 2268 STA MASK

CiC6 20886CH 23@ JSR GETBYT
CiC9 C963 246 CMP #3

CiCB B@GDD 256 BCS IGERR

CiCD 85FE 268 STA MODE

CiCF 28FDAE 278 JSR COMMA

CiD2 286FCC8 298 JSR GETPAR
CiDS BA 318 TXA

CiD6 4A 328 LSKR A

CiD7 AA 338 TAX

ciD8 26FD 348 ROL MASK

CibA 98 356 TYA

CiDB 4A 360 LSR A

CiDC A8 378 TAY

CiDD 26FD 388 ROL MASK

CiDF 266DC1 466 JSR DOAT

Cl1E2 A&FD 426 LDX MASK

C1E4 BD3AC2 436G LDA MTAB. X
ClE7 A&FE 446G LDX MODE

Cil1E? CA 456 DEX

ClEA D862 466 BNE L66A

Cl1EC 496F 478 EOR #3F

ClEE 85FD 4860 LBGA STA MASK
CiF® A4D3 588 LDY $D3

CiF2 BI1D1 518 LDA ($D1).Y
CiF4 A26F 526 LDX #3$F

ClFé6 DD2AC2 536 L6@1 CMP CHRTAB. X
CiF? Foe3 540 BER L662

ClFB CA S55% DEX

CiFC DGFS8 568 BNE L@G61

CiFE 8A 570 LBGB2 TXA

C1FF A6&FE 596 LDX MODE
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c261
C283
c204
C206
cz2e8
c2eB
C20D
c2108
C212
c213
C216
c218
C21A
c21C
C21E
C220
c222
c224
Cc227
C229
C22A

4.226.123.97.255.236

F@@aD
CA
Feas
45FD
4C12C2
25FD
4C12C2
@SFD
AA
BD2AC2
91D1
ASD2
A6D1
2963
@9D8
85F4
86F3
ADBLG2
?1F3
60
2@07E7C

600
610
628
640
650
678
486
706
720
730
750
770
780
79@
800
810
82a@
830
840
850
87a@

BEQ
DEX
BEQ
EOR
JMP
CLR
JMP
SET

SET

CLR

MASK
L@a3

AND MASK
Loa3

ORA MASK

LAd3 TAX

LDA
STA
LDA
LDX
AND
ORA
STA
STX
LDA
STA
RTS

CHRTAB. X
($D1).Y
$D2

$D1

#$03
#$D8

$F4

$F3

646
($F3).Y

CHRTAB BYT 32.126.12
-1@8.127.225.251.98

C237 FCFEA®@ 88@ BYT 252.254.160
C23A 010204 988 MTAB BYT 70001.7%0910
. 70106. %1006
C23E 918 END
TOTAL ERRORS IN FILE —— @
GETBYT Coss
GETPAR CcaFcC
IRERR C1AA
MASK FD
MODE FE
DOAT C18D
COMMA AEFD
PLOT cicz
LOG® C1EE
Le@1 CiFs&
Loa2 C1FE
CLR c2eB
SET c210
LGOS c212
CHRTAB c22a
MTAB c23A
TOTAL NUMBER OF SYMBOLS ——— 16

Machine code

ADD
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CiC2 A9 @B 85 FD 20 @46 CO C9 7851
CiCA > B@ DD 85 FE 28 FD AE 2Ces
CiD2 26 FC C@® BA 4A AA 26 FD 73E1
CiDA 98 4A AB 26 FD 20 @D C1 7F23
Cl1E2 A& FD BD 3A C2 A6 FE CA BBEE
Ci1EA DO B2 49 @F 85 FD A4 D3 7CC7
Ci1F2 B1 D1 A2 @F DD 2A C2 F@ ABF4
CiFA @Z CA DB F8 8A AbL FE F@ 6754
C2862 @D CA F@ @5 45 FD 4C 12 SE16
CZ@A C2 25 FD 4C 12 C2 @85 FD 933F
C212 AA BD 2A C2 91 D1 AS D2 FF88
C21A A6 D1 29 @3 P9 DB 85 F4 9236
C222 86 FZ AD 86 @2 91 F3 &8 AZ25A
C22A 2@ 7E 7C E2 7B 61 FF EC 3566
€232 &C 7F E1 FB 62 FC FE AG@ 8B2C
C23A 01 82 04 @8 2020

Commentary

Lines 210—220: The value of the variable MASK is initially set to zero.
Since the values for any one square can range from zero to fifteen, four bits
may be needed, each of the four bits indicating whether one of the four
pixels is set.

Lines 230—270: These lines use GETBYT to pick up the parameter for the
mode. The modes are as in the BASIC version of the routine.

Line 290: GETPAR is used to pick up the two parameters for the pixel
position, with 0,0 as the top lefthand corner of the screen and 79,49 as the
bottom righthand corner.

Lines 310—380: Each parameter is divided by two, thus giving the coordi-
nates of the correct character position on the screen. In addition, shifting
the contents of the accumulator left, through the carry flag, will leave the
carry flag set if the particular coordinate is an odd value. The one ROL
instruction will transfer this set bit to the contents of MASK. Once both
ROL instructions have been carried out, the position of the pixel within the
character square is recorded in MASK.

Line 400: This call to part of the LOCATE routine provides a check that
the character position so far derived is in fact on the screen and positions
the cursor.

Lines 420—430: We have already noted that the most logical way to regard
the values of the four positions within the character square is as powers of
two. This will allow us to store the condition of each pixel in one unique bit
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within MASK. At the moment, what we have is a representation according
to the little square described in the introduction to this section. These lines
use a table of values at the end of the routine to transform a value such as
three into another where bit three is set. The reason for the transformation
is that eventually we will be able to represent every possible state of the four
pixels with values expressible in four bits but not with two. The method of
achieving the transformation, using a table and accessing it by means of
indexed addressing, may not be the most stylish way of achieving the end
result, but it is considerably shorter for a small number of values than the
coding necessary to transform the value without a table.

Lines 440—480: The mode parameter has been contained in location
MODE since being picked up by GETPAR. It is now transferred to the X
register and decremented by one. If the resulting value is either one or 255
the mode must have been either two or zero. For both of these modes, a
mask with a single bit set is suitable, so no further action is taken. If,
however, the resulting value is zero (ie the original value was one) then the
mode requested was ‘erase’ and the mask value obtained in line 430 is

inverted by the use of an exclusive OR with 15 and the result stored back in
MASK.

Lines 500—510: The position at which a plot is being made has already
been determined. The character at that position on the screen is picked up
by these two lines and placed in the accumulator.

Lines 520—570: This is a loop which will potentially be repeated 15 times,
comparing the values in the table CHRTAB at the end of the routine with
the actual value of the character picked up from the screen. If the whole of
theloop is executed without finding a character to match the one picked up
from the screen, the value in X will have reached zero and the character
picked up from the screen will be assumed to be a blank space.

Lines 590—600: MODE is tested to seeif it is zero. If so, a branch is made
to the part of the routine which finally sets up the character to be printed.

Lines 610—620: MODE istested toseeifitisone. Ifso, a branchis madeto
the routine which will clear one of the bits in the current character value.

Lines 640—650: To reach this point inthe routine, MODE must equal two,
the invert mode, and this can be easily accomplished by XORing of the
four-bit character value in the accumulator with MASK.

Lines 670—680: These lines clear the reievant bit by ANDing the character
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value with the value in MASK.

Line 700: The routine to set one bit.

Lines 720—730: The table of characters is now used in the opposite direct-
ionto translate our private character value back into a normal screen code.

Line 759: The new character is placed on to the screen.

Lines 770—850: The call to DOAT (part of locate) in an earlier line has
already set the normal register, which records the position in memory of
the print cursor, to the character which has to be changed. This value is
loaded into the A and X registers. The most significant byte is ANDed with
three, thus removing those bits which refer to the part of the address over
and above its position in relation to the beginning of the screen. The high
byteis now ORed with $D8, which makes the address contained in registers
A and X now refer to the colour memory, with the position in colour
memory corresponding to the current print position. The current print
colour is now loaded from location 646 into the accumulator and transfer-
red to the correct location in colour memory.

Lines 870—900: The tables which are used to set up the mask value and
identify the various screen characters and translate them into the logically
ordered sequence we have been using.

Testing

BASIC: Simply RUN the routine and enter a variety of values and
MODE:s to check that you can set, reset or invert a pixel at any position on
the screen. Entering the following coordinates, all in MODE zero, should
build up a character square in the centre of the screen:

40,20
40,21
40,20
40,21

MACHINE CODE: Clear the screen and then enter the following:

10 FORMODE=0TO 2

20 FORI=20TO 60+20*(MODE=1)
30 SYS (49602) MODE, 1,25

40 NEXTI, MODE

What you should see is a line drawn across the screen which is quickly half
erased then, again quickly, the erased half is redrawn and the remaining
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half erased.

Syntax
The syntax of the command is:

SYS (49602) { MODE} ,{ ROW} ,{ COLUMN}
where MODE is a value between 0 and 2 as follows:

0 — set pixel specified
1 — clear pixel specified
2 — invert pixel specified

ROW is a number in the range 0—49 with the top of the screen representing
zero. COLUMN is a number in the range 0—79, with the lefthand side of
the screen representing zero.

7. RESERVING MEMORY (ALLOT)

ALLOT is not really a graphics routine in itself, but a tool which makes
possible graphics which require the setting aside of memory. The Commo-
dore 64 has an almost unparalleled ability to reconfigure its memory, that
is to say to rearrange the memory areas given over to specialised functions
like the screen, the BASIC program, the character data and so on.

ALLOT’s purpose is to allow the user to specify that a free area of
memory is needed at the beginning of the memory (eg for sprite data or in
order to move the screen) and then to shift the whole of the program
including the variables area up the memory to provide the required space.
ALLOT can be used while the program is running, thus doing away with
the need to load a preliminary program to reconfigure the memory.

The procedure for ALLOT is as follows:

1) The number of bytes to be ALLOTted is obtained.

2) This number is added to the existing start of BASIC, which may or
may not be the normal start position at 2048.

3) The program in memory is moved upwards by the number of bytes
stipulated.

4) The various pointers which record important memory locations for
the BASIC program are updated.

Aliot — BASIC listing

As already hinted, this command cannot be properly simulated in BASIC.
The reason for this is that the BASIC program would have to move itself
while it was being executed, which would make it impossible for the 64’s
operating system to know where the next instruction in the BASIC pro-
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gram was meant to be coming from.

The following small routine is one that can be run before the main pro-
gram is loaded: it will simply reset the start-of-BASIC pointer to provide
the desired free memory at the start of what used to be the program area.
Note that, since the main program will be subsequently loaded, there is no
need to update the rest of the BASIC pointers, they will be set correctly
when the main program is loaded on top of the new start of BASIC.

21600 REMI3E 338 36 3695 3036 36 56 30 36 3 36 36 96 36 36 38 36 36 3 36 36 38 36 34 3¢

210@1 REM ALLOT SPACE AT PROG START

21002 REMI 383636 35 3630 36 3 36 36 3636 36 3 36 36 3 36 30 30 W 3 30 36 4 3 36

21003 REM NB THIS MUST BE RUN BEFORE
LOADING THE MAIN FROGRAM

21BB4 REM3 33 38 36 36 30 36 3 36 3 36 38 36 3 36 36 36 36 36 36 36 36 36 36 36 3 36 34 3

2101@ INFUT "NEW START ADDRESS:";PS

21@15 POKE PS,@ : PS=PS+1

21020 F2=INT (PS/256) : P1=PS-256%P2

21@3@ POKE 43,P1 : POKE 44,P2

2104@ CLR

21999 END

Allot — assembly language listing

ADD. DATA SOURCE CODE

7] 1@ PRT

rili] 20 ORG #C23E

C23E ZB@ SYM

C2ZE 80 GETWRD = $C0O80
C2ZE 96 BSTART = $B@G2B
C23 138 BEND = $0@31
C23E 18 136 ADD CLC

C23F BoSO6 146 LDA @.X

C241 6514 158 ADC #14

C24= 9500 168 STA @.X

C245 B9S01 176 LDA 1.X

C247 6515 186 ADC %15

C249 9501 198 STA 1.X

C24p 68 200 RTS

C24C 2006Cce 230 ALLOT JSR GETWRD
C24F ASZB 24@ LDA’ BSTART
C251 A42C 25@ LDY. BSTART+1
C25= 38 260 SEC.

C254 E961 27@ SBC #1

C256 BOG1 280 BCS LBO6GA

c258 88 296 DEY

C259 855F 360 LOBB STA $5F
C25R 8460 310 STY $60

C25D A531 326 LDA BEND

C25F A432 330 LDY BEND+1
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C261 835A 340 STA $5A
C263 B845B 358 STY #$5SB
C265 83558 360 STA #58
C267 84359 378 STY $59
C269 AZ58 3860 LDX ##58
C26B 2B3EC2 398 JSR ADD
C26E AB 418 TAY

C26F ASS8 42@ LDA %58
C271 Z@BBA3 44 JSR $A3BB
C274 AZZB 466 LDX #BSTART
C276 2ZB3EC2 47@ LBB1 JSR ADD
C279 E8 488 INX

C27A EB 49% INX

C27B EB31 588 CPX #BEND
C27D 9@F7 518 BCC L@01
C27F A27A 515 LDX ##%7A

c281 2Z83ECZ2 517 JSR ADD
C284 4C33AS 526 JMP ¥AS33

c287 5368 END
TOTAL ERRORS IN FILE — @
GETWRD coaa
BSTART 2B
BEND 31
ADD C23E
ALLOT c24C
LBBG C259
LBG1 C27646
TOTAL NUMBER OF SYMBOLS —— 7
Machine code
ADD DATA CHECKSUM

C23E 18 BS @@ 65 14 95 @B BS 4339
C246 B1 65 15 95 61 60 20 00 2778
C24E CB AS 2B A4 2C Z8 E9 61 9CF=
C256 BOG @1 88 85 SF 8B4 6@ AS 77FD
C25E 31 A4 22 85 5A 84 SB 85 S562B
C266 58 84 59 A2 58 26 3E C2 66BE
C26E AB AS 58 20 B8 AT A2 2B ?3FB
C276 20 3E C2 EB EB EB 31 90 S1F2
C27E F7 AZ 7A 20 3E CZ 4C =3 BBOZ=
C286 AS BADAS

Commentary
Lines 130—200: A subroutine which will be commented upon later.
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Line 230: GETWRD is used to pick up the number of bytes to be allotted.

Lines 240—250: The address of the current start of BASIC is obtained
from the zero page and placed in the A and Y registers.

Lines 260—290: To ensure that the zero at the start of the program area is
also moved, the start-of-BASIC pointer stored in registers A and Y is
decremented by one. This is a simple example of sixteen-bit subtraction,
with the one being first subtracted from the least significant byte, and then
the carry flag tested to see if the high byte needs to be decremented because
of a carry.

Lines 300—310: The contents of the A and Y registers are now transferred
to atemporary storage location in zero-page memory, from where they will
be picked up by the move routine.

Lines 320—370: Registers A and Y are now used to pick up the pointer to
the end of the BASIC area and transfer this to two locations in zero page
which will be used by the move routine.

Lines 380—390: Address $58—9 will be used to store the end-of-BASIC
pointer. The ADD routine is called to add the contents of $14—15 (the
amount of memory to be set aside) to this pointer, which now shows where
the program will eventually end.

Lines 410—420: At the end of the ADD routine, the high byte of the new
end of BASIC pointer is contained in the A register. This is now transferred
to the Y register and the low byte loaded in to the A register.

Line 440: This is a call to the BASIC file editor. When a new line is being
entered into the program, the file editor automatically tidies up the string
memory, performs a check to see that there is enough room for the line and
then moves the program up. Thus this one call performs the main part of
the work for us.

Lines 460—510: The series of pointers at $2B—C (which are used by the
system to identify the start of BASIC) variables and arrays are now incre-
mented by the amount specified for the newly ALLOTted memory.

Line 520: This jumpistothe ROM routine which ‘rechains’ the lines of the
BASIC program — that is, recreates the link bytes attached to each line
which are are used by the BASIC file editor system to point to the location
of the next line in the memory. This is necessary since the lines have all been
moved up by ALLOT.
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Testing

BASIC: Enter the routine shown and then RUN it. ALLOT 1024 bytes
when prompted. Now, without switching off the machine or pressing
RUN/RESTORE, load another fairly simple program and test briefly
that it runs properly. Stop the new program and enter in direct mode:

PRINT PEEK (43) PEEK (44)

The values displayed should be 0 and 12, indicating that the start address of
BASIC is now 12*256, or 3072, exactly 1024 bytes more than the normal
start position.

MACHINE CODE: To test the routine, install it in memory and then
enter the following lines of BASIC:

10 A=FRE(0)
20 SYS(49740) 100
30 PRINT A-FRE (0)

The result should be the display of 100 on the screen (the amount of
memory ALLOTted and therefore no longer available to BASIC). If the
routine has been incorrectly entered it is likely that the system will crash.

Syntax and notes on use

Itisimportant to use ALLOT with care since, once memory has been ALL-
OTted, there is no way to de-ALLOT it without switching off your 64. For
this reason, you should take from BASIC only as much memory as you
really need. You should also be careful to access the ALLOT command
only once since it does not check to see whether memory has already been
allotted, it merely ALLOTS the specified amount every time the command
is carried out. To see the effect of this, add the following to the lines used
for testing above:

40 PRINT FRE(0)
50 RUN

The program will print out a string of figures, each 100 less than the pre-
vious one, and will eventually crash with the OUT OF MEMORY error
displayed. The reason for this is that, every time the program was RUN, it
took another 100 bytes away from BASIC.

The problem can be avoided by replacing line 20 of the test program with
the following and omitting lines 10 and 30 (you will have to turn the
machine off and start again):

15 N=100

20 T =PEEK(43)+256*PEEK(44):IF T—2049< N THEN SYS (49740)
N-T+ 2049
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Here, N is the number of bytes you wish to ALLOT and line 20 first checks
to see that these bytes have not already been ALLOTted. If an ALLOT of
at least the right size has already been performed, no further action is
taken.

The syntax for ALLOT is:

SYS (49740) { AMOUNT OF MEMORY TO BE FREED}

If the amount of memory ALLOTted at one time is too great, thenan OUT
OF MEMORY error will be generated.

The command may be used during the course of a program, since no
variables are lost in the process. One limitation, however, isthat the DATA
pointer is not updated when the program is moved, so a RESTORE must
be executed if you wish to read data after ALLOT has been used.

Note: While ALLOT may be successfully used in direct mode (ie with-
out a line number) it generates a SYNTAX ERROR message.

8. COPYING THE CHARACTER SET (CCOPY)

The 64 allows almost total flexibility to the user in redefining the character
set. To make use of that flexibility, however, it is necessary to move all of
the data which defines the characters in the first place from the ROM,
where it cannot be altered, to a place chosen in RAM. In principle, this is
straightforward and can be done in a few lines of BASIC, as this section
shows. The drawback is the amount of time this takes.

The one slight oddity about the whole procedure is that the character
data is not actually visible to the CPU in the normal course of events. If you
look at the area of memory beginning at 53248, which is where character
data is said to be held, you will find that, according to the normal memory
map, it is occupied by the VIC chip among other things. This is partly
because the CPU is not usually called upon to do anything with the char-
acter data — this is a job for the VIC chip — and partly to cram the max-
imum amount into the 64K of memory available. Fortunately, a temporary
adjustment to the value of the register at address 0001 in memory serves to
reconfigure the memory so that the character data is visible to the CPU,
replacing the area occupied by the VIC chip, etc.

This does not totally solve the problem since the VIC chip is an integral
part of the system and the area of memory used for its registers is con-
stantly being scanned by the system for information about its communi-
cations with external devices. If we replace the usual registers with the
character data, we could be giving the system useless information. The
solution is, for the time that the character data occupies the memory from
53248 onwards, to switch off all the interrupts which are normally
reminding the system to scan the input/output information. While these
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interrupts are switched off, no communication will be possible with the 64
— it will be working in total isolation which can only be disrupted by
switching it off and on again.

The procedure for moving the character set data into RAM is as follows:

1) Obtain the address at which the character set data is to be stored.

2) The input/output interrupts are switched off (see above) and the
memory of the 64 reconfigured so that the character data is brought
into sight of the CPU or ‘mapped in’.

3) The 4K bytes of character data are copied from the ROM to an area of
RAM specified by the user.

4) The character ROM is mapped out of the memory again and the inter-
rupts switched back on.

You might like to note that the SHAPE command given in the sprite
section can be adapted to redefine characters once the character data has
been placed into RAM.

CCopy — BASIC listing

1 7000 REM® %3338 30 36 3 36 36 36 3 36 36 3 36 3556 3 3536 36 36 30 3 36 3 36 % 3¢

17881 REM MOVE CHARACTER SET

17@D2 REMS 33 36 3 33 36 36 36 36 30 3636 3030 36 36 3 30 96 36 36 30 303636 36 3¢
17@1@ INPUT "NEW ADDRESS: "j;NA

17028 1IF NA/2048<>INT (NA/2648) THEN FRIN
T "NOT START OF 2K BLOCK" : GOTO 17618@
17036 POKE 56334, PEEK (56334) AND 254
17848 POEE 1, PEEK (1) AND 251

17658 FOR I=@ TO 4@95

1786@ POKE NA+I, PEEK (53248+1)

17076 NEXT I

17886@ FOKE 1, FEEK (1) OR 4

17098 FOKE 56334, PEEK (56334) OR 1
17999 END

Commentary

Line 17030: Resetting bit zero of the register at 56334 switches off the
interrupts.

Line 17040: The character data is mapped into memory by resetting bit
two of the register at 0001 in the memory.

Lines 17050—17070: This loop copies the data from the character ROM to
the area specified by the user.

Lines 17080—17090: The character ROM is mapped out of memory and
the interrupts turned back on.
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CCopy — assembly language listing

ADD  DaTA SOURCE CODE

ce 1@ FRT

20 7@ ORG $C@:7
CoLT I@ 3YM

CALT 11@ GETRYT = $C@04
COIs 120 ADD = $C23E
CO1T  ZDRAHCH 150 JSR SETEYT
caite oA 152 AsSL &
Ce17  0a 154 ASL A
ceie  8s1s 153 STa #15
CO1A  A700 168 LDE #+00
CeIC 8514 165 3Te $14
CRIE  ABDO 1700 LDY #3100
Ca2@ &SSF 182 STA $5F
COT2 8460 190 STy $40
COz: ADER 700 LDY #fEQ
cos-  85SA 210 STa $52
Ca?8 &45E 220 STY 58
ceza  AD1A 230 LDY #31¢
C@zC 855% 4@ STA 358
COZE 8459 2S@ STY %59
COZQ AZS8 Z6@ LDX #$58
S@3IZ  20TECT? 270 JS% Adp
CO3ZS ADOEDC 29¢ LDAR 54374
COZI8 29FE I0Q AND #2543
COZA SD2EDC 310 STA 55374
COZD ASO1 320 LDA 1
COIF 2SFE IO AND #7S1
Ce4a1 8501 40 STA |
C@4T 20BFAT I40 JSR $ATEF
Coss  ASD1 380 D& 1
£o48 @904 I8 ORA #4
CO4p 8501 400 512 1
C@4C ADREDC 410 LDA S&374
CB4F Q901 420 ORA #!
C@S1 SD@EDC L3¢ STA S&334
Cos4 60 44¢ TS

cass AS2 END

TOTAL ERRORES M FILE ——- &

SETRYT s

AdD CEIE

TOTAL NUMRBER OF SYMBOLS —- Z

Machine code

ADD DATA CHECK 3UM

Ce1= Z€ @& Cé BA B/ 3% 15 A9 2257

43



Machine Code Graphics and Sound on the Commodore 64

COLE @@ 85 14 A@ D2 BS SF €4 3796
COZZ 4@ AG EX &5 SA 64 SE A8 8284
COZE 18 85 SB 84 S9 A2 S8 28 4240
COZ3 3ZE C2 AD UE DC 29 FE 8@  7@@L
COTE O DC AS 21 29 FB 85 @1  S8EF
Ca4Z 28 BS AL AS @1 @9 24 85  SFz9

(@42 2. AL BWE DC 37 @1 8D WE  ICE4
CEEZ DL &@ AZ1E
Commentary

Line 60: The 1K block to which the ROM data is to be copied is obtained
by use of GETBYT.

Lines 70—110: The 1K block address is converted to a full sixfeen-bit ad-
dressin $14—185.

Lines 120—140: The address of the first byte to be copied is placed into
temporary storage in zero-page memory. The character generator ROM
begins at $D000.

Lines 150—170: The same is done for the /ast byte to be copied from the
ROM, $E000.

Lines 180—200: Finally, the number of bytes to be copied are stored, the
value being $1000 or 4K (4096).

Lines 210—220: The ADD routine from ALLOT is used to add the
number of bytes to be transferred to the start address
specified by the user and to store the result in zero-page
memory.

Lines 230—280: These lines turn off the input/output interrupts and tell
the system to regard the character generator ROM as part of normal
memory.

Line 290: A call to part of the BASIC file editor routine. The call is to the
part of the routine which will move a block of memory but affer the section
which checks for sufficient space in memory, so that the data can literally
be placed anywhere. Note that the BASIC program is not moved and so
may be overwritten if you specify the wrong address to copy the character
data to.

Lines 300—350: The character generator ROM is moved out of normal
memory and the interrupts switched back on again.
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Testing

BASIC: RUN routine and, when prompted, reply with the figure 8192.
Having done this, wait until the program has finished, then NEW it and
follow the procedure under b) below.

MACHINE CODE: a) Enter the following line of BASIC:
10 SYS(49171)8

b) Enter the following line of BASIC:

20 FORI=8192TO 8199 : PRINT PEEK (I) : NEXT

The first line moves the character data to the block beginning at address
8192 ($2000). The second line then prints out the eight data bytes for the
first character which is ‘@’. The values should be:

60
102
110
110
96
98
60
0

Syntax and notes on use
The syntax for character move is:

SYS (49171) { ADDRESS}

where ADDRESS is a number between 0 and 63 representing a 1K block.

No check is made that you are not overwriting important data so it is
necessary to be sure where your program is before moving the character
data.

9. MOVING THE CHARACTER DATA POINTER (CHRPTR)

Just as the screen memory may be moved around within the current video
bank, so may the location from which the VIC chip will take the data on
which it bases the characters printed on the low resolution screen.
Changing the character pointer from its usual setting (which is to one of
the two 2K areas beginning at 4096 and 6144 relative to the start of the
video bank) means that the VIC chip sees not the shadow character data
but whatever is genuinely in memory. The same happens if the video bank
is changed to either one or three, since the shadow character sets are not
present in those banks. Thus the CHRPTR command can be used to switch
the attention of the VIC chip to different character sets which have been

45



Machine Code Graphics and Sound on the Commodore 64

previously saved in memory.

The procedure here is exactly the same as for the screen except that the
character data must be stored on a 2K boundary rather than a 1K boundary
for the screen and the position of the 2K area within the current video bank
is controlled by the lower four bits of [SCREEN POINTERS] — the same
register which controls the screen position.

ChrPtr — BASIC listing

140686 REMEH 36635 363636 35 3 35 38 3636 36 36 34 36 36 30 30 3030 30 30 30 30 3
14881 REM CHARACTER MOVE

14002 REMSH# 3833033 3630 303035 30 30 36 30 30 30 36 30 36 30 36 30 30 30 30 30 38 3¢
14818 INPUT "ADDRESS";CA

14826 BANK=FEEK (648) AND 192

14630 IF INT(CA/146384)<{>*BANK THEN PRINT
"WRONG BANK" : GOTO 14018

14640 IF CA/2048<>INT(CA/2048) THEN PRIN

T "ILLEGAL ADDRESS" : GOTO 14616

14056 CA=CA—-16384%INT (CA/146384)

14655 CA=CA/ 1624

14860 FOKE 53272, (PEEK(53272) AND 248)
0ORrR CA

14999 END

ChrPtr — assembly language listing

ADD.  DATA SOURCE CODE

20 1@ FPRT

oo 20 DRG #0180

£180 @ SYM

C180 70 VIC = FDOOD
C180 80 GETBYT = *C006
Cige Z2006C0 110 CHRFTR JSR GETBYT
C18% 0A 130 ASL A

cig4a on 140 ASL. A

C18% 4D88OL 150 EOR 648

Cieg 29C0 160 AND #*CO

C18A DO11 170 BNE BANEER

c18c  AS14 1B@ LDA %14

Ci8E  290F 172@ AND #HEF

Ci9® 8318 200 STA ¥15

C192 ADIB8DO 21@ LDhA VIC+#18

198 29F0 220 AND #FF0

C197 @513 230 ORA #1175

199 8D13Dhe 240 5Th VIC+¥18

C19C 6@ 250 RTS

C19D  4C72ACO 260 BANEER JMF #CO9A
ClAD Q02RO 270 WRD 0.0.0.0.0
ClAA  4C48R2 2680 IQERR  JMF $¥R248
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C1AD 290 END

TOTAL ERRORS IN FILE ——— @
VIC DR

GETRYT Coaes

CHRFTR C180

BANEER 19D

IRERR ClAA

TOTAL NUMBER OF SYMBOLS —-— 5

Machine code
ADD DATA CHECEKSUM

C180 20 86 CO OA DA 4D 88 B2 2CB6
cig8 29 CO DA 11 AS 14 29 @F 6569
ci9@ 85 15 AD 18 D@ 29 FO @5 67E9

C198 15 8D 18 D@ 6@ 4C 7A CO IE4
ClA® 00 00 0D 0P 00 PO 00 PD  0OOD
C1AS ©@ @@ 4C 48 B2 @272
Commentary

Lines 110—170: The specified address is obtained and checked against the
current video bank.

Lines 180—240: If it isin the correct bank, the address is altered as in lines
250—320 of SCREEN and placed into [SCREEN POINTERS].

Line 260: A jump to the BANK ERROR message.

Line 270: Spare bytes included for the purposes of the development of the
routine — they must not be omitted.

Testing

BASIC: Ensure that you are in capitals mode and then RUN the lines and
answer 6144 when prompted to give the new address. The result should be a
change to lower case mode, since there is a second character set stored at
that point which is lower case. RUN the program again and this time
specify 12288. The screen should fill with garbage since the VIC chip is
interpreting the random contents of the memory at that point as if it were
character data. Pressing RUN/RESTORE will bring back the normal
character set.

MACHINE CODE: Once again, ensure that you are in capitals mode and
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then enter:

10 SYS (49536) 6
20 FORI=1TO 1000 : NEXT
30 SYS (49536) 8
40 FORI=1TO 1000 : NEXT
50 SYS (49536) 4

The effects of these lines should be to change the character display to lower
case, then to garbage them back to the normal upper case character set.

Syntax
The correct syntax for CHRPTR is:

SYS (49536) { ADDRESS}

ADDRESS is a number in the range 0—63 which is within the current video
bank and divisible by two.
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CHAPTER 3
High Resolution Commands

1. UNDERSTANDING HIGH RESOLUTION

We now turn our attention to the high resolution capabilities of the 64, one
of its strongest features and yet one of the more difficult to use from
normal BASIC. With the commands you will enter during the next few
sections, a variety of high resolution facilities will become part of your
everyday programming, considerably extending the scope of the 64.
Before considering the commands themselves, we shall take a look at the
peculiarities of the high resolution screen and also at the way in which the
VIC chip operates in high resolution mode.

Some home microcomputers on the market today normally work in the
high resolution mode. What that means in practice is that they are capable
of turning on or off any one of the tiny dots which you can see making up
the picture if you look closely at the normal lettering on your screen. These
dots are usually known as pixels, which is short for ‘picture elements’, and
every computer display, whether it is called high or low resolution, is made
up of them. The difference between high resolution and low resolution is
not therefore the fineness of the detail in the picture you see on your televi-
sion or monitor but the degree of control you have over that detail.

We have already seen, in the chapter on the low resolution screen, that
the characters in normal low resolution text are made up of pixels which are
as finely resolved as is possible for the 64. Clearly, the problem of high
resolution is not a matter of the 64’s inability to print a single pixel on the
screen.

But now suppose that you were told to take a capital ‘O’ on the screen
and to switch off some of the pixels to make it look like a ‘C’. The simple
answer is that you can’t do it, at least in the 64’s normal low resolution
mode, and the reason behind the inability is the attempt to save memory.

Although the display that you see on your television is in as fine detail as
the 64 is capable of, that detail is not stored in memory in the form of a
record of which pixels are on and which are off. What actually happens is
that an area of 1000 bytes is set aside to remember the contents of the screen
from moment to moment and each of those 1000 bytes contains a value
which is the screen code of a particular character. The display that you see
on the screen is an entirely different matter. It is the product of the VIC
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chip, which is constantly scanning the 1000 bytes of screen memory. Each
time the VIC chip comes across a screen code in the screen memory, it
examines the character generator memory and finds there the precise, pixel
by pixel detail of the character to be printed and then puts that detail on to
the screen.

The advantage of this method is that, instead of all the detail having to be
stored for each of the 25*40 character positions on the screen, it can all be
kept in a dictionary 2K long (in fact the 64 has two character sets and so
reserves 4K for the information). To keep the complete detail for the whole
of the screen would save nothing on the dictionary of character shapes but
would mean that the amount of memory necessary to remember, pixel by
pixel, what was on the screen, would be 8000 bytes, not 1000.

An example may help to make all this a little clearer. Let us suppose that
your display consists of a clear screen except for a single letter ‘A’ in the top
righthand corner. In low resolution mode, the VIC chip scans the 1000
bytes of screen memory and immediately comes across the value 1 in the
first byte of that memory. Looking at the character generator memory, the
VIC chip finds eight bytes in the position corresponding to character 1, as
follows:

24
60
102
126
102
102
0

These values are meaningless as decimal numbers. We really only begin to
see their significance when they are written one after another in binary:

00011000
00111100
01100110
01111110
01100110
01100110
00000000

It should take you only a moment to see that what we have here is a picture
in ones and zeros of the letter ‘A’. It is this picture, with the ones translated
into pixels that is placed on to the screen. The shape of the letter ‘A’ has to
be kept in memory somewhere, anyway, and using this method means that
the complex shape of ‘A’ only needs a single byte in the screen memory.
The limitation is that, while you can change ‘A’ for any other character in
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the character set, you cannot change the shape of ‘A’ itself, nor print any-
thing that is nof part of the normal character set.

Let’s turn now to high resolution. Here, whatever detail you see on your
screen is no more than a picture of exactly what is in screen memory. To
print the letter ‘A’ in high resolution mode (not that you will be able to until
you’ve read further in this book) would need, somewhere in the screen
memory, the bytes which go to make up ‘A’ which we saw in the little
binary picture above. On finding these bytes, the VIC chip treats them in
much the same way as it treated the details in the character generator
memory when we were in low resolution mode. Every bit which is set will be
translated into a pixel on the screen. We could no doubt set up ‘A’ on the
screen but it now requires eight bytes and not one. In all, the high resolu-
tion screen would be capable of holding exactly the same amount of char-
acters as the low resolution screen, but with the additional capability that
anywhere within its grid of 320 pixels across and 200 pixels down, any
single pixel can be accessed.

A great deal of fuss is made about the high resolution capabilities of
different microcomputers. The fact is that, as with everything else in
computing, it is a trade-off. To get the kind of spectacular screen displays
which high resolution allows, you have to sacrifice something like one-
fifth of your available memory on the 64. On machines with smaller memo-
ries the sacrifice is, of course, proportionately greater. For the majority of
useful programs, the high resolution capability will add little or nothing
apart from window-dressing and the memory lost may make many useful
applications impossible. The good thing about the 64 is that it allows you
the choice of whether you want to make the sacrifice or not. If you
genuinely need to be able to draw lines and circles and switch on and off
individual pixels, then high resolution mode is available. For most of the
time you can bask in the amount of memory you have available and make
do with the 64’s outstanding low resolution character set.

The organisation of the high resolution screen

You will probably already have gathered, from what has been said above,
that using the high resolution screen is not entirely straightforward. Unlike
the low resolution screen, it requires constant thought as to where informa-
tion is to be placed and how that place is to be accessed. The first problem
to be solved is the organisation of the high resolution screen memory.
The high resolution screen memory, as we have already mentioned,
requires a nominal 8K of memory to be set aside, although the screen itself
uses only 8*1000 bytes, leaving 192 bytes unaccounted for. From that, it is
a simple matter to deduce that, if the screen memory begins at 8192 in
memory (more about where to put it later), then the top lefthand corner of
the screen is dealt with by the byte at 8192 and the bottom righthand corner
by thebyteat 16191. So far, so good. The problem begins when we begin to
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try and see which part of memory controls which part of the screen in
between the start and the finish.

In fact, the high resolution screen is set up so that it simulates as closely
as possible the structure of the low resolution screen. Although every pixel
is addressable, the screen is still divided effectively into 1000 ‘character
locations’, with each of those locations having eight bytes.

Let us for the moment forget the starting address of the screen memory
and assume that it starts at zero. In this case the first four character loca-
tions on the screen use the first 32 bytes of memory as follows:

[ BYTEOO ] [ BYTEO8 1 [ BYTE l16] [ BYTE 24]
[ BYTEO1I 1] [ BYTEO09 1 [ BYTE 17] [ BYTE 25]
[ BYTEO2 ] [ BYTEI10 ] [ BYTE 18] [ BYTE 26]
[ BYTEO3 ] [ BYTEIl 1 [ BYTE19] [ BYTE 27]
[ BYTEO4 | [ BYTE12 ] [ BYTE 20] [ BYTE 28]
[ BYTEOS ] [ BYTE13 1 [ BYTE2l] [ BYTE 29]
[ BYTEO6 1 [ BYTE14 ] [ BYTE22] [ BYTE 30]
[ BYTEO7 1 [ BYTE15 1 [ BYTE 23] [ BYTE 31]

Each of the bytes will control eight pixels on the screen, so that the first 64
pixels, as far as the memory is concerned, go as follows:

[00] [01] [02] (03] [04] [05] [06] [07]
[08] [09] [10] [11] [12] [13] [14] [15]
[16] (17] [18] [19] (20] [21] [22] [23]
[24] [25] [26] [27] [28] [29] (301 (31]
[32] (33] [34] (351 . [36] (371 [38] [39]
[40] [41] [42] [43] [44] [45] [46] [47]
[48] [49] (501 [51] [52] (53] [54] [55]
[56] (571 [58] [59] [60] [61] [62] [63]

The second 64 pixels, numbered from 64 to 127, will form the next char-
acter block to the right, and so on.

This arrangement will continue to the end of the first line of the screen
and then begin the second line with the fortieth character block, this block
containing bytes 320—327.

From all of this, it can be seen that there are three problems to be solved
when addressing a single pixel on the screen:

1) Which character square is to be addressed.

2) Which byte is to be addressed within the character square.

3) Which bit is to be addressed within the byte.

Having broken down the problem in this way, it becomes clear that all that
is required is a series of very simple calculations. (Note: All the calculations
are based on the assumption that coordinates, both high and low resolu-
tion are numbered from zero.)

52



Chapter3 High Resolution Commands

1. Which character square

First of all, the pixel to be addressed must be defined in terms of its high
resolution coordinates, ie its place in terms of the total 320*200 grid which
the high resolution screen gives access to. Having defined this as, for
instance, 160 across by 100 down, a position in the centre of the screen, the
procedure is:

a) Divide the vertical coordinate by eight.
b) Divide the horizontal coordinate by eight.

The result is a new pair of coordinates which express the position of the
character square in low resolution terms. In the case of our example, the
character square containing pixel 160,100 is 20,12.

2. Finding the byte

We have already seen that each complete character square is made up of
eight bytes. We can now find the number of the first byte in the relevant
character square by the following method:

1) Multiply the low resolution vertical coordinate by 320. In the case of
the example, the result is 3840.

2) Add to this the low resolution horizontal coordinate multiplied by
eight. The example result is 3840 + 160 = 4000.

3) Now take the high resolution vertical coordinate and subtract from it
eight times the low resolution vertical coordinate. Add the result to the
figure arrived at in the first two steps.

Final result for the example is 4000 + (100 — 8*12) =4004. The byte con-
taining pixel 160,100 is number 4004 relative to the start of the screen
memory.

3. Finding the bit

To calculate the correct bit within the relevant byte, take the high resolu-
tion horizontal coordinate and subtract from it the low resolution horizon-
tal coordinate multiplied by eight. In the case of the example, the result is
160—8*20=0. We have now arrived at the position of the exact bit in
memory to control the desired pixel but there is one small complication. In
all of this we have assumed, as much for the sake of sanity as anything else,
that the bits are numbered from zero to seven left to right. Unfortunately,
as you will already know if you are familiar with machine code, the individ-
ual bits within the byte are numbered from right to left. Don’t panic. All
that needs to be done to rescue the situation is to subtract the bit number
arrived at above from seven. Thus, in the case of our example, the exact
byte and bit to control pixel 160,100 is:

BYTE 4004
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BIT7-0=7
The complete formula for all of this, expressed in BASIC is:

BIT NUMBER =7- (X AND 7)
BYTE NUMBER =SS + 320*INT(Y/8) + 8*INT(X/8) + (Y AND 7)

where X is the high resolution horizontal coordinate, Y is the high resolu-
tion vertical coordinate, and SS is the start address of the high resolution
screen in memory.

The high resolution screen and the system

In this section, we shall briefly examine the relationship between the high
resolution screen and the rest of the 64, including the VIC chip.

1. Entering and leaving high resolution mode

This is controlled by bit five of the VIC register at 53265 ($D011). When the
bit is set, the 64 is in high resolution mode. This register will be described as
[VIC CONTROL I in the sections that follow.

2. Position of screen memory

The position of the high resolution screen within the current video bank is
controlled by bit three of the register [SCREEN POINTERS]. When the
bit is set, the high resolution screen will start at address 8192 relative to the
start of the current video bank. When the bit is reset, the screen starts at
zero relative. Note that to start and clear the screen from zero in bank zero
will interfere with page zero memory and crash the system — the screen
would be unusable anyway since the character sets will appear on the
screen.

3. Colour memory

The high resolution screen makes no use of the normal colour memory area
at 55296—56295. Immediately high resolution mode is entered, the VIC
chip switches its attention to the 1K block defined by the upper four bits of
the VIC register which normally indicates the position of the low resolution
screen within the current video block, ie the register [SCREEN
POINTERS]. The effect of the colour memory is to define the foreground
and background colours for each character block on the high resolution
screen. The upper four bits for each byte from 1024 to 2023 (if the colour
memory is in its normal position) will determine the colour of any set pixels
in the corresponding character square on the high resolution screen. The
lower four bits will define the background colour for the square.

The colour memory may be moved around within the current video bank
(taking the sprite pointers with it, by the way). Problems will, however, be
experienced if the colour memory is located in the same place as character
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data in banks zero or two, or within the screen memory itself. Moving the
colour memory away from 1024 can be advantageous in that it allows the
high resolution colour memory to be manipulated without corrupting the
contents of the low resolution screen. In video bank zero, it is only possible
to move the colour memory away from 1024 if the start of BASIC is first
redefined above the new top of colour memory. In other banks this will not
be a problem.

4. Screen editor pointer

We have already seen, when looking at the low resolution screen, that the
system register at 648 is a vital pointer when it comes to changing the posi-
tion of the screen. Unless it is changed to indicate the new screen position,
actually manipulating a low resolution screen which has been moved from
1024 will be impossible. In the case of moving the colour memory away
from 1024, this is not so, since it is only the VIC chip which really needs
access to the high resolution colour memory. There are, however, advan-
tages in moving the [EDITOR] pointer to follow the colour memory — a
number of ROM routines can be used to help with moving the cursor
around the colour memory to correspond to the position of the cursor on
the high resolution screen.

2. SETTING UP THE HIGH RESOLUTION SCREEN

In this section, we shall examine three separate routines which will deal
with the problems of turning the high resolution screen on, turning it off
again, and what to do if the 64 returns to the normal edit mode, say at the
end of a program or when an error message is generated.

Part 1. Set lo-res (LOW)

Before we go about turning the high resolution screen on, it is wise to enter
this routine, which allows you to turn it off again, thus avoiding the prob-
lems of getting back to the normal mode for editing or input.

The high resolution screen is turned on and off by the setting and reset-
ting of bit five of the VIC register at 53265 [VIC CONTROL I]. In addition
to resetting this bit, however, there is also the need to ensure that
[SCREEN POINTERS] and [EDITOR] point to the correct position for
the low resolution screen. The reason that this is necessary is that, in the
high resolution routines that follow, instead of using the normal low
resolution screen memory as the colour memory for the high resolution
screen, the high resolution colour memory is moved. This MOVE allows
changes in the high resolution screen to proceed without corrupting the
contents of the low resolution screen. In addition, [EDITOR] is altered to
point to the new colour memory so that existing routines within the ROM
can be used to carry out a number of functions.
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The procedure for LOW is therefore:

1) Check that the high resolution screen is on before executing the rest of
the routine. There is good reason for this check, which is a departure
from the practice we normally adopt for short commands (executing
them whether they are needed or not). In the case of LOW, variables
are picked up to indicate where the low resolution screen was posi-
tioned before high resolution mode was called for. If the variable loca-
tions are used when high resolution has not been entered, they will
contain meaningless data and might crash the system.

2) Turn off high resolution mode.

3) Ensurethat the screen editor pointer is directed towards the same point
in memory as the screen position indicator for the VIC chip.

Low — BASIC listing

(Note: The BASIC routines which simulate high resolution commands,
with the exception of LINE and CIRCLE, are designed to be built up into a
single program, since many of the modules work together. Subsequent
routines should be added to this one.)

23000 REM* %33 3 3 3 3 3 3 3 3 3¢ 3 3 36 36 3 3 3 36 36 3 6 36 3 I 3 3 3
23001 REM TURN OFF HI-RES

27002 REM® 33 33 3 3 3 3 3 336 3 33 36 36 36 3 3 36 36 36 36 3 36 3 3¢ 3 3%
23010 IF (PEEK(53265) AND 32)=0 THEN 230
9

23020 POKE 53272,BS

23030 POKE 53265,PEEK (53265) AND 223
23840 SE=BS AND 240

23058 SE=SE/4

23060 TT=FEEK (6£48) AND 192

23078 TT=TT + SE

23080 POKE 648,TT

23699 END

Commentary

Line 23010: Ensure that system is in high resolution mode before
continuing.

Line 23020: The reinstatement of the screen position, as recognised by the
VIC chip, to that prevailing when low resolution was quit.

Line 23030: Switch off high resolution.
Lines 23040—23080: The low resolution screen position is translated from
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the 1K units held in the upper half of 53272 to the 256-byte units which are

used by the editor pointer at 648: the editor pointer is updated without
disturbing the two highest bits which record the video bank.

Low — assembly language listing

ADD.  DATA SOURCE CODE
a1y 10 FRT

o0 20 0ORG #C700

C7o0 @ SYM

C70e 70 TEMF = %@2DD
C700 80 VIC = $¥DO0O
C700 110 LORES

C7RO ADL11D@ 150 LDA VIC+#11
C70% 2920 140 AND #$20

C7OS FRRE 150 REQ LOOG

C7@7  ADDDRR 160 LDA TEMF

C70A  8D1SDR 170 STA VIC+#¥18
C7OD  AD11D@ 190 LDA VIC+$11
0710 F9DF 200 AND #EDF

C71T #BD11DO 210 STA VIC+#11
r7E 230 UPDATE

£715  ADBS?E 740 LDA 643

C7i8  29Cn 250 AND #£00

C71a  8DESVR 260 STA A48

C71D  ADLBD? 270 LDA VIC+$18
TR0 29F0 280 AND #FEFQ

(y 46 790 LSRR A

o 44 TR0 LSRR A

r PDBRYZ 10 ORA 648

oy 308802 TPQ STA 648

0 IR LoD

[ L0 AR RTS

C7ER E50 END
TOTAL ERRORS IN FILE ——— @

TEMF 20D
VIG DRV
LORES C700
LUFDATE C7s
L@ C7360
TOTAL NUMBER OF SYMBOLS --- 5
Machine code
ADD DATA CHECESUM

C786@8 AD 11 DO 29 2@ F@ 23 AD 7D@3
C788 DD @2 8D 18 DB AD 11 D@ 8C46
C71@8 29 DF 8D 11 D@ AD 88 @2 6936
C718 29 C@ 8D 88 ©2 AD 18 DB 6264
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C7206 29 F@ 4A 4A @D 88 @2 8D 6179
C728 88 02 66 2284

Commentary

Lines 130—150: The high resolution mode is entered by setting bit five of
the VIC register at $D011 (53265). These lines test to see whether it is
already set, ie whether the 64 is already in high resolution mode. If so, a
jump is made to the end of the routine and no further action is taken.

Lines 160—170: The value stored in the memory location TEMP (a spare
byte at 733) represents the position of the screen and character data within
the current 16K video block before high resolution was turned on.
Replacing this in the VIC register at $D018 means that, when we return to
low resolution, the VIC chip will know where to look for the screen and
character data, this register having been used for other purposes while high
resolution mode was switched on.

Lines 190—210: ANDing the contents of the register at $D011 with 235
ensures that bit five is reset without any change to the rest of the register.

Lines 240—340: During the high resolution mode, [EDITOR] has been
used to point to the start of the high resolution colour memory and must
now be reset to point to the low resolution screen.

Lines 240—260: Remove from [EDITOR] all but the reference to the cur-
rent 16K video block while the remainder of the lines take the screen posi-
tion which has already been replaced in $D018 and add it to the 16K block
value in 648. The ‘shift’ instructions are necessary, because the screen
address within the current video block is stored in the upper bits of the
register at $D018, but will be the lower bits in 648.

Part 2. Automatic TurnOf (TURNOF)

One of the problems of using the high resolution mode is that there are
times when you want it to turn off without being told specifically to do so.
If, for instance, you are using high resolution during the course of a pro-
gram and an error is generated so that the program stops, you are in some
difficulty if the 64 remains in high resolution mode since you will not be
able to see the error message, edit any lines or input new lines until you get
back to the normal low resolution or text screen.

The object of the routine that follows is to change the sequence of
actions which the 64 normally goes through before printing READY on the
screen. This is known as the ‘warm start’ routine and the only change that
we make to it is to alter the ‘vector’ or pointer to where it starts, so as to
make it execute the low resolution routine given previously. Now,
whenever the program stops, the 64 itself will check that it is back in low
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resolution mode. Note that the routine will have no effect until the changes
are made by the next routine to the BASIC vector table.

There is no attempt to duplicate this routine in BASIC as it is itself
simply a jump to a machine code routine.

TurnOf — assembly language listing

ADD. DATA SOURCE CODE
a8 18 PRT
a8 20 ORG $C72B
C72B 38 SYM
C72B 78 WARM = $A483
C72B 86 LORES = $C766
C72B 9B WVEC = 778
C72B 118 TURNOF
C72B 2086C7 126 JSR LORES
C72E A9A4 1368 LDA #WARM/256
C738 A283 156 LDX #WARM-WARM/256#2
S6
C732 B8DB363 168 STA WVEC+1
C735 BE@263 178 STX WVEC
C738 4C83A4 186 JMP WARM
C73B 196 END

TOTAL ERRORS IN FILE —— 8
WARM A483
LORES C786
WVEC 382
TURNOF C72B

TOTAL NUMBER OF SYMBOLS —— 4
Machine code
ADD DATA CHECESUM

C72B 28 6G C7 A? A4 A2 83 8D ZCAB
C73ZZ OB 83 BE B2 @ 4C 83 A4 1712
C7ZB ralrilril%]

Commentary
Line 120: This calls up the low resolution routine in Part 1 of this section.

Lines 130—170: The correct address of the starting point of the warm start
routine is loaded into registers A and X. This correct address, which was
altered when high resolution mode was entered (see next routine), is
replaced into the BASIC vector table.

Line 180: Since we are now back in low resolution mode and the vector

table is in its normal state, a jump can be made to the normal warm start
routine.
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Part 3. High resolution mode (HIGH)

We now turn to what should logically have been first, entering high resolu-
tion mode. In essence this is simply a matter of setting bit five in the register
at $D011. As usual, however, there are a number of complications if we
wish not simply to be able to enter high resolution mode but to useit. There
is the matter of telling the VIC chip where the 8K high resolution screenisin
the memory, and also in the colour memory. If we wish to return to low
resolution mode after our excursion, we need to make some record of
where the lo-res screen actually is. There is no point in assuming that it will
always be in the start-up position at 1024, or we should not be able to use
high resolution effectively if we moved the lo-res screen.

The procedure for entering high resolution mode is therefore as follows:

1) Check that the system is not already in high resolution mode in order to
avoid storing nonsense data in the variables which record the low
resolution screen position.

2) Tell the VIC chip where to find the high resolution screen.

3) Enter high resolution mode.

4) In the machine code version, change the jump table so that the high
resolution screen will always be switched off if the machine goes into
direct mode (ie the program stops).

5) Update the screen editor pointer.

High — BASIC listing

22000 REME %33 33 635 36 369 3 96 3 336 36 36 36 36 3 96 36 36 36 3636 3362
22001 REM TURN ON HI-RES

22002 REMI 336 3336 36 3 36 3 36 6 3 56 36 36 36 36 36 36 36363636 39696 %
22010 IF (PEEK(53265) AND 32) THEN 22500
2202@ BS=PEEK (53272)

22058 POKE 53272,PEEK (53272) OR 8

22068 FOKE 53265,FPEEK (53265) OR 32

22500 GET T# : IF T#="" THEN 22500

Commentary

Line 22010: The routine is not executed if the system is already in high
resolution mode.

Line 22020: BS is the record of the position of the low resolution screen
within the current video block.

Line 22050: Sets up the new screen position at 8192. In the machine code
version this address will be provided by another command.

Line 22060: Switch on high resolution mode. -
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High — assembly language listing

ADD. DATA SOURCE CODE
("] 18 PRT
("."/] 26 ORG $C73B
C73B 3@ SYM
C73B 786 TEMP = $@2DD
C73B 88 VIC = $D@66
C73B 9@ UPDATE = $C715
C73B 188 WVEC = 778
C73B 118 TURNOF = $C72B
C73B 146 HIRES

C73B AD11D@& 166 LDA VIC+$11

C73E 2928 176 AND #$20

C746 D@21 186 BNE LO0A

C742 AD18DG 198 LDA VIC+%$18

C745 8DDD@2 206 STA TEMP

C748 ADDEG2 218 LDA TEMP+1

C74B 8D18D6& 226 STA VIC+$18
C74E AD11DA 236 LDA VIC+$11

C751 @928 248 ORA #$20

C753 8D11DB 258 STA VIC+$11

C756 A9C7 278 LDA #TURNOF /256
C758 A22B 288 LDX #TURNOF-TURNOF/2
D6#236
C75A 8D@363 298 STA WVEC+1

C735D BEG2@83 368 STX WVEC

C76@8 A4C15C7 326 JMP UPDATE

C763 3368 LO0S
C763 686 348 RTS

C764 358 END

TOTAL ERRORS IN FILE — 8

TEMP 2DD

vIC DOB2a

UPDATE C7135
WVEC 382

TURNOF C72B

HIRES C73B

.. C763

TOTAL NUMBER OF SYMBOLS —— 7
Machine code

ADD DATA CHECEKESUM
C73B AD 11 D6 29 26 D@ 21 AD 7C7F
C743 18 DA 8D DD @2 AD DE 82 63IF2
C74B 8D 18 D® AD 11 DO B9 26 754A
C753 8D 11 DB A9 C7 A2 2B 8D 78F3
C75SB @3 @3 8E @2 63 4C 15 C7 1659
C763 6486 Ba66
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Commentary

Lines 160—180: If the high resolution screen is already on, then these lines
default around the routine. Trying to set the high resolution screen when it

was already functioning would result in spurious values for the position of
the lo-res screen being stored.

Lines 190—200: The contents of the [SCREEN POINTERS] register are
now stored in address TEMP, so that the low resolution configuration can
be easily restored once we have finished with high resolution.

Lines 210—220: The position within the current 16K block of the 8K high
resolution and its separate colour memory have been stored in address
TEMP + 1. At the moment, this will have to be done by a BASIC POKE, as
described under the testing section. Later we shall add a new command to
set up the location of the high resolution screen and colour memory. The
value is now stored in the VIC register at $D018 to tell the VIC chip where
the screen and colour memory will be.

Lines 230—250: These lines set the fifth bit of [VIC CONTROL I], thus
entering high resolution mode.

Lines 270—-300: You will remember, from the automatic turnoff routine
earlier, that the warm start vector for BASIC needs to be altered so that
high resolution is switched off every time the program stops. These lines
alter the vector for the warm start routine to point to the auto-turnoff.

Line 320: While we are in high resolution it will be of some advantage to
move the colour memory away from its normal location where the lo-res
screen usually is. This will mean that any changes to the colour memory
will not corrupt the text on the lo-res screen. Having moved the colour
memory it will also be useful to have the screen editor functions directed
towards the location of the colour memory rather than towards the low
resolution screen, since this will allow us to use certain ROM functions in
interesting ways while in high resolution mode. This line uses the UPDATE
section of the LOW command to set [EDITOR] so that it will point to the
new location of the colour memory.

Testing

BASIC: RUN the program (both sections in memory at once) and the
screen will be filled with garbage. Press any key and the screen should
return to normal. The garbage screen was the high resolution screen inter-
preting the random contents of the memory between 8192 and 16383.

MACHINE CODE: The only effective way to test these routines is, first of
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all, to see that all three are entered. Starting with the high resolution
command means that you become ‘blind’ to anything the system places on
to the lo-res screen. Having entered all three of the routines, they can be
tested by the following BASIC program:

5 POKE 734,56
10 SYS 51003
20 FORI=1TO 1000 : NEXT
30 SYS 50944

On running the program, you should see the screen immediately change to
a total mess (unless you have previously cleared the high resolution
memory since switching the machine on). After a pause, the normal screen
will return. The pattern of dots and dashes which appears is the high
resolution screen interpreting the random contents of the memory it is
using. The blocks of colour are the characters of the low resolution screen
being interpreted as colour attributes of individual character squares on
the high resolution screen.

Syntax and use of HIGH and LOW
The correct syntax for the commands in this section is:

HIGH RESOLUTION ON : SYS 51003
HIGH RESOLUTION OFF : SYS 50944

The automatic turnoff routine is not designed to be called from BASIC.
In using the routines, the following limitations should be observed:

1) The location TEMP + 1 should not be used for any other purpose
while the high resolution commands are in use since this will result in
the VIC chip receiving spurious information on the location of the
high resolution or low resolution screens.

2) Thelow resolution command should only be used to turn off the high
resolution screen if it has been turned on with the routine from this
section. If the high resolution screen has been turned on by any other
method, the screen turnoff will pick up a nonsense value from the
register TEMP + 1.

3) Changing the value in TEMP+1 will not relocate the high
resolution screen unless you follow this sequence:

Change TEMP + 1 : call Lo-Res : call Hi-Res

This is because high resolution will not act if the high resolution screen
is already on.

4) The high resolution screen should not overlap any area of memory
which the 64 uses for character data.

5) The high resolution screen must start on an 8K boundary within the
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current 16K video block.

6) Colour memory must start on a 1K boundary.

7) Avoid hitting RUN/RESTORE while a high resolution routine of
any kind is being executed. RUN/RESTORE interrupts the CPU
itself and so will defeat the precautions taken to ensure that TURNOF
returns the screen to BASIC. If you need to stop something, use the
RUN/STOP key and then clear the screen with SHIFT/CLR. If you
do accidentally use RUN/RESTORE you will need to enter (although
you will not see it come up on the screen):

POKE 648,4

which will restore [EDITOR] to its start-up value.

8) One drawback to the high resolution commands is that, although they
return the screen to low resolution if an error is encountered, they only
do this after the error message has been printed on the colour memory
area, which may not be the same as the low resolution screen. If you
are encountering an error which you need to identify, either:

a) do not move the colour memory away from its usual low resolu-
tion screen location, or

b) run the routine, using all the high resolution commands but
place REM in front of the lines which call up the high resolution
screen and HCLEAR it. All the high resolution commands will pro-
ceed, even though you cannot see the high resolution screen. The
low resolution screen will be corrupted by the process, but any error
message will eventually be printed clearly.

9) In normal use you should always use the HSCREEN command (see
next section) before calling up high resolution mode. This will ensure
that the screen does not overwrite an unintended part of memory such
as zero page.

3. SETTING UP SCREEN PARAMETERS (HSCREEN)

Now that we have the capability to set up the high resolution screen, we can
profitably move on to the problem of defining its location in memory,
together with the location of its associated colour memory. To set the loca-
tion for the colour memory, it may be necessary to use routines like
ALLOT to ensure that there is an area of memory available.

You might like to note that, for the sake of variety as much as anything
else, we have chosen to allow the user to input the addresses for screen and
colour in full, rather than in 1K block form. This gives an appreciation of a
different range of techniques. If you really must have consistency you
should find little difficulty in lifting the necessary routines out of the low
resolution section to allow 1K block addresses to be used.
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The procedure for HSCREEN is:

1) Get the screen address and check to see that it is in the correct bank.

2) Get the colour memory address and check that it is in the correct bank.

3) Convert the colour memory address into the four most significant bits
for later storage in the VIC register at 53272.

4) Convert the screen memory address into the four least significant bits
for later storage in the same register.

5) Combine the two values into a single byte.

6) Store the result in the byte at TEMP + 1 for later use by the HIGH
command routine.

Since this routine works only with the machine version of HIGH, and has
only two simple functions, a BASIC version is not provided.

HScreen — assembly language version

ADD. DATA SOURCE CODE

2 1@ FRT

oo 20 ORG #0764
C764 @ 5YM

C764 80 TEMF = F@A2DD
C764 20 GETWRD = $CQ00
C764 100 COMMA = FAEFD
C764 120 SETSCN
C764 2000C0 140 JSR GETWRD
C767 AS1S 160 LDA #1735
C769 48 17@ FHA

C76A 2@8BC7 180 JSR BANE
C76D  Z0OFDAE 200 JSR COMMA
C77@  2000C0 JSR GETWRD
C77% 208RC7 JSR BANE
C776 AS13 LDA #1737
c778 @A ASL. A

C779 2A ROL. A

C77A4  Z9FQ AND #¥FQ
-77C SDDEG@2 270 STA TEMF+1
C77F 68 80 FLA

C780 4A LSR A

C781 4A LSRR A

c782  Z290F AND  #EF
C784 ODDEBZ ORA TEMF+1
787 8DDE®Z STA TEMF+1
C78A 60 RTS

C78R BANE

C78r  AS135 L.DA #£135
C78D 4DBBA2 420 EOR 6449
c790 Z9C0 470 AND #FCQ
C792 F@@x 440 RERD LOVO
794 4C9ACO 450 JIMF #C29A
C797 460 L.20OA
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C797 4O 470 RTS
C798 480 END
TOTAL ERRORS IN FILE —-—— @
TEMF 2DD
GETWRD Coon
COMMA AEFD
SETSCN C764
BANE: C78R
L2200 C797
TOTAL NUMBER OF SYMROLS ——-— &
Machine code
ADD DATA CHECK.SUM

C764 20 0@ CH AS 15 48 260 8B 34E3
C76C C7 26 FD AE 20 PO CA 20 78AA
C774 8B C7 AS 15 GA 2A 29 FO 8F6A
C77C 8D DE @2 68 4A 4A 29 BF 8899
C784 @D DE B2 8D DE @2 68 AS 4F 6D
C78C 15 4D 88 62 29 CO FA 63 35@B
C794 4C 9A CO 60 A6A8

Commentary

Lines 140—180: The first parameter, the start address of the screen, is
picked up by GETWRD and passed to a subsequent section where it is
checked for compatibility with the current bank.

Lines 200—220: The second parameter, for the start of colour memory, is
similarly checked.

Lines 230—310: We have already noted that the VIC register at $D018 will
contain two values within the 16K block, the colour memory address and
the screen address. The four most significant bits will contain a record of
which 1K block is occupied by the colour memory and the four least signifi-
cant bits the record of the position«of the high resolution screen. These lines
manipulate the two specified addresses into the correct positions in the
temporary register TEMP + 1. Note that only bit three is of any relevance
in defining the position of the high resolution screen, which can only be
located at zero or 8K in the current bank.

Lines 380—470: The function of these lines is to test that the two most
significant bits of the parameters picked up are the same as those in 648,
[EDITOR].

Testing

MACHINE CODE: The simplest test of the routine is to replace line 5 of
the BASIC test routine you used for the high resolution commands in the
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last section with:
5SYS (51044) 8192, 3072

If you run the routine, you should now find that it works exactly as before
— provided, of course, that you have all four of the high resolution
routines in memory.

You can test the current routine in direct mode by entering:

POKE 734,0 : SYS (51044) 8192,3072 : PRINT PEEK(734)

The result displayed on the screen should be 56.
The syntax for the command is:

SYS (51044) { SCREEN MEMORY START} ,{ COLOUR MEMORY
START}

In using the command, you should bear in mind the limitations noted at the
end of the previous section for the position of the screen and colour
memory.

HSCREEN must be used before calling up the high resolution screen,
unless some other method of defining the screen location is used.

4. CLEARING THE HIGH RESOLUTION SCREEN (HCLEAR)

The object of the routine which follows is to perform a screen clear in high
resolution mode, setting the value of all the screen memory locations to
zero and resetting the colour memory to current foreground and back-
ground colours. You can globally set the foreground and background
colours using HCLEAR by:

1) Foreground: Printing the appropriate colour control character then
calling HCLEAR.

2) Background: POKEing the relevant VIC register at 53281 with the
value for the specified colour and then calling HCLEAR.

The procedure for HCLEAR is:

1) Find the start of the high resolution screen memory.

2) Clear the screen memory by loading zero into every location.

3) Obtain the current foreground and background colours.

4) Clear the colour memory by loading into each byte the value which will
produce the current foreground and background colours.

5) Home the high resolution cursor.

6) Home all low resolution cursor variables.

HClear — BASIC listing

This listing is somewhat more simple than that for the machine code
version, in that all the BASIC versions of the high resolution commands so
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far have worked on the assumption that the high resolution screen will be
placed at 8192, thus removing the need for the special screen parameters
routine used by the machine code versions.

26000 REM¥® % 33626 3 3 36 3¢ 36 36 36 3 36 3 3 3 3 353 I 36 3 3 36 36 36 3 3%
26001 REM CLEAR HI-RES

26BB2 REMM: 33 36 3 3 36 35 3 3 36 36 9 35 2636 3 36 3 3036 36 303096 6 36 36 36 36
26018 CC=PEEK (646)

26826 BC=PEEK (53281) AND 15

26038 NC=16*CC+BC

26035 S5=8192 : CM=10G24

268480 FOR I=@ TO 8192

26058 POKE SS+1,8

260668 NEXT 1

26100 FOR I=0 TO 1823

26118 POKE CM+I,NC

261260 NEXT I

26150 HH=B : HV=@

26208 RETURN

Commentary

Lines 26010—26030: CC will represent the current low resolution fore-
ground colour (ie the colour of the characters) and BC the background
colour. These values, which can of course be altered, are what the high
resolution screen will work on.

Lines 26035—26120: The two variables are where the routine will expect to
find the start of the high resolution screen and the colour memory. The two
loops clear the 8K of screen memory and the 1K of colour memory.

HClear — assembly language listing

ADD. DATA SOURCE CODE

ulr] 10 FRT

ral] 20 ORG #C79B

C79R 0 SYM

C79Ek 7@ TEMF = ¥FD
C79R 80 COLOUR = *D:86
C79Er {0 VIC = ¥DOVO
C79R 100 HEIT = FQ2DF
C79R 110 HLINE = %22DC
C79k 150 FILL

798  B4FE 160 STY TEMF+1
279D ABRQO 17@ LDY #0

C79F 84FD 180 STY TEMF

C7A1 190 L0200

C7A1  S1IFD 200 STA (TEMF).Y
C7AZ C8 210 INY

C744 DOFE 220 BNE LLOQO
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AD18DA
aa

QA
29738
aaFD
ADBEOE
27C0
B5FD
[at=]
A220
&7 00
205BC7
ACHE802
A204

C7EA
C7RC
C7ED
C7RF

B5FD
ADZ1D@
FS0F
RSFD
ZRIECT

ATI0

apDFes
[nnees
ACEHHED

s
4

250
260
290
10

LH4@
L5
H7@
HEQ

Chapter 3

ING
DEX
ENE
RTES
HCLEAR

LDA YVIC+%18
ASL. A

ASL. A

AND  #£738
STaA TEMF
LDA 648

AND #£CO
ORA TEMF
TAY
L.DX
L.DA
JER

TEMF+1

Loo@

#2322
#00
FILL
LDY &H48
L.DX #4

DA COLOUR
ASL A
ASL. A

Ask &

ASL. A

STa TEMF
LLDA VIC+EZ
AND #F0F
OR& TEMF
JeR FILL
HHOME

L.DA #H@

T HBIT
ST HLIKE
JME ok
E-ND

TOTAL. ERRDORS M FILE -—— @

TE M
CO_OUR
VI
HEBIT
HI. TNE:
FILL
LR
HCLE &R
HHOME
TOTAL
Machine code
ADD DATA

C79B 84 FE AG @A 84 FD 91 FD

FD
286
@A

D

NUMBER OF SYMBOLS - @

High Resolution Commands

CHECESUM

PFE=
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C7AZ C8 D@ FB E&6 FE CA D@ Fé D36E
C7AB &@ AD 18 DB BA BA 29 38 6C42
C7B3 85 FD AD 88 @82 29 CO @3 A219
C7BB FD AB A2 20 A9 086G 20 9B C4E3
C7CZ C7 AC 88 02 A2 B4 AD 86 ALAB
C7CB @2 @A BA @A BA B85 FD AD BALE
C7DZ 21 D@ 29 OF @5 FD 20 9B 4F87
C7DB C7 A9 @@ 8D DF @2 8D DC FFB6&
C7EZ B2 4C 66 ES 22F1

Commentary

Lines 150—260: This is a subroutine, called by the main part of HCLEAR,
to do the work of loading whatever byte is held in the screen memory into a
specified area of RAM, which for our purposes will be either the high
resolution screen memory or the colour memory. The start page (256 bytes)
of the block will already have been stored in the Y register and the address
which this representsis transferred to the two bytes at TEMP, with the least
significant byte set to zero. Indexed addressing is used to store the contents
of register A (which will be zero if it is screen memory which is being
cleared) in successive locations as indicated by the address in the two bytes
at TEMP plus the value in the Y register. The main part of the routine has
stored the number of pages to be cleared (32 for the screen and four for the
colour memory) in the X register and every time 256 bytes have been dealt
with, the address in TEMP is increased by one page and X decremented by
one. When X reaches zero, the process is complete.

Lines 310—390: These lines obtain from [SCREEN POINTERS] the posi-
tion of the screen memory in the current video block and combine it with
the value of the current video block as obtained from the two most signifi-
cant bytes of the register at 648 to provide the start address in the Y register
for the clearing of the screen.

Lines 410—430: The screen consists of 32 pages of 256 bytes each, so 32 is
loaded into the X register. The value to be placed into each screen byte is
zero, and this is placed in the accumulator.

Line 450: The process of obtaining the start of the colour memory is rela-
tively simple because we have already altered the pointer at 648 to indicate
the start of colour memory when entering high resolution mode.

Line 470: Colour memory is 1K long and so consists of four 256-byte
pages.

Lines 490—600: The value of the current character-printing colour is

70



Chapter3 High Resolution Commands

obtained from the register at $286 and transformed by left shifts into the
four most significant bits in the accumulator. This value is then stored for a
moment in TEMP. The current background colour is obtained from the
VIC register at $D021 (53281), with all but the four least significant bits
being stripped away by ANDing with 15. The resulting value is combined
with that in TEMP to provide a value in the accumulator where the four
high bits indicate the foreground colour and the four low bits the back-
ground. This is the arrangement used by the colour memory. Once this
value has been placed in the accumulator, FILL can be called to clear the
colour memory.

Lines 620—670: As explained in the introduction to this section, HCLEAR
also homes the ‘cursor’. Quite what this means will be explained in the next
section on HLOCATE. For the moment, you might like to note that these
lines set two registers used by the high resolution cursor routines to define
horizontal and vertical position and also call upon a ROM routine which
automatically resets various other cursor variables.

Testing
BASIC: Enter the routine along with the high resolution on/off routines
and add two new lines as follows:

22600 GOSUB 26000
22900 GET T$:IF T$ =’ THEN 22900

Now RUN, and this time, instead of seeing the garbage screen appear and
disappear, you will see it appear and then, when a key is pressed, begin to
clear, leaving a screen of character-sized coloured blocks. These are the
high resolution screen interpreting the letters on the low-resolution screen,
since that is what is now being used as colour memory. Finally the coloured
blocks themselves will clear, leaving the screen the same colour as it was
under low resolution and the system will then return to low resolution.

Note that, if you use the routine twice without switching off the
machine, you will find that the screen enters the coloured block stage
immediately and appears to be locked up. The simple reason for this is that
the previous use of the routine has already cleared the screen. HCLEAR is
proceeding as usual but, since there is nothing to be cleared, it appears to
have stopped.

You might like to try adding these lines, which have the effect of moving
the colour memory away from the location of the normal low resolution
screen to the 1K block beginning at 8192:

26035 SS=8192: CM = 8192
26037 POKE 53272, CM/64OR 8

RUN the program again and you will find that, on returning to BASIC, the
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low resolution screen has not been cleared during the high resolution
phase. You will also see that, on the second part of HCLEAR, when the
colour is being set up, the top of the high resolution screen appears to be
being corrupted. This is a graphic illustration of the use of the high resolu-
tion colour memory. What we have done here is to move the high resolu-
tion colour memory so that it occupies the first 1K of what is also the screen
memory. When the colour value is placed into the colour memory, the data
also appears in the top one-eighth of the screen itself.

Colour memory cannot usefully be located anywhere other than at 1024
when occupying block one because of the shadow character data which
stretched from 4096 to 8191 and the BASIC program starting at 2048.
Changing video bank or shifting the start of BASIC up by 1K will make
room for a colour memory which does not interfere with anything else.

MACHINE CODE: The routine may be tested by the use of the BASIC
high resolution test program given before. Add the following three lines to

the short BASIC program used for testing the machine code versions of
HIGH and LOW:

3 POKE 53281,(PEEK (53281)+ 1) AND 15
25 SYS 51116
27 FORI=1TO 3000 : NEXT

When this is run, the screen will flash another colour, then enter high
resolution mode. The indication that the screen has been cleared is that the
blank high resolution screen will be set to a new colour. After a pause, the
screen should return to low resolution mode. This test can be RUN time
and time again because line 3 will always lead to a change of the current
background colour and so to a change of the high resolution screen colour.
Without such a change, it is difficult to tell that the screen is being cleared
after the first time.

Syntax and use
The syntax for HCLEAR is:

SYS 51116

The command should only be used when the high resolution screen
memory has been properly set aside and the screen is on. There is no built-
in protection against using HCLEAR in low resolution mode. The reason
for this is that HCLEAR will normally be protected by the fact that it will
not be called directly. Once you have entered all the routines from the high
resolution section of this book you will find that HCLEAR will be called by
printing CLS in the high resolution mode. In low resolution mode the CLS
character will work normally and HCLEAR will not be called.
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5. LOCATING THE HIGH RESOLUTION CURSOR (HLOCATE)

The purpose of this routine is to allow the high resolution cursor position
to be moved at will in much the same way as the low resolution cursor
position routine given earlier.

To understand the working of the high resolution cursor, it is necessary
to recap a little on the functioning of the cursor in low resolution. Two
pointers in zero-page memory are used by the system to control the posi-
tion of the cursor. A two-byte pointer at $D1 holds the start address in
memory of the screen line on which the cursor is currently positioned. In
addition a single byte at $D3 records the position of the cursor along that
line.

In order to position a high resolution cursor, we need not only the
information as to the character position which is contained within addresses
$D-3, but also two more pointers to the correct byte and bit.

For the machine code version of the command, these two pointers, both

of which will hold values in the range of zero to seven, will be placed in two
bytes unused by BASIC, namely $02DF and $02DC for byte and bit

respectively. The BASIC version will hold the values in two simple varia-
bles, C1 and C2.
The procedure for HLOCATE is as follows:

1) Obtain the high resolution X and Y coordinates.

2) Derive from these the character position on the screen in which the
particular pixel will fall.

3) Derive from the vertical coordinate, the byte within the character
position.

4) Derive from the horizontal element the bit position within the byte.

5) Set the low resolution cursor using the kernal routine.

6) Set the values of the variables which store the byte and bit values for
the specified pixel.

Note that the routine does not do anything visible, it is a utility which will
be called upon by later routines.

HLocate — BASIC listing

27BBD REM¥* 333 3 36 36 3 35 36 30 3 35 3¢ 36 38 3¢ 3 36 3 35 35 96 2 36 36 3 3 34 3¢
270681 REM SET HIGH RESOLUTION CURSOR
27802 REM®* 3 3t 3 3 3 3¢ 3 3 3¢ 36 36 36 35 36 3 35 3 3536 35 36 36 36 56 36 96 36 3 3¢
270168 HH=168 : HV=100

27628 LH=INT (HH/8) : LV=INT(HV/8)

276836 POKE 781,LV

27646 FOKE 782,LH

27858 SYS (465526)

27186 C1=5S + 328#LV + 8#lH + (HV AND 7)
27116 C2=7-(HH AND 7)

27208 RETURN
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Commentary

Line 27010: A temporary line providing values for the horizontal and verti-
cal coordinates, expressed in terms of the high resolution screen. The posi-
tion specified is in the middle of the screen.

Line 27020: The high resolution values are translated into their low resolu-
tion character position. The pixel in question will be at 20,12 expressed in
terms of character squares.

Lines 27030—27050: A call to the kernal routine which sets the position of
the cursor. The same method was used in LOCATE.

Line 27100: This line derives the byte which will hold the pixel position on
the screen, using the method of calculation described in the introduction to
this chapter.

Line 271106: This line looks a little confusing at first but is quite simple, its
purpose being to calculate the bit within byte C1, again using the method
described at the beginning of the chapter.

HILocate — assembly language listing

ARD.  DATAH SOURCE CODE
Aav 18 *RT
20 0ORG #C7E7
Il 5YM
20 LOLINE = £20QD1
100 LOCOL = F@@DX
119 CURSOR = #QOF3
120 HILINE = F@EDF
120 HIRBIT = #@2DC
140 GETBYT = (006
15@ GETWRD = #COQO
160 VIC = £DOOD
176 COMME = FAEFD
200 GETCUR

CL
L.DA LOLINE
ADC LOCOL
S8TA CURSOR
LDA LOLINE+L
1A AND  #F73
HPQT ADC #0
D6EFE ASL DURSOR
2R ROl A
D&6FZ ASL. CURSDR
Z2A ROL. A
Q&FE ASL. CURS0R
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C7FC 2A
C7FD  85F4
C7FF  AD1BDO
CERZ  Z90E

ROL. A

8TA CURSOR+1
LDA VIC+#18
AND  #¥0E

Caud A AGL. A
cges DA AL A
Caas 18 CLC

Cea7  AEF4
Cgny 293F
Csae  835F4
Caan ALBsOR
cgla  29C0
cet2 235F4
Cgi4 BEF4
C8i&  ALDFAR
ce1e  QsF:
C81E  95F3

ADC CURSOR+1
AND  #EIF

STA CURSOR+1
L.DA 648

AND  #3C@

ORA CURSOR+1
STA CURSDR+1
LDA HILINE
ORA CURSOR
STA CURSDR

ogld 60 RTES

CBLE HIAT

CBIE 2000Co JER GETWRD
AR LDY #3
ATA0 L.DA #@

L.00Y
4615 LESR #1%
bold ROR %14
HA FOR A
ag DEY
DaF g ENE LO@E
45 LGSR A
45 LSRR A
40 LSR A
40 LR A
4 LER A
413 FHA
AE1S LDA #15
DAZE BNE  IGOERR
AS14 LDA ¥14
29E8 CMF #40
B228 BCS IGERR
FHA

46
; JSR COMMA
JER GETEYT
CHMF #2000

BCS I0ERR

848 LDY #3
Ca4n LDA #@
Ca4c L.oa1
Ca4c 4614 LSR #14
CR4E  bHA ROR A
CE4F g DEY

850 DAFA BNE L.2@1

75



Machine Code Graphics and Sound on the Commodore 64

40 960 LSK A
46 270 LSR A
a4 980 LSK A
46 990 LSK A
44 1000 LSR A
HODFOZ 1010 STA HILINE
68 1030 FLA
AE 1040 TAY
68 1058 FLA
H0DCOR 1060 STA HIRIT
A& 14 187@ LDX #14
ACFOFF 1080 JMP £FFFO

189@ IEERR
4CABEZ 1100 JMF $B243
1110 END

TOTAL ERRORS IN FILE ——- @

LOL INE

LOCOL

CURSOR

HILINE 2DF

HIBIT 200

BETEYT ol

BETWRD Coon

vic DOVD

COMMA AEFD

BETCUR C7E7

HIAT CB1E

Loao CBES

LoB1 Cean

[DERR CH6S

TOTAL NUMEER OF SYMBOLS -—- 14

Machine code
ADD DATA CHECESUM

C7E7 18 AS D1 65 D3 85 FZ AS 6OE7
C7EF D2 29 82 69 BB @6 FZ 2A 7C58
C7F7 86 F3 2A @6 F3 2A 85 F4 4FQE
C7FF AD 18 D@ 29 BE BA OA 18 7%D4
C8A7 65 F4 29 3F 85 F4 AD 88 826A
CBBF 62 29 CBA BS F4 85 F4 AD 2FD9
C817 DF 82 @5 FZ 85 FX &0 20 88A4
CB1F @0 CO AB B3 A9 BB 46 15 4A19
C827 66 14 6A 88 DB FB8 4A 4A S8FE
C82F 4A 4A 4A 48 AS 15 DB ZE 4C8BA
€837 AS 14 C9 28 BA 28 48 20 79F@
C8ZF FD AE 20 86 CA C? C8B RO B9C4
C847 1D AB B3 A9 @A 46 14 6A 4Z=1A
C84F 88 DB FA 4A 4A 4A 4A 4A AB36
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€857 8D DF @2 &8 AB 68 8D DC 8Dbhé
C85F B2 A6 14 4C FB® FF 4C 48 ZE1C
Cc867 B2 127} = ed

Commentary

Lines 200—550: These lines constitute a subroutine to determine the
correct byte within the memory to correspond with the specified position
for the cursor on the high resolution screen.

Lines 200—270: The address of the low resolution cursor is obtained from
the low resolution cursor pointers. The value for the column on the screen
is added to the least significant byte of the line start address and this is
stored in CURSOR. The most significant byte of the line start address is
ANDed with 3, in order to remove any reference to any value above 1K.
What this means is that, in CURSOR (least significant byte) and the accu-
mulator (most significant byte), we no longer have a pointer to an address
but to a position within 1K screen.

Lines 290—350: The combined value in CURSOR and the accumulator is
now shifted left three times, multiplying it by eight. The position within a
hypothetical 1K screen has now been translated into the start position of a
character square in a screen with eight bytes per character square.

Lines 370—420: These lines extract the address of the start of the screen
within the current video bank and add to it the position of the byte within
the screen.

Lines 440—450: ANDing the most significant byte with $3F ensures that the
two most significant bits are cleared, ie the bits which will eventually
determine the 16K block.

Lines 470—500: The two most significant bits of the pointer held at 648 in
memory are used to add in the start position of the current video block. We
now have an address in memory to correspond to the first byte of the
correct character position on the high resolution screen.

Lines 520—550: The line-within the character position, which has pre-
viously been calculated by the main routine, is now added to the address of
the start byte. We have now specified the address of the byte to be
addressed.

Lines 600—750: The HLOCATE command will have two parameters, X
for horizontal position on the screen, and Y for vertical position.
GETWRD is used to pick up the X parameter. The horizontal position on
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the screen is now divided by eight, thus obtaining the character position
across the screen. The sequence of rotations to the right which are carried
out on the value obtained by GETWRD in $14— 15 accomplishes this divi-
sion and leaves the three least significant bits of that value shifted into the
accumulator as the three most significant bits. Five left shifts move these
bits down to positions 0—2 in the accumulator. These three bits now repre-
sent that part of the horizontal component which cannot be expressed in
bytes, ie the position of a bit within the horizontal byte. This bit position
value is pushed temporarily onto the stack.

Lines 770—830: The value in $14—15, which represents now the horizontal
byte position, stripped of any reference to the bit within that byte, is tested
to see that it is not outside the range 0—39. Clearly it fails this test if there is
anything at all in the most significant byte. The least significant byte needs
only to be tested against 40, with an error being generated if it equals or
exceeds the limit. The byte component of the horizontal component is
finally pushed on to the stack.

Lines 850—870: The vertical or Y component of the position is now picked
up by GETBYT and checked against the maximum value of 24.

Lines 880—1000: The vertical component, or high resolution line number, is
treated by these lines in the same way as the horizontal component was in
lines 620—740. The value obtained is divided by eight, in order to obtain
the character position down the screen, with the remainder indicating the
particular byte in that character position.

Line 1010: The pointer used for the vertical component is updated.

Lines 1030—1070: The pointer used to store the bit value of the horizontal
component is updated. Registers X and Y are loaded with the line and
column values.

Line 1080: This jump is to the low resolution routine in the kernal which
plots the position of the cursor. Note that, to call this routine, the carry flag
needs to be clear and this was accomplished by the LSR instruction in line
1000.

Testing

BASIC: The BASIC routine is easier to test than the machine code, for the

simple reason that we can add a test line to show that the low resolution

cursor has moved and that the values of the byte and bit are sensible.
Add the following lines to the collection of high resolution routines:
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22700 GOSUB 27000
27060 PRINT “HERE”
27120 PRINT C1,C2

RUN the whole program and, when the screen returns to low resolution,
you should find that the word ‘here’ is printed in the middle of the screen
and that the next line has 12196 and 6 as the values for the byte and bit.

MACHINE CODE: It is not possible to test the full high resolution effects
of this routine until the following sections have been entered. Fortunately,
the routine also has effects in low resolution mode:

1) Itis capable of moving the low resolution cursor around the screen.
2) It placesthe correct valuesinto the storage locations which will be used
by the later high resolution routines.

In order to test the routine, therefore, in normal low resolution mode
enter:

SYS (51230) 0,0 : PRINT ““*”

This should home the cursor and print an asterisk in the top lefthand
corner of the screen. PEEKing the contents of HIBIT and HILINE should
result in two zeros. Now enter:

SYS (51230) 256,0 : PRINT *‘**’

The asterisk should now appear in position 32 of the top line, again with the
contents of HIBIT and HILINE zero.

Syntax and use

The syntax for the command is:

SYS (51230) { COLUMN} ,{ ROW}

where COLUMN is in the range 0—319 and ROW is in the range 0—199,
with both components being numbered from zero in the top lefthand
corner of the screen. If either of the parameters fall outside the correct
range, then an ILLEGAL QUANTITY error message will be generated.

6. PLOTTING PIXELS IN HIGH RESOLUTION (HPLOT)

This routine is similar in purpose to the low resolution PLOT routine given
previously, except that the purpose of the present routine is to plot, unplot
or invert a single pixel on the high resolution screen according to the mode
specified.

The procedure for HPLOT is:

1) Obtain the MODE parameter.
2) Obtain the coordinates of the pixel to be plotted.
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3) Position the low and high resolution cursor with the HLOCATE
routine.

4) Perform the set, reset or inversion of the pixel specified.

5) Ensure that the colour for the character square in which the pixel is to
be plotted is the current character colour.

HPlot — BASIC listing

28000 RE MM 36 36 36 3 3 36 38 36 36 36 3 36 36 36 3 6 I 36 3 I 3 3 36 3 36 3 3¢ 3¢
28001 REM HIGH RESOLUTION PLOTTING

28002 REM* 3% 3 3¢ 36 3 3 36 3 36 3 36 3¢ 3 36 9636 36 36 3 36 3 36 3 36 3 36 3 3% 3¢
280106 FOR MODE = @ 70 2

28050 FOR HH=100 TO 200+50%* (MODE=1)
28060 HV=10@8 : GOSUB 27600

28200 MASK=2"C2 : BYTE=PEEK (C1)

28210 IF MODE=6 THEN BYTE=BYTE OR MASK
28228 IF MODE=1 THEN BYTE=BYTE AND (255-
MASK)

28238 IF MO=2 THEN BYTE=BYTE+MASK+2#MASK
# ((BYTE AND MASK)=MASK)

28240 FPOKE C1,BYTE

2830@ GOSUB 28506

28400 NEXT HH

28418 NEXT MODE

28456 RETURN

28500 RE M3 % 3 3 3 3 3 3 36 36 3 36 3 38 36 36 36 3 36 30 36 36 36 36 3 36 36 96 36 9
28501 REM SET CHARACTER COLOUR

28502 RE M 33 36 3 36 36 36 36 36 3 36 36 3 36 363 36 3 96 36 36 36 36 36 3 36 36 36 3¢
285108 CC=PEEK (646)

28520 LP=1024 + 4@*LV + LH

2853@ POKE LP, (PEEK (LF) AND 15) OR 16%C
C

285560 RETURN

Commentary

The loops given are merely a means to set the values of MODE and HH so
that their effect can be seen. Before this routine will run, you will need to
delete line 27010 from the previous BASIC routine and also any temporary
lines you included during testing.

Line 28010: MODE:s are as in the low resolution plotting routine, with zero
for plotting, one for unplotting and two for inverting.

Line 28050: This loop will move the value of HH along the horizontal axis
from 100 to 200 when MODE is either one or two, but only from 100 to 150
when MODE is one.

Line 28660: The vertical coordinate will always be 100 so a straight line
should be plotted.
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Lines 28200—28240: The creation and application of a mask to the byte C1,
depending upon whether bit C2 is to be set, reset or inverted.

Line 28300: With this GOSUB, the system register which stores the print-
ing colour is PEEKed and the result placed into the upper four bits of the
colour memory location corresponding to the current character square.
Any pixels in that square will be changed to the current printing colour.

HPlot — assembly langunage listing

ADD. DATA SOURCE CODE

'il"] 1@ PRT

(71" 26 ORG $C8648

c8é68 3@ SYM

c868 126 GETBYT = $C0@6
c8s&8 136 IGQERR = $C865
c8s68 146 COMMA = $AEFD
c868 158 GETCUR = $C7E7
c868 166 HIBIT = $@2DC
caé68 178 HILINE = $@G2DF
ceé68 186 CURSOR = $@6F3
case8 198 HIAT = $C81E
cas68 206 LOLINE = $88D1
c8s8 216 LOCOL = $8@D3
ces8 226 COLOUR = $8286
cas8 2568 HPLOT

C868 20886CH 276 JSR GETBYT
CB86B C9@3 2868 CHP #3

C86D B@F6 298 BCS IQERR

C86F 48 388 PHA

C878 286FDAE 316 JSR COMHA

c873 2B1EC8 33@ JSR HIAT

c876 20E7C7 346 JSR GETCUR
c879 &8 356 PLA

C87A AA 368 TAX

c87B 38 38@ SEC

C87C A968 398 LDA #6

C87E ACDCB2 466 LDY HIBIT

cesi 410 LOGG

c881 6A 426 ROR A

cas2 88 43@ DEY

c883 18FC 44@ BPL L6066

cegs Cs8 468 INY

cegs CA 486 DEX

ce8g87 36@8 496 BMI SET

cege ca S5@8@ DEX

C88A 386A 516 BMI CLEAR

ca8C 5SiF3 536 EOR (CURSOR).Y
C88E 4C9ACS8 546 JMP LOA1

c891 566 SET

c8?1 11F3 578 ORA (CURSOR) .Y
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C893 4C9ACS8 588 JMF LOO1
c896 600 CLEAR
C896 A49FF 4618 EOR #$FF
cge98 3I1F3 628 AND (CURSOR) .Y
c89a 630 LOG1
C82A 91F3 648 STA (CURSOR)Y.Y
C89C A4D3 660 LDY LOCOL
C89E BIi1D1 6880 LDA (LOLINE).Y
C8ABA 290F &98 AND #$F
CBAZ <91D1 7808 STA (LOLINE).Y
C8A4 ADBLB2 720 LDA COLOUR
CBA7 OA 738 ASL A
C8A8 0GA 748 ASL A
CBA? BA 756 ASL A
C8AA BA 768 ASL A
C8AB 11D1 77@ ODRA (LOLINE).Y
C8AD <91D1 788 STA (LOLINE).Y
CBAF &8 79@ RTS
c8Bé 8660 END

TOTAL ERRORS IN FILE ——— @
GETBYT COas

IQERR CB8&5

COMMA AEFD

GETCUR C7E7

HIBIT 2DC

HILINE 2DF

CURSOR F3

HIAT C81E

LOLINE D1

LocoL D3

COLOUR 286

HPLOT C8s68

LOaa cae81

SET c891

CLEAR Cc896

LBG1 C892A

TOTAL NUMBER OF SYMBOLS —-— 16
Machine code

ADD DATA CHECESUM

C868 280 B6 CB C9? B3 BB F6 48 IB1IC
C878 20 FD AE 26 1E C8 280 E7 6C37
€878 C7 68 AA I8 A? B8 AC DC 9DBC
C880 B2 6A 88 1@ FC C8 CA 30 ZA44
c8B88 @8 CA 20 BA S1 F3 4C 9A 44A6
C89@ C8 11 FZ 4C 9A C8 49 FF 4E1
€898 31 FZ 91 FZ A4 D3 B1 DI 812F
C8AB 29 GF 91 D1 AD 86 B2 BA 3EFE
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CBAB ©GA BA BA 11 D1 91 D1 6486 149E
C8Ba Ba0a

Commentary

Lines 260—310: These lines pick up the mode parameter and check that it is
in the range 0—2, otherwise an ILLEGAL QUANTITY error message will
be printed. The mode value is temporarily stored on the stack.

Lines 330—340: The two previous routines HLOCATE and GETCUR are
used to position the cursor correctly.

Lines 350—360: The mode value is pulled back from the stack and placed
into the X register.

Lines 380—440: After calling HLOCATE and GETCUR the various high
resolution pointers have been set up. One of these is HIBIT, which con-
tains a value in the range 0—7 which indicates which bit of the relevant byte
controls the pixel specified. These lines create a mask. The lines first of all
set the carry flag, and then load the accumulator with zero. The number of
the bit, as recorded in HIBIT, is loaded into the Y register. A series of
rotations to the right are performed on the accumulator, according to the
value stored in the Y register. With the first rotation, the ‘1’ in the carry
flag is moved into the position of the most significant bit (bit seven); while
the second rotation (if there is one) will move the ‘1’ to bit six. The BPL
instruction ensures that there will be one more rotation than the value
storedin Y.

An apparent illogicality needs to be noted here about the direction in
which the accumulator is rotated. If, for example, the HLOCATE routine
had determined that bit zero in the relevant screen memory byte was being
referred to, these lines would result in zero being placed into the Y register
and a single rotation being made. This would place a set bit, not in position
zero but in position seven. This is not an error; it is simply that, when it
comes to the plotting of the screen the HLOCATE routine has counted the
bit position from the righthand end of the byte, the end normally called bit
zero. Where screen memory is concerned, however, bits are regarded as
going from left to right.

Line 460: The Y register, which was left at — 1, or 255, by the loop in the
previous lines, is set to zero.

Lines 480—510: The mode value has previously been stored in X. These
lines examine the value in the X register to see which mode is called for.

Lines 530—540: If the mode is two, the mask is used to perform an XOR on
the relevant screen byte. Since the mask contains only one set bit, that
referring to the pixel specified, this means that, if that bit is already set in

83



Machine Code Graphics and Sound on the Commodore 64

the screen byte, then the pixel will be turned off by resetting the bit. If the
relevant bit in the screen byte is not set, then the XOR will set it and thus
turn the pixel on. From this we can see that mode two is, in fact, the invert
pixel mode.

Lines 560—580: The mode for switching on a pixel is zero and the process is
performed by these lines.

Lines 600—630: The final mode, one, is to clear a pixel. This is done by
inverting the mask. The mask with its one set bit is XORed with 255. The
result is a mask in which every bit is set except the one which was set origin-
ally in the mask. All that needs to be done now is to AND the new mask
with the relevant screen byte.

Line 640: The value resulting from the set, clear or invert process is now
placed on to the screen.

LLines 660—690: Whenever a pixel is plotted, unplotted or inverted, the
character position in which it falls is set to the current printing colour. In
preparation for this, the upper four bits of the relevant byte of colour
memory are cleared by ANDing them with $F (15).

Lines 720—780: The current printing colour is stored by the 64 at $0286.
This value is picked up and stored into the upper four bits of the relevant
byte of colour memory.

Testing

BASIC: The BASIC routine is self-testing. First delete line 27010, then
change 22700 to read:

22700 GOSUB 28000

When RUN it should first draw a line (MODE 0), then erase half of it
(MODE 1) and finally redraw the first half and erase the second (MODE
2). If it works correctly, it can be incorporated into your own programming
by removing the loops and using other means to set the values of HH and
HV.

MACHINE CODE: To test the routine, take the BASIC program used to
test HIGH, LOW and HCLEAR, delete lines 3 and 30 then add the follow-
ing:

40 FOR MODE=0TO 2

45 FOR I=100TO 200+ 50*(MODE=1)
50 SYS (51304) MODE,I,100
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60 NEXT I, MODE
65 FORI1=1TO 1000
70 SYS 50944

What should happen is the same as with the BASIC routine except, of
course, faster.

Syntax
Syntax for HPLOT is:

SYS (51304) { MODE} ,{ COLUMN} ,{ ROW}

where ROW and COLUMN are as in the HLOCATE routine, and MODE
is as follows:

0 — set specified pixel
1 — clear specified pixel
2 — invert specified pixel

7. HIGH RESOLUTION LINE DRAWING

Part 1. Some simple arithmetic (INTEGER)

The purpose of the tollowing sections is to draw the best possible approxi-
mation of a straight line between two points specified by the user.
Compared to a similar routine in BASIC, the machine code which will be
required is complex. The reason for this is that line drawing requires a
number of routines to perform arithmetic operations on 16-bit numbers
and these have to be supplied in full since the arithmetic routines in the
ROM are unsuited to the purpose. In addition the 6510 chip cannot deal
directly with 16-bit arithmetic, or rather ‘15-bit signed arithmetic’, where
one bit is employed to record whether the value in question is positive or
negative. In this section, you will find the simple arithmetic which will be
used in what follows.
No attempt is made to simulate the routines in BASIC.

Integer — assembly language listing

ADD. DATA SOURCE CODE

(%] 18 PRT

ril":] 28 ORG #CBB6
Cc8Ba 36 SYM

C8B6 78 ABS

C8B@ B561 98 LDA 1.X
C8B2 106D 1866 BPL LOGO
c8B4 1268 NEGATE
c8B4 38 138 SEC
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C8BS A700 146 LDA #@
C8B7 FS0O 158 SBC @.X
c8B? 9508 168 STA B.X
C8BB A706 176 LDA #6
C8BD F501 188 SBC 1.X
C8BF 9581 198 STA 1.X
c8c1 206 Lo
C8C1 66 21@ RTS
caecz 246 ADD
cecz 18 256 CLC
C8C3 BSGA 266 LDA 6.X
C8CS 790066 278 ADC B.Y
cecs 9506 288 STA 6.X
CBCA B3501 298 LDA 1.X
CBCC 790106 368 ADC 1.Y
C8CF 9561 316 STA 1.X
C8D1 68 3286 RTS
c8D2 356 MINUS
cep2 =8 368 SEC
C8D3 BS00 378 LDA B.X
C8DS F90066 386 SBC O.Y
c8Dp8 9566 396 STA 8.X
C8DA B5A1 488 LDA 1.X
C8DC F98160 418 SBC 1.Y
C8DF 9561 420 STA 1.X
CBE1 60 436 RTS
C8BEZ2 468 MOVE
CBEZ B?0006 476 LDA B.Y
C8ES 9506@ 480 STA @.X
CBE7 B?G166 490 LDA 1.Y
CBEA 9501 S88 STA 1.X
CBEC 60 518 RTS
C8ED 546 SWAP
CBED ES8 5560 INX
C8EE C8 568 INY
CBEF 20FA4C8 57@ JSR SWAF1
C8F2 CA 586 DEX
C8F3 88 596 DEY
C8F4 616 SWAP1
C8F4 BSGBO 620 LDA B.X
C8F&6 48 638 PHA
CB8F7 B?006O 646G LDA O.Y
CaFa 9506 656 STA @.X
CBFC 68 668 PLA
C8FD 9906006 676 STA @G.Y
Coea 60 686 RTS
Co61 718 TEST
C?@1 BS61 728 LDA 1.X
C985 D961@6 736 CMP 1.Y
C986 DOBGS 740 BNE L0201
coe8 BS06 758 LDA @.X
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C98A DIDPOGH 760 CMP B.Y

C9@D 77@ L@G1

C90D 66 780 RTS

C90E 8160 TIMESZ

C90E 1600 838 ASL B.X

Co1@ 3601 840 ROL 1.X

C912 EBSA1 860 LDA 1.X

C914 297F 87@ AND #3$7F

CP16 9082 880 BCC L0®2

c918 0980 89@ ORA #3$80

co1A 906 LBA2

co1a 9581 9164 STA 1.X

CoiC &0 92@ RTS

C91D 93@ END

TOTAL ERRORS IN FILE -— @

ABS C8Ba

NEGATE C8B4

LOGa cec1

ADD cecz

MINUS caDnz

MOVE CBE?Z

SWAP C8ED

SWAF1 CBF4

TEST coa1

LOB1 C9@D

TIMES?Z C9BE

LO@Z co1A

TOTAL NUMBER OF SYMBOLS ——— 12
Machine code
ADD DATA CHECHKSUM
CBB® BS @1 10 @D *8 A9 B@ FS  &2E9
CBBE 00 95 0B A? 8@ FS @1 95 =43P
CBCO® @1 60 18 BS BB 79 06 @G 28B4
C8C8 95 @@ BS @1 79 @1 0@ 95 6591
C8D0 01 6@ %8 BS 00 F9 00 9@  ZER4
c8D8 95 @@ BS @1 F9 B1 8@ 95 4991
CBE@ @1 4@ B9 9@ 0@ 95 BA B9 I2AD
CE8ES ©1 @@ 95 @1 6@ ES C8 2@ 1B8a@
C8F® F4 CB CA 88 BS @@ 48 R9 D4Rl
COF8 0@ 6@ 95 0B &3 99 0@ 008 1844
Co8P 60 BS @1 D? @1 @@ DB @S  &C9D
C908 BS 00 D9 @8 0B &0 16 @@  774C
C91@ 36 @1 BS @1 29 7F 98 B2 34656
€918 @9 80 95 G1 &0 A746
Commentary

Lines 90— 100: These lines check to see whether a number pointed to by the

87



Machine Code Graphics and Sound on the Commodore 64

Xregister is positive or negative. If it is already positive then the following
section of code is jumped over.

Lines 120—210: These lines are only activated from the previous lines if the
value being worked upon is negative, though they are called from other
places where this will not apply. Their function at this point is to extract the
absolute value of the negative number. In general, however, what they do
is transform the sign of any number. The procedure for doing this is to
subtract the number in question from zero, for instance:

0-(-D=1

Both bytes of the negative 15-bit value are subtracted from the contents of
the accumulator, which has previously been loaded with zero.

Lines 240—320: These lines add two 15-bit signed numbers pointed to by
the X and Y registers and store the result in the place originally occupied by
the value pointed to by the X register.

Lines 350—430: Similar to the previous lines except that subtraction is
carried out, the number indicated by the X register being subtracted from
that indicated by the Y register.

Lires 460—510: These lines move a 16-bit number pointed to by the Y
register into a location indicated by the X register.

Lines 540—680: The contents of the two-byte addresses pointed to by the X
and Y registers are swapped by these lines.

Lines 700—780: These lines carry out a comparison of the two values
pointed to by the X and Y registers. The results of the comparison are
contained in the zero flag and the carry flag (which is set at the beginning of
the section). If the two values are equal, the zero flag is set. If the X valueis
greater than or equal to the Y value, the carry flag will remain set. If the
carry flag is clear, it is an indication that the Y value is greater than the X
value.

Lines 800—920: These lines perform a simple multiplication by two on the
value pointed to by the X register. The only complication is the necessity to
ensure that the sign bit is not lost when it is rotated into the carry flag.

Testing
These routines cannot be effectively tested until the subsequent sections
have been entered.

Part 2. Window test
The purpose of this routine is to act as an ‘interface’ between the line and
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circle routines which follow and the HPLOT routine which you have
already entered. The line drawing routines provide the coordinates for the
plotting of individual points and this routine sets up the variables necessary
for HPLOT, testing that the point to be plotted falls within the screen.
Since the routine is intended only to interface with the machine code
commands, no attempt has been made to simulate it in BASIC.

Window — assembly language listing

ADD. DATA SOURCE CODE

B6 16 PRT

o6 26 ORG $C91D
ce1D 38 SYM

C?1D 96 TEMP = %14
c?1D 186 AVAR = $6B
C?1D 118 BVAR = $6F
C91D 128 XHI = $4B
C91D 138 XLO = $4D
C?1D 146 YHI = $4F
C?1D 156 YLO = %51
C?1D 166 MODE = $62
C?1D 178 TEST = $C961
C?1D 186 MOVE = $CBEZ2
C?1D 196 DOHIAT = $C848
C?1iD 206 DOHPLT = $C8B76
ce1D 236 L066

C91D ABG3 240 LDY #3

C?1F A966 250 LDA #@

co21 260 L061

C921 466C 278 LSR AVAR+1
C923 b666B 286 ROR AVAR

C?25 6A 296 ROR A

cCo26 88 388 DEY

C?27 DG@F8 318 BNE LGG1

C?29 4A 320 LSR A

C92A 4A 336 LSR A

C?2B 4A 348 LSR A

C?2C 4A 350 LSR A

C?2D 4A 368 LSR A

C?2E 48 3768 PHA

C92F AS6B 386 LDA AVAR

C?31 48 39@ PHA

Co32 A214 408 LDX #TEMP
C934 ABGLF 416 LDY #BVAR

C936 2BE2CS8 426 JSR MOVE
C?39 4C48cC8 430 JMP DOHIAT

co3C 468 WINDOW
C?3C A26B 47® LDX #AVAR
C93E ABGA4B 480 LDY #XHI
C?48 2881C9 49@ JSR TEST
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C?94= BO26G 56@ BCS LBA2
C45 ABAD 916 LDY #XLO
C247 208601C9 528 JSR TEST
C?4A 9819 536 BCC LGGA2
C4C A26F 540 LDX #BVAR
CQ4E AOGAF 956 LDY #YHI
CcoSa 2001C9 568 JSR TEST
C9S3 EQ16 5768 BCS LGA2
C955 ABS1 586 LDY #YLO
C957 2001C9 5998 JSR TEST
C95A 9069 606 BCC LL0OZ2
C9sC 281DC9 628 JSR LACA
C95SF AS82 638 LDA MODE
Co61 48 648 PHA

C?62 A4C76C8B &S50 JIMP DOHFLT
C65 668 LBGA2

C6S 6O 6768 RTS

Co&6 6£8@ END

TOTAL ERRORS IN FILE —— @
TEMP 14
AVAR 6B
BVAR 6F
XHI 4B

XLO 4D

YHI 4F
YLO 91
MODE @2
TEST co61
MOVE CBE2
DOHIAT c848
DOHPLT c876
LOGA C1D
LOB1 Cco21
WINDOW C3C
LAA2 C65

TOTAL NUMBER OF SYMBOLS ——— 16
Machine code

ADD DATA CHECESUM

C91D AD B3 A7 BB@ 46 6C &6 6B b6AF7
C?25 6A 88 DO FB8 4A 4A 4A 4A 84D6
C?2D 4A 48 AS 6B 48 A2 14 AG S7E@
C935 &F 208 E2 C8 4C 48 C8 A2 &6DF2
C93ID 4B AD 4B 2@ @01 C9 BO 20 6D8C
C?45 AG 4D 20 @1 C9 98 19 A2 70AC
C?4D 6F AD 4F 20 @1 C? BD 18 &FFC
C?55 AB S1 20 61 C? 96 B9 206 716A
C95D 1D C? AS @2 48 4C 76 C8 SAA4
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C965 60 2666

Commentary

Lines 230—430: These lines set up the variables necessary for the execution
of the high resolution plot of a single pixel.

Lines 460—600: These are the lines which test to see if the pixel to be plotted
falls within the window designated by the next routine. If not, rather than
generate an error, the plot instruction would be ignored.

Lines 620—650: At this point the position must be a valid one so a jump is
made to the HPLOT routine, with program execution returning from
HPLOT to the line drawing routine.

Testing

This routine is necessary for the execution of what follows but cannot be
tested effectively at this stage.

Part 3. The line drawing algorithm (LINE PLOTTING)

There are many methods of calculation, or algorithms, available to aid in
the plotting of a straight line between two points. Of these perhaps the
most widely known and used in microcomputers is ‘Bresenham’s algo-
rithm’. The basis of this method is to plot a line which has a tendency to be
straight along whichever axis, vertical or horizontal, expresses the greatest
distance between the start and finish points for the line. As this line is
plotted, however, a record is kept of the amount by which the line deviates
from the correct position along the other axis. Whenever the deviation
amounts to one unit, or pixel, the next pixel moves not only one position
along the longest axis but also one pixel along the subsidiary axis.

Suppose that we wished to draw a line from position 0,0, the top left-
hand corner of the screen, to position 10,1, a position one pixel down from
the top and 10 pixels to the right. The first thing to do is to identify which
axis has the greater movement and it is clearly the one where the line must
move from zero to ten. We therefore set two variables, X1 and X2, equal to
the start and finish points on this axis. Note that, for the purposes of this
line drawing routine, the axis along which there is the greatest movement
will always be called the X axis, regardless of whether it moves across the
screen or up and down.

We now have two values set:

X1=0
X2=10
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The two remaining coordinates are now saved in Y1 and Y2:

Y1=0
Y2=1

The two ends of line are now defined as X1,Y1 and X2,Y2. We now need
two more variables to represent the difference between the ends of the line
on both axes, and we shall call these DX and DY:

DX=X2-X1=10
DY=Y2-Y1=1

We begin the process of plotting the line by setting one more variable, E,
which will be called the ‘error term’, equal to DX times — 1, so that:

E=-DX=-10

We can now get down to plotting pixels. The first one to be plotted is at
X1,Y1, the beginning of the line. In fact, we take a temporary copy of X1
and Y1 into two more variables X and Y, since later we are going to have to
change the values and we do not wish to play around with the record of the
start position of the line.

Having plotted the pixel we now add to the error term, E, twice the
difference between Y1 and Y2, asrecorded in DY. Having done this we test
to see whether E is now greater than zero. In this case E started off as — 10
and has had two added, so it has not reached zero. We now add one to the X
coordinate but, because E failed the test, do nothing to the Y coordinate.

X is now equal to one and Y is equal to zero and we now plot that pixel.
The process is repeated five times in all, with the following pixels being
plotted:

0,0
1,0
2,0
3,0
4,0
5,0

At this point, E, which has had two added to it six times, has become greater
than zero. This is a sign that we need to move along the Y axis since what E
actually records is how far we have deviated from the correct position on
the Y axis if we were drawing a true straight line. Y is now increased by one,
so that the next pixel to be plotted will be 6,1. E has twice DX subtracted
from it and thus returns to — 8.

The remaining pixels are plotted at:

7,1
8,1
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9,1
10,1

without E ever exceeding zero. By comparing differences we have arrived
at the correct position on both axes. Not only that, by adding ¢wice the
difference on the Y axis to the error term each time, we have even ensured
that the one pixel change in the Y axis takes place in the middle of the line
rather than at the end, so that the line looks more natural.

This straightforward method can be adapted to cover all circumstances
for straight lines. For instance, the method we have just worked through is
designed for lines which move positively along the X axis. For a line whose
longest axis moves in a negative direction the simple solution is to swap the
ends before drawing it. If the Y axis moves negatively, all that needs to be
doneisto subtract one, rather than add, every time the error term E exceeds

ZEero.
The only really tricky manouevre is when the longest axis is the vertical

one rather than the horizontal. Even so, it is easy enough to record the fact
and remember that what is being calculated is not the position across and
then the position down but, rather, the other way around. When it comes
to actually plotting the position on the screen, it will be necessary only to
swap the two coordinates.

The actual routines for line plotting are the most complex you will come
across in this book, involving, as they do, a variety of calculations of a
fairly complex nature. For that reason we will depart from the normal
format of the rest of the book, and in this section enter and test the BASIC
version. To speed up the execution of the BASIC routine, it is assumed that
you will be using it with the high resolution machine code routines in the
memory rather than the BASIC example routines entered so far. You can,
if you wish, quite easily alter the BASIC program given here so that it will
mesh with the BASIC routines given before. The result, however, will be
slow and unlikely to be satisfactory.

Line Plotting — BASIC listing

1 GOTO 3

2 SAVE"@@:LINE DRAW" .8 : VERIFY "@:LINE
DRAW" ,8 = STOP

3 REM

1@ REM ROUTINE TO DRAW STRAIGHT LINES
20 POKES6,12:CLR

36 COLOUR=3@72

4@ BITMAP=8192

56 SYS (51844) BITMAP,COLOUR

78 SYS 51003

86 SYS 51116

9@ GOSUB 2060

176 SYS S@944
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188 END

1608 REM DRAW STRAIGHT LINE

1816 SWAPED = @

1828 DX = ABS(X2-X1) : DY = ABS(YZ-Y1)
1638 IF DY>DX THEN SWAPED=—1 : T=X2:X2=Y

2:Y¥2=T:T=Y1:Y1=X1:X1=T : GOTO1620

1640 X=X1 : Y=Yl

1@85@ IF X2<X1 THEN X1=X2:X2=X:Y1=Y2:Y2=Y
: GOTO 1640

1868 YS = SGN(Y2-Y1)

1878 E = -DX

18868 FOR X = X1 TO X2

1698 A = X : B =Y

1188 IF SWAPED THEN B = X : A = Y

1118 IF A<K328 AND A>=0 AND B<199 AND B>=

@ THEN SYS (51384) B,A,B

1128 E = E+2%DY

1136 IF E>@ THEN Y = Y+Y§5 : E = E-2#DX
11480 NEXT

1156 RETURN

2080 REM TEST LINE DRAW

2016 FOR I1 = 1@ TO 31@ STEF 388

2020 FOR I2 = 10 TO 19@ STEP 25

2025 X2 = I1 = Y2 12

2630 X1 = 166 = Y1 106

20460 GOSUB 16066

2850 NEXT I2,I1

20860 GET T = IF T$="" THEN 20606

28676 RETURN

Commentary

Lines 26—180: These lines set up and clear the high resolution screen using
HSCREEN, HIRES and HCLEAR, then call up the line-drawing test part
of the program, finally restoring the screen to low resolution.

Lines 1600—1150: The line-drawing algorithm, which will be commented
upon in sections.

Lines 1010—1030: The routine will always work on the assumption that the
greatest degree of movement for the line will be along the X axis. This does
not mean that the movement will always be across the screen in the way we
would normally define the X axis, but simply that the names of the coordi-
nates will be swapped in order to ensure that the difference between X1 and
X2 is always greater than or equal to the difference between Y1 and Y2.

Lines 1040—1050: The routine is designed to work with lines which travel in
a positive direction in terms of the X axis. If a line is defined which travels
backwards, the ends are simply swapped.

94



Chapter3 High Resolution Commands

Line 1070: ‘E’ is the error term which will be used to determine whether the
line being drawn has deviated enough from the correct course along the Y
axis to justify moving one pixel along the Y axis. It is originally set to the
difference between the two X coordinates.

Line 1080: The line drawing loop will plot as many pixels as there are posi-
tions along the X axis.

Lines 1090—1110: These lines use the HPLOT routine to plot the specified
pixel on the screen. The coordinates may need to be swapped for plotting if
the line drawing routine has already swapped the X and Y axes for the
purposes of calculation.

Lines 1120—1130: The testing of the error term to see whether a move along
the Y axis is needed yet.

Lines 2000—2050: This part of the program conducts the overall test by
defining a series of lines which form a star on the screen and by calling the
line drawing routine to execute each one.

Testing

Simply RUN the program. You should see the high resolution screen set up
and series lines drawn which form a star with its centre roughly in the
middle of the screen.

Line Plotting — assembly language listing

Having tested the algorithm for line drawing in BASIC, we can now look at
the machine code. The method corresponds exactly to what you have just
seen and, as far as possible, the variables used have the same names.

ADD. DATA SOURCE CODE

1% 18 PRT

60 26 ORG $C966
Co66 36 SYM

C66 78 TEMP = $14
Co66 88 XHI = $4B
C66 9@ XLO = $4D
Co66 196 YHI = $4F
Co66 1186 YLO = $51
C66 126 MODE = $@2
C66 138 SWAPED = #$53
Co66 14@ DX = $5F
Co66 156 DY = $61
Co66 168 X1 = $63
Co66 178 X2 = $65
Co66 186 Y1 = $67
Co66 196 Y2 = $69
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Co66
Co66
Co66
Co66
Co66
Co66
Co66
Co66
Co66
Co66
Co66
C66
Co66
C66
Co66
Co66
Co66
Co69
C?6B
C?6D
Co6F
co72
ce72
C975
co78
c978
C97A
co7C
C97E
cCo86
co82
co84
co86
co88
Co8A
co8c
C98E
c99a
C991

C991

Co94
C997
c999
C99B
C99E
CoAB
C9A2
C9A3
C9AS
CoA6
CoA9
CoAC
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2006CH
C983
BOBGS
8502
4CFDAE

2@B9CA
4C48B2

A706
854D
854E
8551
8552
8550
A9C8
854F
A48
854B
A7@81
854C
68

2006CH
2078C9
A214
ABG4B
2001C9
B@AD2
AS15
48
AS14
48
2BFDAE
2086CH
cocs

200
210
220
230
240
250
260
278
280
290
300
310
320
330
340
376
386
390
400
410
420
4409
458
460
496
560
510
526
538
546
556
568
570
580
590
600
610
620
660
&70
680
698
7086
710
726
730
748
750
760
778
780
790

AVAR
BVAR

E
ABS

NEGATE

ADD

MINUS
MOVE
SWAP
TEST
TIMES2
WINDOW
GETWRD
GETBYT
COMMA

$6B

$6F

$6D

$C8BG
$C8B4
$C8cz2
$C8D2
$C8E2
$CBED
$C9681
$C90E
$C?3C
$Co00
$COB6
$AEFD

GETMOD

JSR
CHMP
BCS
STA
JMP

GETBYT
#3
IQERR
MODE
COMMA

IQERR

JSR
JMP

Laa7
$£B248

SETWIN

LDA
STA
STA
STA
STA
STA
LDA
STA
LDA
STA
LDA
STA
RTS

#0
XLO
XLO+1
YLO
YLO+1
YHI+1
#200
YHI
#64
XHI
#1
XHI+1

GETXY2

JSR
JSR
LDX
LDY
JSR
BCS
LDA
PHA
LDA
PHA
JSR
JSR
CMP

GETWRD
SETWIN
#$14
#XHI
TEST
IQERR
$15

%14
COMMA

GETBYT
#200



CPAE
C9BG
cCo9B2
CoB4
C9B7
C9EB8
Co9BA
C?BB
C9BD
C9BE
C9BE
CceC1
CoC3
CoCS
coC8
coCca
Cc9CcC
C9CF
C9CF
CeD2
C9D5S
coD8
C9DA
C9DB
CeDD
C9DE
C9ESA
C?E1
CPE3
C?E4
C9E7
C?ES8
C9EA
C?EB
C?ED
C9EE
CoFa@
CoF1
C9F3
CoFé6
C9F 6
CoF8
C9FA
CoFA
C9FC
C9FE
cAa1
CA@3
CAB6
CAB?
CAGB

B@GC2
A269
AB14
20E2C8
48
8565
68
8566
&0

2@091C9
A263
ABLS
20E2C8
AZ67
ABL?
4CE2C8

2066C9
28BEC?
2B6FDAE
ASL3
48
AS64
48
ASE7
48
AS68
48
2691C9
68
8568
48
8567
&8
8564
&8
8563
2878C2

AP66
8553

ARSF
AB6LS
206E2C8B
AB63
2ep2Cc8
28BaC8
A261
ABGL?

860
816
826
830
840
850
866
876
88a
710
928
930
940
956
6@
978
986
1610
1826
1630
1846
1856
16606
1878
1686
1896
1100
1119
1126
1138
1140
1158
1166
1178
1186
1198
1200
1218
1226
1240
1250
1268
1278
1290
1380
1310
13260
1336
1348
1350
1360
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BCS IGERR
LDX #Y2
LDY ##14
JSR MOVE
PLA

STA X2
PLA

STA X2+1
RTS

GETXY1

JSR GETXY2
LDX #X1
LDY #X2
JSR MOVE
LDX #Y1
LDY #Y2
JMP MOVE
LINE

JSR GETMOD
JSR GETXY1
JSR COMMA
LDA X1

PHA

LDA X1+1
PHA

LDA Y1

PHA

LDA Yi+1
PHA

JSR GETXY2
PLA

STA Yi+1
PLA

STA Y1

PLA

STA X1+1
PLA

STA X1

JSR SETWIN
DOL INE
LDA #8
STA SWAPED
LO6a

LDX #DX
LDY #X2
JSR MOVE
LDY #X1
JSR MINUS
JSR ABS
LDX #DY
LDY #Y2
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CABD 2BEZ2CSB 1378 JSR MOVE
CAlB ABL7 1386 LDY #vY1
CAl12 268D2CS8 1398 JSR MINUS
CAl1S 2@éBacs 146@ JSR ABS

CA1l8 ABSF 1426 LDY #DX
CAlA 2081C9 143@ JSR TEST
CA1D 9817 1446 BCC L@61
CAlF F@15 1456 BEQ LOG1
CA21 A9FF 1478 LDA #3$FF
CA2Z 8353 1488 STA SWAPED
CA25 265 14980 LDX #X2
CA27 AB&L? 1508 LDY #Y2
CAZ29 26GEDCS 1518 JSR SWAFP
CA2C A263 152@ LDX #X1
CAZE ABs7 1538 LDY #Y1

CAZG 20EDCS 1548 JSR SWAF
CA33X ACFAC? 1556 JMP LO6A

CA36 1579 LGA1
CA36 A26S 1580 LDX #X2
CA3Z8 ABL3 1598 LDY #X1
CA3A 2081C9 1688 JSR TEST
CA3ZD EBAGA 161@ BCS LB6G2
CA3ZF 28EDCS 1638 JSR SWAF
CA42 A267 1648 LDX #Y1
CA44 AB6? 1656 LDY #Y2
CA46 28EDCS 1668 JSR SWAP
CA49 1680 L8622
CA49 A26D 1698 LDX #E
CA4B ABGSF 1788 LDY #DX

CA4D 20E2CS8 1718 JSR MOVE
CAS6G 26BB4CS 1728 JSR NEGATE

CAS3 A269 1746 LDX #Y2
CASS A7 1758 LDY #Y1
CAS7 2@GD2C8 1768 JSR MINUS
CASA A261 1788 LDX #DY
CASC 2@89EC? 1798 JSR TIMES2
CASF A25F 1806 LDX #DX
CA&61 208ECY? 18168 JSR TIMES2
CAbL4 1838 LOOFP

CAbL4 A26B 1858 LDX #AVAR
CALL ABL3 1868 LDY #X1
CA&LB8 28E2CS8 18768 JSR MOVE
CA6B AZ26F 1888 LDX #BVAR
CALD ABL7 1896 LDY #Y1
CA&F 206E2CSB 1988 JSR MOVE
CA72 2453 1928 BIT SWAPED
CA74 1605 1936 BPL LG
CA76 AB6B 1956 LDY #AVAR
CA78 2BEDCS 1968 JSR SWAF
CA7B 1986 LBG3

CA7B 263CC9 1998 JSR WINDOW
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CA7E A26D 26160 LDX #E
CABB ABS61 2028 LDY #DY
CAB2 2@c2cCs 2038 JSR ADD
CABS AS6E 2058 LDA E+1
CAg7 3821 2066 BMI L@G@AS
CAB? 856D 2076 ORA E
cCA8BB F@G1D 2080 BER L@AS
CABD A9FF 2188 LDA #3$FF
CABF 8514 2110 STA TEMP
CA?1 8515 21268 STA TEMP+1
CA?3 246A 2148 BIT Y2+1
CA?S 1885 2150 BPL LG64
CA97 A214 2160 LDX #TEMP
CA99 28B4CSB 2178 JSR NEGATE
CA9C 2190 L6G4
CA9C A267 2266 LDX #Y1
CA9E AB14 2218 LDY #TEMP
CRABG 26D2C8 2228 JSR MINUS
CAA3 A26D 2246 LDX #E
CAAS ABGSF 2258 LDY #DX
CAA7 2@D2C8B 2268 JSR MINUS
CAAA 2286 L6AS
CAAA Eb663 2296 INC X1
CAAC DBAB2 2360 BNE L@@6
-CARE E664 2318 INC X1+1
CAB3 23206 LBG6
CABB A265 2338 LDX #X2
CAB2 ABL3 2346 LDY #X1
CAB4 20@1C9 2358 JSR TEST
CAB7 BBAB 2368 BCS LOOFP
CAB9 23860 LBaG7
CAB? A225 23980 LDX #%$25
CABEB A906 2400 LDA #+$08
CABD 2416 L 668
CABD 954B 2428 STA $4B.X
CABF CA 2438 DEX
CAC@ 1@FB 2440 BPL L968
CAC2 A?4C 24568 LDA #%$4C
CAC4 8554 2468 STA $54
CAC6 68 247@ RTS
CAC7 248@ END

TOTAL ERRORS IN FILE —— @
TEMP 14

XHI 4B

XLO 4D
YHI 4F
YLO 51
MODE 62
SWAPED 53
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DX SF
DY 61
X1 63
X2 65
Y1 &7
Y2 69
AVAR 6B
BVAR &F
E &D
ABS C8Ba
NEGATE CB8B4
ADD c8cz
MINUS c8D2
MOVE CBE2
SWAF CBED
TEST coa1
TIMESZ2 C968E
WINDOW C3C
GETWRD Ccana
GETBYT Caas
COMMA AEFD
GETMOD C66
IQRERR ce72
SETWIN ce78
GETXY2 co91
GETXY1 C9BE
LINE C9CF
DOL INE C9F 6
LO0a C9FA
LBA1 CA36
L@BA2 CA49
LoorP CA&L4
LBG3 CA7B
L@a4q CA9C
LBaS CAAA
L@AAas CABG
L@G7 CAB9
LBaa8s CABD
TOTAL NUMBER OF SYMBOLS ——— 45
Machine code
ADD DATA
CPe6 20 0B6 CB C? B3 BO BS B8S
C96E @2 4C FD AE 26 B? CA 4C
C?76 48 B2 A9 @@ 85 4D 85 4E
C7E 835 S1 85 52 85 S@ A9 C8
C986 85 4F A9 4G 85 4B A9 @1
C98E 85 4C 40 20 86 CA 208 78
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C?96 C9 AZ 14 MG 4B 20 @1 C9 D22
C?9E B@G D2 AS 15 48 AS 14 48 A7B4
C?A& 20 FD AE 20 B6 CB C? C8 6CBA
CPAE B@A CZ2 A2 69 AB 14 28 E2 A?C2
CIB& CB 68 BS 65 68 85 66 66 9BR7G
CPBE 206 91 C? A2 63 AB 65 20 SEB®2
C9C& EZ2 CB A2 67 AB 69 4C EZ2 C5CE
CoCE C8B 28 66 C9 28 BE C9 20 8AFA
C?D&6 FD AE AS 63 48 AS 64 48 CAB4
C9DE AS 67 48 AS 68 48 26 91 84C1
COE&L C29 68 B85S 68 68 8BS 67 68 C2A
CPEE 85 64 68 85 63 20 78 C9 7621
COF6 A% BB 85 53 AZ SF AB 65 7281
CoFE 28 E2 C8B ABA 63 26 D2 C8 7184
CABL 20 BB C8B AZ 61 ABD 69 26 659A
CABE E2 C8 ABA &7 20 D2 C8 26 368
CAlé BB CB AB SF 28 B1 C? 90 A716
CAIE 17 F@® 15 A9 FF 85 53 A2 L6604
CAZ6 65 ABD 69 20 ED C8B A2 63 75CF
CA2E AB 67 26 ED C8 4C FA C9 86BD
CAZ6 A2 65 AB 63 28 81 C? BB 87B6
CAZE @A 2@ ED C8 A2 &7 AB 69 3F7S
CA46 20 ED CB A2 6D AB SF 20 7526
CA4E E2 C8 20 B4 C8B A2 69 AG BC7A
CAS6 67 20 D2 C8 A2 61 20 BE 6922
CASE C9 AZ SF 28 BE C9 A2 6B AB23
CAbGL AD 63 2B EZ CB A2 6F AG 8526
CAGE &7 260 E2 C8 24 53 1@ B85 66D1
CA76 AD 6B 26 ED CB 208 3C C9 8591
CA7E A2 6D AG 61 28 C2 CB AS 8C8D
CAB6 &LE 38 21 @S 6D FB 1D A9 4F7R
CABE FF 85 14 85 15 24 6A 10 ADAC
CA?6 @S A2 14 28 B4 CB A2 67 39EB
CA9E ABG 14 20 D2 C8 A2 6D AG 7862
CAA6 OSF 26 D2 C8B E6 63 DB B2 689E
CAARE E6 64 A2 65 AB 6= 26 61 ADSD
CAB& C? BO AB A2 25 A? BB 95 B461
CABE 4B CA 1@ FB A% 4C 85 5S4 7186
CAC6 &8 AB6D

Commentary

Limes 70—220: These are the locations for the variables that will be used by
the routine, representing spare addresses in the zero page of memory. To
the variables used by the BASIC routine are added TEMP, which will be a
temporary variable used at certain points, and MODE, which will allow the
line to be drawn or erased, as with an individual pixel earlier. As described
in the previous routine, we also need parameters for the size of the screen,
the variables to define this being HXI, XLO, YHI and YLO.
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Lines 370—420: A subroutine to obtain the MODE parameter and test that
it is in the range 0—2.

Lines 490—620: Subroutine to set the size of the screen window to 320
across by 200 down. Any lines which fall within this window will be passed
by the previous window test routine.

Lines 660—880: A subroutine to pick up the coordinates of the end point
of the line. The Y coordinate is tested against the limit of 0—199, since this
never changes. The X coordinate is passed to the window test routine, since
the width of the window may vary according to whether we are in multi-
colour mode or not. If either coordinate is off the screen, an ILLEGAL
QUANTITY error is generated.

Lines 910—980: A subroutine to perform the same check for the X1and Y1
coordinates.

Lines 1000—1220: The main line drawing routine starts here. The previous
subroutines are called upon to pick up the coordinates and the MODE. The
resulting parameters are returned as numbers stored on the stack. They are
pulled off the stack by these lines and placed into the locations specified in
the table at the beginning of the routine.

Lines 1250—1260: The variable SWAPED, which indicates whether what
would normally be horizontal and vertical have been exchanged for the
purposes of calculation, is set to zero.

Lines 1290—1340: These lines perform the equivalent of the BASIC

instruction (used in the previous BASIC line drawing routine) DX = ABS
X2-X1)

Lines 1350—1400: Equivalent to the BASIC instruction DY = ABS
(Y2-Y1)

Lines 1420—1450: Equivalent to the BASIC line IF DX< = DY THEN. ..

Lines 1470—1480: Set SWAPED to — 1, or $FF, since in 16-bit two’s com-
plement format, — 1 = $FFFF.

Lines 1490—1540: Swap X1/Y1 and X2/Y2 using the previously entered
subroutines.

Lines 1580—1610: Equivalent to IF X1> X2 THEN GOTO L002.

Line 1630: Swap X1 and X2 only.
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Lines 1640—1660: Swap Y1 and Y2 only.
Lines 1690—1720: Equivalent to E= — DX.

Lines 1740—1760: Equivalent to Y2=Y2 — Y1. Note that this is not in the
original BASIC program. There is nothing subtle about this command — it
is simply that there are not that many storage locations available in the
early pages of the memory when we are working with machine code and
BASIC. Since the variable Y2 is not going to be used for anything again,
the place where it was stored is now a convenient location to store the sign
of Y2—Y1, or YS asit is called in the BASIC program. All that happens is
that the two-byte address previously holding the value Y2 will be loaded
with the result of Y2 —Y1. The fifteenth, or sign bit, will be a convenient
indicator of the value of YS, being set if YSis — 1 and reset if YSis 1.

Lines 1780—1810: From now on, it will not be DX and DY which are
required but 2*DX and 2*DY. These lines perform the multiplication in
advance.

Lines 1850—1900: Equivalentto A=X1:B=Y1

Lines 1920—1930: Equivalent to IF SWAPED> 128 THEN GOTO L003.
Remember that SWAPED will be either 255 or zero according to whether
the X and Y coordinate have been swapped or not.

Lines 1950—1960: These lines swap the values in A and B if necessary.
Line 1990: Calls WINDOW to test and plot the point in question.

Lines 2010—2030: Equivalent to E=E + 2*DY.
Limnes 2050—2080: Equivalent to IF E< =0 THEN GOTO L00s.

Lines 2100—2120: In BASIC it is a simple matter to add to Y the value of
the sign of Y2—Y1. All we need to do is to use YS=SGN(Y2-Y1) and
later add YS. There is no such neat equivalent in machine code. To perform
the same operation it is simpler to add together two 16-bit numbers, even if
one of them (called TEMP in this case) is only going to be plus or minus
one. These two lines place the value — 1 into TEMP.

Lines 2140—2170: The contents of the sign bit of Y2 (we are using this to

store the result of Y1 — Y2 now) are transferred to the negative flag. The
negative flag is now tested and, if positive, a jump is made around the two

lines which send TEMP to the negate routine entered earlier, where it will
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have its sign changed.

Lines 2200—2220: Equivalentto Y1=Y1+YS.
Lines 2240—2260: Equivalent to E=E — 2*DX.

Lines 2290—2360: Equivalent to NEXT X, but notice that to reduce the
number of variables we do not bother with a new variable X, we simply use
X1 as the loop variable. Equally we could have had a loop FOR X1 =Xl
TO X2 in the BASIC program.

Lines 2390—-2460: These lines play no part in the actual line drawing. They
are needed because this routine has used up so many of the spare locations
available for storage when BASIC is running, that we are actually using
some locations which will be needed by the BASIC interpreter when our
machine code routine returns control to the 64’s ROM. These have to be
tidied up.

Testing

Take the BASIC line drawing program that you entered earlier and alter it
so that the whole section from line 1010 to line 1140 is replaced with:

1010 SYS (51663) 2,X1,Y1,X2,Y2
and lines 2010 and 2020 to:

2010 FORI1=10TO 310 STEP 20
2020 FOR 12=10TO 190 STEP 20

The result should be a far more complex star pattern which would have
taken the earlier program an eternity to print. Do not worry if some of the
lines appear to have gaps in them — they are being drawn in inverse mode
and they erase each other where they brush.

Syntax
The syntax for LINE is:

SYS (51663) { MODE} , { START POSITION X} , { START
POSITION Y} ,{ END POSITION X} , { END POSITION Y}

MODE is defined as for the PLOT routine. X must be in the range 0—-319
and Y in the range 0—199.

8. HIGH RESOLUTION CIRCLES (CIRCLE)

Having seen the complexity of the line drawing commands, you may not be
surprised to discover that a command to draw a circle is also a relatively

104



Chapter3 High Resolution Commands

complex one. The similarities between the two routines are great, but in the
case of drawing a circle the arithmetic required is more complex and, in
addition, needs to be considerably more accurate. For that reason, the
following routine includes extra routines not merely for 16-bit arithmetic,
which we have already entered, but for 15 bit-signed arithmetic including
provision for 16-bit binary fractions.

The method used to draw a circle works on the basis that the differential
of acircleis — X/Y. What this means is that if we set out to plot the points
around the circle’s circumference we will find that the X and Y coordinates
of the next point to be plotted can be approximately determined in the
following way:

X(next) = X(present) + Y(present)*E
Y (next) = Y(present) — X(next)*E

The mysterious ‘E’ here is simply a very small number, and the method
assumes that the centre of the circle is at position zero on both the X and Y
axes.

If it is not obvious to you why such a simple method should produce a
circle, consider the following example. We are attempting to draw a circle
with a radius of 50 pixels, ie one that will be 100 pixels across. We begin
plotting at a point 50 pixels below the centre point or origin, one of four
points that we know with certainty will be present in the finished circle, and
the plotting of the points on the circle will proceed anticlockwise. The
coordinates of this start point are therefore zero on the X axis, since the
point is neither to the right nor the left of the origin, and 50 on the Y axis,
since we number from the top of the screen downwards.

To plot the next point we use the two expressions above:

X coordinate = 0+ 50*E
Y coordinate = 50 — (S0*E)*E

The size of E is not important here, except insofar as the smaller it is, the
more accurate the circle (and the longer it will take to draw). What has
happened is that the next pixel position has been defined as being to the
right of the first by a small amount and down by an even smaller.one. This
is exactly what we would expect at the bottom of a circle, where the slope is
almost flat. Note, however, that even though the change is small the X
coordinate is no longer zero. When the next point is plotted, we shall find
that Y is decreased by a little more and X increased by a little less, so that
the slope upwards increases a little. As we continue plotting points, we
shall find that the changes in Y each time will increase and the changes in X
decrease until there comes a time when one point is plotted directly above
the last, ie the change in X is effectively zero.

If we check the position reached against the origin of the circle, we will
find that we have approximately reached a point where:
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X =50
Y=0

and have drawn one quarter of the circle. When we come to plot the next
point we shall find that:

X coordinate = 50+ 0*E
Y coordinate = 0+ (50*E)

In other words, Y is moving a great deal more than X, so the line proceeds
straight up, which is what we would expect at this point. As we continue to
plot points, we will find that X will begin to decrease as Y moves in a
negative direction (above the origin), so the line will begin to curve to the
right towards the top of the circle.

We could follow the process all the way round, but you should now have
an idea why this simple method will produce an approximation of a circle.
Note that it is only an approximation. When the line was at the bottom of
the circle it moved to the right and (50*E)*E upwards. When the line was at
the far righthand edge of the circle, it moved up and had no inward curve at
all at that point. Though the differences are minute, they do add up, and
what will be drawn by this method is actually an ellipse, or a circle slightly
squashed at the sides. This will be quite noticeable if the radius of the circle
is over 50 pixels on the screen and so one extra provision is made before the
points of the circle are plotted. This is to multiply one coordinate by 1 + E
and the other by 1 —E (depending on which way the circle needs to be
‘squashed’), values which differ so little from 1 that all they do is to correct
the slight tendency for the circle to become an ellipse.

Circle — BASIC listing

1 GOTO 3

2 SAVE "@@:CIRCLE DRAW".8 : VERIFY "CIRC
LE DRAW",8 : STOP

3 REM

18 POKE S56.12 : CLR

20 BITMAP = 8192

3@ COLOUR = 3B872

4@ SYS (51@44) BITMAP,COLOUR
78 SYS 510083

8@ SYS S1116

9@ GOSUB 2000

17@ SYS S@8944

180 END

1@0@0@ REM DRAW CIRCLE

1016 X1 =@ : Y1 =R

1620 E = 0.5
1638 E = E*2 : IF E<R THEN 1838
1846 E = E*4

116@ FOR T = 1 TO E#7
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1110 A = X+X1#(1-1/E)

1111 B = Y+Y1%(1+1/E)

1115 IF A>319 OR A<B OR B»199 OR B<B THE
N 1136

112@ SYS (51384) B,A,B

1138 X1 = X1+Y1/E

1148 Y1 = Y1-X1/E

1158 NEXT T

1168 RETURN

2060 REM TEST CIRCLE DRAW

2018 X = 1468 : Y = 100

2026 FOR R = 16 TO 138 STEP 4@
2638 GOSUB 1000

2048 NEXT R

2060 GET T$ : IF T$="" THEN 2060
2070 RETURN

ton

Commentary
Lines 10—180: As in line drawing program.

Lines 1000—1160: The routine to plot the points of a circle. To work, it
must be supplied with the X and Y coordinates of the origin of the circle
and the radius. The first point does not need calculation since it can be
defined from the centre coordinates and the radius, but the process of
multiplying by 1 + E and 1 — E is carried out before plotting. In this case, E
is set to at least four times the radius of the circle in pixels and then 1/E
used for calculations. This multiplication by four ensures that there will be
enough points plotted so that the circle will always appear as a solid line.

Lines 2000—2070: The control routine. This defines a series of five circles
of increasing radius based on a common origin.

Testing

Lines 2000—2070 are intended to make the program self-testing. Once
again, the BASIC program is designed, based on the assumption that it will
be RUN with the previous high resolution commands resident in the
memory. If the routine is correct it will draw four concentric circles.

Circle — assembly language listing

ADD. DATA SOURCE CODE

(1} 18 PRT

@0 26 ORG $CAC7
CAC7 38 SYM

CAC7 86 TEMP = $5E
CAC7 96 X1 = $56
CAC7 188 X2 = $63
CAC7 116 Y1 = $5A
CAC7 1286 Y2 = $67
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CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC7
CAC?
CAC?
CACB
CACC
CACE
CADBA
CAD2
CAD4
CADS
CAD7
CAD8
CADS
CADB
CADC
CADD
CADE
CADF
CAE2
CAE2
CAE3
CAE4
CAES
CAES6
CAE7
CAE7
CAEA
CAEB
CAEC
CAED
CAEE
CAF1
CAF4
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BS@3
BA
7663
7682
7681
7686
88
DAF2
60

20E2C8
EB
ES
c8
cse
20E2C8

CA
CA
88
88
60

2@0c2cs
EB
E8
c8
c8
20C3C8
4CE2CA

136
140
158
166
176
186
198
206
216
220
238
2486
2568
266
276
280
296
346
356
368
386
396
4800
416
426
436G
440
456
466
499
566
516
520
536
540
556
560
570
586
596
600
616
648
658
&68
&78
&80
696
788
716
748

AVAR

BVAR
E
T

COUNT
NEGATE

ADD

MINU
MOVE
TEST

TIMES2

WIND

COMMA

GETM
EXIT
GETW
GETX
DDIV

S

oW

0D

RD
Y2

$6B
$6F
$6D
%14
$53
$C8B4
$C8C2
$C8D2
$CBE2
$C961
$C90E
$C93C
$AEFD
$C66
$CAB9
$C0O05
$C9921

LDY COUNT

L 866
LDA
ASL
ROR
ROR
ROR
ROR
DEY
BNE
RTS

3. X

A

3.
2.
1.
a.

> X X X

LOGO

DMOVE

JSR
INX
INX
INY
INY

MOVE

JSR MOVE
LEAVE

DEX
DEX
DEY
DEY
RTS
DADD
JSR
INX
INX
INY
INY

ADD

JSR ADD+1
JMP LEAVE
DMINUS
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CAF4 28D2C8 758 JSR MINUS
CAF7 EB 760 INX

CAF8 EB 778 INX

CAF? C8 7868 INY

CAFA CB 796 INY

CAFB 2@D3C8 860 JSR MINUS+1
CAFE A4CEZ2CA 818 JMP LEAVE
CB61 846 DNEG

CB6A1 26GB4CS 856 JSR NEGATE
CB@4 ES8 8668 INX

CBGS ES8 87@ INX

CB@s6 C8 886 INY

CBa7 C8 896 INY

CBG8 26B5CH 988 JSR NEGATE+1
CBBB 4CE2CA 916 JMP LEAVE
CB@E 9246 IQERR

CBBGE 26B9CA 958 JSR EXIT
CBi1 4C48B2 268 JMP #$B248
CB14 996 CIRCLE
CB14 2066C9 1618 JSR GETMOD
CB17 2600C6 1836 JSR GETWRD

CB1A AS515 1646 LDA T+1
CBIC C982 1656 CMP #2
CB1E B@EE 1666 BCS IQERR
CB28 48 1878 PHA

CB21 AS514 1886 LDA T
CB23 48 1898 PHA

CB24 2@FDAE 1168 JSR COMMA
CB27 2091C9 1126 JSR GETXY2

CB2A 68 1136 PLA

CB2B 855C 1148 STA Y1+2
CB2D &8 11560 PLA

CB2E 855D 11668 STA Y1+3
CB36 1186 DOCIR
CB3@ A960 1266 LDA #8
CB32 8356 1218 STA X1
CB34 8557 1226 STA X1+1
CB36 8558 1238 STA X1+2
CB38 8559 1248 STA X1+3
CB3A 8355A 1256 STA Y1
CB3C 855B 1268 STA Yi+i
CB3E 8553 1276 STA COUNT
CB4@ 8563 1286 STA X2
CB42 8564 1298 STA X2+1
CB44 8567 1368 STA Y2
CB46 8568 1318 STA Y2+1
CB48 B8S56E 1326 STA E+1
CB4A A901 1336 LDA #1
CB4C 856D 1348 STA E
CB4E A26D 136G LDX #E
CBS@ ABSC 1378 LDY #Y1+2
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CB52 1386 LAA1

CBS2 2801C9 1398 JSR TEST
CBSS BGG7 14@0@ BCS L@@2
CBS7 2@G@EC? 1420 JSR TIMES2
CBSA E&53 143@ INC COUNT
CBSC D@F4 1440 BNE LO0O1
CBSE 1456 L9062

CBSE 208EC? 1588 JSR TIMES2
CB&61 260ECY 151@ JSR TIMES2
CB64 200EC? 1526 JSR TIMES2

CB&7 1546 LOOP
CB&67 A25E 1566 LDX #TEMP
CB&9? ABS6 1578 LDY #X1

CB6B 2BD8CA 1586 JSR DMOVE
CB6E 2BC7CA 159@ JSR DDIV
CB71 2001CB 1688 JSR DNEG

CB74 ABS6 1616 LDY #X1
CB76 2BE7CA 1626 JSR DADD
CB79 AB63 1636 LDY #X2
CB7B 2BE7CA 1648 JSR DADD
CB7E A26B 16580 LDX #AVAR
CB8B8 ABLA 1660 LDY #TEMP+2
CB82 20E2C8 1678 JSR MOVE
CB83 A2SE 16960 LDX #TEMP
CB87 ABSA 1706 LDY #Y1

CB89 28Dh8CA 1718 JSR DMOVE
CB8C 2@BC7CA 17268 JSR DDIV

CB8B8F ABSA 1730 LDY #vY1
CB?1 28BE7CA 1748 JSR DADD
CB?4 ABL7 1758 LDY #Y2
CB9&6 2BE7CA 176@ JSR DADD
CB99 A26F 1778 LDX #BVAR
CB9B ABG6O 1780 LDY #TEMP+2

CB?D 28E2C8 1798 JSR MOVE
CBAG 2B3CCY? 1810 JSR WINDOW
CBA3 A25E 18360 LDX #TEMP
CBAS ABSA 184G LDY #Y1
CBA7 2@D8CA 1856 JSR DMOVE
CBAA 2BC7CA 1868 JSR DDIV

CBAD A256 1876 LDX #X1
CBAF ABSE 1886 LDY #TEMP
CBB1 2BE7CA 1898 JSR DADD
CBB4 A25E 1916 LDX #TEMP
CBB&6 ABSS6 1928 LDY #X1

CBB8 2@D8CA 1936 JSR DMOVE
CBBB 2BC7CA 1948 JSR DDIV

CBBE A25A 1956 LDX #Y1
CBCG AASE 1968 LDY #TEMP
CBC2 26FA4CA 1976 JSR DMINUS
CBCS AS&D 199@ LDA E

CBC7 D@BB2 20008 BNE LBOG3

CBC? Cb6E 2618 DEC E+1
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CBCB 2026 Laa3
CBCB Cb66D 2838 DEC E
CBCD A5S6D 2046 LDA E
CBCF B5S6E 2658 ORA E+1
CBD1 D&94 2068 BNE LOOP
CBD3 4CB9CA 2886 JMP EXIT
CBD6&6 26B9@ END
TOTAL ERRORS IN FILE —— @
TEMP SE
X1 56
X2 63
Yi S5A
Y2 &7
AVAR 6B
BVAR &6F
E 6D
T 14
COUNT 33
NEGATE c8B4
ADD cecz2
MINUS c8D2
MOVE CBEZ2
TEST Co61
TIMES2 CP6E
WINDOW C93C
COMMA AEFD
GETMOD Co66
EXIT CAB9?
GETWRD Coas
GETXY2 Co91
DDIV CAC7
LBGB6 CAC?
DMOVE CAD8
LEAVE CAE2
DADD CAE7
DMINUS CAF4
DNEG CBG1
IQERR CBGE
CIRCLE CB14
DOCIR CB368
L@AG1 CBS2
LB®B2 CBSE
LOOP CB&7
LBa3 CBCB
TOTAL NUMBER OF SYMBOLS ——— 36

Machine code

ADD DATA CHECKSUM
CAC7 A4 SZ BS @3 BA 76 B3 76 8034
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CACF @2 76
CAD7 6@ 28
CADF 2@ E2
CAE7 2@ C2
CAEF C3 C8
CAF7 EB ES8
CAFF EZ CA
CB@7 C8 2@
CBOF E9 CA
CBE17 2@ 08
CB1IF EE 48
CB27 28 91
CB2F 5D A9
CBZ7 58 85
CE3F 53 85
CE47 &8 85
CB4F &D AB
CES7 28 @E
CBSF ®@E C9
CB&7 A2 SE
CB&F C7 CA
CB77 E7 CA
CE7F &E AB
CBS7 AB SA
CESF AD SA
CB97 E7 CA
CB9F CB 20
CBA7 2@ D8
CEAF  AB SE
CBE7 56 20
CBBF 5A AD
CBC7 D@ @2
CECF @5 6&E
Commentary

Lines 80—170: The list of locations for variables to be held in zero-page
memory. The variable COUNT will be used to hold the power of two on
which E will be based. Defining E as a power of two will allow us to per-
form the division E without writing another lengthy arithmetic routine
since all that will be required is a series of shifts to the right.

Lines 340—460: Subroutine to divide the four-byte number pointed to the
X register by 2"value held in the variable location COUNT. The division is
achieved by loading the value of COUNT into the Y register and using this

B1
E2
c8
cs8
4C
cse
20
BS
4C
(7]
AS
ce
a0
59
63
6E
SC
ce
20
A
20
AB
66
20
28
A2
3C
CA
20
D8
SE
Cé
D@

76
cs
cA
E8
E2
cs
B4
c8
48
AS
14
68
85
85
85
A9
20
E6
oE
S6
a1
63
20
D8
E7
&F
C9
20
E7
ca
20
6E
94

oo
E8
cA
E8
cA
20
cs
ac
B2
15
a8
85
56
SA
64
o1
81
53
co
20
CE
20
E2
cA
cA
AB
A2
c7
cA
20
Fa
cé
ac

88
E8
88
cs
20
D=
E8
E2
20
ce
20
3C
85
85
85
85
ce
D@
26
D8
ABG
E7
c8s
20
A
60
SE
CA
A2
c7
cA
(=1))
B?

ol
c8
88
cs
D2
c8
E8
cA
66
02
FD
68
57
SB
67
&D
BO
Fa
@E
cA
56
cA
AZ
c7
67
20
AD
AZ
SE
cA
AS
AS
cA

F2
cs
60
20
c8
4C
c8
20
ce
B@
AE
85
85
85
85
A2
a7
20
(7
26
20
A2
SE
CA
20
E2
SA
56
AB
A2
6D
6D

2AB2
6DF8
7800
7410
B45C
D?A8
BF38
?6EC
A4AS
36D@
A448
SACD
6787
66CF
65SF7
7128
7893
42E@
45CD
87F4
A3ZR4
Cc7@2
7752
8128

2AE
c8D2
8832
6C3A
8424
60F2
6FZF
?1BB
246C

as a loop counter for a series of shifts to the right.

Lines 490—610: Equivalent to the 16-bit routine MOVE (which it uses) but

deals with a four byte location.
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Lines 640—710: 32-bit equivalent of the previously entered add routine.
Lines 740—810: Equivalent to the previously entered minus routine.
Lines 840—910: Equivalent to the previously entered negate routine.

Lines 950—960: These lines are called whenever an illegal quantity error is
detected. They first of all execute the housekeeping routine from the line
drawing command, tidying up zero page memory before the return to
BASIC.

Line 1010: Obtains the MODE for plotting.

Line 1030: Obtains the value for the radius. This value is tested against a
maximum of 511 by sampling the most significant bit. CIRCLE is capable
of handling circles which are too large to fit on the screen in their
entirety, leaving it to the previously entered window routine to avoid the
plotting of points which do not fall on the screen. The limit of 511 is
imposed by the fact that the radius is going to be multiplied by 32 for
greater accuracy of calculation — any value greater than 511 would no
longer fit into a 15-bit signed number.

Lines 1120—1160: Obtain the coordinates of the origin and use the Y coor-
dinate of the origin to set up the Y coordinate of the first point to be plotted
YD).

Lines 1190—1340: The remaining variables are initialised to zero, with the
exception of E, which is set to one.

Lines 1360—1440: Equivalent to the BASIC statement E=E*2 : [F E<R
THEN GOTO LOOP.

Lines 1470—1520: Multiply E further by a sufficient value to ensure that
the circle will be plotted as a solid line.

Lines 1560—1790: A and B, the coordinates required by the plotting
routine, are calculated on the basis of the method described above. Note
that X and Y values arrived at do not include any allowance for the coordi-
nates of the origin on the screen, they are simply positioned relative to the
origin. The X and Y coordinates of the origin must be added in before
anything is plotted.

Line 1810: A call to the window routine which will in turn call up HPLOT
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to place the specified pixel on the screen.

Lines 1830—1970: These lines calculate the next X and Y positions accord-
ing to the method explained above.

Lines 1990 —2060: The variable E is used as an index for the main loop since
its working value has been transferred to COUNT.

Line 2080: A call to the housekeeping routine to tidy up zero-page memory
before leaving the circle routine.

Testing

As with the line drawing routine entered earlier, the simplest way to test
CIRCLE is to replace the part of the BASIC program which drew the
circles with a call to the machine code routine. Lines 1010—1150 of the
BASIC program are therefore reduced to:

1010 SYS (51988) MODE,R,X,Y
and the following two lines added:

2015 FORMODE=0TO 1
2040 NEXT R,MODE

The program should now work as it did previously in BASIC, but con-
siderably faster — then erase the circles.

Syntax and notes on use
The syntax for CIRCLE is:

SYS (51988) { MODE} ,{ RADIUS} ,{ CENTRE X COORDINATE},
{ CENTRE Y COORDINATE}

MODE s asin the line drawing and plotting routines. RADIUS may be any
valueintherange0—511. CENTRE X COORDINATE may be in the range
0-319. CENTRE Y COORDINATE may be in the range 0—191.

Note that it is not really practical to use CIRCLE with mode 2, the invert
mode. So much overplotting takes place during the drawing of the circle
that it is partially erasing itself as it is drawn.

9. HIGH RESOLUTION TEXT (TEXT and PUTCHR)

Now that we have a series of commands which make the use of the high
resolution screen a practical proposition in everyday programming, we can
put the icing on the cake by removing one of the most annoying limitations
on the use of high resolution modes on many microcomputers — the inabi-
lity to print ordinary text on the high resolution screen.
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The high resolution text capability is limited in that it allows characters
to be printed only in the 1000 character cells you would find on the normal
low resolution screen — you cannot print a character beginning halfway
across or down a normal character position.

The machine code version of the TEXT command comes in two sections,
one to control the taking of the text from the BASIC line and the other to
do the main task of placing the text on the screen. The procedure, once a
letter has been picked up from a string to be printed, is as follows:

1) Convert the ASCII code of the character to its screen code.

2) Testtoseeifthereverse flagisset, if so set bit seven of the screen code to
convert the character to its inverse.

3) Calculate the position of the data for the character in the ROM.

4) Switch off the interrupts and ‘switch in’ the ROM character data.

5) Copy the bytes which make up the character shape into the correct
character position on the screen.

6) Switch out the character ROM and switch the interrupts back on.

7) Set the colour of the character square to the current printing colour.

8) Movethelow resolution cursor one place to the left. If the cursor moves
off the bottom of the screen, move it back to the top lefthand corner.

Text — BASIC listing

2900@ REM:3 3 43 3 35 36 9 36 36 3636 36 36 36 36 36 36 36 36 3 38 36 96 36 98 38 34 36
29081 REM HIGH RESOLUTION TEXT

20002 REM# 36 36 3t 36 36 36 3 36 36 36 36 396 36 36 36 36 36 36 90 36 3 36 3 36 3 36 3¢
29016 HT$ = "THIS IS HIGH RESOLUTION TEX
Tll

29015 HH=G : HV=0

29028 FOR I=1 TO LEN(HTS$)

29030 TT$=MID$(HT$,I,1)

29046 GOSUB 30000

29858 GOSUB 278066

29660 GOSUB 31066

29100 NEXT I

29260 RETURN

ZOBDD REM3* 363 3 36 36 3 36 396 36 36 36 35 36 36 36 36 35 36 36 36 36 36 3696 3 382
30861 REM ASCII TO SCREEN CODE

IOBDB2  REM3 33 3 336 3 36 3 36 3696 38 36 36 36 3 36 36 3 36 36 26 36 36 36 36 36 36 3¢
36018 TT=ASC(TT$)

30620 IF TT=255 THEN TT = 126

3IBG25 IF TT=>192 AND TT<=223 THEN TT=TT-

6

IBB3B IF TT=>224 AND TT<=254 THEN TT=TT-

64

300468 IF TT<32 THEN TT=-1 : GOTO 3IB500

30858 IF TT=>64 AND TT<=95 THEN TT=TT-64
: GOTO 38500
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388680 IF TT=>%6 AND TT<=127 THEN TT=TT-3
2 : GOTO 36500

30078 IF TT=>160 AND TT<=191 THEN TT=TT-
64 : GOTO 38506

38500 RETURN

31000 REM3t 3336 36 2 36 96 36 4 3 36 3 36 963696 3 3636 36 3 3636 36 36 36 96 %
31801 REM PLACE ON SCREEN

31002 REMIH 3636363 36 3 36 36 36 9 36 3696 96 36 36 36 3 36 26 36 96 36 6 36 36 36
31010 CP=53248+8#TT

31020 POKE S6334,PEEK(S56334) AND 254
31838 POKE 1,PEEK (1) AND 251

311080 FOR J=6 TO 7

31118 POKE C1 + J, PEEK(CP+J)

31120 NEXT J

3113@ GOSUB 28506

312060 POKE 1,PEEK(1) OR 4

31218 POKE 56334, PEEK(56334) OR 1

313800 HH=HH+8 : IF HH>319 THEN HH=@ : HV
= HV+8

31318 IF HV>199 THEN HV=0

315868 RETURN

Commentary

Lines 29010—29015: For the purposes of testing, the string to be printed is
supplied in the routine itself, along with its position in high resolution
pixels.

Lines 29020—29100: The main loop, which calls up the various working
modules in turn.

Lime 30020: The PI character is an eccentric one which appears in two
places in the character set. One of the positions is 255 and if this is
encountered it is changed to the alternative value 126 which can be dealt
with by the lines below.

Line 30025: This routine does not deal with control characters of any kind.
If they are encountered in a string to be printed they are ignored. This line
flags a control character by setting TT to an impossible value.

Lines 30030—30070: These lines translate the ASCII code to the screen
code. There is no particular principle to them, it is simply that they do the
job.

Line 31005: The character is a control character if TT is minus one.

Line 31080: This line calculates the start point in the ROM for the data for
the character TT.
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Lines 31020—31030: These are lines you should remember from the routine
to copy the character set. Their effect is to switch off the interrupts and to
map the character ROM into memory in its correct location.

Lines 31100—31120: The eight bytes of character data are copied into the
eight bytes of the character position specified by the variable C1 (which
records the first byte of the character position).

Lines 31200—31210: The character ROM is switched out and the interrupts
back on.

Lines 31300—31310: The high resolution text position is incremented by
eight pixels, ie one character square. If the resultant character square goes
off the end of a line, then the position is wrapped around to the beginning
of the next line. If this results in a position off the bottom of the screen, it is
wrapped around to the beginning of the first line on the screen.

Text — assembly language listing

ADD. DATA SOURCE CODE

ril%] 16 PRT

ril") 26 ORG #$CBDC

CBDC 38 SYM

CBDC 86 GETSTR = $C@89
CBDC 96 ADD = $@0066B
CBDC 188 LENGTH = $006A
CBDC 116 PUTCHR = $C666
CBDC 148 TEXT

CBDC 2689Ca 158 JSR GETSTR
CBDF 1460 L6606

CBDF AbL6A 178 LDX LENGTH
CBE1 F®611 186 BEQ LGG1
.CBE3 ABGG 198 LDY #@

CBES B16B 266 LDA (ADD).Y
CBE7 206@GC6 216 JSR PUTCHR
CBEA Cb66A 226 DEC LENGTH
CBEC E&66B 236 INC ADD

CBEE DBGEF 246 BNE LG6OG

CBF@ E&6C 256 INC ADD+1

CBFZ DBEB 266 BNE LOGO

CBF4 276 L6B61

CBF4 66 286 RTS

CBFS 29@ END

TOTAL ERRORS IN FILE —— @
GETSTR ce89

ADD &B
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LENGTH 6A

FUTCHR C668

TEXT CBDC

LBBG CBDF

L@AA1 CBF 4

TOTAL NUMBER OF SYMBOLS ——— 7

Machine code
ADD. DATA CHECKSUM

CEDC 20 89 CO AL 6A FB 11 AB SC72
CBE4 @@ Bl 6B 20 46468 C6 C6 6A 43AE
CBEC E& 6B D@ EF E6 4C DB EB C21R
CBF4 &6 B66a

Commentary

Line 150: The GETSTR routine, one of the first you entered, is used to pick
up the string to be printed.

Lines 170— 180: The length of the string has been stored by GETSTR in the
variable LENGTH and this is tested to see that it has not reached zero.

Lines 190—200: The start point of the string in the BASIC program has
been stored by GETSTR in the variable ADD. This variable is now used,
together with the Y register, to specify a character in the string and to load
it into the accumulator.

Line 210: The following routine, PUTCHR, is called up to print the char-
acter on the screen.

Lines 220-260: The variable LENGTH is decremented and ADD
increased by one. The loop is now executed again, with the next character
being picked up for passing to PUTCHR.

PutChr — assembly language listing

ADD. DATA SOURCE CODE

ri]ei] 18 PRT

ri%] 20 ORG $Co660

C668 3@ SYM

C660 118 REVFLG = $6@8C7
C668 128 PI = %FF
Co68 138 HBIT = $B2DF
C660 148 HLINE = #62DC
Co668 156 GETCUR = $C7E7
C6606 166 TEMP = $@0@14
C668 176 CURSOR = $60F3
Cob6B 1868 LOCOL = $06D3



C660
Co60
Co68
Co66a
Co68
Co68
Co60
Co660
C662
Ce64
Co66
Cé668
Cé68
C66A
Cé66C
C66E
C670
C672
Cée74
C&676
C678
Ce7A
C&7C
C67E
C67E
C&80
ce82
ce84
Cée86
c686
Cé688
c688
Cée8A
cé&8C
C68E
C68E
C696
C692
C694
Co694
C696
Ce97
Cé698
Ca9A
C69C
C69F
C6AZ2
C6A4
C6A7
C6A9
C6AB

85D7
C9FF
DBG2
APSE

Co93
F@7E
C?13
F@7D
297F
Co20
B7A
24D7
1664
@943
DBBA

5008
Co66
BOG2
29BF

29DF

ALC7
F@ee2
@984

8514
A?1A
ABAS

B614
2A

88
DBFA
8515
20E7C7
ADBEDC
29FE
8DBAEDC
ASA1
29FB
8561

190
266
210
220
230
240
278
290
z16
320
338
340
366
378
380
396
4006
416
420
446
456
460
470
480
490
566
516
526
5368
5406
550
576
580
596
600
628
&30
640
650
660
676
680
696
706
710
738
740
756
760
77@
788

LOLI

LOCUR

COoLO
CLR
HOME
CHR
PUTC
STA
CMP
BNE
LDA
L66a
CMP
BEG®
CMP
BEQ
AND
CMP
BCC
BIT
BFL
ORA
BNE
L@B1
BVC
CHMP
BCS
AND
LBB2
AND
LBB3
LDX
BEQ
ORA
LB04
STA
LDA
LDY
LBBS
ASL
ROL
DEY
BNE
STA
JSR
LDA
AND
STA
LDA
AND
STA
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NE $B0D6
$0@AD1
$0286
$C7AC
$C7DC

$B8aD7

UR

| O T

HR
CHR
#PI
L 666
#$5E

#147
DOCLR
#19
DOHOME
#$7F
#320
LBG8
CHR
LBa1
#5406
LOa3

LBB3
#$60
LBB2
#$BF

#$DF

REVFLG
L6084
#5808

TEMP
#+1A
#3

TEMP
A

LBaS
TEMP+1
GETCUR
56334
#254
56334
1

#251

1
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C6AD ASF3 886 LDA CURSOR
C6AF 29F8 810 AND #$F8
C6B1 85F3 8268 STA CURSOR
C6B= ABG7 836 LDY #7
C6BS 8406 LBBSL
Cé6BS Bl14 856 LDA (TEMP).Y
C6B7 Q1F3 868 STA (CURSOR) .Y
Cé6B? 88 87@ DEY
C6BA 16F9 880 BPL L8866
C6BC ASG1 ?06 LDA 1
C6BE @9@4 218 ORA #4
C6CB 8561 920 STA 1
C6C2 EEGEDC 3@ INC S6334
C6CS  A4D3 5@ LDY LOCOL
C6C7 B1D1 968 LDA (LOCUR).Y
C6C? 29@F P70 AND #3$F
C6CB 8514 988 STA TEMP
C6CD ADBLBAZ ?9@ LDA COLOUR
C6Dh@a 0A 10868 ASL A
Ce&b1  BA 1818 ASL A
C6D2 0A 1028 ASL A
C6D3 BA 1838 ASL A
Cs&D4 @514 1646 ORA TEMP
Céh6  91D1 1858 STA (LOCUR).Y
C6D8 ALD6 1876 LDX LOLINE
C6DA C8 1680 INY
C4DB CO40 109@ CPY #$40
C6DD <9067 1188 BCC LOG7
C6DF ABGA 1116 LDY #0@
C6E1 ES8 112@ INX
C6E2 EB@25 1130 CPX #$25
C6E4 BOB7 114®@ BCS DOHOME
C6E6 1156 L667
C6ESL 18 1160 CLC
C6E7 A4CF@FF 1176 JMP $FFF@
C6EA 1188 DOCLR
C6EA 4CACC7 1198 JMP CLR
C6ED 1266 DOHOME
C6ED 4CDCC7 1218 JMP HOME
C&F@ 1226 L6068
C6Fa 68 12Z@ RTS
C6F1 1248 END

TOTAL ERRORS IN FILE -—— @
REVFLG c7

PI FF
HBIT 2DF
HL INE 2DC
GETCUR C7E7
TEMP 14
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CURSOR F3
LOCOL D3
LOLINE D&
LOCUR D1
COLOUR 286
CLR C7AC
HOME C7DC
CHR D7
PUTCHR Co60
L BGO Cé668
LOG1 C&7E
L B@a2 Cé686
L@Aa3 c&88
LBO4 C68E
LBAS C&94
LBBS C6BRS
LBA7 C6E6
DOCLR C&6EA
DOHOME C6ED
LBG8 C&F@
TOTAL NUMBER OF SYMBOLS —— 26
Machine code
ADD DATA CHECKSUM

C66@ 85 D7 C? FF DB @2 A9 SE A988
C668 C? 93 F@ 7E C? 13 FB 7D B811
C&78 29 7F C9? 28 96 7A 24 D7 S6E7
C678 10 B4 089 40 DB BA SB ©O8 1576
cC6B8@ C9 66 B@ B2 29 BF 29 DF 9815
C688 A6 C7 FB B2 B9 80 85 14 Ab4SL
C698 A9 1A AB B @6 14 2A 88 7@8C
C698 DO FA 85 15 28 E7 C7 AD BF47
C6AB @E DC 29 FE 8D BE DC AS 99FD
C6AB B1 29 FB 85 @1 AS F3 29 X71B
C6B@ F8 85 FZ AB 67 Bl 14 91 C955
C6B8 FZ 88 18 F? AS 61 @09 064 B232
CoCld 85 @1 EE BE DC A4 D3I B1 6D27
C64CB D1 29 BF B85S 14 AD 86 @2 8152
C6DG @A BA BA BA @S 14 91 Di @BCB
Cé6D8 A6 D6 CB CO 46 96 07 AG B26E
C6EB @8 EB8 EG 25 BB @7 18 4C SE68
C6EB F®@ FF 4C AC C7 4C DC C7 DSE7
C6FB 68 0060

Commentary

Lines 290—550: These lines, which will be described in more detail in what
follows, have the overall purpose of taking the character code of the next
character to be printed and converting it to a screen code. Control char-
acters will be ignored by PUTCHR with the exception of CLEAR and
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HOME, which will be executed as HCLEAR and HHOME.

Lines 290—330: Having stored the character code in the variable CHR,
these lines deal with the unique case of PI which sits in the anomalous
position of 255 in the character set and fits none of the rules for conversion
to screen codes.

Lines 360—420: Printing the control codes, such as those concerned with
colour, presents difficulties so, as mentioned earlier, we limit the control
codes which will be acted upon to CLEAR and HOME. These lines detect
the character codes for the two allowed controls and, if they are found, call
up the high resolution versions of the commands. The method used is to
AND the ASCII code for the character with 127 and then to compare the
result with 32. The effect of this is to detect any character which has a code
of 0—31 or 128—159. If the character code does fall into either of these
ranges the routine jumps to the end and the character is not printed.

Lines 430—540: There is no particular logic to the conversion of standard
ASCII character codes to the screen codes used by the 64. These lines
follow one or two rules of thumb which will make the conversion.

Lines 570—590: The routine is capable of detecting whether string contains
the RVS ON control character by sampling the ‘reverse flag’ at this point.
If the flag is set then the screen code to be printed is ORed with 128, thus
setting bit seven of the screen code value.

Lines 620—700: We now need to obtain the shape of the character from the
character generator ROM. To do this, the screen code is first stored in the
variable TEMP. The accumulator is then loaded with the value $1A.
Taking the two values in TEMP (least significant byte) and the accumula-
tor (most significant byte), we now have a two-byte value equal to one-
eighth of the address in memory of the start of the specified character in the
character generator ROM — the screen code of a character times eight is
equal to the start position of the data for that character in the screen
generator ROM. All that these particular lines do is to take the two-byte
number contained in TEMP and the accumulator and shift it left three
times, thus multiplying by eight. The value in the accumulator is then tran-
ferred to TEMP + 1, so that the full address of the start of the character
data is now held in the two-byte value at TEMP.

Lines 705—710: A call to GETCUR to calculate the correct start positionin
memory of the current character position on the high resolution screen. To
ensure that the character does not start halfway across or down a character
position, HIBIT and HILINE are first set to zero.
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Lines 720—780: The character generator ROM is not part of normal
memory, as we found when copying character data for use in modifying
the character set. The procedure for mapping character data into RAM is
the same as that used in CCOPY, earlier.

Lines 830—880: Using the locations for the character data (stored in
TEMP) and the screen character position (stored in CURSOR), all that
needs to be done now is to transfer the eight bytes which define the shape of
the character on to the screen.

Lines 900—930: The interrupts are turned back on and the memory
returned to its normal state.

Lines 950—1050: These lines obtain the current printing colour from a
system register and then place that colour into the upper four bits of the
colour memory byte corresponding to the current character position.

Lines 1070—1170: The low resolution cursor is moved one place to the
right, so that the next character will be printed in the correct position. Note
that if you go off the bottom righthand corner of the screen it will not
scroll, the print position will simply wrap around to the top lefthand
corner.

Lines 1190—1210: Execute the HCLEAR and HHOME controls if they are
detected in the string.

Testing
BASIC: The routine is self-testing. Change line 22700 to read:

22700 GOSUB 29000

Instead of merely clearing the screen, it should now print “THIS IS HIGH
RESOLUTION TEXT on the top line of the screen.

MACHINE CODE: The following short BASIC program should be all
you need to ensure that HCLEAR is working properly:

1 60TO 3

2 SAVE"@@B: TEXT TEST" .8 = VERIFY "@:TEXT
TEST",8 = STOF

3 REM

20 POKES6,12:CLR

36 COLOUR=3@72

40 BITMAP=8192

50 SYS (51@44) BITMAP,COLOUR

78 SYS 51883
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75 SYS (52188) "L[CLR1"

80 FOR I = @ TO 100@ : NEXT

9@ SYS (52188) "ABCDEFGHIJKLMNOPGRSTUVWX
YZ1234567890+-\@*z3 /., '#$7L&° ()"

100 GET T# : IF T$="" THEN 100

17@ SYS 5@944

18@ END

RUNning the program should clear the screen (line 75) and then print the
string contained in line 90.

Syntax
The syntax for TEXT is:

SYS (52188) { STRING EXPRESSION}

where the string expression may be any valid string expression not exceed-
ing 255 characters. All control characters are excluded except for CLR and
HOME.
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CHAPTER 4
Sprite Commands

1. SPRITES EXPLAINED

The major reason for the power and flexibility of the 64’s sprites is simply
that they are in many ways not part of the 64’s normal system. Sprites
appear on the screen but they are never a part of screen memory. If that
sounds strange, think for a moment of the enormous problems which
would arise in trying to place the same shape into the low resolution, high
resolution and multicolour high resolution mode screens, each with their
different configuration. Think, too, of the problems that would result as
the sprite had to be subjected to complex manipulation to simulate
movement or to change its size.

In fact, none of these problems arise because sprites are an illusion, a
signal which the VIC chip mixes with the contents of the screen after it has
made up the picture in whatever mode is in force at the moment. Rather
like the light of a torch, played across a wall, seeming to be part of it and yet
totally free of it, the sprite is free of the normal constraints of the screen
because it is not part of the screen as far as the 64 is concerned.

It follows from all of this that the major questions to be answered when it
comes to understanding how to use sprites are:

1) Where does the VIC chip get the information which defines the sprite
design?

2) How does it know when to place a sprite on the screen?

3) How does it know where to place a sprite on the screen?

4) How is the sprite colour defined?

5) How is sprite size defined?

1. Defining a sprite

A basic sprite is a box with dimensions in terms of high resolution pixels of
24 across and 21 down. This amounts to 504 pixels and, since we already
know that an individual pixel can be represented by no more than a single
bit, 504/8 = 63 bytes. To define a sprite, the VIC chip needs much the
same kind of information as in the case of a character, namely a series of
bytes which define, in ones and zeros, which particular pixels in the square
areto be on or off. What we are trying to arrive at is a series of values which
will produce something like this:
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This series of ones and zeros defines, if you look closely, a box with a hole
cut in the centre. The question is, how to translate the picture into values
which can be stored in memory. The clue is the number of positions across
the sprite, ie 24. Clearly, 24 positions can be divided into three groups of
eight, so that each line across a sprite can be represented by three bytes. In
the case of the line marked with an arrow, the three bytes would be:

00000111 = 7
00000000 = 0
11100000 = 224

If each line of the sprite can be defined by three bytes, the whole sprite
should be definable in 21*3 bytes, and this is exactly what happens. When
told to place a sprite on the screen, the VIC chip looks for a block of 63
bytes of data and translates it into the picture which appears on the screen.

To do this, the VIC chip must be clearly told where to find the data, since
any 63 bytes are capable of being translated even though most of them will
produce garbage. This task is left to a series of eight pointers called, unsur-
prisingly, the sprite pointers. Sprite pointers have a fixed position, not in
the memory as a whole, nor even in the current video bank, but in relation
to the low resolution screen memory (colour memory in high resolution).
The low resolution screen, as we have seen, requires only 1000 bytes of
memory, even though 1K (1024 bytes) is allocated to it. There are eight
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possible sprites and their pointers will be found in the last eight, unused
bytes of the 1K block.

In normal circumstances this will place them at 2040—2047, with the last
digit of the address conveniently corresponding to the number of the sprite
to which the byte acts as a pointer. Since a single byte only is used, it is clear
that what is being stored is not a complete 16-bit address. In fact, the value
stored is the position of the sprite data (in relation to the start of the current
video bank) expressed in blocks of 64 so that the value 36 in a pointer would
indicate that the data for the relevant sprite is to be found at 36*64 = 2304
relative to the start of the current video bank. Sprite data, although it only
requires 63 bytes, is therefore stored in 64-byte blocks for the convenience
of the system, with the last byte being unused, ie the start address for a block
of sprite data must be exactly divisible by 64.

2. Switching on a sprite

The fact that there is a value in one of the sprite pointers does not by itself
mean that a sprite will appear on the screen. The VIC chip will only look for
a sprite pointer and the data which it indicates if a special VIC register
indicates that that sprite should be on. The [S-ENABLE] register is to be
found at 53269 and it works on the principle that if bit N is set, then sprite N
should be on.

3. Positioning a sprite

Each sprite has two VIC registers (and a share in a third) to define its X and
Y coordinates in terms of high resolution pixels. The main registers, which
we shall refer to as [SPRITE X 11, [SPRITE Y 1] and so on, are found in
pairs from 53248 to 53263, with the X register being the first of each pair.
Each of the two registers for a particular sprite normally define its position
on the relevant coordinate between 0 and 255. Note that these positions do
not correspond to normal high resolution coordinates. In the case of the
vertical coordinate, the screen only contains 200 pixel positions but the
sprite Y register is capable of defining 255. The actual position of the sprite
is defined from the top lefthand corner of the box which contains the
design and the VIC chip is quite capable of handling situations where only
a part of the sprite is visible on the screen. Working from the top of the
screen, the first position at which the bottom of the sprite can be seen on the
screen is when the top corner is at 30 down. The last position at which the

top of the sprite is visible at the bottom of the screen is 249.
When we come to the horizontal coordinate, things are not quite so

simple. Like any other single-byte register, each sprite X register can record
a value in the range 0—255. The screen, however, has 320 positions hori-
zontally, quite apart from the margins added by the possibility of sprites
being partly off the screen. To cope with this, another register, the ‘sprite
most significant bit’, [SPRITE MSBI, register is provided at 53264. What
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this does, for each of the eight sprites, is to provide a ninth bit to be added
to the end of the normal X register. With nine bits, the range which can be
handled in binary is equivalent to decimal 0—511, more than enough to
cope with the horizontal dimensions of the screen. For sprite N, the ninth
bit will be bit N of [SPRITE MSB]. If the relevant bit is set, then the posi-
tion of the sprite on the horizontal axis has 256 added to it.

4. Sprite colour

Sprite colours, which have the same numbering as normal screen colours,
are controlled by eight registers between 53287 and 53294. The desired
colour is simply placed into the appropriate register for the individual
sprite and it changes colour.

5. Sprite size

Sprites come in normal and expanded form. Any sprite can be magnified to
twice its normal size in either its horizontal or vertical component or both.
In effect this means that, where one pixel would have been displayed, this is
expanded to two. There is no control over the degree of magnification so
all that is needed for each dimension is a register with a single bit devoted to
recording whether the sprite is expanded in the particular dimension. The
[EXPAND X] register is at 53277 and the [EXPAND Y] register is at
53271.

2. SPRITE PARAMETERS

Most of the sprite routines which follow use the two short routines you will
enter in this section. In themselves they do nothing particularly useful but
they will enable us to shorten the subsequent routines.

The first routine gets the sprite number from the BASIC instruction and
checks that it is in the range 0—7 before returning it to whichever sprite
command is actually being used. The second routine creates a mask which
will be used by subsequent commands. No attempt is made to simulate the
two routines in BASIC.

Sprite Parameters — assembly language listing

ADD. DATA SOURCE CODE

ril"] 18 PRT

72]"] 26 ORG %C400

C406 38 SYM

C400 86 GETBYT = $COB6
C4A00 206G6CH 110 GETSP JSR GETBYT
C4G63 C9@8 126 CMP #38

C405 BAB1 170 BCS IEERR

CaB7 &8 14@ RTS
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C4@G8 4CA48B2 156 IRERR JMF $B248
C4BB A8 186 NUMBER TAY
CcC4aC @8 198 PHP

C46D A961 200 LDA #1
C4@8F 28 2168 PLP

C418 FOG4 226 BEG LG6H1
C412 ©A 238 LBAA ASL A
C413 B8 248G DEY

C414 D@GFC 256 BNE LGBOG
C416 68 260 LBAB1 RTS
Cc417 2768 END

TOTAL ERRORS IN FILE ——— @
GETBYT C@as6

GETSP C408

IRERR cC468
NUMBER C4@B

L AR Cc412

LBaA1 C416

TOTAL NUMBER OF SYMBOLS ——— &
Machine code

ADD DATA CHECKSUM

C46@8 20 66 CO C9 68 BB 61 66 3972
C4B88 A4AC 48 B2 A8 B8 AY 861 28 SBCE
C4186 FO G4 GA 88 DA FC 66 46F8

Commentary
Lines 110—150: The first of the two routines mentioned above.

Lines 180—270: The second routine mentioned above. The value in A is
transferred to Y. The contents of the processor status register are stored
temporarily on the stack to be used later by this routine, and then the
accumulator is loaded with one. The status register is recalled from the
stack and a branch is made if the zero flag is set. This flag will only be set if
the content of the accumulator was zero. If the sprite number was anything
other than zero, the mask in the accumulator is rotated left until the set bit
is in the correct position.

Testing
These routines cannot be tested at this stage.
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3. SPRITE

A simple routine to switch on a particular sprite, with the added facility to
define the position of the sprite when it appears. A sprite may be jumped or
smoothly moved around the screen by calling this routine with a succession
of different position parameters.

The procedure is:

1) Obtain the sprite number.

2) Obtain the X and Y coordinates for the sprite position.

3) Place the coordinates into the appropriate VIC registers.

4) Switch the sprite on by setting the relevant bit in the sprite control
register [S-ENABLE] at 53269.

Sprite — BASIC listing

I200G REMM® 363636 36 30 36 36 36 36 38 35 36 36 36 3630 3 36 3636 36 36 36 36 36 36 34 36
32061 REM SPRITES CONTROL MODULE

JI20B2 REMI I3 368 236 36 3 3 36 35 3 3 3636 335 30 36 26 9636 30 6 30 36 36 3¢
3261@ SN=@B : SB=2"SN

32020 SX=108 : SY=160

32638 SR=53248 + 2#5N

32186 GOSUB 33066

322968 GET T$: IF T#$="" THEN 32298

32999 END

I3BBB REM #3363 3 36 3 3 36 3 3 3 36 36 36 3636 96 36 96 36 36 36 3 96 30 36 36 36 3¢
33081 REM SPRITE ON AND POSITION

I30B2 REMI 3636 36 36 3 3 36 36 36 3 326 36 36 36 26 36 2 38 3 36 96 3 36 56 96 3¢
330468 POKE SR,SX+256# (SX>255)

33858 POKE SR+1,SY

33060 POKE 53264, (PEEK(53264)AND255-2"5
N) OR 27SN#*(SX>255)

33678 POKE 53269, PEEK (53269) OR 2SN
33688 RETURN

Commentary

Line 32010: The variable SN represents the number of the sprite to be
switched on. SB will hold the value of the controlling bit in [S-ENABLE].
Line 32020: The X and Y coordinates.

Line 32030: The position of the sprite X position register for the current
sprite.

Lines 33040—33060: These lines place the X and Y coordinates into the
appropriate registers. For a fuller explanation see the commentary on the
assembly language program, lines 280—450.

Line 33070: Switch on the relevant sprite by setting a bit in [S-ENABLE].
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Sprite — assembly language listing

ADD. DATA SOURCE CODE
o0 1@ PRT
20 20 ORG $C417
Ca17 3@ SYM
ca17 7@ GETWRD = $CO0O0
ca17 8@ GETBYT = $CO06
ca17 9@ VIC = $DDOO
ca17 18@ COMMA = $AEFD
c417 118 GETSP = $C400
ca17 120 NUMBER = $C4@B
ca17 130 IRERR = $C408
C417 2000C4 168 JSR GETSP
C41A 8SFD 170 STA $FD
C41C 20FDAE 18@ JSR COMMA
C41F 2000C@ 19@ JSR GETWRD
C422 AS15 208 LDA $15
C424 C902 210 CMP #2
C426 BOED 22@ BCS IGERR
caz8 48 238 PHA
C429 AS514 24@ LDA $14
C42B 48 250 PHA
C42C 20FDAE 268 JSR COMMA
C42F 2006CHO 27@ JSR GETBYT
C432 ASFD 280 LDA $FD
C434 @A 29@ ASL A
Ca35 A8 08 TAY
C436 AS14 318 LDA $14
C438 9901DO 328 STA VIC+1.Y
CASE 68 330 PLA
C43C 9900DA 340 STA VIC.Y
C43F 68 358 PLA
C440 AA 368 TAX
C441 ASFD 37@ LDA $FD
C443 20@BC4 38@ JSR NUMBER
C446 8SFD 39@ STA $FD
C448 A49FF 400 EOR #$FF
C44A 2D10DO 410 AND VIC+$10
C44D E@O1 420 CPX #1
C44F 9002 43@ BCC L0OOO
C451 @SFD 449 ORA $FD
C453 8D1@D8 450 LOO@ STA VIC+$10@
C4S56 AD1SDA 46@ LDA VIC+$15
C459 B@SFD 47@ ORA $FD
C4SB 8D15SD@ 48@ STA VIC+$15
CASE 60 49@ RTS
C4SF S@@ END

TOTAL ERRORS IN FILE --- @
GETWRD Cooo

GETBYT cCeas
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vIC alvi1%]"]

COMMA AEFD

GETSP C460

NUMBER C48B

IQERR C408

LOBA C453

TOTAL NUMBER OF SYMBOLS —-— 8
Machine code

ADD DATA CHECKSUM

C417 20 @B C4 85 FD 28 FD AE 3IBE®
C41F 20 060 C@ AS 15 C? @2 BO 36D@
C427 EO 48 AS 14 48 20 FD AE D48
C42F 20 @66 CB AS FD @A AB AS ZDDS
C437 14 99 @1 D@ 48 99 00 DO 43D4
C43F 68 AA AS FD 20 @B C4 85 8629
C447 FD 49 FF 2D 10 DO EO 01 EBF 1
C44F 90 @02 @5 FD 8D 1@ D@ AD SFES
C457 15 D@ @5 FD 8D 15 D@ 40 S5AC
C45SF 0006

Commentary

Lines 160—170: A callto the routine in the previous section which picks up
the sprite number following the command.

Lines 190—220: Obtain the X coordinate and ensure that it falls within the
range 0—511.

Lines 230—250: The X coordinate is stored temporarily on the stack.

Line 270: The Y coordinate, which must be a value in the range 0—255 and
can be picked up and checked using GETBYT.

Lines 280—-450: The sprite number is now picked up again from address
$FD, where it was stored by line 170. It is multiplied by two by shifting left
and the result is stored in the Y register. The reason for this is that the
[SPRITE Xl and [SPRITE Y] registers are situated at the very beginning of
the VIC chip and are in pairs, one for the X coordinate and one for the Y, so
the X register for a particular sprite is at an address equal to the start of the
VIC chip plus twice the sprite number.

To deal with the high byte of the X coordinate, which is simply one or
zero depending on whether the X coordinate is over 255, the appropriate
bit needs to be set or reset in the ‘most significant bit register’ located at
$D010. To accomplish this without affecting any of the other bits in the
register, the number routine from the previous section is called up to
create a mask with the correct bit set. The mask is inverted to clear the
relevant bit, which is then set again if necessary.
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Lines 460—490: The mask created by NUMBER is now ORed with the
contents of [S-ENABLE]. The correct bit is set by this process and the
sprite appears on the screen.

Testing

BASIC: The routine is self-testing. RUNning it should result in a messy
sprite appearing on the screen. The reason that the sprite consists of gar-
bage is that we have not as yet placed any sprite data into memory to define
a shape. To switch off the sprite, when you are satisfied that the routine
works, enter POKE 53269,0 — a more elegant method will be described in
the next section. If you can see nothing at all, try altering the sprite colour
as described in the machine code section below.

MACHINE CODE: The routine may be tested by means of the following
line of BASIC:

FORI=0TO 280 :SYS (50199) 0,1,200 : NEXT

If you have actually defined a sprite, then you should see it move across the
screen. If not you should at least see arandom dot pattern. There is a small
possibility that the memory area from which the VIC chip is drawing the
sprite data contains nothing but zeros, or that the sprite colour register in
the VIC chip is defining the colour of the sprite as the same as the back-
ground colour. In either of these cases you will see nothing. Even so, if the
‘nothing’ goes on for around thirty seconds and is followed by the READY
prompt, then it is likely that your routine is working properly. Full testing
will be possible when we move on to talk about defining sprites and their
colours, or you could run the line of BASIC again, first entering:

POKE 53287,1

since this will set the colour of the sprite to white. To switch the sprite off
again, use the method described in the BASIC testing procedure.

Syntax and notes on use
The syntax for SPRITE is:

SYS (50199) { SPRITE NUMBER} ,{ X COORDINATE} ,
{ Y COORDINATE}

where the sprite number may be in the range 0—7, the X coordinate in the
range 0—511 and the Y coordinate in the range 0—255.

It should be remembered that the possible sprite positions are not all
visible on the screen, especially if you have shrunk the size of the screen.
4. DESPRITE
Since we have already have the ability to switch a sprite on, it would seem
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sensible to be able to switch it off. The method is simply to set to zero the
appropriate bit in the sprite control register at $D015. The command also
gives the user the facility to switch off all sprites simultaneously.

Desprite — BASIC listing

400G REM® 3363 36 3 3 3 36 3 3 3 3 36 3 3 3 3 3 36 3 36 36 3696 36 36 3 3 3%
49661 REM SPRITE OFF

40B02 REM3 9 96336 3 36 3 36 3 3 36 36 3 36 36 3636 3 36 96 36 36 36 36 36 3696 36
400108 POKE 53269, PEEK (53269) AND (255-
2°8SN)

40620 RETURN

Commentary

To use the routine, add this module to the two given in the last section, then
add a new line to the control module:

32300 GOSUB 40000

In subsequent sections, the BASIC sprite routines will be added to this
framework, with DESPRITE clearing the screen each time.

Desprite — assembly language listing

ADD. DATA SOURCE CODE

"] 18 PRT

(.17, 20 ORG $CAEF

CAEF 3@ SYM

C4EF 9@ GETSP = $C400
CAEF 1@ NUMBER = $C40B
CA4EF 116 VIC = $D0O0Aa
C4EF 120 CHRGOT = %0079
C4EF 207960 158 SPROFF JSR CHRGOT
C4F2 F@o4 166 BEG LOOO

C4aF4 C93A 17@ CMP #5358

C4F6 DDB4 186 BNE LOO1

C4F8 A900 190 LO80@ LDA #@
C4FA FO@@B 200 BEQ LGO2

C4FC 20060C4 218 L@A1 JSR GETSP
CAFF 2@0@BC4 22@ JSR NUMBER

C502 49FF 230 EOR #$FF

CS84 2D15SDA 24@ AND VIC+#15

C567 8D15D6G 2560 L@AG2 STA VIC+$15

CSBA 60 26@ RTS
C50B 27@ END
TOTAL ERRORS IN FILE —- @
GETSP C400
NUMBER C40B

vVIC DBoa
CHRGOT 79

SPROFF C4EF
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LBGG C4F8
LBB1 C4FC
La@a2 cse7
TOTAL NUMBER OF SYMBOLS ——— 8

Machine code
ADD DATA CHECESUM

C4EF 2@ 79 00 F@ @4 C? ZA DO 41C8
C4F7 ©4 A9 0B FO OB 20 Q@ C4 ZCDC
C4AFF 286 @B C4 49 FF 2D 15 D@ 3976
CS587 8D 15 D@ 60 B6EC

Commentary

Line 150: Thisis a call to the routine in the 64’s ROM which picks up again
the last character examined in the BASIC program.

Line 160: If, on return from the CHRGOT routine, the zero flag is set,
then the character picked up was a byte containing zero. This indicates that
the end of a line follows the call to the DESPRITE command, without any
parameter defining the sprite number. The effect of the jump to alater part
of the routine is to load the accumulator with zero and to load this value
into the sprite control register, thus turning a// the sprites off.

Lines 170—180: The same procedure is followed if DESPRITE is
immediately followed by a colon.

Lines 190—200: These two lines load the accumulator with zero as part of
the procedure for switching off all sprites. A jump is then made to the later
line which stores the value held in the accumulator to [S-ENABLE].

Lines 210—229: In order for execution to reach this point in the routine,
there must be a sprite number attached to the DESPRITE command.
GETSP is therefore called to pick up the sprite number.

Lines 230—240: A mask is created consisting of a byte with every bit set
except that corresponding to the sprite which is to be switched off. The
mask is then applied to [S-ENABLE].

Line 250: The amended value is stored back into the VIC control register,
switching off the specified sprite.

Testing

BASIC: The added routine is self-testing in that RUNning it should result
inthe sprite which is created disappearing from the screen. If the procedure
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is too fast, insert a timing loop in the control module as follows:
32299 FOR I=1TO 2000 : NEXT I

thus creating a pause before the sprite is removed.

MACHINE CODE: The routine may be tested by switching a sprite on
using the SPRITE command (see previous section), then entering:

SYS (50415),0
or
SYS (50415)

both of which should switch off the sprite.

Syntax
The syntax for DESPRITE is:
SYS (50415) [{ SPRITE NUMBER} ]

where SPRITE NUMBER must be in the range 0-7. If SPRITE
NUMBER is omitted (the square brackets indicate that the parameter is
optional), all the current sprites will be switched off.

5. SCOLOUR

We now move on to another simple but useful command, this time to set a
particular sprite to any of the 16 available colours. The colours of the eight
possible sprites are controlled by eight registers beginning at 53287 in
memory.

The procedure for SCOLOUR is simply:
1) Obtain the colour parameter in the range 0—15.
2) Place the value in the register corresponding to the current sprite.

SColour — BASIC listing

J4@DB REMIE 363 3636 35 36 3636 336 3 36 30 5596 35 36 36 36 30 3362096 9 3¢
34801 REM SPRITE COLOUR

SA@B2  REMN I 35005 236 38 36 36 3833 365903036 36 3696 30363 2030 33
34010 POKE 53287+SN,CO

34028 RETURN

Commentary

The single line is self-explanatory, but to make the routine work you will
need to specify the colour in the control module wth a line such as:

32040 CO=0

and call up the SCOLOUR module with:

32200 GOSUB 34000
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SColour — assembly language listing

ADD. DATA SOURCE CODE
[7.]%] 18 FRT
[]"i] 28 ORG *C474
C474 3@ SYM
C474 78 GETSF = #%C400
C474 868 GETBYT = $CAGs6
C474 26 IQERR = $C46G8
C474 186 VIC = $DAGA
C4a74 1186 COMMA = #AEFD
C474 2066CA4A 148 SCOL JSR GETSF
C477 48 158 PHA
C4a78 2OBFDAE 1668 ISR COMMA
C47B 2006CH 178 JSR GETBYT
C47E C916 186 CMFP #£16
C4880 BOB6 198 BCS IQRERR
C482 AA 288 TAX
C48= 68 218 PLA
C484 A8 220 TAY
c485 8A 238 TXA
Cc486 992706 248 STA VIC+3$27.Y
C489 6O 258 RTS
C48A 268 END
TOTAL ERRORS IN FILE —— @
GETSF c400
GETRYT caas
ICERR c4@8
vVIC DOBG
COMMA AEFD
SCOL cC474
TOTAL NUMBER OF SYMBOLS —-—— &
Machine code
ADD DATA CHECESUM

C474 200 BG C4 48 2B FD AE 20 II70
C47C @6 CO® C? 18 BB 846 AA 68 S674
C484 AB 8A 99 27 DB 60 2504

Commentary

Lines 140—150: The sprite number is picked up by NUMBER and stored
on the stack.

Lines 160—1%0: The colour number is picked up using GETBYT and
checked to see that it is in the range 0—15.

Lines 200—240: The contents of the registers are rearranged so that the
sprite number is in the Y register and the colour in the accumulator. This
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enables us to use indexed addressing to place the colour value into the
correct sprite colour register in the area of the VIC chip which begins at
$D027 in memory.

Testing .
BASIC: Runthe whole of the BASIC sprite routine and you should see the
sprite appear in black. Experiment with changes in the value of CO to
confirm that you are correctly setting the colour.

MACHINE CODE: Load into memory the SPRITE routine you entered
before this one and set sprite zero in the centre of the screen with coordi-
nates of 160,100. Now try the following line of BASIC:

FORI = 0TO 15:SYS(50292) 0,1 : FOR J = 1TO 1000 : NEXT J,I

The sprite should first of all appear black, and then turn to white and go
through all the available colours. Of course, unless you have defined the
sprite by some other means, all you will see is some random dots.

Syntax

The syntax for SCOLOUR is:

SYS (50292) { SPRITE NUMBER} ,{ COLOUR}
where COLOUR is a number in the range 0—15.

6. ENLARGE

Any sprite can have either its horizontal or vertical dimension stretched to
twice the original size, as explained in the first section of this chapter. The
following routine simplifies the whole process by allowing the user simply
to specify the sprite and say which of its dimensions are to be stretched or
normalised.

The procedure for ENLARGE is:

1) Obtain the sprite number.

2) Obtain the two parameters which define whether the sprite is to be
enlarged along the X and Y axes. )

3) Setorresettheappropriate bits in the registers at 53271 ($D017) for the
Y expansion and 53277 ($D01D) for the X expansion.

Enlarge — BASIC listing

ISOBB REM# I3 3 3 36 36 96 36 36 35 30 35 36 36 36 3 313 36 36 36 36 26 38 36 34 3496 3¢

356861 REM SPRITE EXPAND
IS5BB2 REM3 3t 363 36 3 35 3 3 36 3¢ 3 35 36 3 35 3 36 36 3 3 3 36 35 3 3 36 34 3¢ 3¢

35616 IF XH=0 THEN POKE 53271, PEEK (5327
1) AND (255-5SB)

138



35828 IF XV=8 THEN POKE 53277,
7) AND (255-5SB)
IF XH=1 THEN POKE 53271,

35036
1) OR
35646
7) OR
35859

SB

Chapter4 Sprite Commands

PEEK (5327

PEEK (5327

IF XV=1 THEN POKE 53277, PEEK(3327

SB

RETURN

Commentary

The lines themselves are self-explanatory but you will need to include the
values of XH and XV in the control module. When either of these two
variables is zero,the corresponding dimension will be normal size, while if
either is set to one, the corresponding dimension will be ENLARGEdJ. For
the moment, add the following lines to the control module:

32050 XH=1:XV=1
32150 GOSUB 35000

Enlarge — assembly language listing

ADD.
00
20
casA
C48A
ca8A
C48A
casA
C48A
casA
C48D
C490
Ca92
Ca95
ca98
C499
ca9c
CA9F
Cant
C4A4
CAAS
C4A7
C4A8
CanA
C4AC
CAAF
C4ED
C4B2
C4B3
CABS

DATA

20008C4
200BC4
85FD
2@F DAE
2006C0
48

2@F DAE
2006C0
AB17
20A7CA4
68
AB1D
AR
ASFD
A9FF
3900D0
cA
Fo0S
cA
DBR6
@5FD

SOURCE CODE

10

20

3@

90
106
110
128
138
160
170
180
190
200
216
220
230
248
250
260
278
2806
290
06
316
320
338
348
350
360

PRT
ORG
SYM

GETSF
GETBYT
COMMA
NUMBER

vIC

$¥C48A

$C4008
$COB6
$AEFD
¥C4@B
$DO0G

SIZE JSR GETSP

JSR
STA
JSR
JSR
PHA
JSKR
JSR
LDY
JSR
PLA
LDY

NUMBER
$FD
COMMA
GETBYT

COMMA
GETBYT
#¥17
BITSET

#+1D

BITSET TAX

LDA
EOR
AND
DEX
BE®
DEX
BNE
ORA

$FD
#$FF
VIC.Y

LBOG

IQERR
¥FD
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C4B7 9900GD0A 3780 LBGB STA VIC.Y
C4BA &0 388 RTS
C4BB 4C48B2 398 IRERR JMP %$B248
C4BE 406G END

TOTAL ERRORS IN FILE — O
GETSP C408
GETBYT Coeas
COMMA AEFD
NUMBER C40B
vVIC DBABG
SIZE c48aA
BITSET C4Aa7
LOBG C4B7

IQERR C4BB

TOTAL NUMBER OF SYMBOLS ——— 9
Machine code
ADD DATA CHECESUM

C48A 260 B@ C4 26 BB C4 85 FD 2FEF
C492 2B FD AE 20 846 CO 48 20 6AED
C49A FD AE 2@ @6 CO AB 17 20 B72E
C4AZ2 A7 C4 68 AB 1D AA AS FD A157
C4nd 49 FF 27 66 DB CA F@ @S 76ED
C4B2 CA DO @6 BS5 FD 99 8@ DO AS2C
C4BA 60 4C 48 B2 @572

Commentary

Lines 160—180: The sprite number is picked up and translated into a
mask. This is stored at $FD for later use.

Lines 200—210: The horizontal parameter is picked up and stored on the
stack. This parameter can be either a one or a two, with one specifying
normal size and two indicating double size.

Lines 220—230: The same for the vertical parameter.

Lines 240—250: These lines call up the last part of the routine as a subrou-
tine. In this way, the latter part of the routine will be executed twice. The
$17 loaded into the Y register represents the address, relative to the start of
the VIC chip, of the register which controls whether each sprite is mag-
nified vertically.

Lines 260—270: After the first call to BITSET, made by line 250, these two
lines pull the parameter for the X dimension off the stack and pass it to the
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routine that follows. The Y register is loaded with the address relative to
the start of the VIC chip of the register which controls the horizontal mag-
nification of each sprite.

Lines 280—370: The main part of the routine. To work, it needs to be given
the parameter defining the magnification and the relative address of the
register which controls either the horizontal or vertical dimension.

Lines 280—310: The parameter, one or two, is transferred to the X regis-
ter. Then the relevant VIC register is taken into the accumulator
unchanged, except that the bit pointing to the specified sprite is cleared,
regardless of its original condition, by use of the mask created by
NUMBER.

Lines 320—330: The Xregister is tested to see if the magnification factor is
one. If so the value in the accumulator is stored in the VIC register.

Lines 340—350: The content of the X register is tested to see whether it is
two. If not an error message is generated.

Lines 360—370: At this point, the content of the X register must be one.
Accordingly the mask is used to set the relevant bit and the result is stored
back in the VIC register.

Testing

BASIC: Running the whole BASIC routine should result in an expanded
version of the same garbled sprite being seen. We can only really see how
effective the expansion is when we have given ourselves the ability to define
sprite shapes. You might like to play with the values of XV and XH to
confirm that either dimension can be expanded or shrunk to normal size.

MACHINE CODE: First make a sprite visible on the screen by using the
SPRITE and SCOLOUR commands to place it somewhere in the middle of
the screen and in a clearly contrasting colour. Now enter:

SYS (50314) 0,2,2
and the sprite should expand in both directions. Enter:
SYS (50314) 0,1,2

and the sprite should contract along the horizontal axis.
Finally try:

SYS (50314) 0,1,1

and it should return to its original size.
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Syntax
The syntax for ENLARGE is:

SYS (50314) { SPRITE NUMBER} ,{ X MAGNIFICATION
FACTOR} ,{ Y MAGNIFICATION FACTOR}

The magnification factor can be either one or two with two representing a
doubling of length along the specified dimension and one restoring the
normal size.

7. SPTR

As we have already seen in the introduction to sprites, the eight sprites
which the VIC chip is capable of handling at one and the same time do not
always have to be the same eight sprites. If the pointer for a sprite is
changed so that it indicates a different set of data, that sprite will change as
the VIC chip picks up the new definition from memory, thus allowing a
single sprite to assume a series of shapes, perhaps for the purposes of
animation.
The procedure for SPTR is as follows:

1) Obtain the sprite number.

2) Calculate the position of the sprite pointers in memory using the
[EDITOR] register.

3) Obtain the address at which the sprite data is to be found.

4) Translate the sprite data address into the number of a 64-byte block
within the current video bank.

5) Store the block number in the appropriate sprite pointer.

SPTR — BASIC listing

I6DDD REM* 333 3 36 33 3 363 36 3 3536 36 9 36 3696 36 366 3036 36 36 % 96

36081 REM SPRITE POINTER
J6DB2 REM¥ M5 36336 35 3556 3 36 36 3 3096 336 36 36 36 36 3 9636 3636 3696 3 3¢

36010 SA=PEEK (648) #256
36820 SP=SA+16G16

36638 POKE SP+SN,SD
36188 RETURN

Commentary
Lines 36010—36020: The address of the first sprite pointer is calculated.

Line 36030: The sprite data block number (SD) is POKEd into the relevant
sprite pointer.

To run the routine, you will need to define the sprite data block in the
control module and call up the SPTR module. Add the following lines to
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32210 SD=13

32220 GOSUB 36000

Chapter4

See the section on testing for the effect of these lines.

SPTR — assembly language listing

ADD. DATA SOURCE CODE
ril%] 18 FPRT
1" 20 ORG #CA4BE
C4BE 38 SYM
C4ERE 1868 GETSF = $C400
C4BE 116 GETWRD = *CB@o
C4RE 1Z@ COMMA = $AEFD
C4BE 206G6GCA 158 SPTR JSR GETSP
C4C1 48 168 FHA
C4C2 2BFDAE 178 JSR COMMA
C4C5 ADB8’2 180 LDA 648
c4cg8 18 196 CLC
C4Ce 690= 200 ADC #=
C4CB 85SFE 218 STA $FE
C4CD A9F8 220 LDA #%F8
C4CF 85SFD 278 STA #FD
C4D1 2006C0o 24@ JS5R GETWRD
C4D4 AS15 2580 LDA #15
C4D6 4D88’2 266 EDR 648
C4D9 29CO 278 AND #*CO
C4ADE DOOGF 28@ BNE BANKFER
CADD ®614 2968 ASL #%14
C4DF 2615 308 ROL #195
C4E1 @614 318 ASL %14
C4ET 2615 320 ROL #15
C4ES 68 33@ PLA
C4E6 A8 348 TAY
C4E7 AS15 3560 LDA #15
C4E? 91FD 368 STA ($FD).Y
C4EB 606 378 RTS
C4EC 4C9ACH 380 BANKER JMF *C@9A
C4EF 396 END
TOTAL ERRORS IN FILE —— @
GETSF C400
GETWRD Cona
COMMA AEFD
SFTR C4EE
BANKER C4EC
TOTAL NUMBER OF SYMBOLS —-—— S

Sprite Commands
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Machine code

ADD DATA CHECKESUM

CABE 20 ©® C4 48 20 FD AE AD ZZFD
C4C6 88 02 18 69 @ 85 FE A9 S2E1
CACE F8 BS FD 20 @0 CO AS 15 C33F
C4Dé& 4D 88 @2 29 CO D@ OF Q& S4R4
C4ADE 14 26 1S5 06 14 26 15 68 184A
C4E6 AB AS 15 91 FD &0 4C 9A ?38A
C4EE C®O BaCe

Commentary

Lines 150—160: The sprite pointer specified is picked up by the GETSP
routine and then saved on the stack.

Lines 180—230: These lines calculate the start address of the sprite
pointers and store it in the two-byte address at $FD. The method is first to
pick up the contents of location 648, which is the system’s pointer to the
location of the screen, and then to add 1016, thus creating a two-byte value
representing the position of the first sprite pointer in memory.

Lines 240—280: The address of the sprite definition is picked up using
GETWRD and checked to see that it is in the correct video bank.

Lines 290—320: The sprite pointer does not specify a complete address but
the number of a 64-byte block. These lines perform the necessary trans-
formation to that format.

Lines 330—360: The sprite number is recalled from the stack and placed
into the Y register so that it can be used for indexed addressing. The correct
64-byte block is already stored in $15 and the start address of the sprite
pointers in the two-byte pointer at $FD. All that needs to be done, there-
fore, is to store the value from $15 into the address specified by the pointer
at $FD plus the sprite number.

Lime 380: A jump to the WRONG BANK error message, if needed.

Testing

BASIC: Enterlines 10—30 of the machine code testing program below but
number them 32230—32250. The effect should be the same as for the
machine code routine.

MACHINE CODE: The following short BASIC program defines a sprite
of three upright bars. First switch on sprite zero using the routines already
entered, then enter the following program:
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5 SYS(50366)0,8192
10 FORI=832TO 832 + 62
20 POKEI,56
30 NEXTI

The sprite pointer is set first so that you can see the redefinition take place
on the screen. The sprite data is stored in the cassette buffer, a useful
temporary storage space for all kinds of data.

Syntax and notes on use
The syntax for SPTR is:
SYS (50366) { SPRITE NUMBER} ,{ ADDRESS}

The sprite number must be in the range 0—7, and the address must be
within the current 16K video bank. Note also that to perform sensibly, the
address provided for the start of the sprite data must be a multiple of 64,
since the sprite pointers themselves can only work in blocks of 64 bytes. One
easy way to ensure that an error is not made is to enter the sprite data
address in the format BLOCK NUMBER*64, eg 13*64 = 832.

8. RESPRITE

This command, whose value cannot be properly assessed until the next
section has also been entered, handles a separate DATA pointer intended
to simplify the definition of sprites within a program. In normal BASIC,
the READ statement makes use of a pointer which moves through the
program, recording which item of DATA is next to be processed by a
READ statement. In the companion book to this one, Commodore 64
Machine Code Master, we showed how the RESTORE command, which
normally resets the data pointer to the beginning of a program, could be
redefined so that the user could specify which /ine in the program would be
indicated, with the first item of DATA to be read being the first item on or
after that line. The advantage of this is that the program can be enabled to
READ specific sections of DATA taken from different parts of the
program.

The current command gives you the same kind of facility, but this time a
new pointer is involved which will be used to locate special strings which
will allow sprites to be defined graphically within a program rather than in
the form of numbers.

The procedure for RESPRITE is as follows:

1) Obtain the line number to which the ‘restore’ is to be made — if no line
number is specified then the pointer will be moved to the start of the
program.

2) Use an existing ROM routine to find the start address of the specified
line in the.memory.
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3) Store the result in the RESPRITE pointer.

It is not feasible to duplicate this particular command in BASIC. Those
readers wishing to use DATA statements to store sprite data, in accordance
with the BASIC method below, are referred to David Lawrence’s
Advanced Programming Techniques on the Commodore 64 for some sug-
gestions as to how DATA statements can be more flexibly handled.

Resprite — assembly language listing

ADD. DATA SOURCE CODE

1] 18 PRT
[ralvi 20 ORG #CS@B

CS@E 3@ SYM
CS@RB 188 SFRFTR = $@2E9
CS@B 118 FINDLN = $R613
CSeE 128 GETWRD = %#Co06
C5@B 138 CHRGOT = $@@879
CSBE 207906 168 SRES JSR CHRGOT
CSBE F@13 17@ BER LO0OG
C5180 C93A 188 CMFP #S8

C512 FOaF 196 BER L GGG
C514 2008Ce 218 JSR GETWRD
C517 2013A6 226 JSR FINDLN
CS51A ASSF 230 LDA #5F
CS1C AL6OD 240 LDX %68
CS1E BOB7 2560 BCS LGA1

C528 4CE3A8 276 JMF #ABE3
CS2Z ASZE 2960 L6666 LDA $2B
C325 A62C 300 LDX $2C
C527 38 320 LBB1 SEC
C528 E961 338 SBEC #1
CS2A B8DE962 34@ STA SPRFTR
C52D E©a1 358 BCS L6OG2
CS2F CA 366 DEX
C538 BEEAB2 376 LBB2 STX SFRFTR+1
CS33 66 388 RTS
CS34 39@ END

TOTAL ERRORS IN FILE ——— 8
SPRPTR 2E9
FINDLN ALL3Z

GETWRD Cana

CHRGOT 79

SRES Co6B

LOGG C523

LGA1 CS527
LBB2 C530

TOTAL NUMBER OF SYMBOLS —-—— 8
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Machine code
ADD DATA CHECESUM

CS@éB 260 79 66 F@ 13 C? ZA FO 4260
C513 OF 20 06 CO 20 13 A6 AS 1EBD
CS51B SF A6 66 BA @7 4C EZ A8 73D6
CS523 AS 2B A6 2C 38 E? @1 8D 7AB3
C52B E9 62 BA @1 CA BE EA @2 956E
C533 60 0060

Commentary

Lines 160—190: A test to see whether the command is immediately foll-
owed by the end of the line or a colon. If so, the pointer will be restored to
the beginning of the program.

Lines 210—220: To have reached this point, there must be a parameter
following the command, specifying the line number to which the pointer
will be restored. These lines pick up the number and then call up the ROM
subroutine used by BASIC to find the start address of a particular line in
the program.

Lines 230—270: The address returned is placed into the accumulator and
the X register. A test is then made of the carry flag. The reason for this is
that the ROM subroutine called by line 220 sets the carry flag if it finds the
line specified in the program. If the line specified was not found in the
program, a jump is made to the UNDEFINED LINE error message.

Lines 290—300: This is the line to which execution is sent if there was no
line parameter given. To effect a restoration to the beginning of the pro-
gram, the start-of-BASIC pointer is picked up and placed into the accumu-
lator and the X register.

Lines 320—370: For reasons that will be explained in the commentary on
the next command, the actual sprite defining routine will require the
pointer value to have been reduced by one. This is done, with provision for
a carry, and the result stored in the two-byte location at SPRPTR, two
bytes which happen to be unused by BASIC.

Testing

Since we do not yet have any means of defining the special sprite data, it is
not possible to make a very meaningful test of the command at this point.
Entering the following lines of BASIC in direct mode should, however,
show up any problems which might have occurred.
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POKE 745,0 : POKE 746,0
SYS (50443)
PRINT PEEK (745), PEEK (746)

Provided that the start-of-BASIC pointer has not been changed (by
ALLOT for instance), the results returned should be:

0 8

All that we have done here is to test that the routine is capable of restoring
the pointer to the beginning of the BASIC program.

Syntax and notes on use
The syntax RESPRITE is:
SYS (50443) [{ LINE NUMBER} |

where LINE NUMBER, if it is included, must refer to an existing line
within the program. If no line number is included the sprite data pointer is
set to the beginning of the program.

9. SHAPE

Anyone who has worked with sprites will be aware that, though defining a
sprite is not exactly difficult, it is certainly messy. With the command in
this section, SHAPE, all the problems are over. From now on, you will be
able to define a sprite from within a BASIC program in a way that makes
absolutely clear what the eventual result will be and without any need for
calculation and POKEing of numbers into memory.

The procedure for SHAPE is as follows:

1) Obtainthe address at which the sprite data is to be stored in memory, ie
the start of 64-byte block.

2) Pick up a string defining a single horizontal line across a sprite.

3) Translate that string, eight characters at a time, into three bytes, with
each position in the eight-character string representing one bit. A bit
will be set if the corresponding character in the string is ‘*’ and reset
otherwise.

4) Store each byte, as it is created, in the specified 64-byte area of
memory, one after another.

5) When a single 24-character string has been processed pick up the next
until 21 have been dealt with. If a full 21 strings are not found, generate
an error message.

Shape — BASIC listing

{1 BBB REM 3 3836 56 38 3 383 36 3 36 96 3096 36 38 3530 36 30 30 3309636 36 26 3¢ %
41681 REM SPRITE DEFINE
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41002 REMH 593 75 36 3636 36 36 56 36 3 9 396 26 3 36 36 3 3 36 36 3¢ 36 36 36 3
418108 FOR I=8 TO 28

41820 READ SP#

41188 FOR J=1 TO 17 STEP 8

41110 BYTE=0

41260 FOR K=6 TO 7

41210 BYTE=BYTE-2™(7-K) # (MID$ (SP$,J+K 1)
=ll*ll )

412580 NEXT K

41276 FOKE 64#SD+I#3+(J-1)/8,BYTE

41308 NEXT J

41400 NEXT I

41999 RETURN

42000 REM¥E 33636 36 3 3654 3 36 3 3 3 36 35 5 3690 36 30 36 3630 96 30 3 3 -
42081 REM SPRITE DATA

42BB2 REM¥* 33638 3 36 36 36 35 36 36 3696 35 36 35 36 36 36 96 3 36 30 36 36 36 36 36 36 3¢

42010 DATA ###%3EHen 3338 36 3 3 3 3F
42020 DATA #3844 35 36 3 35 36 96 36 3
42030 DATA ##k##ERnt p-2 22 2 2 % 20
A2B40 DATA 354 3353 303 3 3030 6 96 26 30 36 30 20 30 26 36 30 36 96
42056 DATA #3338 %% 963635 36 30 2
420668 DATA 3% #3544 3636 36 36 36 3 3¢ 3¢
4207308 DATA ###ERE8#H 3333
42080 DATA 3333336 3 3 3 36 36 36 3 36 36 36 36 26 3 36 36 36 2 3¢
42090 DATA 3333636 3 36 36 35 36 3 36 3036 36 36 36 3 36 36 96 8 36 3¢
421068 DATA #38#%#H543% 696 36 35 3 3¢ 38 3¢
421160 DATA #FweHHNN 3636 9 38 38 35 3¢
42126 DATA #3##3H3EHH 39635 3 36 3 3
4213@ DATA 334363636 3 3 3 35 3 3 3 36 36 3 36 30 36 36 36 30 36
421480 DATA #3633 3 3 3 5 336 336 3 36 35 36 3 36 3 36 36 36 36 3¢
42150 DATA #3353 3% 33 36 30 30 34 3 4 30 36 36 3636 9 3056 3096 3¢
421668 DATA *#34HHkH 3696 I 36 364 3¢
42178 DATA #R#ieHiitn 63696 9 336 8 34
42180 DATA ###%#HN% 363635 5 36 33 35
42198 DATA #*¥#EH‘HR 3696 336 39 3
42200 DATA #3633 3833 363636 3 30 23 3
422160 DATA ###EHNit 363635 3 46 98 3E
Commentary

Before entering the module, enter a new line as follows:
32260 GOSUB 41000

Lines 41010—41020: This loop ensures that a full 21 lines of the sprite are
picked up.

Lines 41100—41110: The string, which should be 24 characters long, will
be processed in three groups of eight characters, ie 1 —8,9—-16, 17—24. The
variable BYTE will be used to store the value which will result from the
translation of each eight-character group.

149



Machine Code Graphics and Sound on the Commodore 64

Lines 41200—41250: Each group of characters is translated into a value in
such a way that an asterisk will represent a set bit in an eight-bit value. Note
that the string is scanned from left to right, so the number of the bit within
the byte has to be a mirror image of the position of the character in the
group.

Line 41270: The number of the 64-byte block in which the sprite data is to
be stored is represented by SD.

Lines 42010—42210: These lines illustrate the method involved in defining
the sprite. Each data line is 24 characters long and there are precisely 21.
Note that if you wish to use a different design, lines ending in spaces will
have to be enclosed in quotation marks.

Shape — assembly language listing

ADD. DATA SOURCE CODE

ril"i] 1@ PRT

ril"i] ' 20 ORG $CS34

C534 38 SYM

C534 11@ LENGTH = $B806A
CS534 120 PTR = +0@6B
CS34 138 LETTER = $B113
C534 14@ SPRFTR = $@2E9
CS534 158 1IF = $087A
CS34 168 GETWRD = $C006
C534 176 GETSTR = $C@89
C534 188 LETTOK = $0688
C534 207300 238 GETCHR JSR $0073
CS37 D@13 240 BNE L@@A1

C539 ABG1 2560 LDY #1

C53B B17A 268 LDA (IP).Y
CS3D F@8E 276 BER L8062

C53F 18 296 CLC

C548 AS7A 366 LDA IF

C542 6964 3168 ADC #4

C544 8357A 326 STA IF

CS546 @62 338 BCC L66A

C548 E&L7B 3468 INC IF+1

C54A A3A 356 LB0@ LDA #58
CS54C 680 366 LBA1 RTS

CS54D 386 LOGO2

CS4D 4CA1CE 396 JMP $COA1

C558 42B GETLN

C556 2634CS 4383 JSR GETCHR
C553 C93A 448 CMP #58

C555 FOF9 456 BER GETLN

C557 cC988 460 CMP #LETTOK
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C559
CSSEB
CS5D
CSSF
C55F
C562
C564
C566
CS68
C568
CS6ER
CS&D
CS6F
CS6&F
CS72
C574
cs77
C579
CS7B
CS7D
cS80
€582
cs84
cs87
Cs8A
cs8c
CS8E
C598
CS598
CS93
CS93
CS96
CS96
C599
C59C
CcsecC
CS9E
CS9E
CSAB
CSAZ2
CSA4
CSAS
CHAs6
CSA6
CSA7
CSA9
CSAA
CSAC
CSAE
CSAF
CSB1

FBFS
CoS3
FOa9

2034CS
C93A
DBF9
FOES

2B34CS5
co56
DBFB

2034CS
9@FB
261381
BOF&
C?24
DBER
2B34CS
co9B2
D@GF
207308
2@B89Ca
AS6A
c918
FBaas

4C48B2

4COBAF

209CCS
2B9CCS

ABB7

B16B
Co2A
Faaz2
18
24

38
6614
88
16F2
AS6E
18
6988
856B

478
480
498
510
520
536
5408
558
566
576
580
596
606
618
&30
648
&50
668
676
&6
7088
728
738
746
768
778
786
866
810
836
840
860
876
886
dil’i]
16
926
3@
4@
58
966
976
780
298
1666
1610
1826
1640
1658
1666
1676
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BEQ@ GETLN
CMF #83
BEQ LG&0O4
LOAS

JSR GETCHR
CMP #3538
BNE LB6G3
BEQ@ GETLN
LBBOA4

JSR GETCHR
CMP #80
BNE L GA3
LBBAS

JSR GETCHR
BCC LGOS
JSR LETTER
BCS LBAS
CMP #36
BNE L BG4
JSR GETCHR
CMP #3$B2
ENE SNERR
JSR $06773
JSR GETSTR
LDA LENGTH
CMP #24
BER® CONVER
IGERR

JMP $£B248
SNERR

JMF $AFG8
CONVER

JSR CON1
JSR CON1
CON1

LDY #7
LBGBSE

LDA (FPTR).Y
CHMP #42
BER LOGO7
CLC

BYT #24
L@&a7

SEC

ROR #14
DEY

BFL L@G66&6
LDA PTR
CcLC

ADC #8

STA PTR

151



Machine Code Graphics and Sound on the Commodore 64

CSBZ 9082 1388 BCC LB©8
CSBS E&&C 1698 INC PTR+1
CSB7 11660 L668
C5B7 C8 1128 INY
C5B8 AS514 1130 LDA #14
CSBA @91FD 1148 STA ($FD).Y
CSBC EG6FD 1160 INC #FD
CSBE DB@A2 117G BNE LO6G9
CSCB E&FE 1188 INC $FE
C5C2 1198 LOG?
C5C2 &6 1288 RTS
CSC3 1238 SDEF
C5C3S 2006CH 12580 JSR GETWRD
CSC6 AS514 1260 LDA #£14
CSC8 Ab61S 127@ LDX #15
C5CA 85FD 128@ STA $FD
CSCC 86FE 1298 STX *FE
CSCE AS7A 1318 LDA IF
CsD6 48 13268 FHA
CSD1 AS7B 3368 LDA IP+1
CSD3 48 1348 PHA
C5D4 ADE9@G2 1366 LDA SPRPTR
CSD7 AEEABZ2 137@ LDX SFRFTR+1
CSDhA 8S57A 1388 STA IP
C5DC B867E 13960 STX IF+1
CSDE A215 141@ LDX #21
CSE® 1420 LB16
CSE@ 8A 1430 TXA
CSE1 48 1448 FHA
CSEZ2 2@056CS 1456 JSR GETLN
C3ES 648 14660 FLA

CSE6 AA 1465 TAX
CSE7 AS7A 1478 LDA IF
CSE? DOaG2 14860 BNE L@11
CSEB Cé67B 1493 DEC IF+1
CSED 1566 LA11
CSED C67A 1518 DEC IF
CSEF CA 1526 DEX
CoF® DOEE 1536 BNE LO16
C5F2 AS7A 1556 LDA IP
C5F4 Ab67B 1566 LDX IP+1
CSF&6 8DE962 1578 STA SPRPTR
C5F9? BEEAB2 1586 STX SPRPTR+1
CS5FC 68 1666 PLA
CSFD 857B 1618 STA IF+1
CSFF 48 1626 PLA
Ce6BB 837A 1638 STA IF
Coaz 66 1646 RTS
C6B3 1656 END

TOTAL ERRORS IN FILE —— @
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LENGTH b6A
PTR 6B
LETTER B113
SPRPTR 2E9
IP 74
GETWRD Caoa
GETSTR cage
LETTOK 88
GETCHR CS34
LAAA CS4A
LBaA1 CS4C
LBa2 CS4D
GETLN CS508
Laa3 CS5SF
LBAa4 CS&8
L@asS CO6F
IRERR CS99
SNERR Ca93
CONVER CS96
CON1 csecC
LBBA CS9E
LBaaA7 CSA6
LOG8 CSB7
LBa9 csc2
SDEF CSC3
L@B16 CSE@
LB11 CSED
TOTAL NUMBER OF SYMBOLS —— 27
Machine code
ADD DATA CHECK.SUM

C5Z4 20 7= @G0 DB 1= AD @1 Bl ZD8E
53 7A FB® OE 18 AS 7A 69 04 8426
C544 85 7A 96 B2 E6 7B A9 3FA 7DC8
C54C 40 4C A1 CO 20 34 C5 C9 6747
C554 ZA FG F9? C9? 88 F@ FS C9 8F63
C55C SZ FO @9 20 34 C5 C? 3A 6F 20
CS64 D@ F? F@ E8 28 34 C5 C9 D&E=
C36C S50 DB FG 26 34 CS 98 FB 82CF
C574 260 1= Bl BA F&6 C9 24 DB 41CC
CS57C EEB 20 34 CS C9? B2 DB OF BRBF
CS84 208 72 00 26 89 CA AS 6A Z7BC
CS58C C? 18 F@ B6 4C 48 B2 4C 8E10
C594 @8 AF 28 9C CS 2@ 9C CS 4625
CS59C AD @7 B1 6B C? 2A FB @2 7762
CSA4 18 24 28 66 14 88 16 F2 26E2
CSAC AS 6B 18 69 08 85 4B 76 7ABA
CSB4 @2 E6 6C C8B AS 14 91 FD SC17
CSBC E& FD DB @2 E6 FE 68 2@ D868
C5C4 0@ C8& AS 14 A6 15 85 FD 4D&B
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CSCC B8& FE AS 7A 48 AS 7E 48 A4D2
CSD4 AD E? @2 AE EA @2 85 7A A4EC
CSDC B8B& 7B A2 15 8A 48 20 S0 7D50
CSE4 CS 68 AA AS 7A DB B2 C6 AZEA
CSEC 7B C6 7A CA DB EE AS 74 ?46DC
CSF4 A6 7B 8D E9 B2 8E EA @2 F68E
CSFC 68 85 7B 68 85 7A 60 38F8

Commentary

Lines 230—360: A subroutine employed by the main part of the routine.
Its overall function is to pick up the first character in the BASIC program
following the address indicated by the sprite data pointer, to skip over the
link bytes and line number bytes which begin a line in BASIC and to test
whether the sprite data pointer has moved past the end of the program. If it
has, then a new error message OUT OF SPRITE DATA is generated.

Line 230: CHRGET is used to pick up the next character after the position
indicated by the sprite data pointer.

Line 240: If the byte picked up is not a zero, representing the end of the
line, execution of the subroutine ceases. This ensures that the main routine
begins its work at the correct place, which is the beginning of a line.

Lines 250—270: A check for the end of the file. This is done by examining
the next byte along, which should be the high byte of the two link bytes
which precede a line in BASIC. If the byte picked up is zero then the end of
the program has been reached and a branch is made to the OUT OF
SPRITE DATA error message.

Lines 300—340: To have reached this point means that the end of file has
not been encountered. Four is added to the value of the ‘interpretative
pointer’ (which currently holds the position within the BASIC program)
thus jumping over the two link bytes and the two line number bytes to the
beginning of the line of BASIC text.

Line 350: At a later point in the routine you will see that no distinction is
made between the procedure to be followed after a line start and a colon.
To simplify matters, this line places the value 58 into the accumulator to
signify that a colon has been found.

Line 360: The line used to exit the routine.

Line 390: A jump to the OUT OF SPRITE DATA error message.
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Lines 420—780: These lines, which will be commented on in greater detail,
find the next occurrence of a special kind of string called SP$, which holds
sprite data.

Lines 430—470: Ifthereisa LET or acolon at the beginning of the BASIC
line (it is quite legal to start a line with a colon), they are skipped over.

Lines 480—490: The format of an SP$ statement always has ‘SP’ at the
beginning (allowing for LET or a colon) so these lines scan the next char-
acter in the BASIC program to seeif itisan ‘S’. If it is, then a jump is made
to the next test.

Lines 510—540: If the first character was not an S, the BASIC line is scan-
ned until a colon is found. To do this, the earlier routine GETCHR is used,
beginning at line 230, to pick up and test each character in turn. You can see
now why line 350 loads the accumulator with the ASCII value of a colon.
The value 58 in the accumulator acts as a simple signal to begin searching
for an SP$, whether it is the start of a new line or merely of a new statement
following a colon.

Line 550: If the value of a colonis returned in the accumulator, a branch is
made back to the beginning of the section which deals with line starts.

Lines 560—590: These lines, which are only executed when the first
effective character of the BASIC line or statement is an S, test that the next
character is a ‘P’. If not, lines 510—540 are called up again to seek out the
next line start or colon.

Lines 610—650: Asmentioned earlier, a SP$ statement always begins with
‘SP’ asin ‘SP$ =". What comes in between the ‘SP’ and the ‘$’ isa matter of
indifference — as with all variable names on the 64, only the first two
characters matter. These lines skip over the rest of the string name, if any,
by ignoring any letter or digit following the ‘SP’.

Lines 660—670: The first character which is not a letter or number is tested
toseeifitisa ‘$’ sign. If not, execution jumps back to the part of the routine
which searches for the next SPS.

Lines 700—720: If the string symbol was present, the next check is that it is
followed by an equals sign. If not, back to the search.

Lines 730—740: The GESTSTR routine is used to pick up the string foll-
owing the equals sign. The flexibility of GETSTR means that string expres-
sions may be used if desired.
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Lines 770—810: These lines check that the length of the SP$ is 24
characters.

Line 840: Thislineiscalled fromline 720if the format of the SP$ statement
is wrong and is a simple jump to the SYNTAX ERROR message.

Lines 860—1200: This is the heart of the SHAPE routine, its purpose
being to take information from the special SP$ data and transform it into
sprite data in the memory.

Lines 870—880: There are 24 characters in each string being transformed
into sprite data and these must be stored in three bytes — the routine to
translate a series of eight characters into a single byte will therefore be
executed three times for each of the 21 lines of the sprite. These two lines
call the conversion section, which follows them immediately, twice. Once
the two lines have been executed, the conversion routine will naturally be
executed a third time simply because it is the next section of code.

Line 910: The Y register is initialised with the value seven, indicating the
first bit to be translated from the string of characters.

Line 930: The accumulator is loaded with the character currently pointed
to by the sprite data pointer.

Lines 940—990: These lines set or clear the carry flag according to whether
or not the character picked up from the SP$ was an asterisk. It is interesting
to note the use of the BYT directive here, which inserts a single byte with
the value of $24 in to the machine code at this point. The effect of this byte,
unless it is jumped over, is to render the following SEC instruction inoper-
ative by making it temporarily part of a two-byte BIT instruction. The BIT
instruction is irrelevant to the execution of the routine, but it effectively
wipes out the SEC without having to make a jump over it, thus saving two
bytes.

Line 1000: The contents of the carry flag, which now indicates whether an
asterisk was picked up from the SP$ or not, is rotated into the byte at $14,
which is being used to assemble the current byte of sprite data.

Lines 1010—1020: These lines test whether the loop beginning at line 910
has been executed eight times.

Lines 1040—1080: Having dealt with eight characters, the pointer which
records the position of the beginning of the string is advanced by eight.

Line 1120: At this point, to have failed the test in line 1020, the contents of
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the Y register must have reduced below zero, or rather reset to 255. This
line re-initialises the Y register to zero.

Lines 1130—1180: The byte of sprite data just created is placed in the
memory address indicated by the sprite byte pointer which is stored at
$FD—FE. The sprite byte pointer is incremented by one.

Lines 1220—-1640: After all the subroutines, we finally come to the main
part of the sprite routine, from which the subroutines are called. It is
important to remember in studying the lines which follow, that they are
what happens first when this command is used.

Lines 1250—1290: As a first step, the address at which the sprite data is to
be placed in memory is picked up using GETWRD and stored in the ‘sprite
byte pointer’ at $SFD—FE.

Lines 1310—1340: The two-byte address currently pointed to by the inter-
pretative pointer, a system pointer which records the current positionin the
BASIC program, is stored on the stack.

Lines 1360—1390: The contents of the sprite data pointer are loaded into
the interpretative pointer so that we can use ROM routines to perform
much of the subsequent work.

Lines 1410—1440: This is the beginning of the main loop for the routine.
The X register is loaded with 21, the number of lines in a sprite, and this
value is saved on the stack.

Line 1450: The GETLN subroutine, which begins at line 420, is called to
find the first occurrence of an SP$ and to transfer the data to a proper sprite
definition at the correct location in memory.

Lines 1460—1465: The value held in the X register before the call to the
subroutines is recovered, since it ordinarily held the number of lines of the
sprite which still had to be defined.

Lines 1470—1510: The interpretative pointer is now backed up by one
place, since the last call to the GETLN is one character past the beginning
of the line following.

Lines 1520—1530: The X register is decremented and another line of sprite
data picked up if the contents have not yet reached zero.

Lines 1550—1580: The address currently stored in the interpretative
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pointer for immediate use is transferred to the sprite data pointer, so that

that pointer’s position is permanently updated before the return to
BASIC.

Lines 1600—1640: The original value of the interpretative pointer is
restored in order that BASIC execution may continue normally.

Testing

BASIC: When run, you should see a sprite defined, consisting of a ladder
whose rungs become thinner as they ascend. Note that the speed with which
the sprite appears is the speed at which it is defined. If the same sprite is
subsequently switched on without being redefined, it will appear
instantaneously. Note also that the sprite does not have to be visible while it
is being defined.

MACHINE CODE: In order for this command to be tested there must
first be a BASIC program containing a proper definition of a sprite. The
following short program is designed to illustrate how sprite definition is
achieved and needs all the sprite routines given so far, resident in the
memory.

1@ REM ROUTINE TO TEST SFRITE DEFINER RO
UTINE

15 SYS (58443) SO
20 SYS (5@8292) 8.

TE

3@ SYS (5@199) 6.200,200 : REM SFRITE @
ON

48 SYS (5S@366) ©B.832 : REM SET SPRITE @
POINTER TO START OF CASS. BUFFER

50 REM SFRITE DATA

1 : REM SFRITE @ TO WHI

6@ SPFE = "3RI RR
7B SP$ = 3346336336 5030 363 30 30 3 3 33
8@ SPF = “###¥unn A H NN
0 SFE = "HEHHIHNN 3R R
100 SPE = "3kt 23R
110 SPF = "H#kiiis [
120 SF$E = "%3#HHHH%H 3636 36 9 3 3 3 3¢
138 SPF = "3##isids 3R HR
148 SF$ = "kt I HH R
15@ SP$ = "isassn e 222 222
160 SFPFE = "it#dten 393699 36 3¢ 3
170 SPF = "#¥HHHH#HE¢ 363696 3 3
188 SPF+ = "k I3 369 3 3 36 3
1960 SF$+ = "33#%HHHH 3369 3 H "
200 SPF = "##¥WWHwN 363633 3 HH "
210 SF$ = "Mt 3 36 3 36 363343
220 SFE = M 33 H R
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2308 SF# 3363636 B 3R
24@ SF$ R T R 3R

250 SPF = MW NN H R
260 SF$ = 333333033 3 3 3 30 36 36 36 3336 3 3 "

BB SYS (S@B627) 832

The program, when RUN, will do exactly what the BASIC test program in
the SPTR section did, but a glance at the program shows that, instead of
meaningless numbers, the shape of the sprite is clearly defined in the pro-
gram lines.

Syntax and notes on use
The syntax for SHAPE is:

SYS (50627) { ADDRESS}

ADDRESS may refer to any address in the memory of the 64 but remember
that, if it is not divisible exactly by 64 or if it falls outside the current video
block, the system will not be able to make use of it. If you are in doubt as to
whether the address being specified is that of a 64-byte block, a simple
answer would be to replace the straight address with an expression, as in:

SYS (50627) 13*64

which is exactly the same as specifying a start address of 832. The sprite
data on which the command works must be in the form:

LET SP$ = { STRING EXPRESSION}

The LET and the spaces between the elements of the statement are
optional, but the string must have a length of 24 characters and only posi-
tions in the string which are filled with an asterisk (*) will be translated into
set pixels in the eventual sprite.

Each time the SHAPE command is used, there must be a full 21 SP$
sprite data statements somewhere in the program for it to call on. The
program can contain more than 21 sprite data statements. Using RES-
PRITE, it is possible to move the sprite data pointer so that SHAPE begins
picking up sprite data at any point in the program. If, however, the SHAPE
command is used and there are less than 21 SP$ sprite data statements
between,the current position of the sprite data pointer and the end of the
program, the program will stop with an OUT OF SPRITE DATA error
message.

Unlike the DATA pointer, the sprite data pointer is not set to the begin-
ning of the program whengver RUN is used, so RESPRITE must be used
before beginning the process of defining sprites.

You might like to note that, with a little alteration, this routine could be
employed as a user-defined character generator. Since a normal character
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is only 8*8 pixels rather than 24*21, you would have to alter line 1410 to
read:

1410 LDX #8
and line 1450 to read:
1450 JSR CON1

Once the routines to move the character data into user RAM have been
carried out, this routine could be used to pick up the definition of a char-
acter and place it into character memory at a specified point — we leave it
to you to sort out the problems.
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CHAPTER 5
Sound Commands

1. SOUND IN GENERAL

In the sections which follow, you will find that the approach followed in
the book changes substantially. While for the first two sound commands,
BEEP and CHORD, we have provided BASIC simulations, in the later
sections we leave the comfort of BASIC entirely. The reason for this is
partly tied up with the nature of the Sound Interface Device (SID) itself.
Unlike the VIC chip, the SID is not an integral part of the 64’s system.
Where the VIC chip is constantly performing important tasks within the
system and communicating with the rest of the 64, the SID stands relatively
aloof. It is a separate piece of equipment which deigns to take instructions
from the 64 but is not really part of it.

The SID chip communicates with the rest of the system, like the VIC
chip, by means of registers, but even here its separateness is emphasised by
the fact that, although the CPU can place data into those registers, the
information cannot be read out of them — they are a special kind of
memory known as ‘write only’. In addition, there are no simple commands
to the SID. Any single note which the SID sounds has to be based on a
whole complex of values which have first of all been provided for it. Once
the instruction to sound a note is given, the SID will continue the
development of the note through its various stages quite independently of
what is happening elsewhere within the 64. For that reason, any sets of
commands which are to work together in driving the SID are quite distinct
from the other commands in BASIC. The vast majority of them will
achieve absolutely nothing on their own, they merely contribute to the
nature of the sound which the SID will ultimately produce. We found in
practice that to reproduce these commands in BASIC required more exten-
sive space being given over to the BASIC routines than for the other
commands, and produced effects which could not be tested until a complex
mass of interrelated routines had been entered. The final command,
PLAY, which alone justifies the effort of entering the routines which pre-
cede it, is a very complex and lengthy piece of machine code and required
extensive BASIC programming to simulate.

The commands you will find given here in no way exhaust the capabili-
ties of the SID, because those capabilities are quite enormous in terms of
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their range and flexibility. Wide as its capabilities may be, however, there is
relatively little technical information on the nature of the SID. We do not
intend, therefore, to attempt a general description of the chip’s many
capabilities but to allow the descriptions of the individual commands to
introduce you to what can be achieved. For anyone who wants to know
more, the best source is the Commodore 64 Programmer’s Reference
Guide.

Having said all this, the final command in this chapter, PLAY, will
introduce you to probably as wide a range of the SID’s capabilities as you
will ever be able to employ practically, to make regular use of music in your
programs a real possibility for the first time.

2. BEEP

Simply because the SID is a sophisticated piece of equipment with a range
of capabilities far beyond everyday programming needs, we must not be
carried away with the idea that every use of the chip must be complex. In
probably the majority of cases within the program, a sound is used either as
areminder that some process has been completed which takes a considera-
ble time and during which the user may lose concentration, or as an indi-
cation that an instruction of some kind is expected. The BEEP command
does just that, allowing the user to specify a single note of specified dur-
ation and frequency without the need to attach complex parameters. Used
in conjunction with a loop in BASIC and reading its parameters from
DATA statements, BEEP can be used to play simple tunes without the
need to set up the complex SID registers.

The procedure for BEEP is as follows:

1) Turn off all the three sound channels or ‘voices’ in the SID.

2) Turnthe SID volume to full and switch off all its filters (see later for an
explanation of the SID’s sound filtering capabilities).

3) Set up the characteristics of the note to be played, or ADSR (again see
later), so that a flat tone will be sounded.

4) Obtain the length of the note to be played.

5) Obtain the frequency of the note to be played.

6) Switch on the SID, specifying that the note be played using a sawtooth
waveform.

7) Wait for the specified duration of the note.

8) Switch off the SID.

Beep — BASIC listing

450B@ REM 3 3 3 36 3 3 36 3 36 36 36 96 36 96 36 3 36 36 35 30 36 336 36 36 3 36 3¢
45001 REM SOUND CONTROL MODULE

4SAB2 REM3 3636 3695 3 36 36 3 3 3 36 3 36 36 369 36 3 26 36 36 36 3 36 3 36 36 % 36
45818 SID=54272
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45020 FOR I=4 TO 18 STEP 7

45838 POKE SID+I,8

45848 NEXT I

45100 NL=56GG

45118 FR=8000

452060 GOSUB 46066

45999 END

4600@ REM¥ 39838 3835 36 336 3 3 30 96 36 36 36 3 3436 36 36 3 3 3696 36 266 3

46681 REM BEEP

A6B02 REMS3 33326 3 30 3033635 36 36 36 3 36 303 3696 30 3696 2636 96 36 36 % 56
46610 POKE SID+24,15

46020 FOKE SID+23,8

46836 POKE SID+5,0

46846 FOKE SID+4,248

46058 HF=INT (FR/256)

46868 POKE SID,FR-25&%#HF
468760 POKE SID+1,HF

46080 FOKE SID+4,17

46100 FOR I=1 TO NL : NEXT I
462808 POKE SID+4,8

46999 RETURN

Commentary
Line 45010: The start address of the SID chip is stored in the variable SID.

Lines 45020—45040: The SID has three separate voices which are largely
controlled by three separate sets of seven registers. The register which con-
trols whether a voice is on or not is the fifth of each set of seven. This loop
simply ensures that every voice is switched off.

Lines 45160—45110: The note length is stored in NL and the ‘frequency’ in
FR. Note that this second value does not represent any standard method of
measuring frequency — the means of translating this figure in hertz is
described in the machine code commentary.

Line 46010: The lower four bits of this register control the volume for all
three voices. Fifteen is the maximum volume available.

Line 46020: The lower three bits of this register determine whether any of
the voices are filtered. This POKE switches all the filters out.

Lines 46030—46040: These lines set up a note ‘shape’ which rises
immediately from nothing, continues as a flat tone and dies out
instantaneously, in other words a flat ‘tone’.
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Lines 46050—46070: The frequency of a note to be played is a value in the
range 0—65535 and must therefore be held in two-byte form. The fre-
quency control registers are two registers for each voice. These lines place
the frequency specified by FR into the registers for voice one.

Line 46080: The waveform to be produced is controlled by the fourth regis-
ter for the voice, with the value 16 setting bit four and dictating a triangle
waveform. Setting bit zero (by POKEing 17 rather than 16), switches on
the voice to produce the note specified.

Line 46100: A timing loop. The SID will go on producing the specified note
until the loop is ended after NL repetitions.

Line 46200: POKEing zero into the same register as was used in line 46080
switches off bit zero and turns off the voice, ending the tone.

Beep — assembly language listing

ADD. DATA SOURCE CODE

ral] 1@ FRT

(]} 20 ORG $CCOG

cCCcoo 3B SYM

CcCoaa 86 SID = ¥D406
CCoa 90 GETWRD = $C0OO3
CCoa 18@ COMMA = $AEFD
CCoo 118 DELAY = $EEBX
CCaad A700 1660 BEEFP LDA #0
CCoz B8DB4D4 178 STA SID+$6G4
CCaAS 8DBGED4 188 STA SID+#0FE
CCe8 8D12D4 190 STA SID+#12
CCaAe A96GF 210 LDA #$0F

CCoD B8D18D4 220 STA SID+#18
CC1@ A%68 24@ LDA #+@8

CC1ZX 8D17D4 250 STA SID+#17
CC1S A7006 27@ LDA #+00

CC17 BD@SD4 280 STA SID+#05
CC1A A9FA 29@ LDA #¥FO

CCiC BDis&D4 300 STA SID+¥B6
CC1F 2000C6 I20 JSR GETWRD
CC22 AS14 30 LDA #14

CC24 48 Z4@ FHA

CC25 AS1S TS50 LDA #1535

CC27 48 I6@ PHA

CC28 2@FDAE Z780 JSR COMMA

CCZE 20060Ca 86 JSR GETWRD
CC2E 68 396 FLA

CC2F 8560 408 STA %60

CC21 48 41@ FLA

CC=Z2 835F 420 STA $5F

CCZ4 B560 440 ORA %60
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CC36  F@zl 450 BEQ LOO1
CC38 AS14 460 LDA %14
CC3A  A6LS 470 LDX %15
CC3C 8DO@D4 480 STA SID+$00
CCIF BEG@1D4 49@ STX SID+301
CCaz  A911 S1@ LDA #%11
CC44 8D@ADA 520 STA SID+$04
CC47 2@B3EE 540 L@B® JSR DELAY
CC4A ASSF 560 LDA #5F
CC4C C6&SF S57@ DEC $5F
CC4E AA 588 TAX
CC4F DOF6 592 BNE LOOO
CCS1  C66l 6@@ DEC 60
CCS3  ASLD 610 LDA %60
CCSS C9FF 6208 CMF #$FF
CCS7 D@EE 630 BNE LO0O
CCS9 A900 650 L@O1 LDA #+0@
CCSE  8D@4DA4 66@ STA SID+304
CCSE 6@ 678 RTS
CCSF 680 END
TOTAL ERRORS IN FILE ——— @
SID D4B@
GETWRD cooa
COMMA AEFD
DELAY EEB3
BEEF cCeo
L@ cca7
LO®1 CCs9
TOTAL NUMBER OF SYMBOLS ——— 7

Machine code
ADD DATA CHECKSUM

CCe® A9 66 8D B4 D4 8D @B D4 7H1E
CC@8 8D 12 D4 A9 GF 8D 18 D4 73C@
CC18 A9 68 8D 17 D4 A9 @B 8D 7361
CC18 @S D4 A9 F@ 8D B6 D4 20 61E8
CC286 668 CA AS 14 48 AS 15 48 4B26
CC28 26 FD AE 20 @68 CO 68 85 6B55
CC3@ 68 68 85 SF BG5S 66 FB 21 6439
CCZ8 AS 14 A6 15 8D 6@ D4 8E 742E
CC4B ©61 D4 A9 11 8D B4 D4 2 S1FB
CC48 B3 EE AS SF C&6 SF AA DG BR66
CCS® F6 C6 6B AS 6B C? FF DB CBC2
CCS8 EE A9 06 8D 64 D4 4O S728

Commentary

Lines 160—190: Zero is loaded into the accumulator and then stored in the
control registers for the three voices.
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Lines 210—220: BEEP is always executed with volume at maximum, so the
value 15 is stored in the SID volume control register.

Lines 240—250: Switch off filters on voices one, two and three.

Lines 260—300: These lines set up the envelope for the note to be BEEPed.
Since all that is required is a tone of specified duration, this is achieved by
setting the attack, decay and release to minimum. These three settings
ensure a note which begins and ends without tapering up or down and is
consistent throughout its duration.

Lines 320—420: The length of the note and its pitch value are picked up
using GETWRD and stored.

Lines 440—450: If the note length at this point is zero, then an exit is made
from the routine.

Lines 460—490: The frequency value is transferred to the frequency con-
trol register for voice one.

Lines 510—520: 17 is stored into the SID register at $D404, switching on
voice one with a sawtooth waveform.

Lines 540—630: These lines begin by calling up the ROM routine DELAY,
which produces a pause of approximately one millisecond. On returning
from DELAY, the value in $5F—60 which represents the specified length of
the note is decremented by one and the loop from line 540 repeated if zero
has not been reached.

Lines 650—660: Zero is loaded into the SID register at $D404, thus switch-
ing off voice one.

Testing

BASIC: The routine is self-testing and should produce a single short tone
when RUN.

MACHINE CODE: Turn up the sound on your TV to roughly half
volume, and then enter the following line of BASIC in direct mode:

SYS (52224) 500, 10000

The result should be a note with a duration of some half a second.

Syntax
The syntax for BEEP is:
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SYS (52224) { NOTE LENGTH} ,{ PITCH}

NOTE LENGTH may be any value in the range 0—65535, representing a
maximum note length of 65 seconds approximately. Note that, while a note
is being sounded, the execution of the BASIC program stops. It would be
quite possible to set the beep for an indefinite period using the first half of
the routine and to switch it off with a separate call to the second half. This
would allow other processing to be done during the sounding of the note
and may be advantageous in some circumstances.

The PITCH value may be in the range 0—65535 and is not the frequency
of the note but, rather, represents a value of 0.06097 times the frequency in
hertz. For example, if the pitch parameter were 1000, the frequency result-
ing would be 1000*0.06097, or approximately 61 hertz.

The command can be used simply to produce a pause in the execution of
BASIC if the note value specified is zero.

3. CHORD

Having used one of the voices in the relatively straightforward BEEP
command, it is only a small step to combine three simultaneous BEEPs
into a CHORD. The method is identical to that used for BEEP, except that
extra parameters have to be picked up for the number of voices to be
employed and the pitch for each voice.

Chord — BASIC listing

A470BB REM* 33 36336 4 36 3 36 96 36 36 36 36 36 3 38 36 3630 3 3 396 36 36 336 3¢
478@1 REM CHORD

47BB2 REMIE 336336 36 363 3 6 36 36 3030 56 30363 36303036 36 3 36 36 630 3
47816 POKE SID+24,15

47020 FOKE SID+23,8

47825 FOR I=8B TO 7%(NV-1) STEP 7

478368 FPOKE SID+5+1,9

478046 POKE SID+6+1,240

470580 HF (I1/7)=INT(FR(I1/7)/256)

47868 FPOKE SID+IFR(1/7)-256%#HF (1/7)
47878 FOKE SID+1+I ,HF(I/7)

47875 NEXT I

47677 FOR I=@ TO 7#(NvV-1) STEF 7

476086 POKE SID+4+1,17

47098 NEXT I

4710@ FOR I=1 TO NL : NEXT I

47198 FOR I=0 TO 7*(NV-1) STEP 7

47266 POKE SiD+4+1,0

47210 NEXT I

47999 RETURN

Commentary
Line 47025: This loop ensures that the two POKEs which set up the shape of
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the flat tone and its frequency will be carried out on the registers of as many
voices (1—3) as are specified in the control module by the variable NV.

Lines 47050—47070: Equivalent to BASIC lines 46050—47070 in the BEEP
command, except that an array is used so that the frequency values for all
three voices can be specified.

Line 47077: The triangle waveform is switched on in each of the three
voices.

Lines 47190—47210: The three voices are switched off.
The following changes must also be made to the control module. Add
the new lines:

45140 FR(0) = 8000
45150 FR(1) = 10000
45160 FR(2) = 12000

45170 NV =3

and change line 45200 to read:

45200 GOSUB 47000

Chord — assembly language listing

ADD. DATA SOURCE CODE

(5] 1@ PRT

[u]1] 268 ORG $CCSF

CCSF 3@ SYM

CCSF 8@ SID = $D40B
CCSF 9@ GETWRD = $COBD
CCSF 186 COMMA = $AEFD
CCSF 116 DDBEEP = $CC47
CCSF 126 GETBYT = $CO06&
CCS5F  A900 156 CHORD LDA #0@
CCs1 8D@4D4 168 STA SID+3$64
CC44 BDBED4A 178 STA SID+$0B
CC&7 8D12D4 188 STA SID+$12
CC&A AYOF 206 LDA #+BF

CCoC 8D18D4 218 STA SID+$18
CCaF  A9@8 238 LDA #308

CC71 8D17D4 24@ STA SID+$17
CC74 A900 268 LDA #00

CC7& 8D@SD4 270 STA SID+$85
CC79 8D\BCD4 288 STA SID+$6C
CC7C 8BD13D4 298 STA SID+$13
CC7F A9F@ 300G LDA #3$F@

CCc81 8D@A&D4 310 STA SID+%66
Ccs4 8DGDD4 328 STA SID+$@D
CC87 8D14Dh4 3@ STA SID+¥14
ccesn 2006CH 358 JSR GETBYT
ccep C961 360 CMFP #+61
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CCBF 985SB 376 BCC IQERR
CC91 C904 386 CMP #$6G4
CC?3 BAS7 398 BCS IRERR
CC9S 85FE 488 STA $FE
CC?7 48 418 FHA

CC?8 Z2@FDAE 426 JSR COMMA
CC?B 20068Co 44 JSR GETWRD
CC9E A514 450 LDA #14
CCAB 48 468 FHA

CCAl1 AS1S 470 LDA #15
CCAZ 48 4868 PHA

CCA4 ABGBE 586 LDY #38E
CCA6 BA4AFD 516 LBBB STY $FD
CCAB 20FDAE 528 JSR COMMA
CCAEB 2008CH 530 JSR GETWRD
CCAE A4FD 540 LDY #%FD
CCB@ A514 556 LDA %14
CCB2 9988D4 5680 STA SID.Y
CCBS AS1S 578 LDA #15
CCB7 <99@G1D4 5860 STA SID+1.Y
CCBA 98 598 TYA

CCBE zZ8 686 SEC

CCBC E9@7 &1 SBC #%67
CCBE A8 626 TAY

CCBF C6FE 636 DEC *FE
CCC1 D@E3 648 BNE L60OA
CCC= &8 668 PLA

CCC4 8548 &70 STA 60
CCC&6 68 686 FLA

CCC7 8355F 678 STA $5F
CCC? &8 788 FLA

CCCA AA 718 TAX

CCCE ASSF 730 LDA *5F
CCCD @568 748 ORA $66
CCCF F@1A 750 BER LBG2
CCD1 ABGE 768 LDY #+$6GE
CCD3 A911 778 LOG1 LDA #F11
CCDS 99@4D4 780 STA SID+#4.Y
ccpg 98 798 TYA

CCb? =8 886 SEC

CCDA E9G7 810 SBC #%07
CCDC A8 826 TAY

CCDD CA 830 DEX

CCDE D@F3= 840 BNE LGA1
CCE® 2@847CC 8560 JSR DOBEEF
CCEZ A906 868 LDA #5006
CCES 6D@BRD4 87@ STA SID+%B
CCE8 8D12D4 888 STA SID+#12
CCER 60 890 LBB2 RTS
CCEC 4C48BZ2 986 IQERR JMP #B248
CCEF ?1@ END

TOTAL ERRORS IN FILE ——— @
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SID D406

GETWRD caaa

COMMA AEFD

DOBREEF CC47

GETBYT Caos

CHORD CCSF

L 0GB CCAb

LAA1 CCD3

LBaz2 CCER

IRERR CCEC

TOTAL NUMBER OF SYMBOLS ——— 1@
Machine code

ADD DATA CHECESUM

CCSF A? 0BG 8D 84 D4 8D OB D4 781E
CC&7 8D 12 D4 A9 GF 8D 18 D4 73Ce
CC6F A9 @88 8D 17 D4 A7 BB 8D 7361
CC77 @S D4 8D @AC D4 8D 1= D4 S3AE
CC7F A% FG 8D 86 D4 8D @D D4 AC42
CC87 8D 14 D4 26 66 Co C9 @1 6CC=
CC8F 90 SB C? @04 BB 57 8S FE 8104
CC?7 48 20 FD AE 26 8@ CA AS S9AS
CC?F 14 48 A5 15 48 AD GE B4 3750
CCA7 FD 20 FD AE 20 0@ CA A4 B424
CCAF FD AS 14 99 08 D4 AS 15 BB7F
CCB7 99 @1 D4 98 Z8 E9 @7 AB 76DA
CCBF Cé6 FE DB E3 68 85 &8 68 D12C
CCC7 85 SF 68 AA AS SF @5 60 78EE
CCCF FO 1A AD PE A9 11 992 04 FAZ2
CCD7 D4 98 =8 E9 @7 A8 CA DO AACC
CCDF FZ 20 47 CC A? 00 8D @B ?D8D
CCE7 D4 8D 12 D4 &6 4C 48 B2 AZ32
CCEF 0000

Commentary
Lines 150—180: All voices are set to off.

Lines 200—210: Volume is set to maximum.
Lines 230—240: Switch off filters.

Lines 260—330: The envelope for all three voices is set up as it was for voice
one only in BEEP.

Lines 350—410: An addition to the BEEP command, the number of voices
specified is checked to see that it falls in the range 1-3. If the number is
valid it is stored temporarily on the stack.
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Lines 440—480: The length of the note(s) is obtained and stored on the
stack.

Lines 500—640: The frequencies for the specified number of voices are
picked up from the BASIC line and then stored in the appropriate SID
registers. The number of voices has been left in $FE by the GETBYT
routine and this is used as a counter to guide the command in knowing how
many values are needed. Each time the loop is executed, seven is subtracted
from the contents of the Y register so that, when this is used for indexed
addressing, it will refer to the control registers for each of the three voices
in turn.

Lines 660—710: The number of voices and the length of the notes are
recalled from the stack. The number of voices is stored in the X register and
the note length in $5F—60.

Lines 730—750: A test is made to ensure that the note length is not zero. If it
is, then the routine is aborted.

Lines 760—840: The same process as for the frequencies, but this time the
loop is turning on the sawtooth waveform in each of the specified number
of voices, starting with voice three and subtracting seven for each iteration
of the loop. These lines therefore begin the execution of the chord.

Line 850: This line calls up the timing section of BEEP.

Lines 860—920: These lines turn off voices two and three — voice one was
turned off by the call to BEEP.

Line 900: A call to the ILLEGAL QUANTITY error message.

Testing

BASIC: The routine is self-testing. When RUN it should produce a distinct
chord, ie three notes played simultaneously.

MACHINE CODE: The routine, as you will have seen from the commen-
tary, is very much like BEEP, so entering:

SYS(52319) 1,5060,10000

will produce exactly the same tone and duration as was heard in testing the
earlier command. If no problem is encountered, you can go on to try:

SYS(52319) 3,500,1000,10000,60000
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and now the original tone will be accompanied by a high pitched squeak
and a low hum.

Syntax
The correct syntax for CHORD is:

SYS(52319){ VOICES} ,{ DURATION} ,{ PITCH1} ,[{ PITCH2} ,
{ PITCH3} |

VOICES may be any value in the range 1—3. DURATION is expressed in
milliseconds and may be in the range 1—65535.

Note that a syntax error will be generated if the number of PITCH para-
meters specified in the command is not equal to the number of voices
specified. In other respects, ie the value of pitch and duration, the
command is identical in effect to BEEP.

4. ADVANCED SOUND COMMANDS

The two commands we have entered so far, useful though they may be for
producing a few quick tones while a program is running, do not make
anything like full use of the capabilities of the SID chip, which, as noted
earlier, is a highly sophisticated sound synthesiser in itself. The collection
of commands you are about to enter are another matter. With these
commands, you will be able to enter sequences of notes for each of the
three voices separately in the form of strings, with each note being given its
straightforward name, iea, b, c, d, e, f, g. The full eight octaves of the SID
chip may be employed and all legal combinations of attack, sustain, decay,
release and filter are available. As with all use of the SID chip, the pro-
cedure for this group of commands will be first to provide commands to set
up the various sound parameters, and then to design a command to acti-
vate the notes specified.

In all of this, there will be one difficulty which dogs any effective use of
the SID chip, and that is that the registers which it uses are write only —
memory locations into which values may be POKEd without problem but
which return the spurious value of 255 when read using PEEK. What this
means is that, while it is perfectly possible to alter the whole value of a
particular register using POKE, it is not possible to alter the condition of
specified bits without affecting the others, since to do this requires that a
value be obtained from the register with PEEK, manipulatec and then
returned to the register.

The problem is overcome in the commands that follow by the use of
‘pseudo-registers’, that is to say a series of locations in normal memory
which will act as a parallel storage area for values which are to be placed in
the real memory locations. Using the values stored in the pseudo-registers,
we shall be able to perform any manipulations thought to be necessary and
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then to place the resultant numbers into the SID registers. Note that the
operations which we shall be performing most of the time will therefore
have no effect whatsoever on the SID chip. POKEing the sound output bit
on the correct pseudo-register will not switch on the sound output of the
SID chip until the contents of the pseudo-register are copied into the
genuine SID register.

This use of pseudo-registers not only overcomes the problem of the
SID’s write only registers, it also gives a degree of flexibility in program-
ming since there is no need for us to observe any strict order in which values
may be changed. Everything may be done for the convenience of the pro-
grammer since the SID chip will not be aware of any changes until the
pseudo-registers are copied. In relation to the commands you have already
entered, BEEP and CHORD, the use of pseudo-registers also has the
advantage that these simple tone commands, while they change the SID
registers, have no effect on the pseudo-registers. BEEP and CHORD may
therefore be used in between separate uses of the more advanced sound
commands without any need to set up all the parameters a second time in
the pseudo-registers.

The location chosen for the pseudo-registers, 24 of them in all to corre-
spond to the total number of registers for the SID chip, is $02E0—02F8
(736—760). The first pseudo-register, at $02E0 (736), thus corresponds to
the first SID register, at $D400 (53248), while the final pseudo-register, at
$02F8 (760), corresponds to the final SID register, at $D418 (53272). In
examining the routines which follow, you will be able to use the description
of the SID registers on page 461 of the Programmer’s Reference Guide if
you are uncertain of the function of any particular pseudo-register.

5. SOUND PARAMETERS (GETPAR)

The registers we shall be dealing with in the commands which follow
almost all contain two four-bit values (or ‘nibbles’), that is two values in
the range 0—15, one in the upper four bits of the register (the high nibble)
and one in the lower four (the low nibble). For that reason, it is possible to
use a single routine to service all the commands by picking up sound para-
meters from the BASIC text.

The procedure is as follows:

1) Obtain the parameter which specifies the value of the nibble.

2) Obtain the voice number.

3) Calculate, according to the voice number, the relative position, or
‘offset’ of the registers for the particular voice, as compared to the
start of the pseudo-registers. This will be either 0, 7 or 14.

GetPar — assembly language listing
ADD. DATA SOURCE CODE
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80 18 PRT
[7:17] 20 ORG $CCEF
CCEF 3@ SYM
CCEF 780 GETBYT = #CO06
CCEF 2006C6 18@ GETNYEB JSR GETRYT
CCF2 C918 118 CMP #$10
CCF4 BoA1 128 BCS IBERR
CCF6 60 13@ RTS
CCF7 A4CA48E2 14@ IQERR JMF $B248
CCFA 2006CH 160 GETVOC JSR GETBYT
CCFD A8 17@ TAY
CCFE Coa1 188 CPY #1
CDBB <QOFS 198 BCC IQERR
CDBZ Co04 200 CPY #4
CD@4 BOF1 21@ BCS IGERR
CDB6 A6 220 LDA #0
cCpes 88 230 LOO@ DEY
CDA?. F@@S 240 BEG LG@AO1
CbhéB 18 256 CLC
ChaC &9@7 260 ADC #7
CDAE D@GFg 278 BNE LOQOG
CDi® A8 280 LBG1 TAY
CD11 4@ 29@ RTS
cDh12 38@ END

TOTAL ERRORS IN FILE — @

GETEBYT Coa6

GETNYB CCEF

IQERR CCF7

GETVOC CCFA

LOBA cbas

LBA1 CD1@&

TOTAL NUMBER OF SYMBOLS ——— &
Machine code

ADD DATA CHECKSUM
CCEF 20 86 CO C? 16 BO @1 &6 39B2
CCF7 4C 48 B2 20 86 CO AB CO 5580
CCFF ©1 9@ FS C@ 64 BO F1 A9 548B
CDA7 ©0 88 FA B85 18 &9 @7 DO z92
CDAF F8 A8 66 #5980
Commentary

Lines 100—130: A check that the parameter falls within the range 0—15, ie
that it is in the range of a four-bit number, or nibble.

Lines 160—210: The voice number is picked up and tested against the range

of 1-3.
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Lines 220—290: The voice number is converted into an offset, or start point
for a set of registers in relation to the start of the SID registers. Voice one
would produce an offset of zero, voice two of seven and voice three of
fourteen.

Testing

This routine can only be effectively tested when one or more of the
commands to follow have been entered.

6. YOLUME

Volume is an overall setting which affects the output of all three voice
channels and can be set to anything in the range 0—15. A setting of fifteen
sets all voices to maximum volume, while zero allows the voices to play as
normal but nothing will be heard through the television speaker.

The procedure for VOLUME is as follows:

1) Obtain the volume parameter.
2) Place it into the pseudo-register corresponding to $D018 as the low
nibble.

Volume — assembly language listing

ADD. DATA SOURCE CODE
7]%] 186 PRT
a6 20 ORG #CD12

CDi12 3B SYM
CDh12 76 BASE = $¥A2EO
CDhi2 88 GETNYB = #CCEF
CD12 ADF8®2 118 VOLUME LDA BASE+%¥18
CD1S 2976 128 AND #%70
CD17 ©SDF8®2 136 STA BASE+$18
CD1A 28EFCC 148 JSR GETNYB
CD1D @DF8@2 158 ORA BASE+$18
CD2@8 8DF8@G2 168 STA BASE+#18
CD23 60 178 RTS

CD24 186 END

TOTAL ERRORS IN FILE ——— @

BASE. 2EG

GETNYE CCEF

VOLUME CD12

TOTAL NUMBER OF SYMBOLS —- 3
Machine code

ADD DATA CHECESUM

CD12 AD F8 @82 29 70 8D F8 @2 PEF6
CD1A 20 EF CC @D F8 @62 8D F8 6FEA
CD22 82 60 Bas64
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Commentary

Lines 110—130: The first use of one of the pseudo-registers mentioned
above in the introduction to the advanced sound commands. These lines
load the contents of the nineteenth pseudo-register into the accumulator
(register zero is the first) and sets the nibble relating to volume to zero. In
addition, voice three is switched on.

Line 140: GETNYB is used to pick up the volume parameter from the
BASIC program.

Lines 150—160: The volume setting is now placed into the pseudo-register
without disturbing the upper three bits, which control aspects of the filtering
of each voice. Note that the SID chip is entirely unaffected by this procedure
since we are only working with the pseudo-registers at this point.

Testing

To test the routine without going on to enter the full range of sound
commands, the following three lines of BASIC may be used:

10 POKE 760,0
20 SYS (52498) 15
30 PRINT PEEK (760) AND 15

The result printed on the screen should be 15. If it is not, remember that the
error may lie either in the current command or in the GETNYB routine
previously entered.

Syntax
The syntax for VOLUME is:

SYS (52498) { VOLUME SETTING}

where VOLUME SETTING may be in the range 0—15, with 15 being max-
imum volume and zero effectively cutting off the output of the three
voices.

7. ADSR

If you have any interest in the use of the SID chip you will probably already
know that the four characteristics of a single note — attack, decay, sustain
and release — when taken as a group are known by their intitial letters,
ADSR. Together they define almost everything that is important about a
note apart from its pitch, the colour imparted to it by the use of filters and
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its volume. The following command allows all four of these important
characteristics to be set in one statement.
The procedure for ADSR is as follows:

1) Obtain the voice number.
2) Obtain the attack value and translate this into the form of a high

nibble.
3) Obtain the decay value.
4) Place the combined value into the appropriate pseudo-register.
5) Repeat steps two, three and four for sustain and release.

ADSR — assembly language listing

ADD. DATA SOURCE CODE
@a 16 PRT
4]} 26 ORG #%CD24
CD24 3@ SYM
CD24 86 COMMA = $AEFD
CD24 9@ GETNYB = $CCEF
CD24 188 GETVOC = $CCFA
CD24 118 BASE = $O2E@
CD24 2BFDAE 14@ GETTOP JSR COMMA
CDh27 28EFCC 156 JSR GETNYB
CD2A B8A 168 ASL A
CD2E @A 176 ASL A
Ch2C @A 188 ASL A
CD2D @A 198 ASL A
CD2E A4FE 200 LDY s$FE
CDZ@ 99ES@A2 216 STA BASE+S.Y
CD3Z 60 226 RTS
CD34 28FACC 258 ASDR JSR GETVOC
CD37 B8A4FE 268 STY $FE
CD39 2824CD 276 JSR GETTOP
CD3C E&FE 2860 INC $FE
CD3IE 2824CD 298 JSR GETTOP
CD41 C6FE 300 DEC S$FE
CD4Z 2@48CD 318 JSR GETLOW
CD46 E&FE 328 INC $FE
CDh48 2GFDAE 3460 GETLOW JSR COMMA
CD4B 28EFCC 3568 JSR GETNYB
CD4E AA4FE Z6G LDY $FE
CDS® 19ES@2 370 ORA BASE+S.Y
CDS3 99ES@2 780 STA BASE+S.Y
CDS6 60 398 RTS
CDS7 408 END

TOTAL ERRORS IN FILE —— 8
COMMA AEFD
GETNYB CCEF

177



Machine Code Graphics and Sound on the Commodore 64

GETVOC CCFA
BASE 2ED
GETTOP CD24
ASDR CD34
GETLOW cbh4s
TOTAL NUMBER OF SYMBOLS ——- 7

Machine code
ADD DATA CHECESUM

CD24 2B FD AE 28 EF CC @A @A 71Cé6
CD2C OA 8A A4 FE 99 ES 02 60 Z4A0
CDZ4 28 FA CC 84 FE 28 24 CD 79C5
CD3C E6 FE 20 24 CD C6 FE 20 C45C
CD44 48 CD E& FE 26 FD AE 20 8A5SH
CD4C EF CC A4 FE 19 ES @2 99 D3D9
CDh54 ES @2 66 @3F8

Commentary
Lines 140—190: A subroutine — the main program begins at line 250.

Lines 150—190: The parameter for either attack or sustain is picked up
from the BASIC program, according to the point from which the subrou-
tine is called in the main routine. The reason that the lines refer only to
attack and sustain is that these two are stored in the high nibbles of the two
ADSR registers. The effect of the lines is to take the 0— 15 value and to shift
it left so that it will fit into the upper rather than the lower four bytes of the
register.

Lines 200—210: Storage is done using the Y register to perform indexed
addressing, based on the offset stored at $FE. This offset, which works out
on the basis of the voice number which of the three groups of seven regis-
ters is to be affected, was calculated by the part of the sound parameters
routine and the result was stored at $FE by the main routine which follows.

Lines 250—260: The call to part of the sound parameters routine which
obtains the voice number and calculates the start position of the registers
referring to it. The result is stored at $FE temporarily.

Line 270: The earlier subroutine is called to pick up the ATTACK value
and place it in the high nibble of the appropriate pseudo-register.

Lines 280—290: The value of the offset is increased by one so that it points
to the next register. Another call to GETTOP now obtains the SUSTAIN
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setting and places it into the high nibble of the register following that for
ATTACK.

Lines 300—310: The offset is decremented so that it once again indicates
the first of the two registers being used and then the GETLOW subroutine
is called. This first call to the subroutine, which follows immediately after
these lines, obtains the RELEASE value from BASIC and places it straight
into the low nibble of the first register.

Lines 340—390: The GETLOW subroutine which places a value in the
range 0—15 in the low nibble of the appropriate register.

Testing

In testing this routine, you might like to remember that this is the first use
we have made of the GETVOC routine, so, if a problem is encountered, it
would be wise to check both sections of code. A simple BASIC test for the
current routine is:

10 POKE 748,0 : POKE 749,0
20 SYS (52532) 2,15,15,15,15,
30 PRINT PEEK(748),PEEK(749)

The result of running this little program should be the display of two 255s
on the screen, indicating that the high and low nibbles of both the relevant
registers for voice two have been set to 15, ie every bit is set in both
registers.

Syntax
The syntax for ADSR is:

SYS (52532){ VOICE} ,{ ATTACK} ,{ DECAY} ,{ SUSTAIN} ,
{ RELEASE}

where VOICE must be in the range 1—3 and all the other parameters must
be in the range 0—15.

8. FILTERS

The command you are about to enter allows you to set up three important
parameters of the SID’s filters, namely the type of filter, the filter reso-
nance factor and the filter breakthrough. The filters, once set, cannot be
varied from voice to voice, though for each voice there is a choice as to
whether the current filter setting will be applied or not. This ‘on/off’
capability will be dealt with under the next command — at the present time,
we shall only be concerned with the setting up of the filters, not with apply-
ing them to the three voices.
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The filters which may be applied fall into four different categories,
bandpass, highpass, lowpass and notch. Before any of these filter types
will work, there must also be a ‘break frequency’ specified and provision is
made for this in the syntax for the command. The break frequency simply
represents a significant frequency value and it will be used in a different
way by each of the filters. Given a break frequency, the effects of the filter
types are as follows:

a) Bandpass: Frequencies at or around the break frequency are allowed
through at full strength but frequencies further from the break fre-
quency (either up or down) are attenuated.

b) Highpass: Frequencies above the break frequency are allowed through
at full strength but those below are attenuated.

c) Lowpass: Frequencies below the break frequency are allowed past at
full strength but those above are attenuated.

d) Notch: All frequencies are allowed through at full strength with the
exception of a narrow band around the break frequency.

In addition to the setting of the filter type and the break frequency, the
current command also allows the setting of the filter resonance, with the
note becoming more emphatic as the resonance is increased.

The procedure for FILTER is as follows:

1) Obtain the filter type.

2) Obtain the resonance parameter.

3) Obtain the filter breakpoint frequency parameter.

4) Place the frequency value into the pseudo-registers corresponding to
$D015-6.

5) Calculate the correct ‘bit pattern’ to set up the specified filter type and
place this in the pseudo-register corresponding to $DO018.

Filter — assembly language listing

ADD. DATA SOURCE CODE

00 18 PRT

20 28 ORG #CDS7

CDS7 360 SYM

Cbs7 9@ GETBYT = $C8G6

CDS7 188 COMMA = $AEFD

CbS7 11@ GETNYB = $CCEF

CDS7 1268 BASE = $G2END

CDh57 130 GETWRD = $CB00

CDhS7 148 IQERR = $CCF7
' CDS7 2086C8 1786 FILTER JSR GETBYT

CDhSA C984 186 CMP #$04

CDSC BBO99 196 BCS IQERR

CDSE 48 208 PHA

CDSF 20FDAE 218 JSR COMMA
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CDh&62 2ZBEFCC 226 JSR GETNYB
CD&S 48 233 PHA

CDh&6 28FDAE 246 JSR COMMA
CDhé6%? 2066CO 258 JSR GETWRD
CD&6C  AS14 268 LDA #14
CD&E A61S 278 LDX #%15
CD78 8DFS@2 2868 STA BASE+#15
CD7Z% BEF&602 298 STX BASE+#16
CD76 ADF7822 ZB6B LDA BASE+#17
CD79 296F Z18 AND #3%F
CD7B 8DF7@32 228 STA BARASE+¥17
CD7E &8 3Z8 PLA
CD7F @A Z48 ASL A
cD8s @A 358 ASL A
cDh81 @A 368 ASL A
cbez2 A 78 ASL A
CD8Z @DF78G2 380 ORA BASE+#$17
CD86 8DF762 398 STA BASE+¥17
Ccbh89 &8 430 PLA
CDBA AA 418 TAX
CD8E ADF8a2 428 LDA BASE+#18
CDBE 29@F 3@ AND #3F

Cbh9@ 1D97CD 440 ORA TABLE. X
CD?Z 8DF8®e2 4560 STA BASE+%$18
CD?6 68 468 RTS
CD?7 264010 478 TABLE BYT $20.$48.%1
@. ¥50
CD9E 486G END

TOTAL ERRORS IN FILE —— @

GETBYT CaBs

COMMA AEFD

GETNYEB CCEF

BASE 2E®

GETWRD Conn

IQERR CCF7

FILTER CD57

TABLE CDhe7

TOTAL NUMBER OF SYMBOLS ———- 8
Machine code

ADD DATA CHECKSUM
CDS7 20 86 CB C? B4 BAG 99 48 3A6A
CDSF 2@ FD AE 20 EF CC 48 20 7258
CD&67 FD AE 28 886G CB AS 14 A6 B762
CD&F 15 8D FS @82 8E F6 B2 AD 89879
CD77 F7 @2 29 BF 8D F7 B2 68 8ACH
CD7F 6A 8A BGA BA GD F7 62 8D BE3S
CDh87 F7 @2 48 AA AD F8 B2 29 D15
CD8F @F 1D 97 CD 8D F8 B2 66 371C
CD?7 20 40 18 S6 Ba270

Sound Commands
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Commentary

Lines 170—200: Check that the filter type is in the range 1—3 and then save
it temporarily on the stack.

Lines 220—230: Pick up the resonance parameter and save it on the stack.

Lines 250—290: Pick up the break frequency parameter using GETWRD
and store this two-byte value in the appropriate pseudo-registers.

Lines 300—320: The current resonance setting (in the pseudo-registers) is
cleared by ANDing the register with 15 — the resonance value is stored in
the high nibble.

Lines 330—390: The new resonance value is recalled from the stack, shifted
left so that it now occupies the upper four bits and then stored in the appro-
priate register.

Lines 400—410: The filter type parameter is recalled from the stack and
stored in the X register.

Lines 420—439: The number of the present filter type is cleared by the use
of AND without affecting the high nibble of the register.

Lines 440—450: A look-up table is now used to transform the filter type
which was specified in the BASIC program into the correct low nibble to
produce the desired filtering. The result is stored back into the appropriate
register.

Line 470: The table representing the actual values which are needed to
produce each of the filter types.

Testing

The following three lines of BASIC will suffice to make a preliminary test
of the command:

10 FORI=0TO 3 : POKE 757 + 1,0 : NEXT
20 SYS (52567) 1,10,513
30 FORI=0TO 3 : PRINT PEEK (757 +1) : NEXT

The result of running this program should be that the following four values
are printed on the screen:

1

2
160
64
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Syntax
The syntax for FILTER is:

SYS (52567) { TYPE} ,{ RESONANCE]} ,{ BREAK]}
TYPE is a number in the range 0—3, as follows:

0=BANDPASS
1=HIGHPASS
2=LOWPASS
3=NOTCH

RESONANCE is a number in the range 0—15. BREAK is a number in the
range 0—65535, though only values in the range 0— 16384 will be significant
to the system. In translating this break parameter into a frequency in hertz,
break must be multiplied by 0.06097, as in the BEEP and CHORD
commands.

9. VOICE CONTROL (VOICE)

There remain a number of major functions in relation to the three voices
which we have not yet dealt with. All of them are functions controlled by a
single bit and, rather than include a separate command for each, they have
all been gathered together into a single command which is a trifle unwieldy
at first sight but which will cause no problems in practice.

The majority of the parameters we are concerned with in this command
are controlled by a single register for each voice, the fifth of the registers in
the group allocated to each voice. The functions of the individual bits in
this register are:

BIT FUNCTION

Start attack cycle when one, start decay cycle when zero.
Synchronise to other voices.

Ring modulate with another voice.

Should always be set to zero.

Triangle waveform when set.

Sawtooth waveform when set.

Pulse waveform when set.

Noise waveform when set.

NN AW — O

In addition to these functions, there is also the question of the decision as to
whether each voice will have the current filters applied to it or not. This is
controlled by the lower three bits of the eighteenth register, with bit zero
dictating that voice one will be filtered if it is set, that it will be unfiltered if
reset, and so on. The current command therefore requires three pieces of
information:

1) The voice number.
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2) Whether it is to be filtered, in the form of a one or a zero.

3) The value of the control register. This will be a value between zero and
255 which you must calculate according to which of the bits you wish
to have set. Alternatively, you can use an expression such as (272 +2°4),
where a power of two is used to refer to each of the bits to be set. In the
case of the example expression given here, bits two and four would be
set.

Voice — assembly language listing

ADD. DATA SOURCE CODE
1" 1@ PRT
ae 28 ORG $CD9B
CD9RB 38 SYM
CD9B 86 GETVOC = $CCFA
CD9B 98 COMMA = $AEFD
CD9B 106 GETBYT = $C@G@G6&6
CD9R 110 GETWRD = $CHBO
CD9B 1268 BASE = $@2EG
CD9B 2@0FACC 158 VOICE JSR GETvVOC
CD9E 84FE 168 STY $FE
CDAB A964 180 LDA #4
CDAZ C@ea7 198 CPY #7
CDA4 FBBS 200 BER L0OOGO
CDA6 C@BE 218 CPY #3E
CDA8 FB@ez 220 BER LOO1
CDAA 4A 230 LSR A
CDAB 4A 240 LBOBB LSR A
CDAC 85SFD 258 L@BB1 STA *$FD
CDAE 49FF 268 EOR #$FF
CDB@® Z2DF7@G2 286 AND BASE+#17
CDR= 8DF782 296 STA BASE+#$17
CDB6 2@0FDAE 368 JSR COMMA
CDB? 2008CH 318 JSR GETWRD
CDBC AS14 338 LDA #14
CDBE 8515 348 ORA #15
CDCB FBa8 356 BER LOG2
CDC2 ASFD 36@ LDA $FD
CDC4 @GDF7@2 380 ORA BASE+#17
CDC7 8DF7®e2 39@ STA BASE+%$17
CDCA 20FDAE 466 LBAZ2 JSR COMMA
CDCD 2006C6 4260 JSR GETEBYT
CDD@ A4FE 4378 LDY $FE
CDD2 ©99E462 440 STA BASE+$04.Y
CDDS &8 458 RTS
CDD6 4668 END

TOTAL ERRORS IN FILE —— @
GETVOC CCFA
COMMA AEFD
GETBYT Caasé6
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GETWRD Cooa
BASE 2EB
VOICE CD9B
LA6a CDAB
LBA1 CDAC
LBaZ2 CDCA
TOTAL NUMBER OF SYMEROLS —— 9
Machine code
ADD DATA CHECESUM

CD9B 28 FA CC B84 FE A9 @4 C@ 7B9C
CDAZ 87 F@ B85 CO® OE FB 02 4A SA%E
CDAEB 4A 85 FD 49 FF 2D F7 82 758C
CDB= 8D F7 B2 20 FD AE 20 0@ 9160
CDEB C@8 AS 14 @S 15 FB 68 AS 912D
CDC= FD BD F7 B2 8D F7 B2 20 A28
CDCE FD AE 20 @6 CA A4 FE 99 B785
CDD= E4 02 68 3F4

Commentary
Lines 150—169: Pick up the voice number and store it in $FE.

Lines 180—250: On the basis of the voice number, these lines determine
which bit is of interest in determining whether the voice is to be filtered. A
mask is then constructed consisting of a byte in which only the relevant bit
is set. This is done by using the offset value returned in the Y register by the
GETVOC routine. The accumulator is loaded with four, ie a mask is
created with only bit two set. The value in the Y register is then compared
with seven and 14, the two possible offsets apart from zero. If the offset is
seven, the voice is two and the mask is shifted to the right once thus moving
the set bit to position one. If the offset is 14, the voice is three and the mask
does not have to be rotated at all. If the offset is neither seven nor 14, the
voice specified must have been one and the mask must be shifted left twice
to move the set bit into position zero. The final mask is stored at $FD.

Lines 260—290: Another mask is now created consisting of a byte where all
the bits are set except the one referring to the filtering of the current voice.
The appropriate register is ANDed with this mask so that the bit referring
to the current voice is turned off.

Lines 310—390: Having created the necessary mask, based on the voice
number, and reset the relevant bit, we now need to know whether the voice
is to be filtered or not. GETWRD is used to pick up the parameter which
will specify this. If the parameter picked up is zero, then no action will be
taken since the filter is not required and we have already cleared the rel-
evant filter bit. If the parameter is greater than zero then the original mask,
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in which the relevant bit is set, is used to switch on the correct filter bit in the
pseudo-register.

Lines 400—450: All that remains is to pick up the control register value and
store it in the appropriate voice control pseudo-register.

Testing

The following three lines of BASIC will provide an adequate preliminary
test for the routine:

10 POKE 754,0 : POKE 759,0
20 SYS (52635) 3,1,170
30 PRINT PEEK(754), PEEK(759)

The result of running this should be the display of:
170 4

Syntax
The syntax for VOICE is:

SYS (52635){ VOICE} ,{ FILTER} ,{ REGISTER}

VOICE is a number in the range 1—3. FILTER is a number in the range
0-65535, where zero will result in the specified voice being unfiltered and
other values in it being filtered. REGISTER is the value to be stored in the
main control register for the voice. The relevance of the various bits and
the methods of calculating the necessary control value are explained in the
introduction above.

10. PULSE

Of the waveforms available through the SID one, the pulse waveform has
an extra parameter attached, the width of the pulse (see the Programmer’s
Reference Guide for a more detailed explanation of the waveform itself).
The current command, PULSE, simply allows this pulse width to be
defined for later use by the PLAY command.

The procedure for PULSE is as follows:

1) Obtain the voice parameter.

2) Obtain the pulse width parameter.

3) Place the pulse width parameter into pseudo-registers 2— 3 for the
specified voice.

Pulse — assembly language listing

ADD. DATA SOURCE CODE

28 1@ PRT

[731"] 20 ORG #%CFé&4

CF&64 ZB SYM

CF64 484 GETVOC = #CCFA
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CF&4 56 COMMA = #AEFD
CF&4 68 GETWRD = $CA06G
CFé64 65 BASE = $B2E6
CF&4 78 PULSE
CF&4 28BFACC 8@ JSR GETvVOC
CF&67 BA4FE 98 STY $FE
CF&69 20FDAE 188 JSR COMMA
CF&4C 2006Ca 185 JSR GETWRD
CF&6F A4FE 11@ LDY $FE
CF71 AS514 1280 LDA %14
CF73 99E282 170 STA BASE+Z2.Y
CF76 AS1S 148 LDA #15
CF78 Q9E3IB2 156 STA BASE+3.Y
CF7B &@ 1668 RTS
CF7C 178 END

TOTAL ERRORS IN FILE —- @
GETVOC CCFA
COMMA AEFD
GETWRD Coaa
BASE 2E@
FULSE CF&64

TOTAL NUMBER OF SYMBOLS —— S
Machine code
ADD DATA CHECESUM
CF64 20 FA CC B4 FE 2@ FD AE 7BS8
CF&6C 22 00 CB A4 FE AT 14 79 b3S
CF74 E2 @2 AS 15 99 E3 02 46D Qa2e
CF7C
Commentary

Lines 80—90: The voice parameter is picked up and the offset for the voice
stored at $FE.

Line 105: The pulse width parameter is obtained by use of GETWRD.

Lines 120—150: The pulse width value is stored in the second and third
pseudo-registers of the appropriate voice.

Testing
The routine cannot be tested properly until the PLAY command has been
entered.

Syntax

The syntax for PULSE is:

SYS (53092) { VOICE} { PULSE WIDTH}

PULSE WIDTH may be any value in the range 0— 65535 but only values in
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the range 0—4095 will be significant to the SID.

11. PLAY

After all the sound commands that so far haven’t done anything we come
to the finale — the PLAY command which will allow you to see if all your
careful setting of parameters has been worthwhile. The object of PLAY is
to take the chore out of composing and playing music on the 64. Gone are
the long and meaningless tables of DATA statements providing the values
to be POKEd into the SID registers. In their place you can now use up to
three strings whose letters represent straightforward musical notes in any
of the eight octaves the SID can generate. In other words, provided that
you can translate sheet music into the letters ‘A’ to ‘G’ you can get right
down to programming your favourite music in three parts. The special
effects such as synthesised pianos and glockenspiels you will have to leave
to the other commands, but it is PLAY that will do the real work and open
up the SID for you.

Such is the length of the command that, rather than attempting to give a
brief summary of the procedure, we strongly suggest that you read the
commentary in conjunction with the listing, thoroughly, before beginning
to enter the routine.

Play — assembly language listing

ADD. DATA SOURCE CODE

3%} 18 PRT

i) 2@ ORG $CDD6&

CDD6 38 SYM

CDDhé& 118 DELAY = $EEB3
CDDé6 120 BASE = $B2ED
CDDé& 138 SID = $D4GA
CDD6 146 GETBYT = $C0O06
CDD6 150 GETWRD = $C609
CDD6 168 GETSTR = $C@89
CDD& 176 pOvoC = $CCFD
CDD6 188 COMMA = $AEFD
CDD&6 EBS6S 218 GETCHR LDA #65.X
CDbD8 F@a’A 230 BEQR LBGG

CDDA D665 250 DEC #6&5.X

CDDC Al66 268 LDA (£66.X)
CDDE F666 288 INC $66.X

CDE® DG®2 296 BNE LODO

CDE2 F667 368 INC $67.X

CDE4 68 310 LOBB RTS

CDES 28D6CD 356 GETNOT JSR GETCHR
CDE8 F@z=7 366 BER NONOTE
CDEA C94F 380 CMP #79

CDEC F@36 Z9@ BEQ OCTAVE
CDEE AB86 418 LDY #6
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CDF@
CDF=
CDFS
CDFé
CDFB
CDFE
CDFE
CDFF
CE@1
CE@3
CE@6
Ce@8
CEDA
CE@C
CE®@D
CEBE
CE10
CE1l1
CELZ
CE1l=
CE15
CE17
CE19
CE1lB
CE1D
CEZ2®
CE21
CEZ23
CE24
CEZ7
CEZ9
CEZB
CEZD
CE2F
CEZ1
CEZZ=
CE35
CEZ7
1.65
CEZE
CEZF
CE4Z2
CE44
CE47
CE49
CE4E
CEA4C
CE4E
CESB
CESZ
CES4

D?Z7CE
F@aa9
88
16F8
284ACF
4C48ER2
c8
Ceas
BOOE
2@D&4CD
Foea%
Coz2=
Deoa7
98

18
&987
AB

98

60
BS66
DO@2
D&&7
D666
F66S
4C11CE
98
ADBA
66
28D6CD
FACF
Coz0
?@CE
coz8
EB@BC7
290F

9523

9BAE
474446

.69.66

88
B9S8CE
8514
B964CE
8515
B523
A8
cea7
BOBA7
4615
6614
ca

420
438
440
458
478
480
S60
518
52

S350
540
560
586
596
600
618
620
648
6358
&78
6£86
69@
700
718
720
740
750
778
79@
860
820
878
840
85a
87@
880
208
926

50
6@
70
980
98
1600
1010
1020
1838
1646
1050
1068

Chapter 5

L@®®d1 CMF TABLE.Y
BE® NOTE

DEY

BFL LGA1

IQERR JSR OFF
JMF ¥B248

NOTE INY

CPY #6

BCS EXIT

JSR GETCHR

BER EXIT

CMP #3I5

BNE BACEUF

TYA
CLC
ADC
TAY
EXIT TyA

RTS

BACKUP LDA $6&.X

BNE L0O02

DEC #67.X

LBBZ2 DEC %66.X

INC #65.X

JMF EXIT

TYA

NONOTE LDY #0608

RTS

OCTAVE JSR GETCHR
BEQ IBERR

CMF #48

BCC IQERR

CMF #56

BCS IQERK

AND #30F

STA $23.X

BCC GETNOT

TABLE BYT &7.68.78.7

#7

CONVER DEY
LDA NTABLO.Y
5TA #14

LDA NTABHI.Y
STA $15

LDA $23.X
TAY

CLOOF CPY #7
BCS LBB3

LSR #15

ROR #14

Ny

Sound Commands
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CESS D@GFS 187@ BNE CLOOF

CES7 60 1086 LBA3 RTS

CES8 1EBBO6 1166 NTABLO BYT B38.139.8
B6.243.143.250. 46

CESF 187EAC 1116 BYT ©024.126.172.230.
248

CE64 B&LP6B3 113@ NTABHI BYT 134.156.1
79.2600.225.168. 253

CE6B BESFBD 1148 BYT 142.159.189.212.
238

CE7@ 11768 FLAY

CE7@ 2@G4ACF 1198 JSR OFF

CE73 ADE4®2 1212 LDA BASE+4

CE76 @901 1220 ORA #1

CE78 B8DE4@82 12308 STA BASE+4

CE7B ADEBG2 12468 LDA BASE+%B

CE7E @901 1256 ORA #1

CEB8G 8DEBBG2 1266 STA BASE+$E

CEBZ ADF262 1276 LDA BASE+$12

CE86 0961 12868 ORA #1

CE88 8DF202 1298 STA BASE+#12

CEBB 2@806CH 1318 JSR GETBYT

CESE C9?06 1320 CHMF #6
CE98 F@66 1338 BER IGERR
CE?Z C9084 1348 CMP #4
CE94 B@A6L2 135@ BCS IQERR
CE?6 BSFE 1360 STA *FE

CE98 2BFDAE 1376 JSR COMMA
CE9R 2600CH 1398 JSR GETWRD

CE9E AS14 1460 LDA %14
CEAB 48 1418 PHA
CEAl1 AS1S 1428 LDA #15
CEA3 48 1436 PHA
CEA4 ASFE 1448 LDA $FE
CEA& BSFD 1458 STA $FD

CEAB 2@FDAE 1476 LB@4 JSR COMMA
CEAB 2689C6 14868 JSR GETSTR

CEAE AS6C 14968 LDA $6C
CEB@ 48 1508 PHA
CEB1 AS6B 15138 LDA $6B
CEB3 48 15268 PHA
CEB4 AS6A 1538 LDA $6A
CEBG6 48 1548 PHA
CEB7 C6&FE 1558 DEC $FE
CEB? D®ED 1566 BNE LO604
CEBB A984 1586 LDA #%4
CEBD 8523 1596 STA $23
CEBF 8526 1666 STA $26
CEC1 8529 1616 STA $29
CEC3 A906 1638 LDA #@
CECS 8345 16468 STA %65
CEC7 835648 16458 STA $68
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CEC? B856E 1668 STA $6ER
CECEB A4FD 1686 LDY $FD
CECD A200 17068 LDX #6
CECF &8 17168 LBBS PLA
CED® 93565 1720 STA $65.X
CEDZ &8 1738 FLA

CED3 9566 17468 STA $£66.X
CEDS 68 1758 PLA

CED6 9567 1768 STA $67.X
CED8 ES8 1778 INX

CED? EB 1786 INX

CEDA EB8 17968 INX

CEDE 88 1886 DEY

CEDC D@F1 1816 BNE LOGS
CEDE 68 1838 FLA

CEDF 8562 184@ STA %62
CEE1 68 1858 FLA

CEEZ 8563 1868 STA $63
CEE4 A963 1880 MLOOF LDA #3
CEE6 8SFE 1898 STA $FE
CEEB AZ06 19688 LDX #6
CEEA 26ESCD 1916 LBBS6 JSR GETNOT
CEED F@15 1926 BE®@ VOCOFF
CEEF 263ECE 19368 JSR CONVER
CEFZ ASFE 1948 LDA $FE
CEF4 26FDCC 1956 JSR DOVOC
CEF7 A5S14 1268 LDA %14
CEF9 99EB62 1978 STA BASE.Y
CEFC A5S15 19868 LDA %15

CEFE 99E18@2 1998 STA BASE+1.Y
CF@1 4C11CF 2008 JMF LBG7

CF®4 ASFE 2016 VOCOFF LDA $FE
CF@& 2@FDCC 28290 JSR DOVOC

CF@% B9E4G2 2638 LDA BASE+4.Y

CFBC Z9FE 2040 AND #3FE
CFOE 99E46G2 2658 STA BASE+4.Y
CFi1 CA 20608 LBO7 DEX
CF12 CA 2878 DEX

CF1Z CA 2688 DEX

CF14 C&FE 2098 DEC $FE

CF16 D®DZ2 2108 EBNE LB0A6
CF18 AaAa18 2126 LDY ##18

CF1A EB9EGGZ2 2136 L66G8 LDA BASE.Y
CF1D 996@D4 2148 STA SID.Y

CF20 88 2150 DEY

CF21 186F7 2166 BFL LO6G8
CF23 AS61 2180 LDA 361

CF25 A&62 2196 LDX %62

CF27 8563 2200 STA 6=

CF29 8664 2218 STX $64

CF2B @564 22268 ORA %64

CF2D FO13 2230 BERQ NEXTN
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CFZF Z20B3EE 2248 LB6B? JSR DELAY

CF32 AS63 2250 LDA #63

CFX4 Cb63 2260 DEC %63

CFZ6 C966 2278 CMP #6

CF38 DBFS 2286 BNE L8G9

CFZA AS64 2296 LDA $£64

CFIC Cbb64 2380 DEC #64

CFZE C9086 310 CHMFP #8

CF4@ DOED 2320 BNE LBG?

CF42 AS6S 2336 NEXTN LDA %65
CF44 @568 2340 DORA 48

CF46 @56B 2356 ORA #6B

CF48 DO9A 2368 BNE MLDOP
CF4A ADBA4DA4 2386 OFF LDA SID+4
CF4D 29FE 2398 AND #$FE

CF4F 8Dh@4D4 2468 STA SID+4
CFS2 ADBBD4 2418 LDA SID+$B
CFSS 29FE 24260 AND #$FE
CFS7 8D@BD4 2438 STA SID+$B
CF3A AD12D4 2440 LDA SID+#$12

CFSD 29FE 2458 AND #3$FE
CFSF 8D12D4 2466 STA SID+#12
CF&2 &40 2478 RTS
CF&3 2488 END
TOTAL ERRORS IN FILE —— 8
DELAY EEB3

BASE ZEB

SID D4@a
GETBYT CaBs
GETWRD cana
GETSTR cese

paovac CCFD

COMMA AEFD
GETCHR CDhDhé&

L OBa CDE4
GETNOT CDES

LOB1 CDF@

IQERK CDF8

NOTE CDFE

EXIT CE1l1

BACKUP CEL13

LBa2 CE19
NONOTE CE21

OCTAVE CE24

TABLE CE37
CONVER CEZE

CLOOF CEA4C

LBaz CES?7
NTABLO CESS8

NTABHI CE64
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FLAY CE7@

LAA4 CEAB

LBaAS CECF

MLOOF CEE4

LBas CEEA

VOCOFF CF@a4

LBG7 CFi1

Laa8 CF1Aa

LPa9 CF2F

NEXTN CF42

OFF CF4A

TOTAL NUMBER OF SYMBOLS ——— 364
Machine code

ADD DATA CHECESUM

CDD& BS 65 F@ BA D6 &5 ALl 66 FC4C
CDDE F& 46 D@ @2 F6 &7 6B 2 B8CC
CDE6 D& CD F@ Z7 C9 4F FB 36 C24A
CDEE A@ @& D9 %7 CE FB& @9 88 7ADA
CDF6 1@ F8 20 4A CF 4C 48 B2 S78A
CDFE C8B C@ @6 BB @GE 28 D& CD AZ29
CE@6 F@ 89 C? 22 DO @7 98 18 D74
CE@E 69 @7 AB 98 68 BS 66 DO SCZ@
CE16 O2 D& &7 D& 646 Fb 65 4C S8DE
CEIE 11 CE 98 AB @G0 &6 26 D6 SE?6
CER26 CD F@ CF C9 Z@ 7@ CE C9 CFoF
CEZE =8 B@ C7 29 BF 95 2% 9@ &712
CEZ6 AE 4% 44 44 47 41 45 42 7848
CETE 88 B? 58 CE 85 14 B9 44 ?06E
CE44 CE 85 15 BS 2% AB CO @7 SB&F
CE4E B@ 37 46 15 &6 14 C8 D@ &FEO
CES6 FS 68 1E 8B @& FZ BF FA ASB4
CESE 2E 18 7E AC E& F8 8B& 74 447372
CES6 BZ C8 EY AB FD 8E 9F EBD BEZER
CEGE D4 EE Z@ 4A CF AD E4 @2 2716
2E76 @9 @1 8D E4 @2 AD ER @2 293C
CE7E @9 @1 8D EE @02 AD F2 @2 29BA
CE86 02 81 89D F2 02 Z@ 04 CO 26DE
CEBE C9 @2 F@ &4 C9 24 BO &2 FOFA
CE?46 85 FE 20 FD AE 20 28 CO <89
CEFE AS 14 48 AS 15 48 AS FE SHEED
CEAbL 835 FD 280 FD AE Z@ 89 CO gDE2
CEAE AS &4C 48 AS &B 48 AS 6A 8&FC
CEBS 43 C6 FE DB ED A9 24 35 8cee
CEBE 23 85 26 85 29 A9 2@ 85 4441

CEC6 &5 BT 468 95 4B A4 FL A2 7154
CECE 8@ &3 795 65 &8 95 &6 68 YR8
CED6 95 67 EB8 EB E8 88 D@ F1 FREL
ZEDE 48 85 62 &8 85 &7 A9 AZ LFOe
CEE6 8% FE A2 B 2@ ES D FB SDBE
CEEE 15 28 ZE CE A5 FE 20 FD Z17D
CEFS T AS 14 92 EO B2 AS 15 AZRY
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CEFE 9% EL 82 4£C 11 CF AS FE 3FCC
CFAs 2@ FD CC B E4 22 29 FE 7CC8
CFAE 9% E4 @ CA CA CA s FE FELZ
CFi& D@ D2 AB 13 B2 E@ A 27 BEES
CFIE @2 D4 38 18 F7 &5 &1 Ab SZR4
CF24 &2 85 AT B6 64 25 =4 FO &HBEZ
CF2E 13 2@ BZ EE A5 &3 06 63 IFaz
CFZH C9 02 D@ F5 AS o4 £56 54 ?573
CFIE C9 0@ D@ ED AT &% @5 &8 747E
CFas D5 6B D@ 74 4D @4 D4 27 482¢
CF4E FE 2@ @4 D4 AD @F D4 29 B7&£5
CFSS  FE 3D 22 D4 AD 12 DA 29 HBEL
CFSE FE 8D 12 D4 &@ 1498

Commentary

Lines 200—310: GETCHR — a subroutine to pick up the next character
from the current PLAY string.

Lines 210—230: The length of the string is loaded from a system storage
byte and the subroutine returns execution to the main routine if the length
is zero.

Line 250: If the length is not now zero, the record of the length still to be
processed is decremented by one.

Line 260: The character indicated by the X register in conjunction with the
pointer at $66—67 is loaded into the accumulator.

Lines 280—300: The pointer to the next character to be picked up is incre-
mented by one.

Lines 330—920: GETNOT — a subroutine to pick up the next character(s)
using the GETCHR subroutine and to translate those characters into note
values in the Y register.

Lines 350—360: GETCHR is used to pick up the next character in the
string. If the GETCHR routine returns the information that the string is
empty, a branch is made to a section of the subroutine which clears the Y
register and returns.

Lines 380—390: The character obtained is tested to see if it is ‘O’. If so, a
branch is made to the section which deals with a change of octave.

Lines 410—450: The character is tested, by means of a comparison with the
contents of the table at line 920, against the seven possible character values
for notes (a, b, ¢, d, e, f, g). If it is the same as one of the characters in the
table, a branch is made to the section which deals with valid notes.
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Lines 470—480: These lines are only executed if the character detected in
the string will not produce a valid note. All the voices are turned off and the
ILLEGAL QUANTITY error message is generated.

Lines 500—520: At this point a valid note has been found. The next step will
be to test to see if the note is to be played as a sharp (ie a semitone higher).
Before that, however, a test is made to see if the note is either six or seven,
since these two cannot be sharp (the next note up from them in the scale is
only a semitone away). If the note is six or seven then the lines to detect a
sharp will be branched around. Note that if a sharp symbol ‘ #’ is attached
to either note six or seven it will result in an error message the next time
through lines 410—480 since the routine will try to interpret the sharp sign
as a note value.

Lines 530—540: The next character is picked up from the string and, if the
end of the string has been reached, the routine ends.

Lines 560—580: The test for the sharp symbol, ASCII value 35. If what is
found is not the sharp symbol, the pointer to the place in the string is
backed up one to the original character.

Lines 590—620: If the character picked up was a sharp symbol, the note
value in the Y register is altered by the addition of seven.

Lines 640—650: The note value is now in the Y register and will be in the
range 1—12 (over five means that the note is sharp).

Lines 670—710: The routine called upon earlier to back up the pointer to
the position in the string.

Lines 750—770: The lines called when a valid note has not been found. The
Y register is cleared, along with the zero flag, before quitting the routine.

Lines 790—800: Earlier (lines 380—390) we noted that a check is made for
the ‘O’ character which indicates that a change of octave is required. These
lines begin the section which deals with an octave change by checking that
there is actually a character after the ‘O’, otherwise an error message is
generated.

Lines 820—850: A check that the character meant to be specifying the
octave is in the range 0—7.

Lines 870—880: Convert the valid octave parameter into the correct value
to be stored in the octave register for each voice (see the list of variable
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locations). Note that each voice has its own octave register and that the
octave for each voice is entirely independent of the other voices.

Line 900: This jump to the beginning of the routine to pick up the next note
is not really conditional. At this point in the execution of.the routine,
having previously tested it in line 850, the carry flag must necessarily be
clear so the jump is always made. Using the conditional command simply
saves a byte of program memory compared to an absolute jump.

Line 920: The table storing the ASCII values of the allowable note names.

Lines 950—1140: At this point the Y register holds a record of the value of
the note to be played and the register for the relevant voice holds the record
of the current octave. This subroutine has the task of taking these two
values, which are meaningless to the SID chip, and converting them to a
frequency value.

Line 950: The note value is at present in the range 1—12 whereas the range
needed is 0—11.

Lines 960—999: The two tables at lines 1100— 1140 are used to obtain the
low and high bytes of the frequency for the particular note. The tables are
based on the assumption that the note is in octave seven — if the assump-
tion is incorrect, an adjustment will be made in the subsequent lines. The
two-byte frequency is stored temporarily at $14—15.

Lines 1000—1040: Having obtained the frequency value based on the
assumption that the octave is seven, the real octave value is loaded into the
Y register and then compared with seven. If the actual octave is less than
the assumed value of seven, then the frequency value is shifted to the left
(divided by two) as many times as the difference between the assumed and
the actual octave value. This simple procedure is possible only because any
particular note, for instance ‘A’, in one octave has a frequency twice that
of the ‘A’ in the octave below and half that in the octave above.

Lines 1160—2420: The PLAY command itself. For a full understanding of
some of the comments, you might like to look first at the notes on syntax at
the end of the section.

Lines 1190—1290: Any voices currently on are switched off. The gate bits,
or bits which activate the voices, are then turned on in the pseudo-registers.
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Lines 1310—1370: The number of voices specified for PLAY is checked
against the maximum of three and stored in $FE.

Lines 1390—1430: The note length required is picked up and stored tempo-
rarily on the stack.

Lines 1440—1450: The number of voices is transferred for storage to $FD
since $FE is going to be used and corrupted by the following lines.

Lines 1470—1560: Using the COMMA routine and GETSTR, the para-
meters of the string(s) for the specified number of voices are picked up
from the BASICline and stored on the stack. Thus, although the command
line may contain references to up to three strings, one after another, when
PLAY begins, the routine will already know exactly where each of the
strings in the command is located.

Lines 1580—1610: All the voice octave registers are initially set to four.

Lines 1630—1660: The records of the string length for the three voices are
initialised to zero, ie the assumption is made that there is nothing to be
played for each voice — a voice will only be turned on later if the corres-
ponding string is found in the command.

Lines 1680—1810: Making use of the spare memory bytes in the floating
point accumulators used by the interpreter for arithmetic, the parameters
for the PLAY string(s) are recalled from the stack and stored where they
will be more accessible to the main part of the routine.

Lines 1830—1860: The note length is pulled from the stack and stored at
$62—-63.

Lines 1880—2360: The core of the routine, this section controls the picking
up of the notes from the PLAY strings and their sounding.

Lines 1880—1900: These lines initialise the variables for the number of
voices.

Lines 1910—1920: The first note is obtained by a call to GETNOT. If the
equals flag is set on return from GETNOT, thisis an indication that the end
of the string currently being considered has been reached, so the VOCOFF
routine (line 2010) is called to switch off the output for that voice.

Lines 1930—2000: At this point a valid note must have been detected. These
lines control its translation into a frequency which is placed into the appro-
priate pseudo-register for the current voice.
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Lines 2010—2050: This section, which is called from line 1920 if the end of
the string has been reached, turns off the gate bit in the pseudo-register for
the current voice.

Lines 2060—2100: The X register which is used by the subroutines entered
earlier to obtain characters from the string(s) by indexed addressing, is
decremented by three so that it indicates the variables for the next string.
$FE, which was initialised to three at the beginning of the main loop (line
1880), is decremented by one and the main loop executed again if all three
voices have not been dealt with.

Lines 2120—-2160: By this point, the pseudo-registers for the voices have
been set up in such a way as either to turn the voice(s) off or to play a note.
These lines perform the task of transferring the contents of the pseudo-
registers to the actual SID registers. As soon as this is done, of course, the
notes dictated by the contents of the pseudo-registers will be played by the
SID.

Lines 2180—2210: The note length is moved to $63—64 where it can be used
as a counter and its value can be decremented.

Lines 2220—2230: These two lines effectively test whether the note length
was zero by comparing the high byte of the value with the low byte. If the
two are equal to zero then a branch is made to the section which calls up the
next note.

Lines 2240—2320: The two-byte value contained in $63—64 is decremented
by one for each iteration of this loop until zero is reached. In this way the
ending of the note is delayed and the note timed.

Lines 2330—-2360: The series of OR instructions test whether any of the
PLAY strings have not been exhausted according to the variables which
record the remaining length for each of the string(s). If there is any part of
any of the strings left unprocessed then the main loop, beginning at line
1880, is executed again to pick up the next note.

Lines 2380—2410: These lines come into effect when all the PLAY strings
have been exhausted and have the effect of switching off all the voices.
Note that this operation is carried directly on the SID and not on the
pseudo-registers.

Testing

PLAY is an extremely complex command which it is difficult to test fully in
any quick way. The best way to approach testing is to try to examine its
functions one by one.
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Having loaded all the sound commands with the exception of BEEP and
CHORD, start with the following small BASIC program:

20 FORI=1TO3

30 SYS(52532)1,0,15,0,0 : REM ADSR

40 SYS (52635)1,0,16 : REM VOICE CONTROL - FILTER OFF,
SAWTOOTH WAVE

50 NEXT

60 SYS (52498) 15 : REM SET UP VOLUME

70 SYS (52848) 1,500, “CDEFGABOSC”’

80 END

The effect of running the program should be to play a scale of C — pro-
vided of course that you have remembered to turn up the TV speaker. If all
is well so far, change line 70 to read:

70 SYS (51824) 1,500,“CC# DD #EFF # GG # AA#B”’

You should now find that the program plays the whole of the scale of C for
octave four, including semitones. Again, if all is well, you can modify the
BASIC program further as follows:

65 FORK=2TO7

70 SYS (51824) 1,500,°O”” + CHR$(48 + K) + ““CC # DD # EFF # GG #
AA#B”

75 NEXTK

This should play, in ascending order, all of the notes which you are likely to
be able to hear through your TV speaker, since the first two octaves are too
low to be heard effectively.

Syntax and notes on use
The syntax for PLAY is:

SYS (51824) { VOICES} ,{ NOTE LENGTH} ,{ PLAY STRING 1}
[,{ PLAY STRING 2} ,{ PLAY STRING 3} ]

The use of VOICES and NOTE LENGTH is very much as in CHORD,
except that PLAY is intended to deal with a series of chords rather than a
single one. The PLAY strings need not be of the same length and may
contain any of the following:

1) Theletters A, B, C, D, E, F, G to represent individual notes.

2) The ‘sharp’ symbol (# ) following the letter for a note, indicating that
the note is to be raised by one semitone.

3) Theletter ‘O’, followed by a number in the range 0—7, to indicate
the octave from which the notes following are to be taken.
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Since PLAY limits each voice to notes of the same length for the duration
of the string to be PLAYed, in practice we have found it more practical to
include the play strings in DATA statements so that the note length and
play strings can be READ by some kind of loop and then be PLAYed. In
this way, note length can be varied in the course of playing without having
constantly to enter new PLAY commands. In this case the PLAY command
might take the form of:

PLAY 3,NL, P1§,P2$,P3$

with the note length and strings being read from DATA statements.
An example of this technique is given in the program below:

1 GOTO3

2 SAVE"@@:FLAY TEST",B8:VERIFY"PLAY TEST"
,8:STOF

3 REM

S NV = 1

1@ REM PROGRAM TO TEST FLAY COMMAND

1S5 IF NvV=3 THEN READA$ : IF A$<{>"—-1" THE
N 1S5

28 FOR I = 1 710 3

@ 8YS (52532) 1,8,9,2,5 : REM ASDR

48 SYS (52633 1,0,32 : REM VOICE CONTRO
L

50 NEXT

6@ SYS (52498) 15 : REM SET UP VOLUME

78 READ NL : IF NL=—1 THEN END

80 READ T1s%

85 T3$="" : T2% = "" : IF NV=3 THEN READ
T2%,T3%

9@ SYS (52848) I.NL,T1$,T2%,T3%

16@ GOTO 70

S@0 DATAS@!,05C,Sed,05CD, 750,048,250 ,05C
,50@ ,0SDEEF , 750, 0SE , 250, 05D , S8@ , 0SCDCO4E

S1@ DATA 750,0SC

526 DATA -1

60@ DATA S@8,05CCD,04CCD,04CCD

61@ DATA 75@,04B,0SE,03B

708 DATA -1

READY.
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CHAPTER 6
The BASIC Extender

In a sense, this chapter is what the whole of this book has been about. We
hope that you have enjoyed entering and playing with the routines in the
book. The promise, however, was that the contents of the book would
eventually be more than a host of machine code to be called by intermina-
ble SYS commands.

In this chapter, we shall show you how to make the routines you have so
far entered fully part of the BASIC language, each with its own keyword.
Of course, they will not become part of the permanent memory of the 64,
but you will nevertheless be able to write programs using them and, pro-
vided you remember to load the machine code first, recall those programs
at any time and RUN them. The keywords will list normally on the screen,
they will output to a printer just like any others and they will also do every-
thing that the SYS commands earlier in the book could achieve.

We should make it clear here that we do not intend to give a full commen-
tary on the BASIC Extender. This is not because it is such a complex pro-
gram in terms of the BASIC language but because it is designed to make
small changes to extensive routines in the BASIC interpreter of the 64. To
explain every detail of the Extender would therefore involve listing out the
ROM routines and giving chapters of commentary on them before turning
to the Extender itself.

If, after using the Extender, you feel you would like to go further into the
question of modifying BASIC, you will find that our previous book, Com-
modore 64 Machine Code Master, goes into more detail on the methods
involved. Do not ignore the fact, however, that the present Extender pro-
gram is designed specifically so that you can add your own new keywords,
together with the start address of the routine to execute them, and have
them automatically added to BASIC.

In brief, what we shall be doing with the Extender is to alter three aspects
of the normal working of the system — the crunch tokens, print tokens and
execute keywords routines. Keywords within BASIC programs are not
stored in their full form but in the form of tokens, or single characters with
values in the range 128—-202. When a keyword is entered in a new line a
section of the ROM is employed to transform it into such a token. When
adding new keywords to BASIC, it will be necessary to alter the execution
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of this ROM routine since it will otherwise not recognise our new
commands.

The reverse of this ‘crunching’ process must take place when a program
is listed, since the keyword tokens must be recognised in order that they
may be retranslated into their full form. Finally, the ROM routine which
executes each BASIC command on the basis of its token value must be
persuaded to recognise the extra tokens required for our new keywords.

Basic Extender

3 REM

QBDD REMSIE 363 3 3 3 36 36 3 36 36 363 36 36 36 3036 3 36 36 3 303636 36 3 9 ¥ 3

9@8@1 REM BASIC EXTENDER

QBB REMIH 3 336 36 35 3 3 36 3¢ 30 36 36 36 36 36 36 36 36 36 36 3 3 3 36 36 36 36 3 3¢ 3¢

01@ DEF FNHI(X) = INT(X/256&8)

B20 DEF FNLO(X) = X—-25&6%FNHI (X)

QBZ@ CSTART = 49799 : CCODE = 42364 : CL
= 150 : COFF= 9

96480 PCODE = 42789 : PL = 28 : PSTART =

53126 : POFF = 20

5@ REM EXTRA IS SET UF IN ROUTINE 9760
- 9780

060 ECODE = 42999 : EL = 12 : EOFF = 28
: ESTART = PSTART+FPOFF+PL+4

9878 VTABLE = S06%1

9B9@ NTABLE CSTART+COFF+CL+7 :: NEKEY =

75 : EXTRA = @

Q1O REM# 33 3 3 3 36 36 36 36 3 3 36 36 36 36 36 36 3 36 3 3 36 36 36 36 3 36 3 % 3

2181 REM CRUNCH TOKENS

Q1A REM¥* 33636 3 36 36 9 3 3 3¢ 36 36 3 36 36 36 36 36 9 36 3 3 3 36 I 36 36 3¢ 3¢

Q118 FOR I = ® TO CL : FOKE I+COFF+CSTAR

T,PEEE (I+CCODE) : NEXT

9126 POKE CSTART y32 = POKE CSTART+1,1

24 : POKE CSTART+2,165

2138 POKE CSTART+3,230

D

vt

140 FOKE CSTART+5,208
?15@ POKE CSTART+7,23

~r
prase]

916@ FOKE CSTART+COFF+65 ,FNLO(NTABLE )
: POKE CSTART+COFF+&6.,FNHI (NTABLE )
9170 FOKE CSTART+COFF+127 ,FNLO(NTABLE—1)
: POKE CSTART+COFF+128,FNHI (NTABLE-1)
9180 POKE CSTART+COFF+132,FNLO(NTAELE )
: POKE CSTART+COFF+133,FNHI(NTABLE )
919@ FOKE CSTART+20,48 : POKE CSTART+21,

b4

9200 POKE CSTART+COFF+52.24@ : FOEE CSTA
RT+COFF+53,97

921@ FOKE CSTART+COFF+151,169 : POKE CST
ART+COFF+152 ,NEEY

FOKE CSTART+4,1

FOKE CSTART+6,2
POKE CSTART+8,1
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20 FOKE CSTART+COFF+15Z,133 : FPOKE CST

ART+CDFF+1q4,11

230 FOKE CSTART+COFF+155,208 : FOKE CST
ART+COFF+156,153

?24@ FOKE 772,.FNLO(CSTART) : FOEE 773Z.FN
HI (CSTART)

FTOD  REMSE I3 3 36 36 36 3036 3036 36 300 3 3636 3 36 3 1 3 I H IR R
9Z@1 REM PRINT TOEENS ROUTINE

T2 REMIE 3636 336 36 3036 3030 3030 3 36 36 36 3036 36 36 3 3 36 30 3 36 36 3 36 3¢
2316 FOR I = @ TO PL : FOKE FPSTART+I+FOF
F.FEEK (FCODE+I) : NEXT
9320 FOEE FSTART 16
9IZ0 FOKE FSTART+2,201
S5
4D FOKE FSTART+4,240
9I5@ FOKE FSTART+6,36
~t

360 FOEE FSTART+B.16
378 FOEE PSTART+1G,76
243% : FDOEE FSTART+12,146

9380 FOKE FSTART+13,2@01 : POKE FSTART+14
NEEY+128

P390 FOKE FSTART+15.176 : FOKE FSTART+16

-
P

G4@0@ FOEE FSTART+17.76 : FOEE FPSTART+18
, 26 : POEE FSTART+19,167

2418 FOEE FSTART+FOFF+12,FNLO(NTABLE) =

FOEE FSTART+FOFF+1Z,FNHI (NTABLE)

420 FOKE FPSTART+POFF+20,.FNLO(NTABLE) :

FOKE FSTART+FOFF+21 ,FNHI (NTAELE)

9470 FOKE FSTART+FOFF+1 NEEY+127

9440 FOEE FSTART+FOFF+23,5

9450 FOEE FSTART+FOFF+29,76 : FOKE FSTAR
T+FOFF+3@,239 : POEE FPSTART+FOFF+3Z1,166

4460 FOEE 774 .FNLO(FSTART) : FOKE 775,FN

HI (PSTART)

DSOD  RE M3 3636 3036 38 56 3630 3 38 36 3 30 336 3030 330 3030 303 30 30 3030 3

?5@1 REM SET UF TABLES

PO REMIS #3333 3 30330 36 3 3030 5 3 3 303 33030 30 330 330 30 3

251@ RESTORE : ADDRESS = NTAEBLE

F520 READ A% : IF A$<:"FOR TABLES" THEN
2520

5720 READ A%

9548 IF A¥="END" THEN 9590

?55@ FOR I = 1 TO LEN(A®)

95460 FOKE AD+I-1,ASC(MID¥(A¥,I,1)) AND 1

27

9578 NEXT

25880 AD = AD+LEN(A¥$) READ A%+ : FOEE AD
—-1,FPEEK (AD-1) OR 128 GOTO 95Z@

59@ FOKE AD.® : AD = AD+1

FEAB  RE M3 333636 3 36 3 3 3 3 3 35 3036 3 33 33636 3030 30 3 30 330 30 3¢

FOEE FSTART+1,8
FOKE FSTART+3,2

FOEE FSTART+5.4
POFE FSTART+7.1

FOKE FSTART+9.3
FOKE FSTART+11,
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681 DATA FOR TABLES

QEBAT REM3 33836 3636 36 36 3 3 3 36 35 3 36 36 36 36 7 36 36 36 38 36 36 36 3 36 30 30 3¢
26180 DATA BANK ,CACA

2611 DATA LOCATE,C16A

2612 DATA SIZE,C1i1C

9613 DATA SCREEN,;C147

2614 DATA CHRPTR,C180@

2615 DATA COLOUR,C1R@A

?616 DATA FPLOT,CIC2

2617 DATA ALLOT,C24C

2618 DATA CCOPY,C@13

620 REM 3334 HIRES #3333

2621 DATA HIRES,C73ZR

Q622 DATA LOW,C700

2623 DATA HSCREEN,C744

2624 DATA HLOCATE,C8B81E

625 DATA HFLOT,C848

?626 DATA LINE,C?CF

2627 DATA CIRCLE,CB14

2628 DATA TEXT,CEDC

63O REM ##3##x SPRITES #¥####

?63=2 DATA SCOLOUR,C474

26=3 DATA ENLARGE.C48A

26%4 DATA SFTR,C4BE

2635 DATA DESPRITE,C4EF

2636 DATA RESFRITE,CS6ER

9637 DATA SHAPE,CSC3

9638 DATA SPRITE,C417

648 REM #3###3# SOUND #3#%3#3#

2641 DATA BEEPS,CCSF

2642 DATA BEEFP ,CCOG

2643 DATA VOLUME,CD12

2644 DATA ADSR,CD34

2645 DATA FILTER,CDS7

9646 DATA VOICE,CD?B

9647 DATA PLAY,CE7G

2648 DATA FPULSE .CF&4

9658 DATA END

Q70D REM3 336 3t 3 36 36 36 36 30 3 3 36 35 3636 30 30 30 30 36 36 36 36 36 36 36 3 3 3036
Q7681 REM SET UP THE VECTOR KEYTABLE
Q7B REM3 3 38 3 36 36 30 3630 36 36 30 3 30 36 30 3030 30 36 30 30 30 30 36 34 30 3 30 6 3¢
Q718 RESTORE : EXTRA = @8 : AD = VTABLE
9726 READ A% : IF A$<>"FOR TABLES" THEN
Q726

Q720 READ A% : IF A¥="END" THEN 9866
2?7468 READ A¥ : EXTRA = EXTRA+1

758 T = @

97660 FOR I = 1 TO LEN(A¥)

9778 T1 = ASCMID$(A$,1,1))-48 = IF T1>-
1 THEN T = T#16+T1+(T1>9) %7

2780 NEXT : POKE AD,FNLO(T-1) : POKE AD+
1,FNHI(T-1) = AD = AD+2 : GOTO 9738
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QBGE@ REM3 3636 35 36 38 35 36 36 3536 30 36 36 36 36 30 34 3 36 30 36 I 36 30 0 30308

9801 REM EXECUTE KEYWORD ROUTINE

FBAZ2 REM 33 36 3 3636 3 36 36 36 3 36 36 30 30 3 3030 30 - 30 3 3 H 4 3 3¢

2818 FPOKE ESTART 32 : POKE ESTART+1,F

NLO(ES+13) : FOKE ESTART+2,FNHI (ES+13)

98280 FOKE ESTART+Z ,76 : FOKE ESTART+4 |
174 : POKE ESTART+S ,147

28380 FOKE ESTART+6&6 .76 : FOEE ESTART+7 |

4% : FPOKE ESTART+8 ,168

9848 FOKE ES+9;56 : POKE ESTART+1@,76 =

FPOKE ESTART+11,239 : FPOKE ESTART+12,167

7858 POKE ESTART+13,32 : POKE ESTART+14,
115 : POKE ESTART+15,0

2868 POKE ESTART+16,2480 : FOKE ESTART+17
244

92870 FOKE ESTART+18,281
JNEEY+128

9888 FOKE ESTART+280,144
. 243

98790 FOEE ESTART+22,281
SJEXTRA+NKEY+128

9688 FOEE ESTART+24,176
L 239

9905 FOKE ESTART+26,.233
NEEY+127

918 FOR I = @& TO EL H
928 FOKE I+ESTART+EOFF ,FEEEK (I+ECODE)
9930 NEXT

9948 FOKE ESTART+EOFF+3,FNLO(VTABLE+1) :
FPOEE ESTART+EOFF+4 ,FNHI (VTABLE+1)

2950 FOKE ESTART+EOFF+7 ,FNLO(VTABLE) : F
OKE ESTART+EOFF+8,FNHI (VTABRLE)

9960 POKE 828,169 : FOKE 829 .FNLO(ESTART
) = FOEE 8Z@,141 : FOKE 831,8

297@ FOEE BZ2,% : FOKE 835,169 : FOEE 83

4 FNHI(ESTART) : POKE 835,141

Q9880 FOKE 836,92 : FOEE 837,33 : FOKE 838,

6

F99@ SYS 82328

FOKE ESTART+19

FPOKE ESTART+21

FOKE ESTART+23

FOKE ESTART+2S

FOKE ESTART+27

Commentary

Lines 9000—9090: This module sets up the variables for the program,
including the present addresses of the ROM crunch tokens (CCODE),
print tokens (PCODE) and execute (ECODE) routines. The variables
ending in ‘START’ represent the new addresses at which the routines will
be placed and the variables ending in ‘L’ are the length of each routine.
Each routine has an offset, or gap between the specified new start address
and the actual start of the code, the length of the gap being represented by
variables ending in ‘OFF’. These gaps are to allow for the insertion of extra
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coding needed to interface the new commands. NTABLE is the start
address of the new keyword table we shall create.

Lines 9100—9240: This module deals with the necessary changes to the
crunch tokens routine. The routine is copied into RAM at the new address
specified and then the interface routine is added to the beginning. Various
pointers are changed including the address at which CRUNCH TOKENS
will look for the keyword table. Changes are made to the execution of the
routine, to stop it deleting the tokens for our new keywords when it first
scans the line looking for the normal keywords. Finally, the vector which
points to CRUNCH TOKENS is altered.

Lines 9300—9460: These lines copy the PRINT TOKENS routine, then add
the interface routine and the address of the new keyword table. The only
change made to the routine as it was in the ROM is that a branch instruc-
tion, to a byte which is too far away to be reached by branch once PRINT
TOKENS has been moved, is changed so that it points to a jump instruc-
tion which can span the gap.

Lines 9500 —9590: These lines pick up the new keywords from the list in the
next section and load them into the new keyword table. The code for the
last letter of each keyword is ANDed with 128, the normal method of
marking the end of a keyword in the table.

Lines 9600—9650: The new keywords and the hex address at which the
corresponding routines start.

Lines 9700—9790: With a second scan through the table in the previous
section, the start addresses of the new routines are loaded into the new
vector table.

Lines 9800—9990: These set up the interface routine for the EXECUTE
KEYWORD then copy the ROM routine to RAM. The address of the new
vector table is POKEd into the new routine. Finally, a small machine code
program is entered which will alter the value of the pointer used by the
system to jump to EXECUTE KEYWORDS. This cannot be done in
BASIC since the pointer consists of two bytes. Having changed one of the
bytes, the next POKE command would lead to a crash since the system
would attempt to find EXECUTE KEYWORDS using the half-altered
pointer.

Testing

To test the functioning of this program it is wiser not to jump in the deep
end by trying to make it point immediately to all the new commands.
Errors will be very difficult to detect.

Probably the best test, having SAVEd the program, is to alter all the
addresses in the DATA statements between lines 9600 and 9650 to read
$A871 then save the program again under a different name. $A871 isin fact
the address of the ROM routine to execute RUN. Having made the change,
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RUN the program and, if it finishes without flagging any BASIC errors,
delete it with NEW.
Now enter a new program consisting of the following single line:

10 PRINT “COMMAND O .K.”’

Having done that, you can begin to work through all the keywords in the
Extender listing, entering them in direct mode (ie directly on to the screen
without a line number). If the Extender has worked correctly, when you
press RETURN after typing the keyword, you should see ‘COMMAND
0.K.’ appear underneath it. The reason for this is that every one of the
keywords is simply executing RUN.

Remember that you are only entering the keywords which appear in lines
9610—-9647 of the Extender. There are many routines in the machine code
which are not commands to be called from BASIC. Entering their names
would simply create a confusing SYNTAX ERROR message.

If all the keywords check out, then you are ready to go back to the Hex
Loader (or whatever means you have used for entering the machine code
commands) for a moment, to load into memory a sizeable chunk of
machine code like the low resolution commands section (including the
parameters routines, of course). Having placed the machine code into
memory, do a brief test of one or two of the commands to ensure that the
machine code side of things is working correctly. Now load the first listing
of the Extender, the one with the correct addresses for all the machine code
routines. Double-check the addresses specified, they are now all that
stands between you and final success. When you are sure that the addresses
are exactly as listed above, you are ready to RUN the program again.

When the Extender has finished its work, you should be able to enter any
of the new keywords and find that they perform exactly as the original SYS
commands, with one important exception. Though the BASIC Extender
modifies the execution routine of the BASIC interpreter so that it will
recognise the new keywords, no action is taken to ensure that they will be
recognised after IF. .. THEN, so that a line like:

10 IF X> 10 THEN BEEP 500,10000

would produce a syntax error. Don’t despair, this doesn’t drive a coach
and horses through the promise to integrate the new commands with

BASIC. All that you need to do is to place a colon (:) after the THEN and
before the new keyword, eg:

10 IF X> 10 THEN : BEEP 500,1000

This is perfectly legal in BASIC and makes no difference to the operation
of the IF...THEN statement. What it does do is to persuade the BASIC
interpreter that the keyword falls at the beginning of a line or a statement
within a line, thus ensuring that it is recognised.
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To make doubly sure that everything is working correctly, the following
short BASIC program uses every one of the new commands:

1 GOTO 3

2 SAVE "@@: TEST LISTING",8 = VERIFY "TES
T LISTING",8 = STOP

3 REM

4 FRINT"LCLR1":COLOUR1,1:L0OCATE20,10:FRI
NT"[GREEN]ITHIS IS A BEEP":BEEP 1006,59

6 T=PEEK (43) +256#PEEK(44) : IF T-2849>=1
@24 THEN GOTO 20

7 ALLOT 1824

2@ RESPRITE : RESTORE

25 PRINT "L[CLR1" : COLOUR 5,5 : LOCATE 2
B,18:PRINT "[WHITEITHIS IS A SPRITE *

38 sPs =" 2534 43 5 "
489 SP$ = " 343355 3F 62 30 26 0030 3 "
58 SP$ = " 39636 3 3 36 36 9 35 36 25 3 "
6B SP$ = " B 36 36 369 3 35 36 36 9 56 3 3 36 3 2% "
78 SP$ =" 33636 36 3 3 3 36 3 4 30 3 36 3 45 6 9 "
88 SP$ = * f 222 22 228 2 8 23858 22 "
9B SP$ = " 33536 35 35 95 26 2 3 3 3 S E S SHE i
188 SP$ = " 3636 3 36 36 3 363 55 3696 4 35 2 34 "
118 SP$ = " 3369 36 3 363 36 56 3 5 98 36 3 35 6 ¢ "
128 SP$ = 336 35 363 330 50 36 9 30 S 30 6 "
138 SP$ = " 636 38 36 3 9 96 3 9 396 3 3 "
148 SP$ = " 63636 3 3 3 36 3 34 51 4% "
156 SpPs = ¢ BH HERE W "
166 SP$ = " 3t 22 * u
176 SpPs = " 3 RRENHNR KR "
188 SP$ = " 33 3696 36 336 6 % u
i986 SP$ = " s *% "
208 SP$ = "#auiu FHEEHR "
218 SP$ = “#ruiEan 22 2 12
228 SP$ = "
221 SP$ = * "
222 SPg = " "

225 SPTR ©,832 : SHAPE 832

24@ SCOLOUR @,1

258 ENLARGE ©,2,2

27@ FOR I = 2@ TO 340 STEP 2
280 SPRITE 0,1,160

295 BEEPS 2,5@,7060, 1066

368 NEXT I

3186 DESPRITE

315 PRINT “LCLR1" : COLOUR 6,6
328 ADSR 1,6,9,8,9 : ADSR 2,5,8,5,9
325 VOLUME 15

338 VOICE 1,8,16 : VOICE 2,8,64
335 PULSE 2,200@

348 READ NL: IF NL<® THEN 390
35@ READ T1$,T2¢

208



Chapter6 The BASIC Extender

368 PLAY 2,NL,T1$,T2$

370 DATA S6@,CCHDD#EFF#AARB ,07CCHDDREFF#
AA#B

398 HSCREEN 8192,2048

40® HIRES : TEXT "[CLR1"

41@ HLOCATE 98,180

420 TEXT "THIS IS HIRES TEXT"
430 LINE ©8,50,56,270,156

44@ CIRCLE 9,80,160,100

456 FOR I = 6 TO 1008

468 HPLOT @,RND (1) #12@+160@,RND (1) #68+8@
476 NEXT

S10 FOR I = @ TO 5600 : NEXT

526 LOW

53@ CCOPY 18

548 BANK 1

588 CHRPTR 18

598 COLOUR 8,5

688 PRINT "[WHITEl®

61@ SIZE 24,38 : PRINT "[CLR1"
626 FOR MODE = © TO 2

638 FOR I = 2@ TO &8+ (MODE=1) #2@
649 PLOT MODE,20,I

65@ NEXT I,MODE

668 LOCATE 28,18 : PRINT "THIS IS LOW RE
S TEXT"

698 FOR I = @ TO S@08 : NEXT

700 BANK @

718 CHRPTR 6

728 SIZE 25,40

738 PRINT "[CLR1"

Tidying things up

At this stage, it is quite possible that you have a mass of different versions
of the Hex Loader, plus the BASIC Extender floating around. The final
stage is to make up a single package which can be loaded from tape or disk
and which contains all the machine code and the Extender. Provided that
you have not made any changes (other than adding different DATA lines)
to different versions of the Hex Loader, and also provided that none of the
lines containing DATA have the same numbers in the different versions,
the procedure is as follows:

1) Make sure you have one long tape or a number of shorter ones
available.

2) Loadeach of the different versions of the Hex Loader into the 64, have
a tape ready in the cassette recorder and then enter:

OPEN 1,1,2,MERGE”’:CMDI:LIST
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3)

4)
5)

6)

7)

when the cassette recorder finally stops and the screen returns to you,
enter:

PRINT#1:CLOSE 1

which completes the listing to the tape.

When you have finished storing all the versions of the Hex Loader in
this way, do the same for the BASIC Extender.

Enter the Merge program you will find in Appendix B.

Run the Merge program and you will be prompted to switch on the
tape recorder. Replay any of the programs you have stored and wish to
merge. When one has finished, enter RUN 63990 to start the Merge
program again and work on the next program to be merged in. In the
process, any lines with the same number as those being loaded from
tape will be overwritten, so unless they are the same in content, some-
thing will be lost.

At the end of all this you will have a program consisting of the Hex
Loader and al/l the DATA lines required for the complete set of
commands, plus the BASIC Extender itself. RUNning the complete
program will result (slowly) in the new commands being entered into
memory and patched into BASIC as keywords.

One further step will speed things up considerably. Once all the
commands are in memory, regardless of whether or not the BASIC
Extender has been RUN, clear out the existing BASIC program with
NEW and then enter the following short BASIC program:

10 POKE 43,0 : POKE 44,192 : POKE 45,0 : POKE 46,208
20 SAVE “EXTENDED BASIC”,1

(For disk drive owners the final ‘1’ in line 20 should be replaced with an
‘8’.) RUN the program, and the 4K area of memory from 49152
onwards will be saved as if it were a program. To retrieve the code in
future, all you now need to do is to enter:

LOAD “EXTENDED BASIC”,1,1
(LOAD “EXTENDED BASIC”’,8,1 if you are using a disk drive.)

and the machine code will be loaded back into memory in the place
from which it was originally taken. When this has been done, enter
NEW, then LOAD and RUN the BASIC Extender. The time saving is
considerable since even from cassette the machine code will reload in
around 90 seconds.
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APPENDIX A
Hex Loader

All the routines in this book were written and assembled on the Mastercode
Assembler which began life in our first book, Commodore 64 Machine
Code Master, and is now available in commercial form from Sunshine. By
far the most practical way to approach this book, or any other substantial
piece of machine code, is to use such an assembler. We recognise, however,
that not everyone will be working with an assembler and all the routines in
the book are accompanied by tables of hex values which can be entered
using the Hex Loader described in this section. The program will accept
hexadecimal information in the form of data statements, format a table for
comparison with what is in the book, and even provide a checksum for
each group of eight values which you can use to ensure that the data has
been entered correctly.

Hex Loader Listing

HEX LOADER - HEX LOADER

1 GOTO=

2 SAVE "e@Bd:HEX LOADER".B : VERIFY "HEX L
OADER" ,8 :END

3 REM

S 7Z=0

10 REME 33830 36 36 36 3 3 3636 3 36 36 36 36 36 36 36 36 36 38 3636 30 36 36 36 3 36 38 3¢
11 REM HEX LOADER FOR Cé&4

12 REM3 3363 3 336 3 3363 300630 36 36 36 36 36 36 36 36 36 36 30 36 30 36 36 38 36 3¢
2@ DEFFN HEX (X) = X-48+(X:64)#7+(X>*57 AN
D X<65) #1006

25 POKE 53280,13 : FOKE 53281,5

3@ PRINT "[CLRILCD1I" SPC(1@) "HEX LOADER

4@ AD = 49152

6@ INFUT "[CDBIFUT IN MEMORY (Y/N) 7 NICL
JCCLILCLI":T#

78 PM = T#="Y" : IF (NOT PM) AND T#<>"N"
THEN FRINT "[CUILCUICCUI" : GOTO 6@

88 RESTORE : GOSUB 1120 : CK = 0

9@ READ HE#
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18@ IF HE$#="END OF CODE" THEN GOSUE 1560
: GOSUR 126@ : PRINT "L[CLR1" : END

110 IF LEFT$(HE#,1)<:"0" THEN 150

115 HE¥# = MID# (HE$,2)

128 GOSUE 1806

138 IF ERR THEN 1408

148 AD = HE : IF ZZ THEN GOSUEBR 1506 : GO

SUER 1106

145 GOTO 90

1560 GOSUR 1066

151 IF ERR THEN 1400

158 IF PM THEN POKE AD,HE

17@ FPRINT RIGHT#("@@"+HE*,2) " " ;3 : CC
= CC+1 : AD = AD+1 : Ck = 2#CEK+HE
175 71Z=-1

18@ IF CC>7 THEN GOSUER 1508 : GOSUE 1140

19@ GOTO 296G

1@B@ REM3E 33636 35 35 36 36 3 36 3 3036 2036 36 36 3 35 3 363636 36 36 3 3 3 3036 3¢

18@1 REM CONVERT HEX IN HE# TO 2 BYTE

1302 RE MM 3636 36 36 36 36 3 30 36 9 36 35 36 3 35 35 36 36 36 336 36 30 36 3 36 36 3 3¢

1816 HE = @ : ERR = @

18260 FOR I = 1 TO LEN(HE®)

1828 T = FNHEX (ASC(MID$(HE$,1,1)))

1948 ERR = ERR OR T7<@ OR T:15

18568 HE = HE#16+T

1068 NEXT I

1878 ERR = ERR OR HE<® OR HE>65535

1888 RETURN

1100 REM3t 33638 36 3¢ 36 36 36 36 36 36 36 36 38 3636 36 36 36 35 30 36 3 36 3636 % 3 30 3¢

1181 REM PRINT FAGE HEADINGS

1132 REMI 338 36 35 36 36 36 36 36 36 3 36 36 35 36 36 3 36 96 36 36 3 36 36 36 36 36 36 36 3¢

111@ GOSUB 1200

1120 CL = =

1130 FRINT "[CLRILCDIADD DATA
CHECKSUMLCDI1"

1146 T = AD : GOSUB 1306

1145 CC = @ : CL = CL+1 : IF CL>2@ THEN
1108

1146 FRINT "" RIGHT#("DBGBOB"+T¥.4) " * 3

1158 RETURN

1200 REMI 3636 36 3 36 36 3 36 3 33 36 3036 3 3 3 24 3636 36 36 30 3 36 36 36 3

12801 REM WAIT FOR KEY FRESS

1202 REMS36 3 36 36 36 36 3 36 % 36 3¢ 35 35 35 3 36 36 3 3636 36 3 3 3696 3696 36 36 3¢ 3¢

1220 IF CL<22 THEN CL = CL+1 : PRINT : G
0oT0 122

1278 FRINT “ FRESS A EEY TO CONTINUE

1280 GET T# : IF T#="" THEN 12866

1298 RETURN

1308 REM 3563636 333 3 369 303 36363036 30 363 96 36 3 36 36 6 36 36 3¢
1381 REM CONVERT DECIMAL IN T TO HEX T#
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1302 REMI 3363636 30 36 36 30 30 36 30 35 30 36 36 35 36 36 36 36 30 36 3030 3 30 36 30 48
1718 T = """ : T2 = 4896

1315 FOR I = B8 TO
1326 T1 = INT(T/T2)

1336 T = T-Ti»T2

1340 T2 = T2/16

1358 T% = TH+CHRE(T1+48-(T1:Q)#7)

1368 NEXT

1378 RETURN

14600 REMSEIE %3830 3 3635 3036 30 3 30 336 30 30 30 30 3031 30 30 3030 36 3 M 3 30 36
1481 REM DEAL WITH ERRORS IN DATA

1432 REM3 3383 36 38 36 3 36 36 36 36 3030 38 36 36 30 38 36 36 30 36 38 36 36 30 36 6 44 3¢
141@ PRINT "L[CLRILCLCDILCDICLCD1"

1415 LN = FEEK (63) +256#FEEE (64)

A

14268 FPRINT " rdwexss ERROR IN FILE *
336303 3 3"

143@ FPRINT "L[CD1"

1448 PRINT " IN LINE NUMBER :-" LN

145@ FRINT "{CDICCDILCDILCDICCD1"

1468 PRINT "LIST" LN “fCculctcuictcul”
1478 FPOKE 198,1

1488 FOKE 631,13

149@ END

1S@@ REMIE 8 3E 3638 36 30 36 3636 35 3 38 35 3 36 36 36 36 96 36 38 3 36 36 3 36 3 36 34 36
1581 REM PRINT THE CHECESUM

1S@2 REM 3438 3 3036 36 36 36 30 3 36 36 3 36 36 36 35 36 3¢ 36 38 30 36 3 36 36 36 36 34 3
1518 T = CK-INT(CK/6553%6) #65536

1528 CKk = @&

1538 GOSUR 1384

1548 FRINT ** SFC(24+(B-CCY#3) T#

1558 RETURN

10000 REM3t 383 363 35 36 36 38 36 36 3536 36 36 36 36 36 36 3 36 36 3F 36 30 30 3 3 3 3¢
1866G1 REM MACHINE CODE DATA

1B REM3E 3363 38 35 26 36 36 36 36 36 30 38 36 36 36 30 36 36 30 36 3 3 30 3 H I3 3
&£3888 DATA END OF CODE

63908 REM MERGE ROUTINE

63918 OFPEN 8,8,8,"MACHINE CODE,S"

63928 FOKE 18B4,8 : FOEE 185,104 : FOKE 1
86,8 : FOEE 152,1

Commentary

Thisis not intended to be a full commentary on the program, merely a brief
indication of the way the program works and its use.

Line 20: This function translates a valid hexadecimal character in the range
0—F into a decimal value.

Lime 60: The program provides the user with the option of either simply

producing a table so that the data can be checked, or of producing a table
and placing the data simultaneously into memory.
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Line 100: When hexadecimal is placed into DATA statements for transla-
tion, it should be terminated by a data line reading END OF CODE.

Line 110: Whenever the Hex Loader comes across a hex value preceded by
theletter ‘O’, it takes the value to be an address. Subsequent hex values will
be compiled from that address onwards. The program may contain more
than one ‘O’ address, so that several sections of code, beginning at entirely
different places, can be entered at the same time.

Lines 170—180: The table of hexadecimal values will be printed out in lines
of eight.

Lines 1000—1080: This section uses the function defined at the beginning
of the program to translate a two-character hex value into decimal. An
error is generated if a character is encountered which is outside the two
ranges 0—9 and A-F, or if the resultant value is outside the range
0—65535.

Lines 1100—1159: This section prints the heading to the table of hex values.
It also prints the memory address at which data will be placed at the beginn-
ing of each line of eight hex values.

Lines 1200—1290: This section produces a pause at the end of each page if
more data is to be processed. The pause will continue until a key is pressed.

Lines 1300—1370: This section translates decimal values, such as the
address for data, into a string representing the value.

Lines 1400 —1490: This section flags any errors in the entry of the hex data,
such as incorrect format. The system pointer which records which line of
DATA is being READ is used to pinpoint the position of the error.

Lines 1500—1550: This section generates the checksums which appear at
the end of each line of eight values. The checksum works by adding the next
value in the line and then doubling each time. This indicates the presence
both of incorrect characters and of data items whose positions have been
reversed.

Lines 10000 —end: Hex data is placed in DATA statements in this section,
terminated with line 63900.

Testing

Turn to the section on the machine code routine GETWRD. This is a short
routine so takes little or no time to enter. Look at the table for GETWRD.
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The first step is to enter one line of DATA READing ‘““DATA OCO000’.
This is the start address at which the hex will eventually be placed. For each
routine that you subsequently enter, the start position will be the first
address on the hex table for that routine. Now enter further DATA
statements into the Hex Loader with each line of eight values in the table
representing one line of DATA. Where the last line of the table has less
than eight values, simply enter the values shown. Do not enter the
checksum at the end of each line in the table as an item of DATA.

When all the values have been entered, RUN the program, specifying the
table creation without the data being placed into memory. The result
should be a table (of machine code listings) which corresponds exactly to
the table in the book, including the checksums. Provided that all is well,
you can now go on and use the Hex Loader to place the data into the
memory.

Notes on use

When you have finished entering and checking the DATA, do not simply
erase the program. Save it under the name of the machine code routine it
contains and you will be able to recall it, with the data, rather than having
to enter the data again. As mentioned in the commentary, using the ‘O’
specifier to show that a new address is being used will allow you to enter
several routines, one after another, in the same Hex Loader program. If
you wish, you may enter all of the routines in this book into one program.
To begin with, however, we would recommend that you make up one copy
of the Hex Loader including all of the first four parameter routines from
Chapter 1. From this, you can make up four separate programs for low
resolution, high resolution, sprite and sound commands. Each time you
want to enter a new command you need only call up the version of the Hex
Loader which deals with that section of the book, enter the start address of
the new routine in the DATA line, preceded by ‘O’, and then enter what
you see in the hex table for the routine.

Note: Each of these versions of the Hex Loader should have one section
of DATA statements which are exactly the same, ie the parameters routines
from Chapter 1 and another section of DATA statements with line
numbers which are unique to that version. The line numbers for the DATA
statements which create the high resolution commands, for instance,
should be completely different to those in the version of the Hex Loader
which creates the low resolution commands. The reason for this is that you
may later wish to merge all your versions of the Hex Loader together using
the method described in Chapter 6 and, in doing so, a line in memory with
the same number as a line being merged will be overwritten.

215



APPENDIX B
Merge Program and Control Characters

The program given below is the Merge routine whose use is described in
Chapter 6. It is taken from The Working Commodore 64 by David Law-
rence, where you will find a full explanation of its working.

63990 PRINT “[CLR]”’ : REM HEART SYMBOL ON CLR/HOME
KEY

63991 OPEN 1,1,0, ““COMMANDS”’

63992 POKE 184,1:POKE 185,96:POKE 186,1:POKE 152,1:PRINT
“[CLR] [CURSOR DOWN]”’

63994 GET # 1,A$:PRINT AS$;:IF ST THEN 63999

63995 IF A$< > CHR$(13) THEN 63994

63996 PRINT ““GOTO 63992[HOME]"’;:POKE 631,13:POKE
632,13:POKE 633,13

63997 POKE 198,3:END

63999 CLOSE 1

To avoid the difficulties in reproducing control characters such as cursor
controls in listings, all control characters have been replaced in the BASIC
listings by abbreviations placed in square brackets. The control characters
and the form in which they may appear in listings are given below:

CURSOR UP [CUI]
CURSOR DOWN [CD]
CURSOR LEFT [CL]
CURSOR RIGHT [CR]
CLEAR SCREEN [CLR]
HOME CURSOR [HOME]

Colour control characters are represented by the name of the colour within
square brackets, eg [WHITE].
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>Here's our way of saying

Thanks

for buying this Sunshinebook...

>Sunshine Special Offer

Subscribe to Commodore Horizons, Britain's
brightest Commodore magazine, and get an extra
three months’ issues absolutely free!

For just£10 you get a year’s subscription plus the
next 3 months without charge —a saving of £2.50.
Complete and send the order card now, to reserve
your special subscription, along with your cheque or
postal order, or charge to your Access card.

See over for two other free Sunshine Offers.

>See over fortwo other free Sunshine Offers e
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>Sunshine Special Offers Claim Card

Yes, |'d like to take advantage of your Sunshine Special Offers.
Please make sure | get the following:

O Ayear’s subscription to Commodore Horizons, plus 3 months free issues, for just £10.
O A year’s subscription to Popular Computing Weekly, plus 12 issues free, for just £19.95.
[ A copy of your free colour Sunshine Books brochure.
Payment methods:

Ol enclose a cheque/postal order payable to Sunshine Books for £

[0 Charge my Access card No.
Signed

Name

Address

All offers end on 31st December 1984.

o B e i e e ol e R e e E O B RS S ONE SR 3RS -'q



>Sunshine Special Offer

Popular Computing Weekly is the best-selling weekly
newsmagazine for every computer whiz. And here’s
your opportunity fo get 12 issues, worth £4.20, free
of charge.

Use the special offer order card to claim your
special Popular Computing Weekly subscription—64
issues for the price of a year’s copies—at a price of
just£19.95. Send today, and look forward to 15
months of great weekly reading.

>Sunshine Special Offer

If you liked this Sunshine Book, take a look at the rest
of our amazing range. Send today for our free colour
brochure detailing all the Sunshine Books you can
buy today, and all the new books on the way.

And once you're on our special mailing list, we'll
keep you updated on what's new for you and your
computer from Sunshine. Just tick the box on the
special order card.

Sendto:

Sunshine Books,
12/13 Little Newport Street,
London WC2R 3LD.
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